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Page 1 Chapter 1 Market projections

Chapter 1 Market projections

In a global market that saw more than 20% of its volume evaporate over the
last year, making projections can be viewed as a fool's game. Most OEMs now
hesitate to give projections for monthly vehicle sales, much less the numbers
of electric-drive vehicles over the next five years. And the political sensitivity
around vehiclemakers’ intentions to comply with government policies that, in
some cases, don’t yet exist means their executives are hardly keen to go on

the record.

More than many such reports, this effort includes material from discussions
with those OEMs that is to be used i on b ac k gr oWhiedust-autol y 0 .
spoke to GM, Ford, Chrysler, and Tesla, among others, some material in this
report must go unattributed. We have fleshed out the context and filled in the
blanks with the announced plans, anticipated actions, and a number of

educated guesses and hints from vehiclemakers, suppliers and analysts.

Conventional hybrid-electric vehicles provide a good baseline. As the first
passenger vehicles sold with large battery packs since roughly 1930, they
were utterly exotic in 1997 and are still tiptoeing toward mass-market
acceptance. It's taken them ten years to achieve 2.5% of the US market; at

roughly 1% globally, their penetration is far lower in every other global region.

Most industry analysts expect plug-in hybrids and battery-electric vehicles to
follow a roughly similar growth curve, though aggressive government policies
to subsidise plug-ins may increase consumer take-up by compensating for the

high cost of the battery packs over the first few years.

While start-stop or micro-hybrid systems seem likely to grow rapidly over the
next few years, we have not included projections for them in this report —

because they do not use high-voltage battery packs.

So how fast will hybrids, plug-ins and electric vehicles increase their total
share over the next few years? Taking a rough midpoint among the various
projections we reviewed for 2020 — five years beyond the scope of this report —

suggests that for the global market as a whole, conventional (‘full’ or power-

© 2009 All content copyright Aroq Ltd. All rights reserved. /m_u ulllo
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Page 2 Chapter 1 Market projections

split) hybrids such as the archtetypal Toyota Prius will represent approximately

20% of vehicle production.

Plug-in vehicles, however, will take just 6%, approximately split among pure
battery-electrics (with ranges of up to 200 miles), plug-in hybrids (PHEVs), and
extended-range EVs (‘series’ hybrids).

Parenthetically, it is likely that diesel’'s share of the world market will begin to
fall, as it seems likely not to establish a footprint for light vehicles in Asia
(particularly China) or North America. Finally, it's worth noting that natural-gas
vehicles may take as much as 2% of the global market, with much greater

numbers in specific regions where natural gas is suitable as a road fuel.

As for the closer period covered by this report — from now though model year
2015 — penetration rates will have only just begun to make a noticeable dent in
gasoline dominance. Hybrids seem likely to grow from their current 1% of
global production to 4%-5%, representing 3m vehicles of a total volume of
70m. Leaders here are likely to be Toyota and General Motors, followed by

Honda, Ford, and Volkswagen.

But plug-ins, in both hybrid and pure electric varieties, will make up 1% or less
of the global market — less than 1m units a year in 2015 — as the cost of high-
capacity battery packs continues to require substantial government subsidies

to be affordable by actual consumers.

This conclusion is supported by Table 1 at the end of this chapter, based on
just-a u t mdustry interviews and market analysis. It is worth noting that this
data will likely be revised once we see when and how the current downturn

stabilises.

It is this high battery cost that causes market predictions to vary over such a
wide range. At one end of the spectrum are what we will call the ‘electro-
sceptics’, who believe the IC engine will remain dominant — albeit with far
lower fuel consumption — over the next half-century. At the other end are what
we term ‘green optimists’, who see continuous technology advances, rising oil
prices, and greater public awareness steadily increasing market demand for

plug-in vehicles.
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In the end, two factors external to the automotive industry will determine the

rate at which electric-drive vehicles can be built and sold: the cost of a barrel of

oil, and the degree to which government policies — both regionally and globally

— impose a cost on the emission of carbon. Yet, given the industry’s long lead

times, vehiclemakers all over the globe must place their bets on core

technologies for the next decade before those issues have come clear.

Table 1: World light vehicle market for electric-drive vehicles (hybrids and plug-ins),

production volumes and % share, 2008-2015

2008

2009

2010

2011

2012

2013

2014

2015

Growth rate for light
vehicle market [1]

Base

-9%

0%

+ 2%

+2%

+2%

+5%

+5%

Global volume for light
vehicle market
('000s units)

66,200

60,242

60,242

61,447

62,676

63,929

67,126

70,482

Scenario A: Battery sceptical [2]

Hybrid share of global
light vehicle market (%)

0.7%

0.9%

1.1%

1.4%

1.7%

2.1%

2.5%

3.1%

Hybrid volume within
global light vehicle market
('000s units)

449

542

663

860

1,065

1,343

1,678

2,185

Plug-in share of global
light vehicle market (%)

(5]

0.0%

0.1%

0.1%

0.2%

0.3%

0.5%

0.7%

Plug-in volume within
global light vehicle market
('000s units)

(5]

60

61

125

192

336

493

Total e-drive volume
within global light vehicle
market ('000s units)

449

542

723

922

1,191

1,534

2,014

2,678

Scenario B: Moderate [3]

Hybrid share of global
light vehicle market (%)

0.7%

1.0%

1.5%

1.9%

2.5%

3.0%

3.5%

4.3%

Hybrid volume within
global light vehicle market
('000s units)

449

602

904

1,167

1,567

1,918

2,349

3,031

Plug-in share of global
light vehicle market (%)

(5]

0.0%

0.1%

0.2%

0.3%

0.5%

0.7%

0.9%

Plug-in volume within
global light vehicle market
('000s units)

(5]

60

123

188

320

470

634

Total e-drive volume
within global light vehicle
market ('000s units)

449

602

964

1,290

1,755

2,238

2,819

3,665
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Page 4 Chapter 1 Market projections

Table 1 (continued): World light vehicle market for electric-drive vehicles (hybrids and plug-

ins), production volumes and % share, 2008-2015

2008

2009

2010

2011

2012

2013

2014

2015

Scenario C: Uber-green [4]

Hybrid share of global
light vehicle market (%)

0.7%

1.2%

1.9%

2.6%

3.2%

4.0%

5.5%

7.5%

Hybrid volume within
global light vehicle market
('000s units)

449

723

1,145

1,598

2,006

2,557

3,692

5,286

Plug-in share of global
light vehicle market (%)

5]

0.1%

0.2%

0.4%

0.7%

1.0%

1.5%

2.0%

Plug-in volume within
global light vehicle market
('000s units)

5]

60

120

246

439

639

1,007

1,410

Total e-drive volume
within global light vehicle

449

783

1,265

1,843

2,444

3,196

4,699

6,696

market ('000s units)

Notes

Projections for 2009 and later years are based on manufacturer interviews, specifications,
published data and media reports

[1] ‘Light vehicles’ are considered to be all highway-capable motor vehicles excluding medium-
and heavy-duty commercial vehicles (e.g. long-haul articulated lorries)

[2] Scenario A: ‘Battery sceptical’ assumes cautious consumers trend toward lowest purchase
cost, and e-drive penetration is slow even with substantial tax carrots & regulatory sticks

[3] Scenario B (most likely): ‘Moderate’ is just-auto's best estimation of likely e-drive volume trends
within a market whose total volume is highly uncertain at the moment

[4] Scenario C: ‘Uber-green’ is the optimistic projection, assuming consumers take to electric-drive
vehicles, battery cost falls rapidly, and regulatory/tax incentives are oversubscribed

[5] Production of highway-capable plug-in vehicles was statistically insignificant in 2008

Source: just-auto estimates
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Chapter 2 Technology review

The Toyota Prius saloon was the world’s first mass-produced hybrid car, put
on sale in December 1997 in the Japanese domestic market only. The result of
a company initiative to halve the energy consumption of a C-segment car, it
blended electric power into the mechanical torque produced by the engine. In
doing so, it launched (or re-launched) a revolutionary technology into the

world’s second century of mass-produced automobiles.

Combinations of mechanical and electrical drive had been tried in the early
days of the industry. The most notable may be the various Lohner-Porsches
built in Austria from 1900 to 1906, some of which used a petrol engine to
generate electricity that powered motors in the wheel hubs. They were the first
vehicles designed by Ferdinand Porsche, who would later give his name to
some of the world’s most revered sports cars. But in the modern day, such
combinations had been used for transportation solely in ships and diesel

locomotives — until 1997.

Fully electric vehicles have been around as long as gasoline cars, of course.
They were popular for urban use throughout the first two decades of the 20th
century, but the 1912 invention of the electric self-starter ultimately allowed
gasoline and diesel fuel to displace electric (and steam) power for road
vehicles. Small numbers of electric vehicles continued to occupy specific
niches — the UK’s fabled milk floats, two-seat ‘city cars’ throughout Europe —
but those vehicles never achieved the size, range, or versatility of combustion-

engine cars.

At the same time as the Prius, GM launched its battery-electric EV1,
responding to California mandates that required a certain percentage of
vehicles to be emissions-free. While it remains the most aerodynamic car ever
put into production, with a coefficient of drag (Cd) of 0.19, its lead-acid
batteries limited the range to a maximum of 70-80 miles — and its two seats
meant it couldn’t be used for family transport. California ultimately revised its
laws; GM took back the several hundred EV1s it had leased and, in early

2003, cancelled the programme.

© 2009 All content copyright Aroq Ltd. All rights reserved. /m_u ulllo
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Page 6 Chapter 2 Technology review

The EV1 might have been no more than automotive trivia had not US director
Chris Paine released the documentary, Who Killed the Electric Car? Strongly
biased against General Motors — as Paine later admitted — the film subjected
GM to a firestorm of public criticism and, perhaps, became one of several

spurs toward its development of the 2011 Chevrolet Volt extended-range EV.

In any event, that first Prius was considerably more complicated than a
battery-electric vehicle (BEV) like the EV1. It stored electric energy, recaptured
via regenerative braking, in an auxiliary high-voltage battery pack. That electric
power was used to turn an electric motor/generator, whose output was
blended with that of the 1.5-litre combustion engine, to power the car under
high load. At light load, some of the engine power could be diverted to

recharge the battery pack as well.

The Prius greatly advanced the notion of a modern ‘electric-drive vehicle’, one
in which a battery powers one or more electric motors to supply some or all of
the motive power. The system it used has come to be defined as a hybrid-
electric vehicle (HEV), and its ability to travel short distances solely under
electric power marks it as a ‘full hybrid’. The hybrid’s goal is to increase the
overall efficiency of the vehicle, by using a mix of gasoline and electric power

to power the car.

Toyota has since built more than 1m Priuses of two generations, making the
Prius the world’s most popular hybrid car — and largely the quintessential
public vision of the term. Among other cultural references, it has been
lampooned on the US television cartoon series South Park for its owners’

smugness.

But as several variations of ‘hybrid car’ technology have appeared, the term
has been somewhat muddied — for both marketing and technical reasons. Mild
disagreement remains over the precise categories, but cars that use electrical
devices to store auxiliary energy can be broken into the following rough

groups.

Micro-hybrids
Micro-hybrids (also known as stop-start or idle-stop systems) are the simplest

way to use stored electricity: To restart a combustion engine, quickly and

automatically, after it switches off to save fuel. But this simple application

© 2009 All content copyright Aroq Ltd. All rights reserved. /m_a U'I'o
4




Page 7 Chapter 2 Technology review

created confusion when a few manufacturers included their idle-stop systems
in the overall category of ‘hybrids’. BMW, on the other hand, does not call the
idle-stop system its fits to some European-market Minis a ‘hybrid’ but simply a

‘stop-start system’. It remains to be seen how usage will evolve.

While the term ‘micro-hybrid’ was coined to refer to pure idle-stop (or stop-
start) systems, these systems are limited: The electricity stored for that
purpose d o e spnodide motive power for the vehicle itself. Moreover, the rest
of the vehicle systems aren’t involved — recharging is provided solely from
engine overrun, not from regenerative brakes that recapture momentum
wasted as friction heat.

The system is simple, composed only of an energy storage device -
customarily an enhanced 12V battery — and a beefed-up starter motor that can
also act as a generator. The car’s electronic engine-control unit shuts down the
engine on deceleration, or when the car has come to a stop. As soon as the
driver puts in the clutch, moves the shift lever or accelerates, a high-output

battery turns the starter motor, which quickly switches on the engine.

Because they do not have separate, high-voltage battery packs (and do not
recapture energy via regenerative braking), we do not define micro-hybrids as
‘electric-drive vehicles’ — hence they are beyond the scope of this market

analysis and are not included in this report.

Numerous vehiclemakers, including BMW, Citroén, Mazda, Mercedes-Benz,
Mini and Peugeot, are now fitting idle-stop systems in Europe or plan to do so.
From fewer than 1m units globally since the technology was launched, this
simplest of technologies may reach several million a year as it becomes
standard fitment across entire lines. This is especially likely in regions with

explicit limits on vehicle emissions of CO,, most notably Europe.

While stop-start systems are the lowest-cost ‘hybrid’ alternative, they may
substantially cut fuel consumption and air pollution from idling vehicles,
especially in crowded city centres. Parts maker Valeo, which supplies stop-
start systems to PSA Peugeot Citroén, has estimated that in cities, cars spend
up to one-third of their time at a standstill. Analysts have commented that
China, with its enormous traffic jams and heavily polluted urban skies, might

benefit most from inexpensive and universal stop-start systems.
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Mild hybrids

A mild hybrid system combines the fuel savings of an idle-stop system with the
ability to use electric torque, supplied by an auxiliary high-voltage battery pack,
to supplement engine power. The battery and electric motor are only capable
of moving the car at minimal speeds while the engine restarts, but it is enough
to make acceleration from a stop seamless and smooth. In time, as the costs
of better-performing battery packs fall, mild hybrids are expected to contribute
enough power that petrol engines can be downsized to lower consumption
further.

Examples of mild hybrid systems include the various generations of Honda’s
Integrated Motor Assist (IMA) system, used on the first Insight, two
generations of Civic Hybrid and its latest 2010 Insight dedicated hybrid; and
General Motors’ Belt-Alternator-Starter (BAS) system. Another example is the
2009 Mercedes-Benz S400 BlueHybrid, which will be the first production
vehicle to use a lithium-ion battery pack. (A small number of home-market
Toyota Vitz models a few years ago were fitted with an idle-stop system that

used lithium-ion cells, but the pack was tiny and production was limited.)

