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Electric Cars*
Electric cars were popular in the late 1800s. In fact, the first speeding ticket 1was issued to an

electric car (dsiving 12 mph)™ and the Hartford Electric Light Company even operated an
exchangeable batterr service. But electric cars were quickly ovestaken by the internal combustion

engine. The interest in electric cars increased again shasply in the late 20th century when ol prices
shot up and when improvements in battery techaology increased theis ange y
#rm ain difference between an electri ca and a conventional car was in its powertrain, which
onsisted of an electric motor and a battery pack, but that difference had implications for the rest of
th o deign nd mansisciunng fr sempl, Busugh b greser nplet (BRI
ﬂrm electic mofors that were used in cas wee farly conventional motors that had been swidels
sed for more than a century. In contrast to IC engines, such electric motors could develop a strong
torque (totational force) at a very broad range of speeds. As a consequece, electrc motors could be
sed swithout a ransmission. They wwere also much smaller and dids't need the motor oil and cooling
that IC engines required (though EVs needed some form of cooling for the battery). The lack of heat,
However, necessitated some ofhes sway to warm up the cabin in cold weatnes, such a5 an electric
heater of a reversible ais conditioning, A nice feature of an electric motor was also that it could

unction as a brake and then generated electricity to charge the battery
ack into electricity was the key feature of hybrid cars such as the Prius.)

The aitery was the most expensive, heaviest, and most challenging component of an EV. The
can Leaf's battery was estimated to cost about USS 13,000 and its weight equaled that of an IC
engine” Earty EVs and hybrid vehicles had used a variety of battery technologies, but all recent

i T o o P et 1 S T (7T e S o
e e ————— e e U e e ——
o i et o G O o e S G (G o o ey
AR G s (T A D A o G e 7
e o e e e e e e
i (o G ot (i i, e (o G STGED ey, s, oo
e i o e (G Gt o i G Y iy, 15 W
Leaf's. Costs decreased by about 10% per year bebween 2009 and 2012.% The experience curve for Lt
o e e 2 D G G 3 S A i et
i (5 et o A crmrErdt B e o e o e i
i o i el e o A e e T e T v e
T e e e e





image8.png
In terms of design, all-electric passenger vehicles came in two tvpes: existing cars that were
converted to electric, like the Ford Focus Electric, and cars that were designed from the ground up as
an electric caz, like the Tesla and the Leaf. Converted cars could use the design and production
infrastructure of the OV from which they were derived but did not leverage the specific
characteristics of the electric pawertrain. For example, converted cars trpically put the battery and
motor where the IC engine used to be, whereas in both the Nissan Leaf and Tesla S the battert pack,
vas part of the floor of the passenger cabin. Not only did this free up space both inside the cabin and
for cargo storage, it alsa considerably improved the handling of the car as it gave the car a low center
of gravity. In particular, with the heavy IC engine mounted above the front wheels of the car,
conventional cars had a high center of gravity and hence tended to swing or sway a bit when turning,
Conventional cars were also more complex than EVs.
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overnments

promoted the adoption of EVs to combat pollution, smog, and climate
hange. One measure 1vas disect tax-subsidies for the purchase of an EV. In 2013, the U.S. federal

ernment gave a 57,500 tax credit for the purchase of EVs such as the Leaf or the Model S.
ndividiual states often gave additional incentives. Californis, for example, gave anothier 52500
puzchase rebate, and gave EVs free access to HOV lanes until 2015, Some states, including California,
also requied that a minimum percentage of a car manufacturer’s fleet sales were zero-emission
vehicles (ZEV). Manafacturess that fell short could buy ZEV credits from others who were above the
mandated minimuam. The rule encouraged the production of EVs directly and by giving producers of

EVs an extra source of income & However, the price of such credits was expected to drop quickly as
el producessstarted seling e EVe h

