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In this research artice,

Curtis Cifuentes, one of Platinum’s
long-time investment analysts for
the technology sector, explores

the key technological developments
that have contributed to the
gestation of self-driving cars,

the possible direct and indirect
Impacts autonomous vehicles (AVs)
may have on a range of industries
as wel as some of the broader
societal implications they may
bring about
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Preface

Early on, humans learned to harness the powers of animal s stronger
than ourselves, but the [#kt real leap came with the invention of
wheels and the ability to augment biol ogical force with mechanical
force. Then came the steam engine, and later the internal combustion
engine. This abilityto turn thermal and chemical energy into
mechanical power meant that movement and transport no longer
required our physical input. Transportation did, however, still require
human cognitive input. That is now about to change, as we edge ever
closer to taking yet another monumental leap with the advent of
self-driving or “autonomous” vehicles (AVs).

Needless to say, we, at Platinum, have been following the
development of self-driving technology attentively not only for its
sheer intellectual delight, but more importantly, for its multifarious
implications for the world of business and investing. What makes
the dawn of AVs both fascinating and challenging to analyse is that
it represents the simultaneous convergence of multiple streams of
technological progress and consumer trends. The rise of electric
vehicles (EVs), enabled by improving battery technology and falling
battery prices, is coinciding with advancements in machine learning
and sensing equipment (e.g. LIDAR). Add to the mix the growing
popularity of ride-sharing services like Uber, and one can see a
power ful storm of disruption gathering.

I am pleased to share with you some of our thinking on this exciting,
yet complex, topic in Visions of an Autonomous Future. In this research
article, Curtis Cifuentes, one of Platinum’s long-time investment
analysts for the technology sector, explores the key technological
developments that have contributed to the gestation of self-driving
cars, the possible direct and indirect impacts AVs may have on
arange of industries as well as some of the broader societal
implications they may bring about.
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The word | wish to emphasise here is “may”. Hard as one might try
to envision the future, the truthisthat it is difmjlt, if not impossible,
to foresee with any degree of certainty how technology with such
wide-ranging, far-reaching impact will reshape industry and society.
Most human beings are intuitively path-dependent and many resort
to extrapolation when investing in the stock market, which can lead
to missed opportunities as well as deadly traps.

However, as Curtis explains in his article, the shifting landscape of
the auto and tech industries makes this a far trickier question.

Even more difi8ult to gauge are the potential second-order and third-
order effects of self-driving technology, such as how it might affect
urban planning and real estate. A not-so-distant analogy is the extent
to which the ubiquity of cameras on mobile phones has changed
human interactions and the number of new products and business
models it has given rise to. One might see MMS as a logical extension
of SMS, but how many foresaw the popularity of image-sharing
platforms like Instagram? And what about Snapchat, on which some
teenagers, I'm told, conduct entire conver sations by visual means?
The ability to point-and-shoot with smartphones al so facilitated the
spread of QR codes and their attendant identi(&htion and payment
functions, enriched mapping and GPStechnology, and is now helping
augmented reality move forward (how far did you go on PokemonGo?).
As Carl Sagan said, “It was easy to predict mass car ownership, but
hard to predict Walmart”.

We do not have all the answers. But we hope we are asking the right
questions and that this article can provide you with a few pointers
around the investment theme of autonomous vehicles.

Kerr Neilson
Managing Director
August 2017



Visions of an
Autonomous Future

by Curtis Cifuentes
Investment Analyst, Platinum Asset Management

The speed and didiency with which we
transport people and goods is a fundamental
driver of social and economic progress as

wel as individual well-being.

Empires were built on the ability to control trade routes; for tunes
were made during the railway boom of the 19th century; railway
networks have been important nation-building exercises including
Japan with its bullet trains and, mor e recently, by China with its high
speed rail boom this century; cities and civilisation today have been
unmistakably shaped by the automobile, from the rise (and fall) of
Detroit to nationwide highways and even urban sprawl.

Soit’s of little surprise that the tangible promise of self-driving
cars, or autonomous vehicles, has garnered such public attention,
from starry-eyed commuters enamoured by the hope of being freed
from the drudgery of the daily commute to ambitious Silicon Valley
entrepreneurs, motivated by the prospect of fortunes comparable to
those of the railway barons of a century ago.

As investors, we see exciting potential for new business models,

as well as risks to incumbent ones, in what could be characterised

as the information technology revolution disrupting the transportation
industry.

This article isloosely structured in four sections, each seeking to
answer one of the core questions that form the framework around
Platinum’s thinking on the changes autonomous vehicles may bring.
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Why is autonomous technology
both interesting and important?

We think that autonomous driving technology has the potential to be
more than just an expensive up-sell opportunity at car dealers.

It will reduce death and injury, change the insurance industry and
eventually, through synergies with ride-sharing ser vices like Uber
and Lyft, change the nature of personal transport.

Why is this happening now?

