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KEY INSIGHTS

> Theincumbentsystemof personal mobility basedprincipallyon private ownership ofnternal
combustion engine vehiclegs collapsingunder the weightof the rapidlyaccumulatingnegative
externalities inherent in theystem

> Asthis elaborate systenfalters, numerous innovationsre givingrise to a more sustaiable
systent one capableof addressingmany of those negative externalities whileelivering
considerablymore value to consumers

> Although still in itsrascent stagethe new system is rapidiolidifying aroundhe provision obn-
demand services across various modeauwsbnomous, connectedlectricandsharedtransport

> In order tosuccessfullyhavigate thetransition from theincumbentto new system companies
across the value chaimust evolve their businesses tace dsplacementby new and existing
competitors

> Forinvestors this presents a compelling opportunity to deploy capital for the tergn, amidst
an environment ofyenerally low growthHowever, it also signals period ofheightenedrisk, as
investmentswith exposure to thedecline of theincumbentsystemcome under pressure

> Overall, we believe its criticalto zoomout in order to view personal mobility outside of the
bounds of any single challenge, innovatmrsector. We believe this broader, more holistic lens
is what enables investors to identify and adapt to changes others have yet to see.

Founded in 2004, Generation is a boutique investment manager with four investment strat€pesi Equity, AsiaEquity, Growth Equity andGlobal Credit.
Generation seeks to debv superior investment resultsy consistently taking a loAgrm view and flly integrating sustainability research within a rigorous
framework of traditional financial analysiBictures: First picture highway at night in Shanghainfw.shutterstock.com/piel56116006/stockphoto-shanghai
elevatedroadjunction-and-interchangeoverpassat-night.html); second picture; depiction of fleet of electric cars
(http://www.harcresearch.org/feature/HARC_Increasing_use_of_electric_cars_bigycles
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TheSustainability Insights
SNASa RNlIga 2y
deep base oproprietary
research toprovidereadersa
holistic view of developments
occurringacross key areas of
the economy

In the case of mobility,
D Sy S NI pibprigtafyQ &
research dates back to the

|.  INTRODUCTION

Bhsigegmbeiitsy stgmotpersonal mobility, basegrincipallyon private ownership
of internal combustion engine vehicless no longer sustainable in major urban

areas.Although thissystemfacilitated decades of economic growitiroughout the

20M century, it also resulted in the mass accumulation of negative externalities
related to public health, the climate and social inclusion. Today, the escalation of
these indrect costs is driving theystemtowards breaking point.

However asit falters, a more sustainabl@®rm of personal mobility i€merging By

FTANYV Q& Ay OSLIiA 2 harmegsing ngopatiepr i§ echnology, business meaeti policy, thenew system

the followingRoadmaps and
Solutions Summits:

2004
Automobiles

2008
Fuel economy & emissions

2009

2010
Sensors

2011
Market for electric vehicles
Transport & logistics

2012
Machineto-machine

2013

Automobiles

Sharing economyg automotive
Fuel cells

2014

Autonomous car
Connected car
Sustainable Urbanisatién

2015
Fleet telematics
Future of mobility

2016

Bus & rail go digital
P2P car sharing
Solar and storage
Cyber security
Automobiles

*Accompanied by Solutions Summits

more suited to the realitiesf the 2P century,has the potential to avoidnany of
the negative externalities of the past whitkeliveringconsiderablymore value to
consumersgoing forward It centreson the use of ordemand services across
various modes ocdutonomous, connectecelectricand sharedransport.

In this paperwe examine the transition from theaxcumbentto the new system
through the broad lens of sustainabilifyOur aim is to provide investonsith a
holistic framework through whicthey may assess complekRangesas they unfold.
We beginwith a description of the starting point, thecumbentsystem andthen
examine hownegative externalities are constraining growth. From thereaxglore
the innovationsin technology, business modeland policywe see giving rise to
more sustainable forms of mobility. We then share our vision foew system

IIl. THENCUMBENSYSTEMF PERSONAL MOBILITY

Since the mie20" century, consumersn urban areashave largely relied on
privatelyowned internal combustion engine vehiclessgecifically cars and
motorbikes) to meet the majority of their personal mobility needs, with services
such as public transit and hired cars playing a supplementanoréisinkughbent
systentQT aSS BWHilebyslervsvay by urban area, due to differences in
income levels, density and quality of public transit, mekare these common
characteristics.