There were, however, also impertant hurdies to adoption. These fell into two broad categories *
The first were issues related to EVs being a new technology with considerable uncertainty about

ty, resale value, and safety. The second were different sources of “range aniety,” which
included the limited range of most EVs, the time it took to charge a car , and the early lack of
harging stations. The latter issue was being resolved, as many companies and public entities started
offering both private and public charging stations. The Department of Energy, for example, listed
moze than 6,000 public charging stations in 013 £ Some companies also offered free charging spaces
to theis employees. On any regular outlet, EVs would recharge betiveen 5 and 10 miles of range per
ous. But higher-amp household outlets could double o triple that, while Tesla’s Supercharger could
harge 130 miles of range in 30 minutes * To reduce range issues, Tesla also operated a network of
moze than 15 Supercharger stations where customers could charge their car for free. It also
introduced a battery swapping service that could exchange a depleted battery for a charged one in
about 90 seconds #* To seduce rworries about sesale value, finelly, Tesla guatanteed a resale value
negged to similar BMV and Mercedes models, backed by Elon Musk’s personal fortune.#
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Nissan Leaf

In 2007, Nissan started the most ambitious EV project by a mass car producer: the Nissan Leaf.
arlos Ghosn, CEO of Nissan and its alliance with Renaulf, believed that EVs would capture 10%
arket shase by 2020—an estimate higher then those of competitors and observers—and he wanted
o position Nissan and Renault as the leaders in this field 2 Over the next few years, Nissan and
ult invested over USS 5.6 billion in the project, including USS 17 billion for modifring an

ssembly plants and building a battery plant in Tennessee and another USS 630 million for doing the

e Leaf was a fully electric mid-sized famify sedan with front-wheel drive that was, in terms of
design and size, in the same class as the Ford Focus or the Volkswagen Golf (Exhibit 6). The Leaf was
designed from the ground up as an clectric car to leverage the benefits of the EV technology. In fact,
the technology was sufficiently different that Ghosn expected to rely more on outside hires sather
than on Nissan's experienced IC engincers * Developing the car took three years, wwhich was much

N e e o e .

Nissan wwas also focused on developing new battery technology. Due to its first-mover status in
the mass EV market, Ghosn saw an oppertunity to build a lead and become a supplier to others in the
industry in a market that was expected to grow to USS 25 billion by 2020 (though estimates varied
from 1SS 5 billion to USS 60 billion, depending on the scenario) * To develop the battery, Nissan
started a joint ventuze with NEC, which did not have a large battery business but had skills in some

key technologies. Nissan Leaf's Li-lon battery, which consisted of 192 cells, had a cost structure as in
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-xhibit 5 —after appropriate adjustments —and used electric heating and air-cooling for heat control.
PPEop 1 'S
re were, however, some fsolated but well-published complaints from customers in Arizona that
it batteries lost capacity quickly, forcing Nissan to institute a warranty system

e Nissan Leaf rvas launched at the very end of 2010 to great seviews. While it sold only 35 cars
that year, Ghosn projected annual sales of 300,000 by 2013, which is the level here he believed the
Leaf could be profitable without subsidies * Worldwide sales for 2011 and 2012, howerer, were only
bout 21,000 and 26,000 respectively ¥ When the 2012 sales failed to meet dowmward revised
expectations, Nissan replaced the head of its EV unit ™ In January 2013, Leaf production began in the
Tennessee plant, wwhese it shared the production line with the Altima mid-size sedan and Mexime
ull-size seden At the same time, Nissan reduced the price for the base model from 533200 to
26,500 € Sales through mid-2013 nearly doubled from the year before and overtook GM's Volt ple
in hybrid. In August 2013, GM lowered the price of the base model of its Volt plug-in hybrid from
39,995 to 34,995 in a move that was widely perceived as a competitive response to Nissan's price cut,
though Ghosn dida't see the cars as competitors as the Volt vas a hybrid rather than an EV.¢

Fisker Automotive wwas a produicer of electric sposts car, which rwas started by Hencik Fisker, a car
designer who had worked on the Model § before founding Fisker Automotive, Fisker designed its

wn car body, but outsourced almost everything else, including the design and manufacturing of the
owertrain £ In March 2013, Fisker was rumored to be preparing bankruptey after having stopped
vyt
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Tesla