We will delve into some of the exciting technological innovations that
are bringing self-driving cars from the realm of science (tion to
reality, or, in other words, what gives us conlidence that they aren’t
just a pipe-dream. Dare we suggest that an autonomous [Het of
carsis closer than most think.

Impacts on industry.

Assuming self-driving cars do become reality, how might the
business landscape change? While many believe that incumbents
are at risk of being disrupted by new entrants, we think the outcome
might be more nuanced and there may be more turns and twists
along the way.

If, as consumers, we shift from being buyers and owners of cars
to become customers of services provided by the owners of large
autonomous [Bets;, it might be a pyrrhic victory for any surviving
incumbent. If the airline industry is any guide, the (et might be
afraction of its current size, but utilised much more efl__dently.

What might it mean for society
and civilisation?

No melodramatic exagger ation is needed to suggest that, if autonomous
[Hets become widespr ead, there might be huge changes to the jobs
we do and even the veryfabric of the cities we live in.

There will be unpredictable second and third order effects that will
surprise everyone.






PART 1

Froma high level, any sign of a si gant
change in the dynamics of transport is
worthy of investigation, even if some
aspects of autonomous driving are showing
_ signs of hype.
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In the US, the aver age one- way commute was 26 minutes in 2014.
Assuming a wor kforce of 140 million, that works out to 30 billion
hours —or 3.5 million collective years — spent every year commuting.
The United States is unique in its car-centric culture too —the 2013
US census found that 86% of people travelled to work in a private car
(and 76% drove alone).®

One University of Texas study, which put the saving of unproductive
commute time at a much more conser vative 2.7 billion hours, one-
tenth that of the previous estimate, nevertheless estimated the total
savings from productivity, fuel savings and collision costs to be
US$1.2 trillion, or 7% of GDP.* At the very minimum, as accidents

and incidents on the road account for one-quarter of road congestion,
accor ding to a Feder al Highway Administration study,’ it's not
unreasonable to assume that even if we all chose to sleep in our

cars on our way to work, rather than do something more productive,
commute times would be shorter.

An important reason for our excitement around autonomy comes
from its interplay with the rise in on-demand ser vices like Uber and
Lyft. At [kt glance, replacing a quarter of a billion human-driven
cars with self-driven ones may not be quite as disruptive, especially
if nothing else changes. It’s hard to imagine signint reduction in
road congestion, for example, if everyone is still travelling alone in
their autonomous car. But if the kind of per-trip or per-kilometre cost
savings we envision from an autonomous [Bet of electric vehicles
comes to pass, for many people car ownership will no longer be a
rational choice.
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To draw an analogy with a change experienced in the
telecommunications industry, when voice calls just became
another stream of bits on a wide data pipe rather than a dedicated
line, it became untenable for carriers to charge dollars per minute
for international calls as a FaceTime call could be made to anywhere
in the world almost for free.

Autonomy makes getting from Ato B safer, faster and a step-change
lower in cost, while also making life-changing mobility accessible to
the aged or physically or visuallyimpaired.

There are also potential negatives, some of which we shall delve
intolater in this article, and they range from the obvious impact

on employment in jobs that involve driving, such as taxis and truck
drivers, through to impacts on the insurance industry, oil demand
(we believe electric drive trains are synergistic with advances in
autonomous technology) and possibly even for the car industry as
awhole if the [iBet size shrinks due to a shift away from individual
ownership toride-sharing.

The current wave of progress in autonomous technology is taking us
into a period of upheaval and disruption, leading to the emergence of
new business models as well as the extinction of old ones, and in the
process presenting us with invaluable investment opportunities.

To put the broad market size into per spective, the smartphone
market, in which the world’s largest and most prolrthble company
operates, is a US$405 billion revenue market (roughly 1.5 billion
phones x US$270 in aver age selling price) .

When one includes peripheral markets such as component suppliers,
or including services revenue such as that from ride-sharing
businesses, the revenue pool that is potentially ripe for disruption
expands signintly.
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Why is this
happening now?

Obviously, some of the optimism is wishful thinking - the bone-
crushing tedium of long hours stuck in traffic is lost on few and let's
not forget that the horse-drawn carriages from which we supposedly
upgraded from probably would have gotten you home safely if you fell
asleep at the wheel [or, rather, the reins).

Our optimism today stems from two key aspects of technological
innovation - one, the electric vehicle [EV], and two, machine learning,
or more specifically, advances in deep learning algorithms.

embedded in the road. Highways will be made safe - by electricity!
Na traffic jams ... no collisions ... no driver fatigue.”
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The EVis not a prerequisite to autonomous vehicles, but the inherent
simplicity of an EV (fewer moving parts, lower maintenance) is
lowering the barrier to entryfor new entrants (Teslaand BYD are
two well-known examples) and we think that the in(fLlx of ambitious
new companies with fewer legacy obligations sets the stage for
accelerated development and innovation.