Table 2: Mild hybrids timeline, 2005-2015 (vehicles, markets, production/sales, range, pack
size, output)

. Peak
. Sales . Electric P?Ck motor
Vehicle Market - Production/sales Body style range size
begin (miles) (kwh) output
(kW)
Honda
Civic Hybrid all Late 4DS n/a | 0.9kwh 15KW
2005 )
. Spring | goal: 200,000 per
Insight all 2009 year 5DS n/a | 0.6kWh 10kw
CR-Z all coupe n/a
Fit/Jazz Hybrid all 5DS n/a

© 2009 All content copyright Aroq Ltd. All rights reserved. /m_a U'I'o
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Page 9 Chapter 2 Technology review

Table 2 (continued): Mild hybrids timeline, 2005-2015 (vehicles, markets, production/sales,

range, pack size, output)

. Peak
. Sales . Electric P?C" motor
Vehicle Market : Production/sales Body style range size
begin (miles) (kWh) output
(kW)
GM Belt-
Alternator- goal: 27,000 per o
Starter, 1st year, not attained na | 0.6kWh 4-5kw
generation
Saturn Vue NA | late 2006 small SUV
Green Line
Saturn Aura
Hybrid NA 2008 4DS
Saturn Vue
Hybrid NA 2008 small SUV
Che\{rolet Malibu NA 2008 4DS
Hybrid
Buick LaCrosse :
EcoHybrid China 2008 4DS
Mercedes-Benz
$400 BlueHybrid | SUTORe: 2009 4DS nfa | 0.7kwh 15kW
BMW
7 Series Hybrid Euroai, late 2009 4DS n/a
Hyundai
Elantra Hybrid
(LPG capable) Korea 2009
GM Belt-Alternator-Starter, 2nd generation
Various models various | 2010/later? 100,000+ various n/a
Ferrari
Prototype being
tested 2015

Notes
Mild hybrids are likely to see the greatest market penetration due to their (relatively) low cost, but
this is likely to vary by region

Source: just-auto

GM has already released some details of its second-generation BAS system,
which was to be launched in North America during calendar year 2010 (that
date was given out before GM’s October 2008 announcement of delayed
launches for most North American products). Executives strongly suggested
that the revised system, with a lithium-ion pack replacing the earlier nickel-
metal-hydride battery, would allow engine sizes to be reduced. GM'’s current
2.4-litre naturally aspirated EcoTech engine, for example, might be replaced
with a 1.4- or 1.6-litre turbocharged direct-injection engine like the one planned
for the global Chevrolet Cruze — and the mild hybrid’s electric motor would

neatly compensate for any turbo lag at low engine speeds.
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Page 10 Chapter 2 Technology review

This adaptability may make mild hybrids increasingly popular in years to come,
since they can be fitted to versions of the turbo GDI engines that will be used
in high volumes to meet stringent future emissions targets, with just slight
retuning of the engine control software. Full hybrids (see below), by contrast,
customarily pair their electric-drive systems with an Atkinson-cycle naturally
aspirated engine that cannot be used in any other application.

Full (parallel or ‘power-split’) hybrids

A parallel hybrid system operates both the combustion engine and the electric
motor/generator(s) together, shifting power among them depending on the

car’s operating needs at any given moment.

A full-hybrid vehicle may be powered by its engine and an electric motor
working together; or it may use some of the engine torque to turn a generator
that recharges the battery (which is also recharged via regenerative braking);
or it may run (for short distances) on electric power alone, with the engine
switched off entirely. Owners drive just as they would in any other car; the

car’s electronic control unit handles all the switching.

That ability to run solely on electric power for a mile or more, at speeds up to
45mph, is a main distinction between full hybrids and the mild variety. And the
electric range of such systems seems to be rising. In October, Ford claimed
that its 2010 Fusion Hybrid could run solely on electricity at speeds up to

47mph for up to 2 miles, besting all Toyota competitors.

Given the substantial torque available from their electric drive motor(s) —
remember that electric motors develop maximum torque from Orpm — full
hybrids customarily use Atkinson-cycle, or ‘five-stroke’, combustion engines. In
this cycle, valve timing simulates a cycle in which the piston moves through
strokes of different lengths. The advantage is greater efficiency: by changing
the stroke length, the combusting fuel-air mixture can expand to a greater
volume on the power stroke than it originally occupied on the intake stroke.
Meanwhile, the compression ratio stays constant, so the engine extracts more
energy from the fuel than is possible with a conventional four-stroke Otto-cycle

engine with constant stroke lengths.

The downside to the Atkinson cycle, however, is minimal torque at lower

engine speeds — meaning these engines cannot be used in any other
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application. The hybrid system’s electric motor neatly compensates for this

missing low-end torque, but vehiclemakers that develop full hybrids must add

to the cost of the hybrid hardware and battery pack the incremental cost of a

unique variant of combustion engine.

Table 3: Full hybrids timeline, 2004-2011 (vehicles, markets, production/sales, range, pack

size, output)

. . Pack size Peak motor
Vehicle Market Sales begin Body style (kwh) output (kw)
Toyota
Prius (2nd generation) NA 2004-2009 5DS 1.3kwh 50kW
Prius (3rd generation) NA Spring 2009 5DS 1.3kwh 60kW
Camry Hybrid NA May 2006 4DS

123kW
Highlander Hybrid (Gen 2) 2008 (front), 50kW
(rear)
Lexus
123kW
RX400h (1st generation) NA 2006-2009 medium SUV (front), 50kW
(rear)
123kW
RX450h (2nd generation) NA Spring 2009 medium SUV (front), 50kW
(rear)
GS450h NA 4DS 218kW
LS600h NA 4DS
HS250h NA Spring 2009
Nissan/Infiniti
Altima Hybrid NA (7 states) 2007 4DS
M saloon NA, Europe 2010 4DS
Ford
Escape/Mariner/Tribute Hybrid NA Late 2004 compact SUV 1.4kWh 93kwW
Fusion/Milan Hybrid NA Spring 2009 4DS 1.4kwh 93kW
General Motors (Two-Mode)
Chevrolet Tahoe/GMC Yukon Spring 2008 full-size SUV 1.8kWh
Cadillac Escalade Fall 2008 full-size SUV 1.8kwh
Chevrolet Silverado/GMC Sierra Feb 2009 pickup truck 1.8kwh
Saturn Vue Two-Mode June 2009 medium SUV 1.8kwh

© 2009 All content copyright Aroq Ltd. All rights reserved.

_/M—uuto




Page 12 Chapter 2 Technology review

Table 3 (continued): Full hybrids timeline, 2004-2011 (vehicles, markets, production/sales,

range, pack size, output)

. . Pack size Peak motor
Vehicle Market Sales begin Body style (kwh) output (kw)
Chrysler (Two-Mode)

Dodge Durango/Chrysler Aspen Oct-Dec i

Hybrid 2008 full-size SUV

Dodge Ram 2010 pickup truck

Mercedes-Benz (Two-Mode)

ML450 BlueHybrid late 2009 large SUV

BMW (Two-Mode)

X5 late 2009 large SUV

X6 late 2009 sports activity
coupé

VW/Audi/Porsche

Porsche Cayenne Hybrid late 2010 large SUV 1.2kWh?

Porsche Panamera Hybrid 2011 4DS

Audi Q5 Hybrid 2011 small SUV

Audi Q7 Hybrid TBD large SUV

VW Tiguan Hybrid 2012 small SUV

VW Touareg Hybrid 2011 large SUV

Hyundai

Sonata BIut—;Drlve (model name, Oct 2010 4DS?

body may differ)

Peugeot-Citroén

TBD 2011 small SUV?

Notes

To date, all production full hybrids use nickel-metal hydride (NiMH) battery packs, but within three
years, one or more makers is likely to fit lithium-ion (Li-ion) packs--most likely on the high end of
the market

Source: just-auto

Toyota is by far the world’s largest producer of full hybrid vehicles, having built
more than 1.5m of them by late 2008. Its Parallel Synergy Drive system is
used in various permutations in Toyota (Prius, Camry, Highlander) and Lexus
(RX400h, GS400h, LS600h, HS250h) models for North America, Europe, Asia
and other markets. The Prius will be assembled not only in Japan (and from

CKD kits in China), but at some point in Mississippi as well, closer to its largest
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single market — though the 2011 Job One date has been indefinitely postponed
in the current downturn.

Other full hybrids come from Ford, which has built roughly 25,000 Escape
Hybrid (and its Mercury Mariner and Mazda Tribute brethren) SUVs a year
since 2005. It launched Hybrid models of its 2010 Ford Fusion and Mercury
Milan midsize (North American) saloons for 2010 at the November 2008 Los
Angeles Auto Show. And Nissan offers limited numbers of its Altima Hybrid,

using a system licensed from Toyota, in eight of the greenest states in the US.

Perhaps the most complicated single full hybrid technology on the market is
the Two-Mode system that is shared by products from General Motors,
Chrysler, Daimler and BMW, which jointly maintain a development facility in
Troy, Michigan.

GM was first to launch the Two-Mode into the market for the 2008 model year,
in its Chevrolet Tahoe and GMC Yukon full-size SUVs. Their ultra-luxe
platftorm mate the Cadillac Escalade followed shortly. In February 2009, it
continued the rollout in the Chevrolet Silverado and GMC Sierra pick-up
trucks, with the first front-wheel-drive application, in the Saturn Vue, set for
June 20009.

Chrysler was the next member of the consortium to launch the Two-Mode, in
its largest Dodge Durango and Chrysler Aspen SUVs. The hybrid versions of
those vehicles had barely gone on sale in autumn 2008 before the company
announced it would shutter the plant in December — killing them off after fewer
than 1,000 had been built. The next Chrysler product to launch with the Two-

Mode will be its Ram full-size pick-up truck, sometime in 2010.

Plug-in hybrids

For most of the 20™ century, petrol vehicles and electric cars were poles apart.
While the first Prius in 1997 was a radical advance in its use of a high-voltage
battery to power an electric motor that blended with the petrol engine, Toyota
spent years taking pains to explain in its marketing that it was not an ‘electric

car'.

In part, this stemmed from the public image of electric cars as strange, small

and very limited in range. Toyota may also have been mindful of the public
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relations disaster that befell General Motors when it took back the EV1 electric
two-seaters it had produced in response to a California emissions law (later
changed) and destroyed them — painfully documented in Who Killed the

Electric Car?

In any event, Toyota’s first few years of US advertising for the Prius stressed
thatiyou dono6t h a-vuederscoringtheuwesireitothave ihpierceived
as just a regular car, albeit an unusual-looking and fairly parsimonious one (at
least in the US market). Europeans, with a plethora of high-mileage domestic
diesel hatchbacks already, have not taken to the Prius much so far, but in the

States, it's considered a ‘compact’ car.

With the launch of the second-generation 2004 Prius, it didn’t take long for
garage boffins and tinkerers to wonder: what if you could plug it in? It had
perfectly good electric drive; it just didn’t have a very large battery. If the
battery were swapped out for, or supplemented by, a higher-capacity pack,
you could build a largely electric car that had its own combustion engine for

long journeys.

The concept of a ‘plug-in hybrid’ had percolated for years in research done by
Professor Andy Frank at the University of California in Davis, and others. But
the arrival of the new Toyota Prius in 2004 prompted the California Cars
(CalCars) Initiative, a non-profit organisation based at the heart of Silicon

Valley in Palo Alto, to convert a new Prius into a prototype ‘plug-in hybrid’.

The reason was simple enough. If you had a vehicle that used electricity to
power itself at least some of the time, why not (a) maximise that time, since
running on electricity is a far more efficient way to travel a mile than burning
liquid fuels; and (b) why not supply as much as possible of that electricity from

the mains, rather than by exploding petrol to generate it?

The idea was to extend the Prius’s electric range from its current 1 mile or so
to as much as 20 miles, allowing multiple short trips in pure electric mode. The
button fitted to European and Japanese Prius models that forces silent,
electric-only running — also known as the ‘cheating husband’ button — is
deleted for North American versions of the 2004-2009 Prius, to prevent
excessive discharge that might harm the battery’s ability to last for the
mandatory ten years or 150,000 miles. The third-generation 2010 Prius

restores it to US-market cars.
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The result of CalCars’ tinkering was a stock-looking Prius that could exceed
100mpg — depending on the mix of urban and high-speed running, also known
as its ‘duty cycle’. Since that first plug-in Prius, CalCars has become a
remarkably effective advocate for the benefits of plug-in hybrids — reaching out

and gaining converts among regulators, vehiclemakers, and the public.

It is a sign of how quickly the concept took hold in the US that just four years
after that first conversion, both US presidential candidates cited plug-in hybrids
as a core component of their energy policies — and the recent US stimulus bill
devotes some of its US$787bn to funding tax credits for buyers of plug-in
vehicles with battery packs of 4-16kWh.

Following that first plug-in conversion, more than a dozen companies now offer
aftermarket PHEV conversions, most using the current Prius as a base. They
are expensive (Hybrids-Plus, for instance, charges more than US$1,000 for
each of the 15 or 30 miles of continuous electric range its conversion
provides), can have reliability issues and most have not been crash-tested in
their modified form.

But whereas there were fewer than 100 plug-in hybrids on the roads globally in
late 2007, that number is soaring as aftermarket conversions go into mass
production and vehiclemakers launch test fleets for government agencies and
electric utilities. And now the US government will offer consumers a two-year
tax credit for 10% of the cost of a conversion (up to a maximum of US$4,000
on a US$40,000 conversion) during 2010 and 2011.

Plug-in hybrid-electric vehicles (PHEVS) provide the benefits of an electric car,
while maintaining the same driving range as conventional vehicles. Plug-in
hybrid drivers travel in an all- (or mostly) electric mode for the vast majority of
common local driving. Once the energy content of the battery has been
depleted, a downsized gas engine is used either to recharge the batteries (as
the car moves), or as the primary source of propulsion until the batteries can

be charged up via a plug.

Despite all the media attention, it’s still not possible to buy one new at a dealer
— in the West, at least. Chinese vehiclemaker BYD Auto began selling its
F3DM plug-in hybrid in its home market last December, with a claimed range
of 70 miles when fully charged. That car probably does not meet European or

North American safety or emissions standards, let alone expectations for
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materials and build quality, but it is nonetheless the world’s first mass-
produced PHEV.

BYD aside, only two PHEVs have been confirmed for production. One is a run
of several hundred plug-in Toyota Priuses, set to be released for fleet use by
the end of 2009. The other is a plug-in version of the Saturn Vue (nee Opel
Antara) Two-Mode Hybrid, which was scheduled to launch in late 2010 at
about the same time as the Chevrolet Volt. GM’s delay of much of its North
American model programme has thrown that schedule into question, however

— as has the uncertain fate of the Saturn marque.

While vehiclemakers — notably GM and Toyota — test prototype PHEVS, only a
handful have committed to a specific production date for these vehicles. While
plug-in hybrid concepts go on display at auto shows, there’s a quiet debate
about whether adapted parallel hybrids will prove to be a technological dead

end.

The latest variation is the advent of extended-range electric vehicles (E-REVS),
also known as series hybrids (see below). One of the key issues is that full
hybrids have batteries designed for maximum power (the voltage delivered by
a pack is proportional to the torque the electric motor can deliver), which
comes at the expense of total energy capacity. This allows the system to
supplement the combustion engine often, displacing the most fuel and allowing
it to be tuned for highly efficient high-speed running without much low-end
torque. But this means the battery pack delivers all its power quickly, at a high

rate.