Tesla Motors was founded in 2003 and named after Nikola Tesla, one of the inventors of the
electric AC induction motor. The founding team included Elon Musk and Tesla's CTO, JB Straubel
Musk provided most of the capital and became chairman of the board and head of product design. In
2007, wwhen Tesla was faced with product delays and quickly dwindling capital, Elon Musk took over
25 CEO and reduced headcount. Musk quickly became the face of Tesla, Born in South Africa, with an
engineering and an economics degree from the US, he sold his first start-up, Zipl, for more than USS
300 million to Altavista  He then co-founded Paypal, of which he was CEQ and chairmen, and sold
the company in 2002 to eBay for US$ 1.5 billion. The sale gave Musk the capital to pursue his dreams.
Over the next years, he started the space transportation compeny SpaceX, became the largest
shaseholder and chairman of SolarCity, a provider of solas power systems, and co-founded Tesla

None of Tesla's founders had a background in the car industry and neither did its original
enginecring team £ Over time, Tesla assembled a team that was a mix of specialists from the car
industry and people with their roots in Silicon Valley (Exhibit 7). Musk believed that Tesle’s Silicon
Valley soots gave it an important edge when it came fo this kind of innovation ®

Tesla Roadster

Tesla’s first production car—and the firstever high-end production EV—iwas the Roadster

(Exhibit 8). Tesla designed and produced the car's powertrain in-house in California and then
combined it with a body and chassis— derived from the Lotus Elise— that was co-designed by Lotus
and Tesla and assembled by Lotus in the UK.
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esle’s first tealy mass-produced car was the model S (Exhibit §), a high-end electsic car meant to

ompete with the Audi A6 and EMIW 5 series. (Exhibit 9 compares Model S, BM 525, and Nissan
Leaf) The Model § could accelerate from 0 to 60mph in under 6 seconds, which was 10% faster than a
BMY 5 and almost trvice as fest as the Nissan Leaf ™ The car was launched in June 2012 and soon

Design Tesla designed the Model § completely in-house, at a cost of about S05 bix™®. The

owertrain twas an evolved version of the Roadster's. The Tesla § had reas-ivheel drive, like BMW
T i, (5 ] (o Ao (s (R S SBHRG (gl e, o [ et
electric motor could be positioned next to the rear axis. For the battery, Tesla used an improved
version of the technology it had developed for the Roadster. Tesle’s S5k battery, for example,
consisted of more than 7,000 celis in the 18630 form factor 7 The new battery was estimated to have
double the energy density —energy storage per kg of battery —which reduced the weight of the car
and presumably also used less material * Tesla’s 60KIWh battery pack was estimated to cost about
USS 15,000-USS 18,000, wwhich at $250-5300 per KIWh vas less than half the estimated cost per KIWh
for the Nissan Leaf ™ For the Model 5, the bateries were assembled into a rigid flat pack that formed
the bottom of the car (Exhibit 3). This gave the car great handling and exceptional rigidity, allowing
Tesla to be the only car to offer an all-glass panoramic roof ® (Traditional convertible cars needed

additional seinforcement to compensate for the loss in rigidity from remaving the roof.
e car also had a number of other nev and unique design features 5 Being developed in Silicon
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connection and alloved the driver to easily customize the car’s behavior, including suspension and
steering behavior. The level of clectronic integration impressed other car companies and was
considered a benchmark 3 The car also had a 17" touchscreen in the middle console to control almost
all its functions, from air conditioning and lights to entertainment system. This reduced the need for
buttons or other mandal controls, simplifying the dashboard and other pasts (Exhibit 10). The car
also had no traditional key but a wireless fob. When the driver epproached the car, the car
automatically unlocked and the door handle, vwhich was retracted, slid out. The car started when the
driver buckled in_ Another unusual feature was that the brake lights lit up based on how much the
car was slowing. Many of the car’s components, including its suspension, Twere custom-designed
sather than stendard components available off the shelf * Analysts worried that this might pat Tesla
ata cost disadvantage