Conlidence in EVs

Another reason for our excitement around autonomy stems from the
concurrent and synergistic shift from combustion engines to electric
drive trains. The reason we think cars are about to make this change
is simply because the EVis technologically superior and tantalisingly
close to being cost competitive.

While the cost of batteries is currently asignint hurdle (adding
anywher e between US$8,000 and US$30,000 to the cost of a vehicle,
depending on size), if there is anyimmutable rule in technology, it is
that steady innovation brings down the cost of components over time.
Lithium-ion battery packs have seen per kWh cost fall from US$1,000
to US$250 between 2010 and 2016.° Batteries ar e on an experience
curve not unlike that seen in solar cells, barring any disruption in the
supply of raw materials. Apart from the obvious lithium, lithium-ion
cells contain signint amounts of cobalt, nickel and aluminium,

and electric motors contain a lot of copper.

When looking at the total cost of ownership, that is, including the cost
of fuel and maintenance, EVs are arguably already competitive with
combustion engine cars today.
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It might still be hard for most individual purchasers (and the CHance
companies lending to them) to get over the sticker price, but much
less so for more rational commercial operators.

Higher fuel prices Combustion
Engine

EV

Lower battery costs

EVprice
premium

Source: Curtis Cifuentes

The chart above illustrates our conceptual thinking about the
structural cost advantages of EVs. The y-axis is the total cost of
ownership of the car. Combustion engine cars have a lower sticker
price (today) and start at alower point on the axis, but because of fuel
efency and maintenance costs, the running costs are higher, hence
the steeper slope. Changes in fuel prices change the slope. EVs are
more expensive up front but tend to be much cheaper torun.

As steadyimprovements in production technology lower s the cost of
batteries, the time it takes for an EVto ‘beat’ atraditional car moves
from point Ato point B, for example. Likewise, if oil prices rise, the
crossover point moves from A to C. Conversely, falling oil prices, as
we've seen in recent years, lowers the slope and lengthening the
payback for EVs. One could argue that the recent resurgence of truck
and SUV popularity in the US and disappointingly low EV share has
caused in part by lower oil prices.

That crossover point depends on many factors, including the price
of the vehicle, energy prices (both gasoline and electricity), annual
driving distances and so on.



XIV  Platinum Asset Management Limited Annual Report 2017

But to give arough example, let’'s compare the Bolt EVto a Golf.
Assuming $0.10/kWh for electricity (US aver age retail price) and
$0.60/L gasoline prices (again, US aver age) the cost per 100km of
driving is $1.6 for the Chevy Bolt and $3.9 for a Golf. That’s 2.4x higher
for the Golf° Similarly, in a report published by UBS, they found that
annual service and maintenance requirements were also lower, at
$255 for the Bolt and $610 for the Golf. Illustrating this difference is
the maintenance schedule —apart from tyre rotation the Bolt requires
no servicing for Rk years or 240,000 km, compared to an oil change
every ten thousand kilometres for the Golf.

Flipping the question from ‘why now?’ to ‘why hasn't it happened
sooner?’, and one can see more clearlywhat a monumental challenge
autonomous driving is.

Contrast it with the experience of ng, where the [kt rudimentary
autopilots were developed in the 1930s, less than 20 years after

the [kt commercial mhts became available, and today advanced
autopilot systems have relegated human pilots to mostly monitoring
roles. (An industry joke thus describes the cockpit of the future: it will
contain one human and a dog —the human to obser ve the instruments
and the dog to bite the human’s hand should he try to touch anything.)
Similar shifts to autonomy have been obser ved in mining and
agriculture. But why not on our urban roads?

Apart from afew motorways where the type of traf(ielis restricted,
most roads are messy, complex environments. Drivers must contend
with poor or non-existent marking, pedestrians staring at their
phones, cyclists that consider themselves above road rules, other
inattentive drivers and the occasional animal (probably that dog on
his way home from the airport). While attempts to automate the task
of driving were made on many occasions, the traditional rule-based
programming model couldn’t scale to the almost in[Hlite variations
of situations a car might encounter on the streets, such as that
Google encountered once with their autonomous trials: awoman on
awheelchair chasing aduck. The Lkt sign that we might be breaking
through this impasse has come from advances made in machine
learning and in deep learning speci@a]ly.

While beyond the scope of this paper (for those interested, we urge
you to read Constance Zhang's three-part article Infusing Machines
with Intelligence on our website), advances in deep learning have
resulted in ajump in the accuracy of image recognition algorithms
to the point where they now exceed humans’ accuracy level.
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Accurately understanding the surrounding world is the [F13; stepto
building truly reliable autonomous driving systems — a self-driving
car that only recognises pedestrians on the road 80% of the time is
downright terrifying. The advances here are being driven by a diver se
range of companies that are not traditional auto makers, such as
Baidu and Google, which highlights the reason why Silicon Valley is
suddenlyinterested in this space.