Plug-ins, on the other hand, operate as electric vehicles for miles at a time, so
their batteries have to hold the highest possible amount of total energy — even
if it's delivered at a lower maximum power. This is the direct opposite of
today’s full hybrids. So, why bother to engineer the highly complex power-split
systems to shift power seamlessly among the battery, the electric motor(s) and
the combustion engine if you want to run electrically as long as possible? The

design alternative that answers that question is the E-REV.
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Table 4: Plug-in hybrids and extended-range electric vehicles timeline, 2008-2012 (vehicles,

markets, production/sales, range, pack size, output)

. Peak
Electric Pack
. Sales . Body . motor
Vehicle Market - Production/sales range size
begin style (miles) (kWh) output
(kW)
PLUG-IN HYBRIDS
BYD
Dec 2000/month at full
F3DM China production; US sales 4DS 100 km | 15.6kWh 75kW
2008
20117
F6DM China 2009 4DS 15.6kWh 75kW
Toyota
500 globally; 150 to be
Prius Plug-In NA late 2009 | leased to test fleets in 5DS 8 4kWh ?
us
General Motors
Saturn Vue 2- late 2010 future unclear |deaturn small
Mode Plugin NA o marqgue is woun SUV 10
o down
Ford
Escape Hybrid small
Plug-In NA 2012 5,000+ per year SUV 30 10kwh 93kw
Hyundai
TBD 2013
EXTENDED-RANGE EVs
General Motors
Chevrolet Volt / NA, Nov
Holden Volt (RHD) | Australia 2010
3 or Q4
Opel Ampera Europe Q 5DS 40 | 16kwh |  120kw
pel Amp urop 2011 10,000 (Y1); 40,000-
Vauxhall Ampera UK Q3 or Q4 | 60,000 (Y2 and later)
(RHD) 2012
Cadillac Converj NA, others | TBD
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Table 4 (continued): Plug-in hybrids and extended-range electric vehicles timeline, 2008-

2012 (vehicles, markets, production/sales, range, pack size, output)

. Peak
Electric Pack
. Sales . Body . motor
Vehicle Market : Production/sales range size
begin style (miles) (kWh) output
(kW)

EXTENDED-RANGE EVs

Fisker

Karma NA, others | SP'ing 7,500 (Y1);15,000 (2 | 4pg 50 | 22.6kWh
2010 and later)

Bright Automotive

TBD TBD 2010 39,000 (¥1): 50,000 by | 1gp 30

Notes

(1) Cell chemistry: ‘Li-ion’ is used to indicate lithium-ion cells overall; ‘LiCO2’ indicates a cobalt-
dioxide chemistry, and ‘LiFePo’ indicates an iron-phosphate chemistry

(2) As noted in the text, a plug-in hybrid electric vehicle (PHEV) in an adaptation of a standard
parallel hybrid, while an extended-range electric vehicle (EREV) is a series hybrid that operates as
a pure electric vehicle until its pack is depleted.

Source: just-auto

Extended-range electric vehicles

The extended-range electric vehicle (or E-REV, also known as a series hybrid)
also uses two sources for its power, a battery pack and a combustion engine.
But unlike the parallel hybrid, it doesn’t alternate back and forth between them.
Instead, motive power is provided solely by one or more electric motors,
powered by a high-capacity battery pack far larger than those found in today’s
hybrids.

Series hybrid technology has been used in diesel locomotives for decades.
Their huge diesel engines don’t cause the locomotive’s wheels to rotate.
Instead, they turn a generator that produces current to run electric motors that
actually cause the train wheels to move forward. In road vehicles, the battery
pack is expected to charge mostly from the mains. Drivers will plug in while
parked for long periods, whether at home overnight, at work or in public

parking structures.

If the pack discharges fully but more range is required, a small combustion
engine switches on — but only to power a generator that flows enough current
to the battery to power the vehicle. Crucially, the engine does not provide

torque to turn the wheels mechanically.
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General Motors urged adoption of the term ‘extended-range electric vehicle’
(or E-REV) in its briefings on the Chevrolet Volt concept, revealed in January
2007. The goal is to distinguish the car's powertrain from a PHEV by
emphasising that for much of its duty cycle, this car is solely an electric car.
Because both types of vehicle can plug into the grid, and have both battery
packs and combustion engines, much confusion remains — but the two

architectures are quite different.

In some ways, the series hybrid or E-REV is much simpler than a plug-in
hybrid. It needs no complex gearboxes or differentials; it's simply an electric
(or ‘electric-drive’) car that happens to have a permanent gasoline-fired

generator on board if it runs out of electric range.

By far the world’s most famous series hybrid is the 2011 Chevrolet Volt, still
seemingly on target for production in late 2010. Other manufacturers, both
existing vehiclemakers and start-ups, have announced plans for series

hybrids, but details and schedules remain unclear.

The Volt operates entirely as an electric car for its first 40 miles. It burns no
gasoline during those miles, drawing energy from a 400lb lithium-ion battery
pack containing 16kWh. Current from that pack powers a 150hp electric motor
that drives the Volt's front wheels. For further range, the Volt carries a 1.4-litre
direct-injection engine that powers the onboard generator to provide enough
current to give the car another 300 miles. That only happens, of course, once
the battery is fully discharged.

Why 40 miles of electric range? The data show that more than two-thirds of
Americans drive less than 40 miles a day. If those people plugged in their car
every night, they might never use any gasoline. And depending on local
electricity rates, that 40-mile recharge might cost just 15-20% of the same 40

miles travelled on gasoline.

The Volt caught archrival Toyota off-guard, forcing it to speed up the pace of

its own efforts to develop plug-in versions of its current hybrid system.

The diesel question

It would seem a logical extension of the hybrid concept to pair electric motors

with diesel engines, which already offer greater efficiency than their petrol

© 2009 All content copyright Aroq Ltd. All rights reserved. /m_a U'I'o
4




Page 20 Chapter 2 Technology review

counterparts. But diesel hybrids face several challenges that gasoline hybrids
don’t.

First, both diesels and electric motors generate maximum torque at low speeds
— 1,500-4,000rpm for diesels, from Orpm for the motor. Hybrid systems save
the most fuel when they can be paired with combustion engines that deliver
their peak torque at relatively high revs, e.g. using the Atkinson cycle. That
way, the control module can blend power from each to deliver a relatively flat

torque curve.

In addition, diesels cost more to build at the outset because they have to be
more robust than a petrol engine of the same output. And, finally, because
diesels are already more efficient to start with, the gains in efficiency from

hybridising diesels are lower than for petrol engines.

On the other hand, today’s smaller, high-revving turbo-diesels are better suited
to parallel hybrid duty than older, slower versions. And a diesel already
requires a substantial electric motor, since its high compression ratio — 18:1 or
more — demands a beefy torque curve to turn over. By smoothing the load on
the diesel, an electric-drive system also helps cut emissions of nitrous oxides
(NO,) and particulates, which occur in the highest volumes during power

transitions.

PSA may be the first vehiclemaker to launch a diesel hybrid, probably a mild
hybrid B- or C-segment car. It has shown several, under both the Peugeot and
Citroén marques, at various auto shows. But it has not yet announced any firm
production dates. Mercedes-Benz has also experimented with diesel hybrids,
though its first two hybrids (the S 400 BlueHybrid mild-hybrid saloon, and the
ML450 Hybrid SUV, to be built in North America) are known to use gasoline

engines.

Downsized and GDI turbocharged petrol engines

As noted, full hybrid systems are customarily paired with Atkinson-cycle
combustion engines, which have little application outside HEVs. Mild hybrid
systems, however, are fitted to retuned versions of standard production
engines — making them a suitable way to extract further gains from the new
crop of more efficient engines that is starting to appear in a variety of vehicle

types and sizes.
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Both gasoline direct-injection (GDI) and turbocharged GDI engines are likely to
be offered with mild hybrid systems within a few years. For example, as GM’s
1.4-litre turbo-GDI engines begin to supplant older 2.4-litre normally aspirated
engines, the company’s mild-hybrid system will be applied to the new, smaller

engine to wring a few extra miles out of its already lower consumption.

The ultimate pairing of an advanced combustion engine with a mild hybrid
system was seen in the striking Mercedes-Benz F 700 Vision concept car,
unveiled at the Frankfurt Auto Show in September 2007. Its 1.8-litre ‘DiesOtto’
engine alternated between standard spark ignition and a homogenous charge-
compression ignition (HCCI) mode — which uses a very lean fuel-air mixture so
thoroughly combined that under certain circumstances, it ignites
spontaneously at a much lower temperature and compression ratio than a
diesel — along with a 15kW hybrid system to make up for the smaller engine’s
lower torque. The complete powertrain has a rated power of 238hp (175kW) at
maximum load, but consumes just 5.31/100km (44 miles per US gallon), with

CO, emissions of 127g/km —in an S-Class-sized car that weighs 1,700kg.

Battery-electric vehicles

While electric vehicles are visible today in certain UK and European cities, they
remain an insignificant portion of the global vehicle market. Electric-drive
vehicles with no onboard engine or generator are called battery-electric
Vehicles (BEVS).

Most electric vehicles sold today are not ‘real’ cars, which is to say capable of
motorway speeds and compliant with all new-vehicle safety regulations. A
horrifying and widely circulated Top Gear video of its crash test on a G-Wiz
electric car showed all too graphically the flimsy construction and limited
protection of such cars. In the UK, they are licensed as quadricycles; in the
US, they are considered to be neighbourhood electric vehicles (NEVS). In both
cases, they have four wheels, a top speed of 25-35mph, and weigh less than
3,000lbs. They also have four-wheel brakes, lights, signals, safety glass,

wipers, mirrors, and safety belts.

© 2009 All content copyright Aroq Ltd. All rights reserved. /m_a U'I'o
4




Page 22 Chapter 2 Technology review

Table 5: Battery electric vehicles timeline, 2008-2012 (vehicles, markets, production/sales,

range, pack size, output)

. Peak
Electric Pack
. Sales . Body . motor
Vehicle Market : Production/sales range size
begin style (miles) (kWh) output
(kW)
Th!nk
City Scandinavia, | restarted | 50 i to date | 3DS 106 | 28.3kWh 30kW
Europe spring 2008
City 112 26kWh 30kwW
City 81 19kWh 30kwW
Tesla
Roadster NA, Europe | 2008 2,000/yr (by early 2-seat 180-250 | 53kwh |  185kw
2009) roadster
Model S late 2011 | 15K-20K (one shifty | *-490"
sedan
Smart
100 on test in
ED Europe 2008 London 3DS 50-70 | 26.4kWh 30kwW
1,000 battery packs
EV Europe, NA 2010 purchased from 3Ds n/a n/a 30kW
Tesla
MINI
Mini E NA spring 2009 | N€et of 500 test 3Ds 150 | 35kwh |  150kw
vehicles
Mitsubishi
i-MIEV Asia, Europe | fall 2009 2009: 2,000 5DS 70 16kWh A4TKW
Subaru
Rle Asia fall 2009 2009: 100 3DS 50 40kw
Aptera
2e NA fall 2009 2-door 100 | 17kWh 52kW
coupe
Miles
‘Highway
Speed’ (nee NA early 2010 Y2 goal: 10,000+ 4DS 100 37kWh
XS500)
Nissan-Renault
Renault Israel ggitos n 2011: 20K-40K; 100 -
;I_:.u?;]gﬁtgc- Europe consumers tzhoalnz-lzo%le - more 4bs 120
9 in 2012
Renault
Israel 100 -
' ?
Kangqo Europe 20107 120
electric
Renault EV Israel,
small 5-seater Europe early 2012
Renault short- Israel,
journey EV Europe
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Table 5 (continued): Battery electric vehicles timeline, 2008-2012 (vehicles, markets,

production/sales, range, pack size, output)

. Peak
Electric Pack
. Sales . Body . motor
Vehicle Market : Production/sales range size
begin style (miles) | (kwh) ou(tkpu;
W
Dodge
2-door 150-
Circuit EV NA 2010 coupe or 2007 26kWh 200kw
roadster )
BYD
75kW or
. small 160kW
E6 China, export | 2010 SuUV 250 (+ 40kW
optional)
Ford
‘Tourneo’ EV
Transit Connect | \n Eyrope | 2011 light van 100 | 24kwh 50kW
(nee Smith
Ampere)
Focus EV
(Magna) NA, Europe 5DS 100
Tata
2009: 100
. ) demonstration
Indica Vista Europe 2011 vehicles: 2011: on 120 120kW
sale
Toyota
FT-EV 2012 3DS 50 | 11kwh 45kwW
Mercedes-Benz
B-Class
(Concept 20127 5DS 120 | 35kWh 70kW
BlueZero E-
Cell)
Audi
Al 2012 3DS
Pininfarina
BlueCar 3DS 155
Magna
Mila EV 5DS 93 50KW
(concept)
Notes

(2) This list includes only highway-capable and fully homologous vehicles; it does not include low-
speed or neighbourhood electric vehicles (e.g. REVA, G-Wiz, Zenn, et al)
(2) Cell chemistry: ‘Li-ion’ is used to indicate lithium-ion cells overall; ‘LiCO;’ indicates a cobalt-
dioxide chemistry, and ‘LiFePo’ indicates an iron-phosphate chemistry
(3) Where specifications exist only for a concept vehicle (e.g. Toyota FT-EV, Mercedes-Benz
Concept BlueZero E-Cell) they are provided as the nearest approximation to the production

vehicle
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Of the 50,000 NEVs built globally to date, 72% have been sold in the US.
Some retirement communities in temperate climes include secondary path
systems just for NEVs, which in many cases resemble glorified golf carts. That
said, fleets and commercial customers buy more than half of them for use in
parks, warehouses, and the like. The civilian user base drives them for short

trips within restricted areas.

The universe of ‘real’ electric cars is much smaller. The first modern-day
example was GM’s now-legendary EV1, which for all its advanced engineering
had just two seats and a range of only 40-70 miles from its 1997 lead-acid
battery pack (a nickel-metal-hydride pack fitted to the 1999 batch raised that to
160 miles). In that case, GM learned that while two-seaters only sell in low

volumes to start with, two-seaters with limited range hardly sell at all.

One EV survivor had appeared to be the Think City, offered sporadically with
various advanced battery technologies by a Norwegian company that was
owned by Ford for a while. Recently recapitalised and with plans to expand
into multiple European countries and then the US, Think said it would meet all
applicable new-car standards in any country it enters. But even Think had to
shut down its operations recently while awaiting new funding, and at the time

of writing, its fate is unclear.

Now larger manufacturers are entering the fray. Mitsubishi, Smart and Subaru
plan to offer all-electric versions of their smallest vehicles — the ‘i’, forTwo and
R1 respectively — in quantities of several hundred during 2009, with production
plans the following year. A fleet test of 500 all-electric Mini conversions was

announced as well, though without production plans thus far.