Manufacturing In contrast to the Roadster, Tesla decided to bring the full assemby of the
Model S in-house. Observers questioned Tesla's ability to do so successfully, given its lack of
experience in car design or assembly, an issue that Tesla itself openly recognized. & But the crisis in
the car industry plaved in its favor. It purchased the massive and secently idled NUMMI plant in
Fremont, California —formesly a joint venture between GM and Toyota which at its height produced
500,000 cars per vear—from Toyota for 542 million, a deal that was financed through a 530 miflion
captal injection by Toyota and that was pat of a broader cooperation * While Tesla’ carrent output
was 21,000 cars per year, VP of manufacturing Passin estimated that the plant could reach 100,000
cars per year without really stretching the equipment” Tesla also bought much of its production
equipment at a discount from struggling manufactarers. Musk gave the example of a 530 million
hydraulic stamping press that Tesla acquired for 56 miltion from “a car manufactuer in Detroit "%
According to some estimates, Tesla spent less than a third of the Slbln it would normally cost o get
such a plant operational * Tesla also brought a large part of its parts production in-house, making
©.g. 90% of Model S-specific plastic parts on its injection molding machines, which was unusual for a
olant with low volume, and manufacturing its complete povrertrain in-house?
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- Sales and service Instead of independent dealerships like other car manufacturers, Tesla built
a network of company-ovwned stores with salespeople on salary rather than on commission. Musk
argued that “existing franchise dealers have a fundamental conflict of interest [as it is] impossible for
them to explain the advantages of going clectric without simultancously wndermining their
traditional business "#! This approach put Tesla in conflict with the dealership lobby, which had
pushed many states to pass laws requiring car companies to sell through independent dealerships
ecognized by the dealership association. In some of these states, Tesla was able to sell online from
other states. But the Texas legislature had passed a law that did ot allow Tesla to do so and the
orth Catolina legislature almost passed  similes la

In marketing the Model S, Tesla stressed speed, comfort, and handling, before talking low
missions. It also focused on the potential cost savings from gas and reduced service and sepairs ¥
While estimates varied widely, the total cost of ownership of the Model § seemed similar to that of
the BMIV 5-series with which it competed, with higher initial price but lower gas and maintenance
cost# Tesla's service operations were independent from ifs sales network, unlike the dealership
steacture of traditionel car manufacturers. For the annual check-up or repeirs, Model § owners had a
aumber of options: go to a licensed Tesla service center, call up a mobile service and repair team
(“Tesla Rangers"), o have their cas exchanged for a loaner through Tesla's valet service # Ealy on,

there vwere reports of problems with handles and windscreen twipers, but Tesla was able to resolve
e D e pem DU oo
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Drivetrains

Tesla also sold electric powertrains to other car manufacturers and provided design services for
electric powertrains. It had developed and was producing powertrains for the Toyota Rav 4 EV, ina
deal that was expected to generate about §100 million befreen 2012 and 201477 A similer deal with
Daimier might be worth almost $300 million %

Racing on

Tesla was off to a great start in 2013. In the first half of 2013, it sold 10,500 model § cars and was
expanding sales to Europe. Musk said that Tesla planned to be shipping 40,000 Model S per veas by
the end of 2014 Tesla had also sterted taking reservations for its next vehicle, the Model X. The
Model X (Exhibit 11) was a cross-over SUV with some unique features, such as wing dooss and dual
motor all-wheel drive % The model X would share the powertrain and many components with
Model 515 Tesla had been profitable in the first half of 2013 and by September its market cap was
about a quarter of that of EMI. (See Exhibits 12 through 14 for financials of Tesla and of BMIW for
comparison)

But Elon Musk wes clear that he wanted to go fusther and build a lover end mass-production EV.
In a blog post titied “The Secret Tesla Motors Master Plen (just between you and me),” he stated that
the plan was to “[e]uild sposts cas, [u]se that money to build an affordable car, [u]se that money to
build an even more affordable car” 1% He had explicitly stated that this ramored Gen 3 model would
e comparable to a BMIW 3 and carry a price of about $35,000.2%%

TVas Gen 3 the logical next step or a bridge too far? And was Tesla here to stay to become the first
US. firm since WWIT to successfully enter the cas industry with a mass-produced car?
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esla Motors