As testament to this interest, it was during the preparation of this
paper that Intel announced the acquisition of Israeli autonomous
driving company Mobileye for US$15 billion, which is 30x Mobileye’s
2017 revenues and 60x its proLﬁ_H; —certainly agenerous price, but
potential ijusti if autonomy is as transformative as we think it
might be.*

Diverging strategies

Much like the [kt attem pts to ascend Everest tried various routes,
there are two different philosophical paths to full autonomy. The [itkt,
favoured by incumbent carmakers, is the incremental approach: cars
have steadily added safety features through time, such as adaptive
cruise control and, more recently, emergency brake assist and lane
departure warnings.

The second approach, favoured by newcomers such as Google and
Baidu, is the all-or-nothing gambit —to the point where Google’s more
recent prototypes do away with the steering wheel entirely. Their view
isthat, if passengers are to truly trust autonomous vehicles, they
have to be reliable 100% of the time. The challenge for the path taken
by the likes of Google, however, is that it’s a binary outcome — succeed
and it's awinning lottery ticket; fail and you don’t have a business.

The paradox of automation

Aone-leap change directly to full autonomy ver sus the seemingly less
risky incremental approach raise some very diflielilt issues that arise
in the transition period where the car is in control most of the time,
but humans might be called upon at any moment to take control when
the system decides it can no longer accur ately assess the situation.

Theissue is not new and NASA has been researching the impact of
autopilots on pilot skills for more than 50 years.
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The ‘paradox of automation’, simply put, is that the better the
automation, the more critical the human decisions become intherare
times they have to take over, and yet, as humans rely more and more
on automated systems, our manual skills atrophy and we become
less and less quali@d totake control inthose increasinglyrare
situations when we are required to.

Each of the two approaches has its own appeal, and it may be too
earlyto make a call on which will be successful. The contrast and
contest are complicated by factors such as the incumbents investing
in both strategies, of which General Motors is a good example. GM
continues to expand incrementally the advanced driver-assistance
system (ADAS) features in its current models while acquiring
autonomous start-up Cruise as well as investing in ride-sharing
company Lyft.

Similarly, it would appear that Google’s plans for its subsidiary
Waymo have over time evolved from building their own cars to
potentially licensing the technology to car makers — not dissimilar
tothe strategy of licensing Android to smar tphone manufacturers.
Having obser ved what Micr osoft did to the PC market and how
Google repeated that with the smartphone market, most carmakers
are under standably wary about ceding that much control, and,

by extension, valuable data, to a third party.
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How do cars change?

Conceptually, the key differences between a‘dumb’ car and an
autonomous one can be grouped into three aspects: (1) sensing, or
the range of sensors and cameras employed to see the world around
it; (2) intelligence, or the software and hardware used to comprehend
the sensory inputs and make decisions on how to respond; and (3)
actuation, the collection of motors and actuators that turn those
decisions into movement of the vehicle as well as other sensors that
provide afeedback loop so that the car knows what it is doing.

Sensing

Vision is by far the most important sense when it comes to driving
(we don't yet possess the olfactory senses of a dog to navigate with
our noses) and therefore it’s no surprise that most autonomous
systems predominantly rely on cameras.

More sensors, however, add complexity and cost, not just in the
additional sensors themselves but also in the additional computing
power required to process and make sense of the extra data.

Broadlyreferred to as ‘sensor fusion’, it's not atrivial task, and while it
seems intuitive that having multiple camer as and sensors should result
in safer, more reliable systems, early prototypes have struggled. As a
simple example, imagine an urban street with cars parked along one
side and a pedestrian walking between the parked cars possibly with the
intention of crossing the street. The camera might be seeing a human,
the radar might have only seen a car. How does the system decide a
course of action if it cannot be certain what it’s in fact looking at?

Mobileye and the success of simplicity

One of the most successful new entrants in the autonomous space
is Mobileye, the Israeli company recently acquired by Intel for
US$15 billion.

Many early ADAS attempts used two cameras on the assumption
that, like human vision, stereoscopic vision would improve distance
perception. But the processing systems struggled with the slightly
different images from left and right cameras, resulting in overall
lower accuracy with object recognition. So while being better in
theory, in practice stereo camera systems were both more expensive
and lessreliable.
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Mobileye was unique in that it delivered accur ate recognition

from a mono camerawhich estimated distance by the rate of
change in image size from frame to frame. This simple yet
reliable solution saw Mobileye win a majority of the early driver
assistance contracts and its systems installed on an estimated

15 million cars to date. Mobileye’s products today are far from
fully autonomous, but the company has aroadmap to autonomy
and arguably one of the most extensive —and growing —databases
of road imagery and mapping information.

While the [kt commercially successful system amazingly did it
with just a single camera, consensus seems to be coming to the
view that full autonomy will require a combination of different
sensing technologies to improve overall reliability.