The auto industry forms the backbone of tsigsstem with each segment playing a
key role in the provision of personal mobility products and services. The first
segmentincludesWier-1 supplierSkesponsible foproviding finishechardware and
software componentdo car and motorcyclenanufacturers, as weas lower tier
suppliers of other component pargsd raw materialsWhereadower tiersuppliers
compete primarily on the basis of price, Fiesuppliers differentiate themselves
on the function and reliability of their products. The next segment indas
manufacturers, responsible for proprietary engine design aeticle assembly.
Their core value proposition comes from manufacturing complex products with
near zercerror rates. They also compete heavily on the basimand value to retalil
consumers.Manufacturers typically have close relationships witktail sales
providers inthe next segment of the value chain. This group includes the product
dealerships responsible for developiagetwork ofconsumers at the point of sale.
Lastly, a host of endervice providers serve consumers throughout the lifetime of
vehicleownership, such as petrol stations (i.e. energy suppliers), consumer finance
and insurance companies and other maintenance and service provi@ener
types of vehicles, includingusesand trains orignate from similar value chains,
albeit with different technological specifications and end customer profiles.

© GENERATMINVESTMENT MANAGEMT LLP 2016

Page2



GENERATION SUSTAINABILITY INSIGHTS BERNSSTION IN PERSONAL MOBILITY IN URBAN AREAS

Diagraml ®
THE INCUMBENT SYSTEM OF PERSONAL MOBILITY IN URBAN AREAS
Incumbentsystemof personal
mobility TECHNOLOGY BUSINESS MODEL POLICY DESIGN
Internal combustion engine Asset ownership of mass produced Aim to maximise system-wide
> Centred on the use of pri\/ate|y technology vehicles capacity for private vehicles

ownedinternal combustion
engine vehicles with services
playing a supplementary role

OWNERSHIP OF COMBUSTION ENGINE VEHCILES WITH SUPPLEMENTARY USE OF SERVICES

MOTORBIKE BICYCLE RAIL HIRED VEHICLE

> Evolved from adoption of (i)
internal combustion engine
technology, (ii) private ownershif
and mass productiobusiness
models and (iii) policies designec
to maximise capacity for prae

vehicles VALUE CHAIN BASED ON PROVISION OF HARDWARE-EASED PRODUCTS

; RETAIL SALES END SERVICE
>Su pportgd by hardwardriven PARTS SUPPLIERS MANUFACTURERS e CONSUMERS s s
value chain ‘ —

Althoughthe incumbentsystemhasserved consumers for close to a century, today
it is giving way to new forms gfersonalmobility. To understand why, we first
examine how negative externalitiese constraining further growth of thsystem
and then explore the innovations giving rise to a more compelling alternative.

Ill. ACCUMULATED NEGAHXEERNALES ARE
CONSTRAINING TNEUMBENSYSTEM

Negative externalities refer to tangible and intangilolosts borne by third parties.
They are the often unintended impacts of doing busin&¥hile tolerable at low
levels, negative externalities can drive system®bteaking pointonce they cross
unsustainable thresholds.

This was the case the early 1900sluring the last transition in personal mobility
After decades of economic growth and urbanisation followihg Industrial

. Revolution, major citiesuch as London and New Ygohnlad becomecrowded with
EJO';]d{m v&llnbe biriseg u’\rljerzniné people and horselrawn vehicle$. Piles of manure linethe streets, blocking the
T88G 27F vYI ydnNg¢ flowoftraffic and spreading both disease and stenth.congestion increasesp
With 300,000 horses in London did the number ofroad accidents, to the point of causing a greater number of
and 100,000 in New York, each human fatalities per capita than they do today. City officials spent their time
producing 1835 pounds of manut continually removingiot only manure, but alsdead and injured horses from city
a day, officials from both cities limits.” Moreover, with the radius of personal mobility limited, urban workers had
came together in 188 debate . . . . . .
GKS WDNBF G | 2 BtE little choice but to live in this unpleasant environment, fully absorbing the cost of

GKS 62N RQa TADM negative externalitie$.
urban planning conference

Diagram?2 @

Today we see similar dynamie play Although the negative externalities
associated with thancumbentsystemhave not changed, the magnitude of their
impact has. At current levelgshese unintended consequenceare severely
impairing public health, the climate balancand social inclusion. To understand
why, we explore three njar developments occurring over the past 50 years.