Alliance partners Nissan and Renault are by far the most committed of the
major OEMs to electric cars, with production of more than 100,000 units
planned for 2015 or before. Nissan-Renault have also partnered with the very
ambitious plans of Better Place. This is a venture-funded start-up created by
entrepreneur Shai Agassi to sell transportation by the kilometre like mobile-
phone minutes, provide EV fast-charging infrastructure and offer vehicles with

hot-swappable battery packs for quick on-the-road ‘refills’.

On the high end, the Tesla Roadster — a fast, all-electric two-seat sports car —

has garnered massive publicity since it was unveiled in the summer of 2006 by
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a Silicon Valley start-up. It finally entered series production at the start of 2009

after teething troubles and repeated delays.

And in the end...

The most likely scenario is one in which combustion engines — gasoline and
diesel alike — become steadily more efficient as emissions standards and fuel-
economy regulations tighten further. Hybrid systems of various sizes and
capabilities, from mild hybrids through to full hybrids, will further reduce the
consumption of these increasingly parsimonious advanced petrol and diesel

engines.

The advent of grid-enabled vehicles will move mainstream vehicles closer to
full electric operation. But the costs of advanced battery packs seem likely to
limit full electric range in hybrids to between ten and 50 miles for a decade,

and affordable full EVs to 100 miles or thereabouts.

Plug-ins from major manufacturers will start to be offered for sale by 2010, but
the cost of their battery packs will make them far pricier to build and buy than
conventional cars of the same size and capability. Manufacturers will limit
available volumes in the early years, given that each early plug-in car is likely
to break even at best, after selling for a higher price than a comparably sized
gasoline vehicle — and most likely will require a substantial subsidy to gain

sales, just as the early Prius hybrids are said to.

OEMs firmly believe, however, that the experience of electric drive will prove
its own reward. Full acceleration from a standstill and smooth, silent, gearless
running will offer a different type of driving that may win converts to the electric

side during a slow, decades-long transition to electric drive.

Petroleum fuels will likely never vanish from our roads; their versatility and a
century’s investment in distribution systems will keep them around long after
the readers of this report are gone. To get the same energy content as 1 gallon
of gasoline, for instance, requires a battery that weighs four times as much —

and may take an hour or more to recharge.
It will likely be decades before the energy content of advanced battery packs

improves sufficiently, and their cost falls far enough, to make fully electric

vehicles comparable in range to the most versatile of today’s many types of
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vehicle. Advanced combustion engines and various forms of hybrids will pace
those battery improvements, providing a lengthy transition toward a future
where electric drive becomes one of a number of motive-power sources

playing a vital role in keeping automobiles socially acceptable.

Discussing the results of the Multi-Pathways Transportation Futures Study

presented in early 2009 by the US Argonne National Laboratory’s Center for

Transportation Research, the Green Car Congress website summarised it

nicely: i Wh a t | ookai ngsdaodt oadgay6s conventional car
good against tomorrowbs conventional car
competition against PHEVs in 2030 is likely to incorporate a radically

downsized, boosted direct-injection engine, an automated manual seven- or

eightspeed automatic transmissionéa 30% weight
advanced aerodynamics wi t h a Cd of 0. 22 or
drivetrain. That could yield more than 50mpg (US) [4.7l/100km] of fuel

economy i or usage of less than 300 gallons [1,140 litres] per year i and still

be alot cheaperthanaplug-i n hybri déo

And yet, just 11 years after the first Toyota Prius, the outlines of this transition
— spurred on by awareness of climate change and energy security — are taking
shape. Technology advances that are barely visible today promise change in
virtually every aspect of what we call an automobile. And with luck, the

changes required of owners and drivers will be minimal.

Vehiclemakers know their advanced-propulsion cars must balance excitement
and cutting-edge features against rock-solid reliability and every bit of the
versatility that more conventional vehicles provide. From the Prius to the Volt
to what lies beyond, we are likely entering a remarkable new era of automotive

technology.
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Chapter 3 Factors affecting the

market

Before the global sales declines of late 2008, vehiclemakers and Tier-1
suppliers were willing to discuss some elements of their projections for electric-
drive car penetration in coming years. But, as they say, i Al | b e tasnid
such extraordinary events as US and European government subsidies to keep

multiple carmakers from complete collapse.

The sharp run-up in oil prices during 2007 and 2008 was largely attributed to
soaring demand, which was projected to continue indefinitely. Then came
global financial declines and a virtual gridlock in the commercial credit markets
— and markets did what they often do: They fell. As did auto sales, China’s

thirst for energy and, with it, the price of oil.

But oil prices are just one of several factors likely to affect the rollout cadence
of various electric-drive vehicle types. Five major drivers for adoption of
electric-drive vehicles are: oil prices; regulation of vehicular emissions, in
particular carbon; battery costs; changing duty cycles in developed countries;

and new financial models for vehicle usage.

On the other side of the scale are five barriers — or at least concerns — that
must be addressed or overcome to enable a widespread rollout of electric-
drive vehicles. Most immediate will be the rising near-term cost of all vehicles;
concerns over adequate supplies of electricity to recharge plug-in cars;
analyses of the ‘wells to wheels’ carbon impact of cars powered largely or
exclusively by electricity; the emergence of lithium as a strategic commodity,
and associated geopolitics; and finally, the troubling question for
vehiclemakers of whether they are comfortable if their core energy storage

medium must be bought in from an entirely separate industry.

Oil prices
Clearly the 2007-2008 rise in oil prices, closely tracked by consumer fuel
costs, brought fuel consumption to the fore in North American markets, and it

gave the issue an even higher profile in Europe, Asia, and emerging

ar

e

of f o
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economies. Accordingly, GM and Ford radically revised their portfolios,
yanking their North American model mixes closer to that in the rest of the

world.

Some evidence seems to indicate that consumers are affected more by the
volatility of fuel-price changes than the absolute level. By that mark — with oil
prices swinging from a high of US$147 to a low of US$35 within just six
months — car buyers today are likely to be shell-shocked. While oil prices are
the subject of a different analysis altogether, it seems safe to say that despite
aggressive global research into biofuels, renewable and even a resurgence of
nuclear power, the first half of this century will be powered largely on refined

petroleum products extracted from known terrestrial reserves.

How efficiently those products will be exploited is a separate matter. But it
seems self-evident that as petroleum extraction gets more challenging and
pricier, higher oil prices will be a leading incentive for the lower fuel
consumption of electric-drive vehicles. The payback times that result — from
offsetting the higher cost of a hybrid, say, against the fuel cost saved — will
vary with the absolute price. But the greater the volatility of the changes, the
more consumers seem likely to hedge their bets and opt for lower consumption

vehicles.

Regulation of carbon and other emissions

The impact of tightened national and regional regulations on vehicular
emissions — not just of the classic criteria pollutants (HC, CO, NO,) but also
greenhouse gases, predominantly CO, — will be as powerful as rising oil

prices.

While Europe is at the forefront of regulating CO, emissions explicitly, China
passed its own fuel consumption standards in 2007, the US recently tightened
its standards last year after more than 20 years and the global trend is clearly
toward more efficient vehicles that emit less of everything. With fuel
consumption a proxy for carbon emission, regulations that demand lower fuel

usage or lower carbon emission provide largely the same effect.
One highly debatable issue is the future role of diesel, which now accounts for

half the new cars sold in Europe (though far less anywhere else). Meeting the

latest US regulations on particulate emissions (Tier 2, Bin 5) has proven

© 2009 All content copyright Aroq Ltd. All rights reserved. /m_a U'I'o
4




Page 29 Chapter 3 Factors affecting the market

technically challenging and expensive. The best demonstration may be the
BlueTec after-treatment system created by Mercedes-Benz, which in its most
complex variation requires liquid urea to be added to the vehicle every 12,000
miles.

But emerging public-health data on the impact of nanoparticulates from diesels
and other sources is said not to be encouraging. It seems at least possible that
diesels may not play the major role in reducing consumption that was
envisaged just a few years ago. Few politicians will want to engage in a trade-
off between public health and reduced energy consumption, so this story very
much remains to be written.

Changing duty cycles

Almost without thinking about it, the industry has tended to view fuel
consumption through two prisms: city and highway. Urban usage was a series
of stops and starts, with a top speed of perhaps 30-35mph, through the core of
a traditional city. Highway usage was open-road cruising at speeds from
50mph (North America) to infinite (Germany’s famous Autobahnen). These two
duty cycles have been polar opposites, and vehicle travel tended to be
assigned to one or the other.

As urban forms have evolved, this view is increasingly reductionist. Suburban
sprawl is no longer limited to North America (though it remains most expansive
there). Exurbs built around office parks and shopping centres, connected by
broad multi-lane roads punctuated every mile or two with stoplights, have
created a different type of duty cycle. Vehicles may crawl through shopping-
centre car parks, then blast away from an intersection to travel at 50mph until
the next light a mile or two away. Back down to zero, into and out of another
shopping centre, and so forth; the process repeats. One might call this the

‘suburban cycle’.

While BEVs and full hybrid-electric cars are ideal for urban use, and diesels
make the most economical highway cruisers, it's more challenging to pick
technologies best suited to duties in between. But measuring total distance
travelled produces an interesting statistic: In the US, more than two-thirds of all
vehicles travel fewer than 40 miles a day. In more compact European and

Asian countries, that number is likely to be even lower.
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This datum has led to the idea of the extended-range electric vehicle, with an
electric range of roughly 40 miles. The greatest petroleum displacement will
come from the majority of days when the car can travel 40 miles or less, and
do it solely on electricity. But to alleviate what GM terms ‘range anxiety’, the
onboard petrol engine offers a further 300 miles of range — for family jaunts to

visit relatives, long sales trips, and the rest.

An E-REV offers the versatility of a standard petrol car, but emits far less
carbon in most of its duty cycles. It eliminates the range concerns of an urban
BEV, and carries four people besides. Yet it emits far less carbon than a diesel
vehicle of the same size over its full duty cycle. Even when the engine runs, it
may equal the best diesel’s highway consumption, due to the greater efficiency
of burning fuel to generate electricity (which can be regenerated on braking)
against burning it at a wide range of engine speeds to create torque

transferred to the wheels through mechanical linkages.

The suburban duty cycle, in and of itself, is a minor driver toward adoption of
electric drive. But it is particularly suited to the characteristics of the series

hybrid, or E-REV — more so than today’s hybrids or battery-electric vehicles.

Battery costs

At the moment, the cost and reliability of advanced battery packs are the major
concern as Toyota and GM plan to launch PHEVs and E-REVs. Reliability can
be modelled and simulated, to some extent, and much more will be known
about the durability of advanced battery within a few years. Lithium-ion
chemistries are new territory for makers of hybrid cars, granted, but Toyota
proudly notes that of roughly 650,000 Priuses sold to date in the US (the car’s
largest market), only 300 of the nickel-metal-hydride battery packs have
needed replacement.

The cost of advanced cells, however, may be more daunting. By some
estimates, the 16kWh lithium-ion Volt battery pack costs GM far more than
US$ 1,000 per kilowatt-hour — split between the cost of the cells themselves,
and the electronics, housings and cooling equipment that make up the pack in
which they sit.

Consider that a replacement 1.6kWh nickel-metal-hydride battery pack for a
2004-2008 Toyota Prius costs consumers US$2,588. If Toyota’s cost is 40% of
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that, at US$1,035, that's still US$650 per kWh — for an older, less energy-

dense chemistry in a pack that’s been in production for five years now.

But these costs will drop for automotive-size lithium-ion cells, while
performance increases, just as small lithium cells for consumer electronics
(mobile phones, laptops) have done since Sony introduced the first one in
1989. Frank Weber, chief engineer for the Volt programme, is often asked
whether he will raise its electric range as cells improve. His response —
AAbsolutely not, we wi || make t-hsialjpbattery p

raises eyebrows.

But lowering battery cost is crucial to rolling out E-REV technology to a
broader palette of vehicles. GM knows how much money it can afford to lose
on each first-generation Volt it sells, just as Toyota did for its first-generation
Priuses (cynics will say Toyota could comfortably lose far more than GM can
today). Since 1997, Toyota has twice reduced the nominal energy capacity of
the Prius pack, while putting it into a larger vehicle and still delivering both
greater electric range and greatly reduced fuel consumption. Successive
iterations of any battery pack will offer better performance, more compact
electronics, and greater flexibility in duty cycles — not to mention cost
reductions to the manufacturer that will ease these cars into profitability in due

course.

New financial models

The last driver for electrically powered vehicles is likely to be experiments in
new ways to finance cars and their costly battery packs. Already, car-sharing
services have proven successful in Europe and North America, especially
among younger urban consumers. Unlike traditional rental cars, these are
usually charged by the hour, regardless of mileage, with the cost of fuel rolled

in.

But innovative financing models may address one of the greatest concerns
among early adopters: What if | have to replace a battery pack that costs me
US$16,000 or more? If a residual value can be assigned to a pack’s remaining
lifespan and energy content, after it is removed from a vehicle, then perhaps
the pack could be leased separately from the vehicle? Indeed, if cell
technology advances quickly enough, could consumers lease a pack for five

years and then lease a new one for the same car?
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While some market exists for used combustion engines — largely through
scrapyards — a used battery pack may have applications in home energy
storage and other uses. Some suggest that electric utilities could buy and rack
used high-capacity vehicle packs. But utility officials scoff at the idea of trusting
their energy storage to a heterogeneous stream of used packs of different
sizes, shapes, and capacities, requiring different software to operate, and —
most crucially — used for completely unknown duty cycles (instead, utilities
may help jump-start the automotive-pack market by making large purchases of
brand-new packs or cells, giving quicker economies of scale to the battery
manufacturers).

One example of a radical new business model is Better Place, founded by
entrepreneur Shai Agassi. This venture-funded enterprise is ambitious: It plans
to offer transportation in electric vehicles for which drivers will pay by distance,
just as mobile-phone users purchase a set number of minutes each month.
The scheme will launch in Israel by setting up a nationwide network of quick-
charging stations where drivers can have a car's depleted battery packs
swopped out for fresh ones in 15 minutes or less. Renault is to provide the
cars — an electric adaptation of the upcoming Fluence saloon — and Agassi has
reached agreements with Denmark and Australia as well. Large consumer
leasing finance companies, including General Electric, are carefully studying
Better Place and other such experiments.

Vehicle pricing

As a variety of advanced vehicle technologies go into production, car buyers
will be faced with an unpleasant truth: Cars that consume less cost more. To
reach aggressive targets mandated for mileage increases and emissions
reductions by 2015 or thereabouts, vehiclemakers will turn to a host of more
complex and costly technologies. But the costs of these measures may raise
prices substantially even before hybrid systems are added — cutting into the

likely adoption rate for electric-drive technologies.

These new technologies include gasoline direct-injection engines, with and
without turbochargers; cylinder deactivation; electric power steering; and six-
speed automatic transmissions. Incremental costs for each range from

US$100 to US$500, and one car may use several of them in concert.
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Adding idle-stop, mild hybrid, or full-hybrid systems brings its own incremental
cost of more than US$1,000. Adding a four-figure option to a car already much
pricier than it was just two or three years ago is likely to be a hard sell. In the
light of future cost rises, Honda’s strategy of aggressive cost reduction for its
2010 Insight, with components to be produced in high volume (200,000 or

more units annually), may prove prescient.