Cameras do poorlyin the dark or in foggy conditions (and lenses
can get dirty easily); LIDAR doesn’t work well in the rain; radar
has poor resolution and can only see metal objects well; and
ultrasound has poor range. Combined, however, they might be
able to cover most road conditions.

LIDAR

One of the more contentious sensing technologies, LIDAR, is a
distance sensing technology similar to radar, except that, instead
of measuring the time it takes radio waves to bounce off an object,
it emits and measures the return times and wavelengths of laser
light. The high point density of narrow beams of light enables LIDAR
to map objects with much [Her resolution than radar. Current
LIDAR devices look like spinning cans of beans typically mounted on
the top of autonomous cars. Leading devices can build a 3D map of
millions of points every second with arange exceeding 100 metres.

Source: Velodyne, https://www.technologyreview.com/s/603885/autonomous-car s- lidar- sensors/

LIDAR provides unrivalled 3D mapping of the immediate environment
around the car, but it comes at a signi@lant cost. Devices sold by
market leader Velodyne cost from several thousand dollars up to
almost US$100,000,% depending on the specilhtions. They are

also prone to damage, function poorly in bad weather, and are not
particularly attractive in the way that they are conspicuously mounted
on the top of vehicles.
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There is an ongoing debate over whether autonomous cars will
require LIDAR —Tesla has claimed in the past that automation will be
achievable without LIDAR, whereas Google’s efforts seem to position
LIDAR as a pre-requisite.

In fact, there has been intense research by Google as well as others
to bring down the cost and the size of these devices, which has led
to the development of Google’s own LIDAR. (LIDAR technology is

at the centre of the brewing legal battle between Waymo (Google’s
subsidiary) and Uber, which stemmed from claims that a former
employee stole Waymo's LIDAR designs, started a new company
(Ctto) which was then acquired by Uber.) There is also promising
development happening in the [l d of solid-state LIDAR, which will
do away with the moving parts prone to damage and be a fraction

of the size and cost of current models.

Intelligence

Most of the intense development happening today surrounds the
fusion and interpretation of the information gathered by the sensors,
the subsequent path planning of the vehicle, and whether this
requires pre-assembled maps in excruciating detail or whether
these maps can be computed on the

This battle is being played out on the streets of San Francisco and the
Bay Area, where autonomous cars from Google, Uber, Baidu, Tesla
as well as traditional carmakers such as GM, Ford, BMW and others
polish their self-driving systems and build detailed maps of cities.

Under the hood (or mor e often in the boot) chips from Mobileye,
Nvidia and Intel or systems from Tier 1 suppliers such as Bosch
or Delphi power the systems that drive these vehicles.

In return for permission to test these vehicles on public roads,
participants are required by the state to disclose statistics on
performance, such as ‘disengagements’, a euphemism for instances
where the human had to inter vene, and obser ver s have extrapol ated
from these datawho is leading in the race to full autonomy.

Based on these disclosures, it's no surprise to see Google (Waymo)
out in front. But progress is being made at such a pace that this
information could well have become wildly inaccur ate by the time this
article goes to press:

BWM WAYMO

Delphi 1000km 8000km
~100km

Nissan
Ford
200-300km
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While one factor in the improving reliability of autonomy has come
from the leaps in accuracy of image recognition algorithms, in turn
powered by progress made in the [(8id of deep learning, there’s also
asplit in strategy by participants when it comes to how far they're
willing to apply deep lear ning to the driving problem.

But some, such as graphics card maker Nvidia, observing the rate
of progress achieved in machine lear ning, have concluded that

an ambitious end-to-end deep lear ning approach might be more
successful.

Over simplifying somewhat, the idea is that if the neural network is
squTdentchompIex and adequately trained, humans will not have
to think of and account for every possible road situation —rather the
black-box like neural network will just ‘know’ how to react.

We're only just now reaching the stage where deep learning
algorithms can recognise images with decent accuracy, and even
then they can be easily fool ed.

Dachshund or bagel? Chihuahua or muf[EH?

Source: unknown

It seems a huge leap of faith to assume the algorithms will improve to
that level. Most Al-driven successes to date concern relatively narrow
applications where the inputs are relatively well delfed — chess, go,
image recognition. Some aspects of driving are like that, but then a lot
of itisn't.
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In a tangible example of where we are today, while detection

of objects such as cars is very good, current algorithms have a
problem detecting people on bicycles. Compared to cars the shape,
colours and movement are so varied that the algorithms struggle to
categorise them correctly or predict their direction of movement.*”

In a hint to the massive localisation challenge devel opers face, the
ABC recently repor ted*® on how autonomous systems Volvo was
testing in Australia were being confused by kangaroos —the systems
relied on the ground as a reference point to calculate distance to the
object and not expecting things to be airborne.

In any case, a prerequisite to accur ate deep learning algorithms

is a large cache of well-labelled training data. While not the sole
determinant of success, it partly explains why there is such urgency
to gather as much data with which to train the neural networks that
will drive these cars —though even this is a somewhat contentious
statement. As crazy as it sounds, some believe that a ot of the
training can be done in computer simulations —essentially training
the models in Grand Theft Auto, which is a mildly terrifying thought.