© GENERATMINVESTMENT MANAGEMT LLP 2016 Page3



GENERATION SUSTAINABILITY INSIGHTS BERNSFTION IN PERSONAL MOBILITY IN URBAN AREAS

DEVELOPMENT 1: GROMYICONGESTIGMNONTRIBUTING TURBANAIR AND
NOISE POLLUTIORS WELL ABRAFFIC ACCIDENTS

From 1965 to 2015, the urban polation increased foufold to four billion people
andthe stock ofpassengecarsand motorbikes grevgix-fold to approximately900
million units each® Theexpansionof urban infrastructure however,has not kept
up with this rapid pace of growth. As a consequence, congestion has now reached
severelevels in cities around the world. Congestinat only slows the speed of
commerce, but alstakes a direct tolbn publichealth. First, it increasasrbanair
pollution, Yhe modernday manur&as the more time vehicles spend in traffic, the
3 L o more particulate matter they emit. Air Qualityndex valuesare now in frequent
W{022USNJ g USNF  preach of the0-100 level deemed as moderdy safe'® This causes millions of
into Taipei City . . . . .
premature deaths each year, along with a higher incidence of respiratory ifthess.
In addition, congestion contributes to stress levels, as it wastes time and raises
noise levels? Furthermorg a growing number of vehick in circulation also
increasasthe likelihood of traffic accidents, responsible for killing 1.3 million people
annually®® Lastly,in many citiescongestiondrivesup the cost of housing in central
areas due tdhe increasing desire on the part of those who can afford it to avoid an
increasedcommute time. Thispushes lower income earnersvho cannot afford
higher housing costgarther outside of citiescausing them talisproportionately
bear the timeburden ofcongestion.

Diagran3 ®

Congestion cripples major cities
peak commuting hours.

DEVELOPMENT 2: RISIBREENHOUSE GASBIISSIONDISRUPTING THE
CLIMATE

Diagrami © Over the past 50 years, tt@mospheric concentration of carbawseby 80 parts
Air pollution in Delhi, India per million (ppm),10-20% of which is attributable to the use of-dérivedfuelsfor
In November 2016, AQuality passenger vehicled With the atmospheric concentratiomow YermanenthyQ
Indexvaluesin Delhi, India nearec above400 ppm'® averageglobal temperaturedave risermore than1.0°Cabove
1,000, twice the 500 level deeme  pre-Industrial levels® As a result of higher averageand also maximum
:Jffrif:iglsl cll'oge\]dqsir?;gsg,zhczltec!i @ temp.eratures, a&treme Wegther events(e.g. more powerful cyclonic storms,
construction and warned they heavier downpours and blizzardsyger floods and longedeeper droughtyare
would restrict vehiclesn streets occurring with greater frequencyce caps and glaciers are rapidly meltindnich
accelerates setevel risg(a threat to the survival aéland nations and coasteities

and towns), while also reducing the supply of fresh watet’ Should the
concentration rise above 450 ppm, the level climate scientists associate with a
+2.0°Caverageancreasenot only could we see a ndimear intensification ofthese
impacts but we alsorun the risk ofunleashing positie feedback loops capable of
driving average temperaturesvell above +3.0°¢% When temperaturesreached
these levelsduring the Plioceng® there were no continental glaciers in the
northern hemisphere and sea levels wel®25 metres highef? In light ofthese

risks the total costof usingoil and other fossil fuels to meet our energy neésls
rapidly outweiglingits benefits.

Diagram5 @

Atmosphere as seen from DEVELOPMENTWIDENING GAP UALITY ORCCESS TRERSONAL MOBILITY
international Space station

The atmosphere is not an endles During the same 1963015 time periogl global income pecapta rose 17 times

expanse, but rather a thin shell from USD 589 to 10,004,enabling millions of consumers to become car or

protecting our planet. motorbike ownersfor the first time While motor vehicle ownership increased
around the world, developing countries with average jgsapita income of USD
3,000:10,0® experienced the fastest rate gfowth (on average, more than twice
as fast as developed countri¢d)For example, in emerging economies in Asia,
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motor vehicle ownership rose by-I0% per annum versus the OECD country
average of 3%°