“Testa is in California, 5o it is not April Fool's vet!” tieated Elon Musk, CEO of Tesla Motors,

rotnd 10 PM PT on March 31, 2013, “Fisst profitable Q for Tesla thanks to awesome customers &
s work by a super dedicated team”* he had tiveeted a few minates easlier. And indeed, on May 8,
esla announced a net income of more than S10min on §360 min in sales.? Tesla had outsold both

Nissan and GM in efectric cars in the U.S.* Its Model § had sold more than the BMW 7 and Audi A5

ombined * Tesla zaised its Model S sales target for its first full vear from 20,000 to 21,000 cars.’ Over
e next three months, its stock price almast tripled ¢

Tesla had launched both a high-end limited edition “Tesla

(oadster” and its “Model " production car, and was now taking feservations on its upcoming
“Model X electric crossaver SUV. Despite a public contraversy about its range, the Model S had
eceived the coveted Car of the Year award and earned the highest sating that Consumer Reports ever
ave to a car, an astonishing feat for a company that was only at ifs second car. While some of its

st visible EV competitars went bankrupt or halted production,” Tesla became profitable. Elon

fusk wanted Tesla to be a mass manafacturer of electric cars.® Becoming profitable meant that that
[ ©F electric cars” Becoming profitable meant that that
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'he Car Business

merica was sometimes said to have a love affair with cars® In 2011, American households
wned 117 vehicles per licensed driver, with almost 20% of households owning thee or more cars

average trip was less than 10 miles, with less than 1% of trips exceeding 100 miles ** Households
ent on average more than 15% of their income on cars, gasoline, and related expenses.

At more than 3% of GDP and 17 million employees, the car business—manufactusing,
distribution, and service — was one of the largest industies in the U.S 5 It was also concentrated, with
the three largest car companies making up 49% of the U.S. market in 2012, though that was down
from 98% in 19694 Despite this high concentration, 7o of the three large U.S. car manufacturers
wwent bankrupt in 2009, Since WWWIL no US. firm had successfully entered the car industry with a
‘mass-produced car, until (mavbe) Tesla.
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A car was a complex marvel of technology with thousands of pasts, often sourced from more than
a thousand suppliers ** A tvpical cas consisted of a number of subsystems: 1) The powsrirain made the
ar move and as the most complex part of the car. It consisted of the engine, the transmission, end &
‘umber of auxiliary systems. The engine in  conventional car (CVs) was an internal combustion (IC)
engine that converted gasoline into power in the form of a fast-rotating axle. Because of its size and
weight, the engine was trpically placed above the front wheel axis, and then required a special
design to prevent it from being pushed into the car's passenger cabin in a crash? The fransmission
transformed the rotation of the engine axle into an appropriate rofation speed for the wheels through
a variable st of gears. This was necessary because IC engines had a limited speed range in which
they were effective, losing power and stalling below 700 rpm® while topping out at 7000 rpm ” The
transmission also permitted to disconnect the engine from the wwheels when the car v7as standing still
to allow the motor to keep running. Transmissions were complex end required their ovn lubrication

sion porered the front wheels. Such front-heel drive cars had more
e handling and were cheaper to make than rear-heel drive cars, such as EMWW end
excedes, which required a costly and space-taking connection betrveen the motor in the front and
the rea wheels. The auxiliary systems included fuel storage and injection system, the exhaust system
with catalyzer to climinate polluting fumes, the cooling system to prevent the engine from
overheating, the oil system to lubricate the moving (and hot) pasts of the engine, and the — typically
electronic —control system to control the engine and all related systems. 2) The chassis was the
‘oundation of the car and incladed a supporting frame, wheels, stecring system, and braking system.
3) The body of the car was the space where passengers resided and included the dashboard and the
air conditioning as some of its more complex clements

iven this complexity, cars were difficult and expensive to design. Developing a completely new
ax would involve hundreds of engineers and was estimated to cost betiveen S1bn for a zegalar car—
excluding expenses for retooting and factory modifications —up to 966n for a global car kike Ford's