Electric utility capacity

Starting in 2010, noticeable numbers of grid-enabled vehicles will start to filter
slowly into the marketplace. With car buyers and even auto-industry analysts
unfamiliar with the details of the very different electrical utility industry, notable
concerns have arisen. The first is perhaps the most primal: What if there’s not
enough power to charge those cars?

The answer is simple: there almost certainly will be. With the low volume of
plug-in vehicles anticipated at first (fewer than 100,000 a year, less than 0.2%
of total global production), the impact will clearly be gradual. In the first year of
PHEYV production (2011), added non-automotive demand in the US is forecast
to be 65,000GWh — which is enough electricity to charge ~25m PHEVs. The
entire first year of Chevrolet Volt production, if projections by GM’s Bob Lutz

are accurate at 60,000 vehicles, would be a mere 0.2% of this new load.

It's also worth pointing out that four plasma TVs impose the same electric load
as a single PHEV. Thus far, the growing popularity of plasma TVs hasn’t
raised huge concerns about overloading the grid. Utilities are also growing
more sophisticated in predicting customer load, with some even modelling
customer adoption of new technologies into the future to predict capacity
needs. Hence, if PHEVs pose a problem for utility capacity, it is one that will
grow slowly and predictably.

‘Wells to wheels’ carbon balance

A more sophisticated concern lies in the total carbon impact of not only running
a car electrically, but generating the power to run it in the first place. Here,
some of the best modelling appears to have been done in the US. In 2007, a
particularly notable study, Environmental Assessment of Plug-In Hybrid

Vehicles, was issued by two unlikely partners: the Electric Power Research
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Institute (EPRI) and the Natural Resources Defense Council (NRDC) — or in

other words, the utilities and the greens.

The EPRI-NRDC study is considered to be the most rigorous, because it looks
not only at the current power grid but what the grid mix is likely to be in the
future. This is crucial, since it will probably be 10-15 years before sizeable

volumes of PHEVs are found on road anywhere in the world.

The study carefully accounts for losses in fuel production, generation,
transmission, and distribution of electricity produced from diverse sources:
coal, nuclear, natural gas, and renewables like wind and solar. Looking at the
likely scenarios under which electricity is produced and delivered — now and in
the future — it concludes that greenhouse gas emissions from grid-powered
electric-drive vehicles are lower than for current hybrids, and significantly lower

than for conventional vehicles.

Variables in the scenarios include the time of day when charging is done (most
utilities are expected to offer substantial incentives for night-time or off-peak
charging), the rollout pace that will lead to noticeable numbers of PHEVS on

the roads, and of course the evolving mix of generating plants and fuel types.

Geopolitics of lithium

As Russia has demonstrated in recent years with natural gas, the country that
delivers the energy can greatly affect the destiny of the one that receives it.
With post-9/11 concerns of ‘energy security’ weighing heavily in the energy
policies of developed countries, electric-drive vehicles seem to offer a
promising route toward using energy more efficiently and slowing the

consumption of petroleum products largely produced in the Middle East.

But if tens of millions of vehicles annually are to run electrically, they will need
battery packs, almost surely lithium-ion packs. So does that make lithium the
crucial commodity of this new century? Could OPEC be joined or one day
supplanted by a cartel of lithium-producing countries? Or, more simply, where

are the world’s supplies of lithium to be found?

Answers to cartel questions can hardly be answered now, but the location
guestion is easily solved. For the US, the answer turns out to be rather nearer

than the Middle East. The leading producers and exporters of lithium ore today
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are Chile and Argentina, with reserves known to exist in both China and
Russia. Nonetheless, those countries currently import lithium from Chile, which
so far has proven less costly than mining their own. North America also has

some reserves.

So lithium reserves can be found on at least four continents. As production of
large-scale lithium-ion cells for transportation use ramps up, that dispersion will
become important. It’s because the battery cells (in a car like the Volt) will at
first be the vehicle’s single most expensive component and, in aggregate, one
of its heaviest — so producing them near final assembly locations will prove

most economical.

Loss of OEM control over core technology

A longer-term concern for vehiclemakers is whether the advent of electric-drive
vehicles will inevitably sever their ability to design and control the core
powertrain technologies they rely on. Here, market leader Toyota has taken a

different approach than its followers.

Toyota has both an internal cell development laboratory and a joint venture
with Panasonic to create and manufacture high-capacity nickel-metal-hydride
cells for its vehicles. Honda, Ford, and General Motors, however, purchase

their cells from battery companies — Sanyo, Cobasys, and others.

It's often said that ‘real’ car companies know how to design engines and
transmissions, and indeed no major vehiclemaker has sacrificed those
capacities and remained viable. Certainly many vehiclemakers buy in engines,
or cooperate on joint engine or transmission projects to achieve economies of
scale. The same is clearly true now, when perhaps only Toyota has the
financial strength to sustain development of dozens of different vehicles and

conduct research into entirely new disciplines for their future products.

Thus it remains an open question — one not likely to be answered for years or
even decades — whether buying in cells rather than designing them will prove
dangerous for vehiclemakers. Is a lithium-ion cell strategically closer to an
engine or a tyre? One is manufactured in-house as a core strength; the other

is purchased in from a company that does nothing but design and sell tyres.

Here, time will tell.
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Hybrids: technology or identity?

Electric-drive technology — from mild hybrids to vehicles like the Volt — is a
funny beast. From the engineering point of view, it is just a new powertrain

technology, albeit one less tied to the mainstream of the last hundred years.

But to consumers, especially in North America — which buys more hybrids than
any other region — a ‘hybrid’ has come to stand for something far more
specific. A hybrid is largely viewed as a green car, usually a small- to medium-
sized one (in North American terms), that offers the promise of reducing fuel
consumption while making a statement about the buyer and his or her outlook
on society and on life. In that light, the Prius is the definitive hybrid: It is

distinctive; it could be no other vehicle.

The hybrids that appeared merely as technology options within existing vehicle
lines have not, by and large, done as well as the distinctive Prius. No matter
how many clusters of green leaves or ‘Hybrid’ badges are found, many people
will notice only the familiar shape of a Toyota Camry, or a Ford Escape or a

Saturn Vue.

Unique hybrids, however, permit their owners (just like Hummer owners at the
other end of the scale) to be instantly identifiable as hybrid owners. At least
some of those owners bought their car not purely on cold calculations of
payback period, but because they wanted to say something to the world about

who they were and what they valued.

In that scenario, a hybrid becomes substantially different from such earlier
powertrain innovations as, say, fuel injection. Within living memory, prestige
cars proudly advertised that they were ‘fuel injected’ in chrome script across
the bootlid. Today, it's hard to find a car that isn’t injected in some form — and

the scripts have long since vanished.

In this light, Honda’s decision to give its new global hybrids a unique platform
with unique styling on top of it becomes significant. To do so, however,
requires scale — a minimum of 250,000 units a year is needed to justify stand-
alone hybrid architecture. Thus far, Honda’s first and second Insights, and
three generations of Toyota Prius, remain the sole hybrids that do not share a

body with non-hybrid vehicles.
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Will hybrids coexist both as unique vehicles and as technology options on
standard vehicles? Probably. But the tension between the two strategies — and
the payback equation of each for both consumers and manufacturers — will

shape the future of the technology in ways that have yet to be determined.
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Chapter 4 Manufacturer review

In assessing each individual manufacturer’s activities in electric-drive vehicles,

the world’s OEMs can be sorted into three groups.

In the top tier, Toyota stands alone. It pioneered the modern hybrid, has built
well over half the 2m hybrids on the road today, and plans to offer a hybrid
version of every vehicle it makes. While hard cost data are lacking, analysts
estimate the company has spent US$5bn or more on its hybrid programme
over 15 years — although, as one executive at a competitor said when
promised anonymity: il f you went to our board
US$5-10bntoownt he next green car technol

good deal, doesndt it?0o

Following Toyota are OEMs that have already built and sold hybrid or electric
cars to consumers. Honda leads this second group, albeit deep in Toyota’s
shadow, with Ford following. GM is coming up fast, with two different hybrid
technologies in showrooms and an advanced series hybrid due in less than
two years. Nissan now sells a Toyota-licensed hybrid in some parts of the US,
and plans to move aggressively into battery-electric vehicles. While Chrysler
had seemed set to climb into that group, it now may not make it over the
threshold for two more years, if in fact the company survives. In fact, Tesla
may end up supplanting Chrysler, as it is finally building its Roadster in

consistent (albeit low) volumes.

The third group includes every other vehiclemaker. These companies do not
currently sell hybrid or electric vehicles to the public. Many have shown
concept vehicles, or tested small fleets of vehicles with electric-drive
components. They may even have announced future production plans. But as

of spring 2009, they do not have products on sale.

Group 1: King of the hill

Toyota
Starting with that first Prius in 1997, Toyota has grown a family of hybrids

around what it now calls the Hybrid Synergy Drive system. It has also

and said

ogyéthat
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experimented with idle-stop and mild hybrid systems, in Vitz and Crown
models sold only in the domestic market, and Japan continues to see hybrids
on models — the Estima minivan, for instance — that rarely make it to other

markets.

The key elements in the version of Hybrid Synergy Drive used in the 2009
Prius are two motor-generators that, depending on conditions, are powered by
a 202V nickel-metal-hydride battery pack containing 1.3kWh of energy and/or
a 1.5-litre, 76hp (57kW) petrol engine. The main motor/generator drives the
front wheels; the secondary unit has many functions, including recharging the
batteries, supplementing power from the main electric motor and starting and

stopping the combustion engine to save fuel.

The heart of the system is a planetary gear set, in which a central gear (the
‘sun’) connects to the drive shaft of the secondary/motor generator. This
central gear is surrounded by ‘planet gears’, which are in turn surrounded by a
‘ring gear’ that drives or is driven by the main motor/generator. This gear set
varies the power split between the two motor/generators by alternating the

speed at which the planet gears spin.

Different driving conditions may call for more power from the primary motor, to
move the car, or more going into the secondary to recharge the battery pack.
The system adjusts relative power levels to suit those conditions, without
changing the mechanical load on the engine, letting it run steadily at its most
efficient output. At peak output, the primary electric motor provides a full 78%

of the car’s total torque of 377 foot-pounds (511 Newton-metres).

From the Prius, adaptations of this system have spread into the Lexus RX400h
(soon to be RX450h) crossover utility vehicle, and its Highlander Hybrid
spinoff, both offering all-wheel-drive via a third electric motor powering the rear
wheels (rather than mechanical drive via a transfer case attached to the
transmission). The Camry now offers a hybrid option (Toyota’s first to be built
in the US), and the luxurious Lexus LS saloon offers a top-of-the-line hybrid
model, the LS600h. Lexus also offer a hybrid model of its very popular luxury
crossover, the 2010 RX450h.

Meanwhile, the current second-generation Prius (2004-2009) is replaced for

2010 by a more powerful, better equipped model — of roughly the same shape

— that achieves combined US city/highway mileage of exactly 50mpg (US)
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(4.71/200km). The third-generation Prius has also spawned the first dedicated
Lexus hybrid, the HS250h, a four-door saloon with a larger 2.5-litre petrol

engine and a raft of luxury features.

Toyota has now built more than 1m Priuses, and hundreds of thousands more
of its various other models. The Prius is built at two plants in Japan, and a
small number of CKD kits are assembled in China, but the company plans at
some point to build it in Mississippi as well — a bold move for its green flagship.

Toyota says it will build more than 1m hybrids a year in the early 2010s.

Group 2: Production vehicles on sale

Honda

The second company in the world to offer a hybrid, Honda has pursued a
different path than Toyota. That car, the 1999-2006 Insight, was an ultra-high-
mileage two-seater, closer in spirit to its CRX sports coupé — or perhaps to
GM’s all-electric EV1 — than to Toyota’s first four-door, four-seat Prius. Far
from a mainstream car, just 18,000 Insights were sold, though its lean-burn
995cc three-cylinder engine was enough for the Integrated Motor Assist (IMA)
hybrid system to provide adequate acceleration and very low consumption in
this lightweight vehicle with a Cd of just 0.25.

The IMA system was also rolled out in a Civic Hybrid, which has sold decently
through two generations. Then for 2005, Honda veered onto a detour: It fitted a
high-end version of its V6 Accord with a hybrid system tuned not for economy,
but maximum acceleration. One notable review was entitled, Sips gas. Hauls
ass. But the ‘performance hybrid’ turned out to be a niche so small that few
buyers cared. Honda sold several thousand in 2005, but sales fell as more
hybrids entered the market. And buyers looking for an ultra-thrifty Accord —
which had become the meaning of the word ‘hybrid’ — found instead a
luxurious, expensive, hot-rod hybrid. In June 2007, Honda threw in the towel

and withdrew the Accord Hybrid.

Its latest foray, the 2010 Insight, is a five-door, five-seat car similar in shape to
the Prius (and for that matter the 2011 Chevrolet Volt). It is built on a hybrid-
specific platform to be shared with the upcoming CR-Z sports coupé, and
perhaps further models. Honda has said it hopes to sell 200,000 Insights,

roughly half in North America, and 100,000 more of future platform variants. It
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also plans a hybrid version of its popular Fit hatchback (known in some

markets as the Jazz).

Honda takes a contrarian view toward more radical hybrid systems, including
plug-ins. John German, former manager of environmental and energy analysis
at American Honda Motor Company, suggested that most consumers are risk-
averse in adopting new technologies, and will demand a payback period far
shorter than the high cost of a large battery pack will permit. Instead, he said,
advances in lithium-ion cells intended for the large packs of plug-ins will filter
down the chain to the smaller packs needed for systems like Honda’'s IMA —
cutting the cost and the payback period for less aggressive hybrid systems to
the point where the leap in cost and payback for a plug-in hybrid is almost

insurmountable.

Honda - the quintessential small-engine company — has not revealed any

plans for full hybrids or plug-in vehicles.

Ford

Ford racked up a couple of hybrid firsts of its own; it launched the first hybrid
SUV, and sells the first hybrid manufactured in North America. The Ford
Escape Hybrid, launched for 2005, is a full hybrid available in both front-wheel-
drive and all-wheel-drive. The latter version uses a fully mechanical system,
unlike Toyota’s ‘electric all-wheel-drive’, which powers the rear wheels with an

added electric motor rather than a driveshaft and gearing to turn the wheels.

Ford has sold roughly 20,000-25,000 Escape Hybrids (including its platform
mates the Mercury Mariner Hybrid and Mazda Tribute Hybrid) every year that
it's been offered. Its popularity soared during 2008 as the price of gasoline
rose, and some buyers reported waiting months to get their Escape Hybrids.
Demand was further stoked by the start of New York City’'s conversion to an
all-hybrid fleet of yellow taxicabs, with the Ford Escape being by far the most

popular entry within that category.