Such a situation would tend to favour those with the largest et,
putting smaller volume carmakers at a disadvantage. It is for

this reason we've seen consor tiums like HERE formed amongst
carmakers —in this case Audi, BMW and Daimler acquired Nokia's
old mapping business with the pur pose of building an independent
mapping database that isn't hampered by a small (et size. It's also
why incumbent carmakers are so wary about ceding control of the
datatheir cars are collecting to third parties, such as Google.






With enough time and space we could happiy
go on and on about what we think the
business implications are of a shift to
autonomy. But with respect to our readers
time we shall keep it to a relatively high

level overview.
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For all the bluster, Tesla can currently only manufacture |Ey
thousand cars a year today, even though with a market capitalisation
of $42b it’s valued roughly the same as Nissan, which made 5.5m
carsin 2016, 100x times Teslatoday. The incumbents are also aware
of the threats and are ramping investments in autonomy, through
strategic investments, such as GM into Lyft or through partnerships
with technology providers such as Maobileye or Nvidia or direct R&D —
almost all the large carmakers have facilities in the Bay Areaand are
testing vehicles today.

Who will buy cars?

The outcome of 76% of Americans commuting to work alone in their
cars,isalargecar (et that is woefully under-utilised — just 4%
utilisation, or just one hour a day. The rise of ride-sharing services
such as Uber and Lyft, or even mundane taxis for that fact, give us a
glimpse of this potential future, and al so explains why both Uber and
Lyft see autonomy both as an existential threat and an oppor tunity,
and are investing heavily in both autonomy and EVs.

While individual car ownership is unlikely to disappear soon (and as
anyone with small children will tell you how impractical ridesharing
would be) the trend could make land transport look more like the
airline industry. Looking at airline (et utilisation, again with US data,
the entire network utilisation is just over ten hours/day or 42%, with
particularlyef@ent low-cost carriers exceeding twelve hours.*®

At the veryleast, if autonomy and ride sharing grow it implies greater
[E8et utilisation and possibly fewer cars on the road.

When the buyer shifts from the individual to the [[Het owner, it has
signiLstlant implications for the design of cars too —away from design
cues that echo the personal values of the individual to more utilitarian
and cost focused, though more reliable given the kind of distances
they'll be expected to drive over their, possibly short, life. Most
importantly, the relationship with the end user changes —again to
use the airline analogy, a passenger’s loyalty is with the airline, not
the aircraft maker. This also explains why there’s such aland grab
on today for ride sharing services. Scale leader ship at Uber or Lyft
means a better service for customers, better data and eventually
buying power with the carmakers.

Another Airline analogy — certiligation

What if like the airline industry autonomous cars require very
stringent certil&htion to get on the road —will that restrict
participants to the few who can go through the process leading
to the opposite of what EVs might have led to?

But to broadly paint our current view, in the long term we are
pessimistic for car volumes but in the transition period we could
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actually see car turnover increase, as the “smartphoniL._f:btion" of

the car industry encourages people to upgrade faster to get newer
safety and autonomous features. In the back of our minds however is
the risk of the popping of the US subprime auto lending bubble, which
in turn has been partly enabled by technology, namely GPS tracking
devices in cars that lenders are now installing to facilitate recoveryin
the event of default.

How do cars change?

We foresee two profound changes in the how cars are made that will
impact various peripheral industries. The inclusion of sensing and
intelligence will shift the importance of sensors and software (and
the hardware it runs on) from an after thought to centre stage. It's no
exagger ation to say that the software will be as disruptive as iOS and
the App Store was to the phone market; a competitive autonomous
platform will become table stakes for the car industry. The second
change comes from the shift to electric drive trains, which on

one hand presents opportunities for battery makers and power
semiconductor chipmakers, while at the same time making obsolete
many technologies such as common rail diesel injection, which are
important ear nings contributors to many of the carmakers’ Tier 1
suppliers such as Continental, Denso and Bosch.

Further upstream we are starting to see the impact of EVs on some
of the raw materials, with burgeoning exploration for lithium, cobalt
and graphite resources the world over, the extraction of cobalt

in particular is a pressure point, where the Democratic Republic

of Congo accounts for 60% of global production but has a poor
environmental and human rights track record on its extraction.?

What does it mean for insurance?

If human error is responsible for more than 90% of accidents and we
take humans out of the picture, the number of accidents should fall
—Teslais already bragging about the 40% drop in crash rates from
its level 2 ADAS system. In the US around $200b of car insurance
premiums are collected by the industry every year —about one-third
of the property and casualty insurance industry.??