londeo but then including retooling and piant modifications. Such new car design would take four,
to five years, though simpler redesigns of an existing madel were often done in less than a vear.*®





image4.png
Car Manufacturing

Cars wwere manufactured in huge assembly plants, often the size of more than 50 football fields. A
aditional assembly plant would reach its minimum efficient scale at between 100,000 and 250,000
ar5 per vear and a plant of such size could cost as much as S1-52 billion *

typical car assembly plent would consist of a body shop, a paint shop, and the assembly line 3
n the body shop, sheets of metal were stamped or pressed into pencls that were then welded
ogether by robots to a car body. The car body and the doors got painted in the paint shop, after
which the assembly line assembled the car by attaching all pasts to the body. In a traditional plant,
the assembly line wes a slow-moving chain from which the wnfinished cars were suspended and that
moved the car bodies past stationary assembly stations wwhere workers added, in a very particular
sequence, all the necessary parts. As there were a lot of interactions among the different parts of a car,
an error carly in the assembly process could lead to cumulative problems down the line. Cars that





image5.png
ded repairs were repaired in a repair zone at the end of the assembly line, which could take up.

y

1most all assembiy plants would produce maltiple versions of the seme car through cach other

the same line, with a sophisticated control system that indicated to <ach station which parts to add

o the particuler car at the station Sometimes even two completely different car models were
roduced on the same line. But building multiple models on the same line really challenged the
roduction design a5 work would often become unbalanced; i.e, some assembly stations ould have
much more work than others 3 To produce a broader mix of cas required a more flexible production
vstem, twhich trpically had less scale economies,’ leading to plants with minimun efficient scale

etween 50,000 and 100,000 cars per vear -

Cats were not only expensive o design but also expensive to make, with manufacturing cost
aking up about 50% of a car’s final selling price (Exhibit 1). Moreover, car manufacturing had a
onsidesable learning curve. It was estimated, for example, that both the number of defects and the
ssembly time in a particular plent dropped by about 70% over the first fivo months that a new car
odel went into production with a 90% experience curve for at least the first year®3* Across the
ed by about 3% per year 3

ustry, average assembly time droy
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Car Marketing, Distribution, and Service _
Car producers were among the heaviest advertisers in business. GM and Ford spent respectively

55 4.2 bl and USS 3.9 billion on advertising in 2010, which exceeded Coca Cola’s US$ 2.0 bl The
estimated brand value of companies like Tovota, Mercedes-Benz, and BMW was estimated at around

'S5 30 bin cach, which was more than Disney at USS 27 bin or Pepsi at USS 16 bln, while Ford’
rand value was estimated at azound USS § bln, and Nissan and Possche at around USS 5 bin cach™.

.Cars were sold through dealerships® A dealesship franchise had a mutually exclusive

clationship with a car mamufacturer: in exchange for the dealer being exclusive o one
mansfacturer — though potentialiy selling meltiple brands of the same menufachurer —it would get
i exclusive tersitory for one or more of the manufacturer's brands. (Some dealer companies vwould
wn dealership franchises for different brands, but these franchises would be physically separate
tandalone entities.) A car dealer would market cars through advertising a showroom, and
alespeople; sell the cars and potentially finance them; service the car; and provide repairs. Some
bservers had questioned, however, whether it was optimal to combine sales and service in one
entity. Exhibit 2 captares the typical revene and cost structure of a U.S. dealership. Nev car sales
had limited profitability but brought in business for the far more profitable service and repairs
usiness. Dealers would also make profits from ancillary offerings at the time of sale, such as

financing, special coatings or other treatments, and pre-paid service plans. Ford and GM both had
more than 4,000 dealershxis in 2011 versus about 1,600 for Toyota ™ _

Given their complexity, cars needed regular maintenance and occasional repairs. The engine with
its moving parts exposed fo heat and large forces, was the focus of most maintenance and repair
Indeed, the most frequent maintenance task was changing the mator oil Most manufacturers
recommended change intervals of 7,500 or 10,000 miles, although dealers and oil service centers
sometimes recommended chang ,000 or 5, In terms of repairs, 7 to 9 out of 10 repairs

were related to the powertrain ®