In November 2008, Ford revealed details of the 2010 Fusion Hybrid, a new
version added to this D-segment saloon during a mid-life refresh (along with
the Mercury Milan, its platform mate). The Fusion Hybrid can run solely on
electricity at speeds up to 47mph, and it handily dispatches its direct

competitor, the Toyota Camry Hybrid, in fuel economy. Volumes of the
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Fusion/Milan Hybrid twins are expected to be up to double those of the Escape

Hybrid, once full production is achieved, according to Ford sources.

In January this year, Ford announced that it would accelerate its electric-
vehicle programme. This encompassed selling a few thousand electrified
‘Tourneo’ versions of its Transit Connect urban delivery van starting in 2011,
and raising production of a plug-in hybrid Escape crossover to 5,000 units a
year by 2012. The Tourneo is to be assembled by Smith Electric Vehicles,
based on that company’s existing Ampere conversion of the Transit Connect.
Finally, with its supplier Magna, Ford will develop and offer a few thousand

fully electric Focus C-class vehicles, also in 2012.

General Motors

GM has a wide breadth of hybrid and electric-drive programmes underway,
mostly in North America. From bottom to top, it has built more than 10,000
cars since 2006 with its Belt-Alternator-Starter mild-hybrid system, in both
North America and China. By the summer of 2009, it will offer its full Two-
Mode Hybrid system in three full-size SUVs and two pick-up trucks, as well as
the midsize Saturn Vue (nee Opel Antara) SUV — which will later offer a plug-in
version as well. And its widely publicised Chevrolet Volt extended-range EV,

with 40 miles of electric range, is still on track to arrive at dealers late in 2010.

Belt-Alternator-Starter (BAS) system

Launched on the Green Line version of the 2007 Saturn Vue (the last year of
an SUV model replaced for 2008), GM’s BAS system was designed to improve
mileage using a low-cost mild-hybrid system that could be fitted to a number of
vehicles. In this application, it delivered mileage improvements of 10-25%, at

an incremental cost over the non-hybrid vehicle of roughly US$2,000.

The BAS system is fitted to a 2.4-litre EcoTech engine, and includes a 5kW
motor/generator, a pump added to the automatic transmission to maintain
pressure when the engine switches off, and a nickel-metal-hydride (NiMH)
battery pack producing 36V. The engine retains its standard 12V starter,
avoiding any problems in starting a cold engine with the high-voltage battery

pack
In January 2008, GM China announced the BAS system would be offered from

mid-year on an EcoHybrid model of the Buick LaCrosse, its first use outside

North America. The system was extended for 2008 to three vehicles: the
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replacement Saturn Vue (née Opel Antara), the Saturn Aura saloon, and the
Chevrolet Malibu saloon. None has sold in huge numbers; Chevrolet cites
Aver y eldi miva.iAcrash alll faurt wehicles, volume is likely to be no

more than 15,000 per year.

The 2008 rollout was hurt by a recall of all 8,000 2007 Vue Green Line models,
plus 1,000 early 2008 Aura Hybrids, to replace their Cobasys battery packs.
Some packs had developed hairline cracks in plastic modules inside the outer
case, and the company chose to replace all 9,000 batteries assembled before

the problem was rectified.

At the 2008 Geneva Show, GM detailed the second generation of the BAS
system. It replaces the current Cobays nickel-metal-hydride battery pack with a
lithium-ion battery pack supplied by Hitachi Vehicle Energy Inc. The new pack
will be 24% smaller in volume, 40% lighter, and offer one-third more power.
This will give it much higher levels of torque, and it will be fitted to a range of
engines — including boosted GDI gasoline engines, biofuel engines and even
diesels — for fuel economy gains of 15-20%. A Pr oduct i on of

vehicles

with this hybrid technology could eventually exceed 100, 000 wunits per

said Dan Hancock, vice president of Powertrain Global Engineering, during a

technical briefing at the announcement.

Two-Mode Hybrid system

While Toyota’s Hybrid Synergy Drive system is complicated enough, the Two-
Mode Hybrid system jointly developed by General Motors, Chrysler, Daimler
and BMW offers jaw-dropping complexity — in both its mechanical design and

the lavish array of operating modes.

The project got its start in 2003, when GM launched a hybrid system for transit
buses in partnership with Allison. In almost six years, it has sent 2,700 buses
to 70 cities in North America and racked up hundreds of millions of miles.
Scaled down, that system offered the basis of a design that could be adapted
to reduce the fuel consumption of GM’s largest and highest-volume vehicles,

which were then both pick-up trucks and large SUVs.

In its rear-wheel-drive and four-wheel-drive formats, the Two-Mode system fits
within the same form factor as GM'’s six-speed automatic transmission. But

inside, it encompasses four fixed gears and (from front to rear) a ‘planetary’
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gear set and electric motor, a clutch, a second planetary gear set and motor,

and then a final clutch and gear set.

The system’s ‘two modes’ refer to the different mixes of electric motor and
combustion-engine torque. The first, or input-split, mode is for low-speed and
light-load applications from launch through second gear. As in single-mode
systems like Toyota’s, engine power is split between the wheels and one of the
two electric motors. Acting as a generator, this motor charges the battery,
which powers the other motor, which drives the wheels as well. This mode

alternates among electric-only, engine/electric and engine-only drive.

The second, or compound-split, mode is for high speeds and heavy loads
using third and fourth gears, with electric assist as needed. Here, both electric
motors can receive torque from the engine and power from the battery. Not
only can engine power be split among the drive wheels and electric motors,
but the planetary gear sets can also multiply all torque to deliver maximum
power to the wheels. Fiendishly complex control logic allows all this shifting to
occur smoothly and seamlessly to the driver, while always optimising fuel

savings.

GM s rolling out the Two-Mode system across its largest body-on-frame
vehicles, including pick-up trucks, although the large-SUV segment in North
America has collapsed over the last few years and pick-up volume is down by
roughly one-third. Nonetheless, the Two-Mode’s cut in fuel consumption is
dramatic: fitted to a 6.0-litre V8 engine, it routinely cuts city usage by 50% and
overall usage in combined city/highway usage by 30%. In the pick-ups, the
price premium is roughly US$3,000 over comparably equipped models —
making payback possible for price-sensitive truck buyers only as long as US
government tax credits for GM hybrid vehicles hold out.

The company will launch a Two-Mode version of the Saturn Vue (nee Opel
Antara) in June 2009, aimed at a higher and more demanding market niche
than the BAS mild-hybrid version of the same SUV. Here, the hybrid system is
mated to a direct-injection V6 developing 262 horsepower. It covers 0-60mph
in 7.5 seconds, can tow a 3,500lb trailer, and returns 28mpg city/31mpg
highway (US). These figures demonstrate the advantage of the second hybrid
mode, which cuts consumption in highway travel as well as the city. By

comparison, a larger single-mode Toyota Highlander Hybrid returns mileage of
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27mpg city/25mpg highway — with highway mileage lower than what can be

achieved in the city, the reverse of non-hybrid vehicles.

Saturn Vue Two-Mode plug-in hybrid

The Saturn Vue Two-Mode will also spawn a plug-in version, which was said
to be on track for launch in late 2010 — the same time as the Volt — before GM
pushed back its new product dates in a crucial cash-conservation programme.
It will replace the Two-Mode’s Cobasys nickel-metal-hydride battery pack with
a lithium-ion pack, though no supplier or specifications have been announced.
Thus far, little is known about the technical details of this vehicle.

Chevrolet Volt/Vauxhall-Opel Ampera/Holden Volt/Cadillac Converg

In production form, the Chevrolet Volt will be a C-segment five-door hatchback,
roughly similar in shape and accommodation to the current Toyota Prius and
2010 Honda Insight. Final production styling was unveiled in September 2008,
and the production Volt differs quite a lot from the concept, to offer the best
possible packaging with extremely efficient aerodynamics to minimise battery

draw.

If all goes well, GM says, production Volts will go on sale in November 2010.
Its estimated price of US$40,000 is due to the high cost of the advanced
battery. GM successfully sought a Federal tax credit of up to US$7,500 to allay
some of that cost, but there’s no question that the Volt will be far pricier than
conventional C-segment cars of similar size and capacity. Even at that price,

GM will probably lose money on each Volt it builds.

The Volt comes with an onboard battery charger that handles any type of
household current, both standard 110V and the 220V variety used in the US
for heavy appliances like refrigerators and washing machines. A full recharge
takes up to eight hours on 110V/120V power, and about three hours using
220V/240V.

The Volt is built around a set of components GM calls ‘Voltec’ (formerly E-
Flex). It is based on driving the wheels electrically; the only thing that powers
the car is an electric motor. But many different types of range-extender can
supplement the battery: an engine running on gasoline, diesel, or biofuels.
While the Volt is the first car to use this architecture, it won’t be the only one.
GM plans to use the same Voltec platform — which shares a great deal with its

Global Compact Architecture used in such vehicles as the Chevrolet Cruze —
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for the Vauxhall-Opel Ampera shown at the 2009 Geneva Motor Show, a
Holden Volt variant, and a Cadillac sports coupé based on the Converg

concept shown at the 2009 Detroit show.

The most critical aspect of the Volt is its lithium-ion battery pack. Unlike the
Tesla Roadster, which uses 6,831 commodity mobile-phone cells in its pack,
the Volt will use 250 larger cells, provided by Korean battery maker LG Chem.
While GM will then assemble them into battery packs, based on design work
by Compact Power Inc, the company is thus relying on outside suppliers to
provide the most crucial element of its most advanced vehicle — unlike Toyota,

which owns part of its cell supplier.

The company plans to build 10,000 Volts the first year (2011), and perhaps
60,000 a year thereafter. Lead engineer Frank Weber told just-auto in October
that volume is roughly the right number of Volts to absorb the entire output of

one custom-built lithium-ion cell manufacturing plant.

Nissan

Nissan CEO Carlos Ghosn was not, for several years, a believer in hybrid or
electric vehicles. He stated publicly and often that the technology wouldn’t pay
for itself, and that most buyers weren’t that interested in higher mileage. But as
the second-generation Prius became a runaway US hit for Toyota, he changed
his mind. Nissan licensed Toyota’s technology, and in 2007, launched the US-
only Altima Hybrid. It's only sold in a handful of states considered to be the

most ‘green’ — including California — and hasn’t been built in great quantities.

In early 2009, luxury marque Infiniti announced plans for hybrid vehicles
starting in 2012.

Nissan has also shown several prototypes of small BEVs, the most recent
being the NuVu concept shown in late 2008. It promises a purpose-built EV by
2010, and has said that the next generation of its boxy Cube small van-like
vehicle will be offered with a full electric powertrain as well as the petrol one.
Nissan also has a joint venture with NEC Tokin Corporation, called Automotive
Energy Supply, to produce a lithium-ion battery. Its alliance partner Renault is
assessing whether to manufacture those cells in France or Portugal, closer to

final assembly facilities for its Fluence.
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BYD

This Chinese OEM has pulled off something of a coup: In December 2008,
BYD Auto started selling the world’s first mass-produced plug-in hybrid, two
years before larger global competitors like Toyota and General Motors. But its
F3DM plug-in model is offered only in China, and will likely stay there until
Chinese cars are ready for global primetime. The F3DM is expected to cost
roughly CNY150,000 (US$22,000), and go as far as 70 miles (110km) on

electricity when fully charged.

The vehiclemaker's parent company BYD Co - it stands for ‘Build Your
Dreams’ — supplies 65% of the world’s nickel-cadmium batteries, and 30% of
its lithium-ion mobile-phone batteries. The auto arm has only been making
cars for four years; it will sell about 120,000 this year. Like General Motors, the
company’s plug-in hybrid uses an iron-phosphate lithium-ion chemistry, which
is considered to be safer than the higher-energy cobalt versions found in
laptops and mobile phones that can instantly combust from internal short
circuits. It also has the unique feature of offering both serial and parallel hybrid
modes.

BYD Auto has contracted with an Italian company to sell and service its
vehicles in that market, and is actively pursuing similar arrangements in other
European markets, for a quoted launch date of 2010. In January 2008, the
company also showed the F6DM — a D-segment plug-in hybrid saloon — at the
Detroit auto show, quoting a 60-mile electric range from its 20kWh battery

pack. And in January 2009, it displayed its E6 all-electric minivan.

BYD might be dismissed as just another substandard Chinese vehiclemaker,
but its battery manufacturing experience makes it worthy of more serious
consideration. It has also attracted attention from fabled US investor Warren
Buffett; in October he bought a 10% stake in the company for US$230m.

Tesla

Like many start-ups, Tesla has had its share of delays at setbacks, all very
publicly debated in the automotive press. But now the Lotus factory at Hethel,
UK is ramping up to produce as many as 40 Roadsters a week to satisfy
Tesla’s backlog of more than 1,000 orders, with the first lot already delivered to

investors and celebrities (actor George Clooney signed up early).
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A production rate of 2,000 a year would put the Tesla in the company of the
dozen or so small boutique firms that sell hundreds of fast two-seat sports cars
each year. But it wouldn’t satisfy Tesla’s investors, who have stated their
intention to be the first successful car company formed in this new, and

presumably greener, century.

The Roadster uses a battery pack containing 6,831 commodity lithium-ion
cells, each individually instrumented and cooled to prevent any chance that
one rogue cell could ignite the entire pack. Its 185kW motor rockets the
2,400lb car from 0-60mph in less than 4 seconds, silently. The company
quotes a range of 180-250 miles, depending on driving style, but
acknowledges that the pack’s capacity may degrade up to 30% within five

years.

The economic slowdown and pressure from investors forced Tesla to cut staff
and delay its next car, the ‘Model S’ all-electric four-door saloon which it
describes as an Audi A4 competitor. That is now scheduled to arrive in 2012,
though deep scepticism surrounds the company’s finances and viability.
Selling a couple of thousand sports cars a year is one thing, but finding 30,000
early adopters to buy an all-electric saloon against an Audi, BMW, or

Mercedes-Benz puts Tesla on an entirely different field of play. Time will tell.

Chrysler

The perennial underdog of the Detroit Three, Chrysler signed up to the Two-
Mode Hybrid consortium back when Daimler still ran the show. Its first vehicles
using that system — the full-size Dodge Durango Hybrid and Chrysler Aspen
Hybrid SUVs — went on sale in autumn 2008. They had the distinction of being
the only ‘Hemi Hybrids’, though the appeal of Chrysler’s rip-snorting, ground-
pawing V8 wasn’t quite what it had been in the days of (relatively) cheaper

petrol.

But the global credit crunch of autumn 2008, plummeting sales and Chrysler’s
increasingly perilous state put paid to those trucks within weeks of the launch.
In December, the company closed the plant and killed off the Two-Mode
Hybrid trucks after fewer than 1,000 had been built.