Looking more broadly at developed markets, Munich Re puts motor
insurance at 38%, or $500b of the broader property and casualty
market.?®For developed markets that accounts for around 1%

of GDP. It should be expected that lower claims results in lower
premiums and possibly lower margins for insurers. Again, referring
to the Munich Re report mentioned above, their modelling indicates
these technology features will shave $20b off insurance premiums
in developed markets by 2020 — from $616b to $594b, though they
don’t see premiums peaking until after 2030. The tentative signs
are there — Tesla has been experimenting with bundled insurance
and maintenance plans in Asia and there’s a (somewhat dubious)
insurance ‘app’ called Root? that claims to offer discounts for self-
driving features.






While some of the near-term impacts on
businesses are not particularly surprising,

longer term it wil be the second and third-
order effects that wil be.
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It wasn'’t until Gutenberg’s printing press made the bible widely
accessible that the broader populace realised the importance of good
eyesight and demand boomed for vision correction. In another hub

of innovation, experimentation by eyeglass makers in Amsterdam in
the late sixteenth century eventually led to the invention of both the
microscope and the telescope, setting in motion an explosion

of scientidiscovery.

Who could have predicted that the invention of clear glass in Venice
would ultimately be responsible for understandings as diverse as
cell theory and the bacterial cause of disease through to our
perception of the univer se and optical communication?

Real estate and urban renewal

Almost invisible in its ubiquity, it can still be surprising how much
space we dedicate to cars. Again, using US data, but it is estimated
that there are around one billion parking spaces —four for every car.?®

In urban centres, accommodating cars for parking accounts for 30%
of land and [8or space occupied. With both congestion and housing
affordability issues plaguing many large cities globally, it seems
almost per verse that we dedicate almost athird to housing cars,
and in many cases either directly fund parking or legislate minimum
parking spaces for new developments, effectively forcing non-car
owner s to subsidise owner s through higher housing costs. It will be
interesting to see how this space is recycled through time (and how
cities will make up for lost parking es.)

In urban areas, we are starting to get ataste of the impact through
car sharing services such as GoGet and how they can relieve demand
for parking in cities, even though there is some evidence that some
are choosing these cars over public transport and contributing to
congestion. We're probably getting a small glimpse of this future
through the demise of the urban petrol station.

It will be hard to predict the impact partly because the cities we live

in are so diverse —from dense cities with strong public transport
networks such as Tokyo through to sprawling car-dependent cities
such as Los Angeles. One might imagine a bigger impact on LA than
Tokyo, but we are wary of making big predictions. It could go either
way — LAstreets are freed of their notorious congestion or conver sely
trafgets wor se because autonomous transport is cheap and plentiful.
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Millennials and cars

An interesting trend that has been occurring independent of the self-
driving car phenomenon has been falling interest in car owner ship
by younger gener ations. While there may be economic factors at
play, on the surface it seems youth don’t see the car as the symbol of
status, independence and mobility to the same extent their parents
did. lllustrating this, the percentage of younger cohorts (16~20) with
adrivers licence has fallen around 20 percentage points over athirty
year period.?

One could argue the smar tphone has disrupted the car as ayoung
person’s method of staying in contact with their peer group and
the emergence of cheap, available on-demand transport will only
accelerate this.

There are tentative signs that this is not a phenomenon conlfHed to
the United States. ABS statistics show that between 2001 and 2015,
in Victoriathe number of people under the age of 25 with adrivers
licence fell from 77% to 66%. This is partly due to more onerous
learner’s licence logging requirements but relf8cts the falling
interest in driving seen in the US.#

Public transport

In some regions, Uber and Lyft are experimenting with pooled
ridesharing (simply put, you get a cheaper ride if you agree to share
the car with strangers with different destinations, or in the Lyft
Shuttle case, the routes and stops are predeter mined).

Internet commenters joked that we already had a name for this
service —a bus. While it does resemble a bus, it’s one that comes
within minutes of you calling it and the route is optimised for all the
passengers on board. The inter play between private autonomous
[Hets, public transport and regulations will be interesting to obser ve,
though likely to have very different regional outcomes.
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Inthe United States at least, many public transport operators saw
drops in rider ship in 2016?% and some are already pointing the En‘ger
at ride-hailing services such as Uber, though it seems too early to be
blaming these services solely for the drop in public transport usage.
The drop also happened during a period when oil prices have fallen
and car sales have hit arecord, illustrating the complex inter play of
factors that drive usage of different modes of transport.

In March 2017, the NSW Transport Minister Andrew Constance?
speculated that technology and autonomy would make most public
transport obsolete. It’s probably a bit premature to make such
claims, and given political leanings it could be perceived as a threat
to privatise public transport services, but it’s not hard to see the
potential impact.

And while in an ideal world where there’s a smaller, yet more utilised,
[Edet it should lead to less congestion and faster travel times, it remains
an open question whether an autonomous [EHet can entirely replace
particularly dense forms of public transport such as trains.