In 2008 and 2009, Chrysler showed development versions of four electric-drive

vehicles. The Dodge Ampere is an electric adaptation of the Lotus Europa,

with a stated range of 150-200 miles. It follows the Tesla blueprint: start with a
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lightweight Lotus platform, and replace the engine with a large battery pack
and electric motor. A Chrysler minivan retains the original's ability to seat
seven passengers and is said to offer 400 miles of electric range. A Jeep
Wrangler Unlimited uses a small engine to extend its range after 40 miles of

electric running, as does a version of the smaller Jeep Patriot soft-roader.

At least one of the four is pledged to go on sale by the end of 2010, almost
surely the Lotus-based sports car. A Two-Mode Hybrid version of its Dodge
Ram pick-up truck is also slated to launch that year, but it's anyone’s guess

whether Chrysler will survive in some form until then.

GEM

The kicker in Chrysler's technology plans is its subsidiary Global Electric
Motors LLC, or GEM, located in Fargo, North Dakota. Founded in 1998, it sells

90% of the neighbourhood electric vehicles (NEVs) in the US, which together

have accumulated 250m miles. These are not highway capable, but they are

used on local roads and in a variety of industrial applications. Most GEMs use
conventional lead-acid batteries, giving them a top range of 30 miles. i We
have a pricey nickel-metal-h y b r i d sag&EM CED Larry Oswald, ibut we

havendédt sold many. o

GEMs are offered through a subset of the Chrysler's 3000-strong dealer
network. Having sold tens of thousands of electric vehicles, GEM knows a lot
about what EV users like and want, and hence its parent Chrysler does too.
With CEO Bob Nardelli's statement that GEM’s Peapod NEV can serve as the
basis for a highway-legal commuter car, it may emerge from the shadows —

perhaps even if its parent is sold, split up or shut down.

Group 3: The rest

Audi

The Audi group plans to launch a pure EV by 2012 as part of its goal to reduce
CO, emissions by 20%. The EV may be based on its upcoming Al B-segment
car, to launch in 2009 or 2010, and has shown two concept vehicles of that
size — the Metroproject in 2007 and the Al in 2008 — each fitted with a 1.4-litre
combustion engine and a 30kW electric motor. These plug-in hybrid concepts
are claimed to offer up to 60 miles of electric range, using an unspecified

lithium-ion battery pack.
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In January 2009, it also announced a future production hybrid version of its Q5

soft-roader.

BMW

Its 7 Series ActiveHybrid car will use lithium-ion cells and modules built at the
Johnson Controls Inc-Saft plant in Nersac, France — the same facility that
builds the cells for the Mercedes-Benz S400 BlueHybrid, a comparable mild-

hybrid full-size saloon.

In autumn 2009, BMW will also launch full-hybrid versions of its 2010 X5 sport-
utility and X6 ‘sport activity’ vehicles that use the Two-Mode Hybrid system
jointly developed by GM, Chrysler, Daimler, and BMW.

Fiat

An expert in small, low-consumption petrol cars, Fiat may already has an
overall range that is well positioned to meet future carbon constraints and
mileage requirements. It has announced very little by way of electric-drive
vehicles. The Fiat Concept Car I, an electric dune buggy shown at the Sao
Paolo Motor Show in November 2008, is not planned for production. Known as
the Bugster inside Fiat, it has a 120km range on lithium-ion batteries, and is

powered by an 80hp electric motor.

Hyundai

Hyundai has been late to the game with hybrids, and will offer its first — a mild-
hybrid version of the Elantra in the Korean market — only for the 2009 model
year. The company expects to charge a premium of US$5,000-6,000 for this

version of the car.

For 2011, Hyundai plans to launch a full-hybrid version of its D-segment
Sonata saloon in the US market — possibly with a unique, distinctive body style
for the hybrid version. Like other full hybrids, the battery and electric motor will
permit travel for short distances in all-electric mode. Further down the road, the

company says it also plans a plug-in hybrid, perhaps in the 2013 model year.

For its first hybrids, Hyundai jumped straight over current nickel-metal-hydride
battery technology and partnered with Korean cell maker LG Chem, which
offers advanced lithium-ion cells (LG Chem won the competition to provide
cells for GM’s Volt extended-range EV as well). Hyundai had to partner with

LG Chem or another non-Japanese cell maker, as Japanese manufacturers
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customarily reserve their newest and best cells for their long-term partners in
the Japanese industry (as Ford found out some years ago, when Sanyo was

temporarily unable to supply cells for the newly launched Escape Hybrid).

Magna

Canadian parts supplier Magna has long harboured ambitions of becoming a
vehicle manufacturer. Its Magna Steyer subsidiary has offered contract-
manufacturing services to European and North American makers for some
years now, though guaranteeing a steady flow of long-term assembly contracts
has proven challenging. Now the company is spending CA$30m to develop its
own four-door hybrid car, which it has claimed was on schedule for a 2010

launch.

Magna seeks to partner with an existing manufacturer to produce the vehicle,
for which it has developed a complete range of components and subsystems.
Magna chairman Frank Stronach has frequently told the press this vehicle is
the company’s main priority. Thus far it has released few technical details, but
the array of new parts and systems required in a series hybrid might just offer
a bigger crack in the barricades through which Magna or another non-OEM
could squeeze. That said, it still seems a long shot to most observers. Magna
will, however, build an all-electric version of the Ford Focus, which Ford plans

to offer in small numbers by 2012.

Mercedes-Benz

Keeping to its reputation for technology advances, Benz scored a minor coup
of its own last fall, when it announced the S400 BlueHybrid — the world’s first
hybrid to use a lithium-ion battery pack. With cells manufactured in Nersac,
France, by Johnson Controls-Saft, the pack holds 0.7kWh, or roughly half the
energy of the current Prius pack.

The mild hybrid system pairs a 3.5-litre V6 Atkinson-cycle engine with a 15kW
electric motor to achieve consumption of just 7.9//100km (30mpg) on the
European cycle and claimed CO, emissions of 190g/km. The electric motor
between the engine and transmission contributes torque under heavy engine
loads, restarts the engine, and provides enough initial torque to move the car
away from stop —thoughin ot e w3&mp hsaih CRristian Mordieck, who
led the battery development. While Benz is proud to claim the first lithium-ion
hybrid, it he aonochhi gbher t han wWherdieclaoncededl Thék e, 0
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company hasn’t yet priced the car, but the premium is expected to be as much
as US$14,000 — on a vehicle that starts at US$88,000.

Later this year, the company will launch the 2010 ML450 Hybrid version of the
ML sport-utility it builds in the US. That vehicle will use the Two-Mode Hybrid
system jointly developed by GM, Chrysler, Daimler and BMW.

Miles Automotive

Founded in 2004 by multimillionaire businessman Miles Rubin, this quiet start-
up in Santa Monica, California, is taking a ‘virtual car company’ approach to
launching an electric vehicle. It started out selling low-speed EVs, but with
funding of US$15m (plus another US$30m reportedly committed by Rubin
himself), it set its sights on a ‘Highway Speed’ car for the US market.

Working with the Chinese Automotive Technology & Research Center
(CATARC), Miles surveyed vehicles from dozens of companies making cars in
China. The goal was to identify one that could be manufactured to Western
quality standards, adapted to electric drive, and reliably homologated for the
US and Europe. The base vehicle for the Miles Highway Speed is a Hafei
Saibao 3 — a C-segment saloon built in Harbin, China. State-owned Hafei
Automotive Group made roughly 240,000 vehicles in 2007; the Saibao was
introduced in 2004, using components from Mitsubishi. Hafei had hired Italian
design and engineering firm Pininfarina to do the styling, engineering, and

European market certification, so it met global safety standards.

The lithium-iron-phosphate cells are to come from Tianjin Lishen Battery, a
large state-owned manufacturer. Lishen will ship completed 37kWh packs to

Hafei, which will install them on its standard assembly line.

Miles says it can make substantial profits selling 10,000 cars a year into the
Uber-green California market. The car will retail for US$40,000, offset by
federal and state tax credits of US$7,500 and US$2,500 respectively — within
spitting distance of a well-equipped 2010 Toyota Prius — and offer 100 miles of

all-electric range. First retail sales are planned for early 2010.

Mini
BMW offers idle-stop systems on various Mini models, but with no history of
fuel-cell research, it ran the risk of being left behind in development of electric-

drive vehicles.
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So it generated substantial media attention in November 2008 when it unveiled
a run of 500 electric Mini Es, to be distributed in the US during 2009 on one-
year leases. But these vehicles are far from production ready. They are now
two-seaters, for one thing, with the standard rear seats replaced by a large
battery box containing 5,088 commodity lithium-ion cells. This is the same
approach taken by Tesla, whose Roadster has roughly the same specification
and range. The nominal capacity of 35kWh is claimed to provide a range of
150 miles (240km).

Each Mini E also comes with a wall charger, to be mounted in the customer’s
garage, to enable higher amperage for recharge in 2.5 hours — only drivers

with lockable garages need apply!

Mitsubishi

The Mitsubishi ‘i’ was a sensation when it launched several years ago. The
egg-shaped five-door was lauded for the interior room it packed into the
standard kei class dimensions (3.4 metres long, 2 metres high and 1.5 metres
wide), engine size (0.66 litre), and power (47kW). Its ‘rear-midship’ engine sits
on its side under the rear seat, giving the ‘i’ the longest cabin in its class, with
space freed up at the front for passengers (and a crush zone for better crash

safety).

This layout also adapts well to electric drive, and the company has been
testing an all-electric i-MiEV for more than a year now. This BEV version
replaces the engine, transmission and fuel tank with a lithium-ion battery pack,
motor, inverter, and electronics. Its 330V, 16kWh battery has 22 modules of
four cells each, developed by a partnership of Mitsubishi and battery maker
GS Yuasa Corporation — presently the only mass producer of large-format
lithium-ion batteries in Japan. It powers a 47kW motor that generates 180
Newton-metres of torque. Claimed maximum speed is 130 km/h, with a range

of roughly 160km.

Mitsubishi plans to sell the i-MIiEV in Japan during the second half of 2009, and
in Europe the following year. The company is even considering whether to
homologate the next ‘i’ for North America, David Patterson told just-auto,
senior manager of regulatory affairs and certification at Mitsubishi Research
and Design America — a daring move, since the ‘i’ would be smaller than any

other car sold except the two-seater Smart forTwo.
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For the longer term, Mitsubishi research is focusing on development of wheel
motors, which replace a standard hub-and-brake unit with a small electric
motor that fits within the diameter of the wheel rim. The classic challenge of
wheel motors has been the vast increase in unsprung weight they bring, but
the company has demonstrated several concepts over many years that use

wheel motors — including some based on its Evolution rally saloon.

PSA Peugeot Citroén

Citroén was the world’s first manufacturer to offer a micro-hybrid system, using
a combined alternator-starter, on its C2 and C3 models since 2005. That
system reduced consumption by 15-27% in urban traffic by switching off the

engine as the car slowed and restarting it as the brake pedal released.

The company will upgrade the second generation of that system to a mild
hybrid for 2010, by adding regenerative braking to recharge the battery without
consuming engine power. And this system is likely to be applied not only to the
company’s petrol engines, but also to its diesels, marking the first time a diesel
hybrid has been put into series production.

Porsche

The company’s Cayenne sport utility will offer a hybrid model in late 2010, with
a hybrid version of the Panamera four-door saloon to follow. Both are expected
to be relatively low-volume offerings. In a slightly more unexpected vein, high-
performance engineering firm RUF Automobile has developed an electric
version of the fabled 911, to be produced in very small numbers starting in
2009 or 2010. The price is likely to be EUR150,000-180,000.

Renault

The company’s first electric vehicle will be adapted from the Fluence, which
launches in late 2009 to replace the Mégane saloon. This will likely be the
vehicle provided to Better Place, the ambitious, venture-funded start-up that
aims to sell travel miles in all-electric vehicles like mobile-phone minutes —
rather than selling the cars themselves — in Israel and other countries. The
Better Place vehicles will be fuelled through a network of quick-charge stations
in Israel and other countries, and the plan includes stations that can replace
the battery pack with a fresh one in just 10 to 15 minutes. Widespread
scepticism exists about whether a vehicle can be designed to swap out battery
packs like a forklift, so the industry is very eager to see the first electric

Fluence.
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In total, Renault has announced no fewer than four electric vehicles to be
offered by 2012: the Fluence C-sector saloon, an electric Kangoo delivery van,
a five-seat city electric vehicle and an unspecified short-range urban car. One
of the smaller vehicles is to be built at its Flins small-car plant northwest of

Paris.

Smart

Petrol-engine Smarts are likely to offer an idle-stop micro-hybrid system in
certain markets. And roughly 100 electric versions of the Smart — a version of
the ForTwo known as the ED — are already on test in London. The ED offers a
range of 50-70 miles from a 26.4kWh sodium-nickel-chloride battery driving a
30kW motor. Acceleration from a standing start to 30mph is quoted at 6.5

seconds, with a 60mph top speed.

That level of performance, however, is not likely to fly in the North American
market, where the company wants to offer an EV option as well. In January
2009, it announced it would build 1,000 copies of the Smart EV, an evolution of
the ED that replaces the sodium-nickel-chloride battery with a lithium-ion pack

purchased from Silicon Valley start-up Tesla Motors.

Subaru

Subaru plans to sell an electric version of its R1 kei-class car in its home
market within two years — roughly on the same schedule as Mitsubushi’s i-
MIEV. Both are adapted from vehicles sold with gasoline engines in the kei-
class, though unlike the five-door i-MIiEV, the Rle is a three-door hatchback.
Subaru had partnered with Tokyo Electric Power Co. (TEPCO) to develop the
fleet of 40 electric R1s that it has tested since 2006. It uses a 40kW
permanent-magnet motor, powered by a lithium-ion battery pack of unspecified
capacity, though the company quotes a top speed of 100 km/h, a range up to
80km, and an eight-hour charging time on household current. It also projects

that battery life will be ten years or 160,000 km.

When Toyota purchased a substantial stake in Subaru parent company Fuji
Heavy Industries in 2007, however, the future of the joint venture with TEPCO
— since unwound — fell into question. Observers expect Subaru’s EV efforts to
take advantage of the Toyota affiliation and that company’s dominance in
hybrids; Subaru may even switch battery suppliers over the long term.

Meanwhile, Subaru plans to build 100 more R1e’s and sell them to real-world
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consumers in Japan by the end of 2009, with volume production the following

year.

Tata

The Indian vehiclemaker in the news for its Nano low-cost car, will offer 100
test versions of its Indica Vista EV in Europe during 2009, with an eye toward
retail sale in 2011. The car is said to offer up to 200 km of range. Tata
acquired Norwegian EV technology company Miljo Greland/Innovasjon, which

will produce battery packs and related technologies for Tata’s EVs, in 2008.

Volkswagen

Given its various marques — Volkswagen, Audi, Seat, Skoda, perhaps even
Bentley and Lamborghini as well — the firm of Volkswagen AG has a fairly
large footprint across which to roll out some form of electric-drive technology.
New owner Porsche may also benefit. And it now appears that with the
exception of battery cells, VW will produce many of the electric machines and

other components itself, rather than turning to its supplier base.