One popular illustration of the impact of cars on urban environments
was this one from the City of Meunster in Germany:

Car Bicycle Bus
While partly satirical, a riff on thisimage has been circulating®°in

recent months trying to drive home the point that autonomy doesn’t
really change anything:

Car Uber Autonomous car
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While there is some truth to this, it convenientlyignores the reduced
total number of cars on the road at any point in time due to higher
utilisation, the reduced need for parking, the reduced congestion
from accidents and traf(i8waves (those weird trafmjams that happen
on motorways for seemingly no reason).

In fact, the New York subway system (along with many other metro
transit systems in the US) reported adrop in ridership in 2016. While
it's probably a number of factors, from the oil price, to falling service
quality in some networks due to lower investment, that hasn’t stopped
some from pointing the ger at ridesharing services like Uber. If an
autonomous EV[iBet lowers the cost per trip even further, some will
reasonably consider switching from public transport.

One interesting obser vation made by Benedict Evans,® aventure
capitalist at Andreesen Horowitz was the speculation that autonomous
driving could even lead to aresurgence in bicycle usage —if autonomy
made the roads safer for people on bikes, might it entice more of

us back on the roads? As just one example of second-order effects,
could autonomy lead to a renaissance in cycling, further alleviating
road congestion while reducing obesity and improving health
outcomes for millions in the process?

Employment impacts

Up until now, we focused mainly on the positive economic impacts, but
in the transition to autonomy, there are around 4 million Americans
employed in jobs that involve driving —trucks, taxis, chauffeurs and
ride-sharing drivers of which 3.5 million do it full time.®?

They're jobs predominantly done by immigrants and low- skilled
workers —groups that have already been excluded from the most of
the spoil s of America’s economic growth. It would be naive to ignore
these impacts.
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While the way the census groups driving jobs exagger ates the
importance somewhat,* the trend through time is illustrative.

There are anumber of jobs that have been ravaged by automation
during this period:

Machine operators —once the biggest job in eleven states, now none,
as the shifting of production over seas and automation took its toll;

Farming —the biggest employer in eight states in 1978 but now only
two, as farm equipment productivity has resulted in less employment;

Secretaries —from 21 states to just [k, as the rise of the personal
computer eliminated the need for a lot of bodies.

As an aside, the decline in manufacturing hasn’'t been conliHed to the
United States. Over aforty year period most industrialised economies
have seen manufacturing employment decline:

Employment in Manufacturing®®

Germany

France

UK
uUs

And lest any of us feel too comfortable in our jobs, even fund
managers are grappling with the challenges of active management
in the age of passive investing, with BlackRock announcing a shift
of some of its funds under management to quantitative strategies in
March 2017, essentially replacing analysts and fund managers with
computer models.®
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Oil demand and exploration

Globally about 90 million barrels of oil are consumed every day and
around two-thirds of that are used in all modes of transport, including
aircraft. Looking solely at personal transport, such as passenger cars
and light trucks (which includes SUVs) it accounts for 45% of total

oil consumption.

In the short term lower oil prices and policy, such as arelaxation

of fuel efency targetsin the US, which seem likelyin a Trump
administration, may drive up oil demand, longer term we believe the
cost advantages of EVs will make them the technology of choice for
autonomous [Hets. Asa result, we think in the mid to long term that
45% of oil demand is probably going to zero.

While well beyond the scope of this report, the acceptance of climate
change and any attempt to keep within the 2Ctarget implies most of
our fossil fuel reserves will have to stay in the ground. The reaction
of OPECto non-conventional oil production in the US potentially
illustrates this changing mindset —rather than by cutting production
and raising prices, OPEC kept production, eventually pushing prices
downto $30in early 2016. Such behaviour could be explained if one
believed in a‘useit or lose it’ outcome for oil reserves —it makes
more senseto sell as much for $30 before it becomes worthless.

If current reserves are living on borrowed time, that al so has dif Gt
implications for companies that benel#lfrom the search for more
and development of those reser ves, massive industries in their

own right —in 2014 the oil industry spent $650b on exploration

and development.
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Dystopic Outcomes
and where we wil be wrong

The biggest risk as investor s is probably around timing. There are
many optimistic views on when we might see autonomous cars

plying urban streets in big cities around the world, but reasonable
expectations seem to be around the 2020-2025 timeframe. Developer s
could run into intractable reliability issues due to general complexity
of most urban streets; system costs could remain stubbornly too
high, limiting adoption to a small volume of very high-end cars.

Conversely, autonomy could happen, but the outcome could be
dystopian, rather than the optimistic outcomes we've described so
far. For example, rather than cars occupied by single drivers driving
around looking for a place to park, roads could be eternally congested
with empty living rooms on wheels driving around waiting to pick up
their owners.

While we are excited in the long-term about the opportunities

from autonomous vehicles, we remain cognisant of the risks of
shorter-term economic cycles and any macroeconomic disruptions
in the interim could have signit impacts on investments in the
supply chain, from automaker s through to component and software
suppliers.