During 2008, VW put 20 TwinDrive plug-in hybrid Golfs into test fleets in Berlin.
This system uses an electric motor for propulsion up to 50km/h after which the
combustion engine — either petrol or diesel — takes over, powering the car

through a single-gear transmission.

The company has announced a production hybrid version of its Tiguan soft-

roader (at the same time that Audi made the same announcement for its Q5).
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Chapter 5 Estimates on market take-

up

Making projections is a fool's game when the global vehicle market has lost
20%-plus of its volume during the last year. In this spring of 2009, most OEMs
are rarely giving projections of their own sales, restricting themselves to overall
sales ranges in each of their regions — and those projections are often heavily

qualified at that.

When vehiclemakers can’t predict current and future volume this year, asking
for projections on the numbers of electric-drive vehicles over the next five
years yields few useful results. There are simply too many variables. US
vehiclemakers in particular — just-auto spoke to GM, Ford, Chrysler, and Tesla

— declined to make projections of market size.

So to get estimates of total electric-drive production, we have collated
projections from a variety of sources, representing the sum of announced
plans, anticipated actions, and a number of educated guesses and hints from

vehiclemakers, suppliers and analysts, to fill in the blanks.

Conventional hybrid-electric vehicles provide a good baseline. As the first
vehicles sold with large battery packs since roughly 1930, they were utterly
exotic in 1997 and are still tiptoeing toward mass-market acceptance. It's taken
them ten years to achieve 2.5% of the US market; at roughly 1% globally, their

penetration is far lower in every other global region.

Most industry analysts expect plug-in hybrids and battery-electric vehicles to
follow a roughly similar growth curve, though aggressive government policies
to subsidise plug-ins may increase consumer take-up by compensating for the

high cost of the battery packs over the first few years.

It is this high battery cost that causes market predictions to vary over such a
wide range. At one end of the spectrum are the ‘electro-sceptics’ who believe
the IC engine will remain dominant — albeit with far lower fuel consumption —

over the next half-century. At the other end are ‘green optimists’, who see
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continuous technology advances, rising oil prices, and greater public

awareness steadily increasing market demand for plug-in vehicles.

Idle-stop, or micro-hybrid, systems seem likely to penetrate certain regions —
especially Europe — quite rapidly over the next five years, as an inexpensive
way to reduce CO, emissions in urban traffic. Because these do not use large
battery packs, we have not included projections for idle-stop volume in this

report.

So how fast will hybrids, plug-ins and electric vehicles increase their total

share over the next few years?

Bosch

European parts maker Robert Bosch LLC has been one of the more definitive
commentators in the industry, offering a variety of public projections over the
last year. CEO Peter Marks shared some of his company’s projections at the
industry’s Management Briefings, held last summer in the Michigan resort town
of Traverse City, and Wolf-Henning Scheider, president of Bosch’s gasoline

systems division, echoed his comments in October.

By 2015, Bosch expects that annual global vehicle production will be 91m
cars, against the 78m built today (today, the overall ‘global car parc’ stands at
roughly 820m vehicles). Of that 2015 production, about 2.7m will be hybrids —
roughly 3%. A further 300,000-500,000 (0.3-0.5%) will be electric drive,
including pure battery-electrics, plug-in hybrids and extended-range electric

vehicles like Chevrolet’s Volt.

By comparison, Marks had earlier told industry journal Automotive News that
Bosch expects diesels to make up a full 15% of the US market over the same
period. Diesels currently take half the European market, but virtually no
passenger diesels are sold in Japan, and only a handful find buyers in the
emerging BRIC markets (Brazil, Russia, India and China). In response to an
audience question at the Management Briefings, Marks suggested that the
current 20% US price premium for diesel fuel would be resolved by 2010 or

2011, as the refining industry brings additional diesel capacity online.

In other words, even six years hence, Bosch feels passenger diesels will sell

more than hybrids and electric-drive cars. It has a horse in the race, of course;
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the company makes injection equipment for diesels from several
vehiclemakers. But it is also hedging its bets, with research into idle-stop,

hybrid-electric, and electric-drive components as well.

Nissan-Renault

Renault plans to launch its electric Fluence saloon in 2010, powered by
lithium-ion battery packs developed by Nissan’s joint venture with Japanese
electronics firm NEC. At last November’s Los Angeles Auto Show, chairman
Carlos Ghosn said the company expects to sell up to 1m electric vehicles in
2012 (just-auto feels this is highly optimistic, especially given the current
downturn). Ghosn felt EVs could attain as much as 10% of the global market

by 2020, or roughly 7m vehicles. At least, he said, that is his goal.

Ghosn named Europe, the US, Japan and a few cities in China as early
markets. Israel might well be added to that list, as Renault is working with
entrepreneur Shai Agassi’s Better Place consortium to provide electric C-class

saloons with easily swappable battery packs.

More specifically, Renault executive vice president Patrick Pelata has said
several times that Renault expects to sell 20,000-40,000 Fluence EVs in 2011,
and more than 100,000 between 2012 and 2015. Pelata told an investors’
conference in October 2008 that the volume will depend on the level of

government subsidies.

General Motors

Despite the huge press and public attention to the 2011 Chevrolet Volt, its
initial volumes will not be high. Outgoing product czar Bob Lutz said that
perhaps 10,000 Volts (including versions for its European Opel/Vauxhall
brethren) would be built during the first year of production, and 60,000 in

subsequent years.

This annual volume of 60,000 turns out to be something of a magical number.
It very roughly equates to one year’s capacity for supplying 16kWh battery
packs from a single large-format lithium-ion cell manufacturing plant. Supplier
LG Chem will dedicate a plant to producing cells for Volt battery packs;
doubling Volt volume to 120,000 would require a second plant. Since each

plant can cost up to US$300m — a modern silicon wafer fabrication plant offers
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a good analogy for the level of technology required — such decisions are not
taken lightly.

Tom McDowell, a GM spokesman who works with the company’s chief
economist and its forecasting group, claims his company does not have an
internal projection for demand for vehicles with advanced powertrains. He told
just-auto that the company views such demand as finot foresiast abl eod
depends so heavily on three factors: oil prices, battery-pack cost and limited

supplies of lithium-ion cells due to global production capacity constraints.

GM has consistently declined to break out market share for advanced
powertrain technologies. For its North American and Swedish units, those
include flex-fuel engines that can burn pure ethanol (in Sweden) or the
ethanol-gasoline E85 blend (in the US, although virtually none of them do so

today due to very limited availability for that fuel).

Ford

While Ford officials admitted to just-auto that the company does in fact do
internal projections for electric-drive vehicles, it too refused to discuss
specifics. A spokesperson pointed out that such numbers are often
misinterpreted as commitments. Compared to GM, however, Ford has a solid
start in full hybrids and years of experience on which it can base its plans to
expand into electrics and plug-in hybrids. So Ford also wants to cloak future

plans for advanced vehicles.

That said, a Ford executive who insisted on remaining anonymous suggested
that the company expects that hybrid, plug-in hybrid, and battery-electric
vehicles will take 2-5% of the global market between 2013 and 2015.

Chrysler
Cole Quinnell, Chrysler's ENVI/Hybrid manager, told just-auto how his

company views the emerging electric-drive market. The ENVI group, he said,
is looking at pure electrics, for which a reasonable range might start at 40
miles, as well as range-extended electric vehicles, or REEVs (what GM calls
an E-REV, but never mind). Asked if a Chrysler BEV would be a ‘real car’ or a

neighbourhood electric vehicle like those made by its GEM subsidiary,
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Quinnell stressed that it would be fully highway capable, complying with all
NHTSA standards.

fiMo s t of these technologies woul dsdide introdu
ENVI president Lou Rhodes, ii n t he r anlgle, 000 Vv SBHOE@I| es. O

what's the timeframe? For pure EV sales, iwe see a start in thre
y e a rQuinnell said, or 2011 t0 2013. Al t 61 | be smal/l numbers at

ramp faster than hybrids hav &hiedeclhingen by reg
to give numbers, Quinnell said that Chrysler feels estimates projected by
others for the number of BEVs on the road in five years are too low.

PSA Peugeot Citroén

Peugeot-Citroén group chairman Christian Streiff has said hybrids could take
50% of the European market by 2020, with pure electric cars adding no more
than 15% in the long term. Given Peugeot’s use of the Valeo idle-stop system,
however, that 50% figure clearly includes micro-hybrid variants — which we do

not include for the purposes of this report.

Hyundai

Hyundai expects its own annual hybrid sales to reach 500,000 by 2018,
according to Brandon Yea, senior vice president for marketing, quoted in
Automotive News. lIts first hybrid, the 2010 Sonata, could reach 50,000 units a
year — with the caveat that some of the company’s sales predictions have

fallen short recently.

R.L. Polk

The auto-industry market research firm R.L. Polk & Company forecast in
November 2008 that by 2012, more than 5% of vehicles sold in North
American will have a hybrid-electric powertrain — up from 2 to 3% today. In

Europe, the rate will soar from less than 1% to the same 5% by 2012 as well.

The current sales downturn may mean those percentages represent lower
absolute volumes, Lonnie Miller, Polk’s director of automotive studies told
HybridCars.com. But he noted that in North America, most alternative
technologies — including clean diesel and plug-in vehicles — are grouped by

consumers into the catch-all category of ‘hybrids’.
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Global Insight

The automotive group at industry analyst Global Insight projects total North
American production of hybrids and plug-in hybrids at 1.7m units by 2015, with
just 100,000 of that total being plug-ins, and another 100,000 being mild
hybrids. The firm expects the remaining 1.5m to be full hybrids, and the

number of pure EVs remains almost unnoticeable.

Global Insight expects that Toyota will remain Nol in the hybrid and BEV
market, with GM surging between now and 2015 to take the second slot from
Honda, which falls to fifth behind Ford and Nissan. It projects that Toyota and
GM will each produce approximately 1m units, with the next three clustered
around 200,000 each, and a bevy of minor players bringing the total to 3m by
2015 — or about 5% of a 60m unit global market.

Boston Consulting Group

In a December 2008 report entitled The Comeback of the Electric Car? How
Real, How Soon, and What Must Happen Next, Boston Consulting Group
looks at three scenarios for different rates of electric-drive adoption. They are

ASIl owdowno, i 8nd efisAdcyc e p a € difbering dadgely in their

assumptions about the price of oil over the next decade.

The medium and most likely scenario, ‘Steady pace’, assumes that oil will
have risen to US$150 a barrel by 2020, global concern over climatic CO, will
have increased, and tax incentives to encourage low-CO, vehicles will have
been instituted. Under this scenario, BCG suggests that by 2020, for the global
market as a whole, conventional hybrids will represent 20% of vehicle
production, with EVs and extended-range EVs each taking a further 3% each
(diesel's share will be 14%, lower than hybrid, and pure petrol vehicles will still

be the majority, at 58%, with the remaining 2% being natural-gas vehicles).

BCG believes that hybrids will take 26% of the North American market in 2020,
17% each in Europe and China, and 16% in Japan. Electrics and range-
extended electrics will be 1-3% in each market, or roughly the penetration rate

of hybrids in North America over the same period a decade earlier.
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Roland Berger

Industry analyst Roland Berger is considerably more optimistic than BCG. In a
report entitled, Powertrain 2020: The future drives electric (June 2008), the
firm projected that electric vehicles (BEVs, extended-range EVs, and plug-in
hybrids) would take more than 10% of the global market in 2020 — split roughly
evenly between plug-in hybrids and pure EVs, with Europe being the most

promising market for battery-electrics.

This is fully twice the level BCG predicts, though Berger notes that not only do
the percentages vary by region, but they i mo s [ddpend] on the level of

government al and infrastructure support.o

Wintergreen Research

On the rosy end of the scale is a recent report by Wintergreen Research,
suggesting that the total number of electric vehicles will have reached 32.7m
units by 2015. Assuming annual global production of 60-70m for model years
2010-2015, this would require that electric vehicles be about 8% of global

production — starting now.

Rocky Mountain Institute

Equally optimistic is the perennial green-advocacy think tank called the Rocky
Mountain Institute. Founder Amory Lovins has gone so far as to embark on a
demonstration project for a future lightweight vehicle, the Hypercar, and the

Institute has spun out a handful of green-tech start-ups.

By 2020 in North America, RMI suggests, plug-in hybrids will have 26% of the
overall market, with conventional hybrids capturing a further 21%. 2% will be
given over to BEVs, and gasoline vehicles will barely have a majority at 51%.
For our time horizon of 2015, RMI projects that hybrids will have 15%, plug-ins
6-7%, pure EVs perhaps 1%, and gasoline still more than three-quarters of the

market.

Centre of Automotive Research (Germany)

Most optimistic of all is the German Centre of Automotive Research (CAR),
which has forecast that by 2025, no new cars will be sold i wi t hou't
hybrid t e cBvendflthatgverets include vehicles fitted with idle-stop
(micro-hybrid) systems, just-auto thinks this is highly unlikely.

el

ectric
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Conclusions

Taking a rough midpoint among the various projections we reviewed for 2020
— farther afield than the scope of this report — suggests that for the global
market as a whole, conventional (‘full’ or power-split) hybrids such as the
archetypal Toyota Prius will represent approximately 20% of vehicle

production.

Plug-in vehicles, however, will take just 6%, split among pure battery-electrics
(with ranges up to 200 miles), plug-in hybrids (PHEVs), and extended-range
EVs (‘series’ hybrids) in proportions that will likely depend on the degree of

government subsidies for battery packs of different sizes.

Parenthetically, it is likely that diesel’'s share of the world market will begin to
fall, as it seems likely not to establish a footprint for light vehicles in Asia
(particularly China) or North America. Finally, it is worth noting that natural-gas
vehicles may take as much as 2% of the global market, with much greater

numbers in specific regions where natural gas is suitable as a road fuel.

As for the closer period covered by this report — from now though model year
2015 — penetration rates will only just have begun to make a noticeable dent in
gasoline dominance. Hybrids seem likely to grow from their current 1% of
global production to 4-5%, representing 3m of a total volume of 70m. Leaders
here are likely to be Toyota and General Motors, followed by Honda, Ford, and

Volkswagen.

But plug-ins, in both hybrid and pure electric varieties, will make up 1% or less
of the global market — less than 1m units a year in 2015 — as the cost of high-
capacity battery packs continues to require substantial government subsidies

to be affordable by actual consumers.

It is this high battery cost that causes market predictions to vary over such a
wide range. At one end of the spectrum are the electro-sceptics, who believe
the IC engine will remain dominant — albeit with far lower fuel consumption —
over the next half-century. At the other end are green optimists, who see
continuous technology advances, rising oil prices, and greater public

awareness steadily increasing market demand for plug-in vehicles.

Ultimately, the adoption rate of electric-drive vehicles will be determined by two

factors: the price of oil, and serious global efforts to impose a cost on carbon
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emissions. With better visibility into how those factors may play out, projections

can be refined as vehiclemakers place their bets on core technologies to 2020.
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