Cars and motorbikeshowever,require extensive infrastructurén the form of
highways, streets, traffimanagement systems and parkintgustures. A sharp rise
in the number of vehiclesherefore presented government officials with the
challenging task of building out remed infrastructurewhile still supporting public
transit options for norvehicle ownersin manycases,competition for mobility
related budgetary resourcassulted in a negative feedback loop, wherebguced
spending on public transit caused the qualif the experienceo decline,thus
driving even greater numbers of useto switch to private vehicles. This in tuead
As developing countries have bu  to additional spending cuts and ultimately further reductions in qu&litpt the
out the extensive infrastructure g5 fime,this vicious circlealso increased congéion, becausemotor vehicles
required to support private . . )
vehicles, public transit has often ~ Move farfewer peopleper hour thanpublic transit(seediagram). The result was a
suffered as a result. systemof personal mobilitywith significant disparitiesn quality of accegswith
lower income earners limited to lower quality public transit and walking, medium
income earners bearing the financial burdeinvehicle ownership and high income
earnersunable to escapéiigh levels of congestion despite benefitting from a
broader range of option%

Diagramé ©

Family on motorbike

With relatively high rates of growth in pexapita income expected to continue in
Asia and other parts of the dewgling world?® we see theincumbentsystemas
reachinga limitto its ability to effectively serve a broad range of consumers. In the
words ofthe former mayor of BogotaEnrique Peélos& an ‘#dvanced city is not
one where even the poor use cars, biather one where even the rich use public
transportd?Q

Today, policymakers, business leaders, entrepreneurs and consumers are much
more aware of the consequences afl three areas ofaccumulating negative
externalities and as such are driving a shift targls a more sustainableystem

V. INNOVATIONSENABLINGHE ADOPTION OF AREO
SUSTAINABISYSTEM

With the incumbent system facing meaningful challengesnnovators are
introducingmore sustainable forms of personal mobilibapable of avoiding many
of the negative consequencey the previoussystem while delivering more value
to consumers.

Diagram7 ® This also occurredduring the last profound transition in personal mobility. In
Moving assembly line production ~ comparison toold 19" century system, the nowincumbentsystemwas (i) free of
The combination of moving horserelated negative externalities and (ii) offered consumers tlheedom to
assembly line product and the move at higler speed whenever and wherever they pleased. Its path to mass
WEAGAY3I 61 3SQ 2 adoption began with technological innovations, most notably the introduction of
an age of private om_/nershtpf electrical ignitions tanternal combustion engine vehicles in 1921t progressed
mass produced vehicles. ) ) ] i )
in 1913 with the advent of a new business model based on moving assembly line
production and consumptiostiy dzf | G Ay 3 Wt A OnQ/vehichdobeRedlda Q o W
the door to private ownership of magsroduced vehicle$® Finally, it took off in
earnest in the 1930svith the introduction of a series of supportive policies,
including incentives for national champions in the auto industry, earmarked funds
for road and highway infrastructure projects and rules and regulations assigning the
right of way tocars and motorkkes®® The auto industry became a robust source of
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Diagramg @

Five levels of autonomy

No feet, no hands, no eyes, no
mind, no driver

Diagram9 ™

The local government of
Pittsburgh partnered with Wer to
serve as its test site for
autonomous vehicles

Other local governments in the
U.S. are similarly vying to becomr
early adopters of autonomous
vehicles. Michigan recently
surpassed Florida to become the
state with the most comprehensi
andpermissive rules and
regulations for autonomous
vehicles.

growth in an otherwise depressed pesar economy?! While the U.S. was the first
to adoptthis system other countries soon followed.

Today, enterprising individuals are again harnessing the power olvations in
technology, business modsnd policy to drivedoption ofmore sustainable forms

of personal mobility. We explore each of these areas in turn before bringing them
together in the form of a newystem

TECHNOLOGY INNOVAYS8O

Three types oféchnological innovations are revolutionising the personal mobility
landscape: autonomy, connectivignd electrification.

> Autonomy

Autonomyrefers to theuse ofsoftware toperform taskspreviouslyperformed by
humans. Increasingly sophisticated forms afanomy are now possible following
decades of simultaneous and mutuathinforcing advancements in computer
hardware, computer software and data storafféghenapplied to personal mobility,
autonomy allows software programmes embedded in vehicles to take over
responsibilities from drivers. It is often described across five levels, beginning with
[ S@St m 2F Wy2 FSSGQ I aahiailrggeSsingity
[ S@St p 2F Wy2 RNAGSND Fdz f &
come with Level 4 FSI (dzNBa |yR ¢S&atl Qa a2RSft
functionality3? Several manufacturers are now working towards Lev8| with
launch daés ranging from 2018 to 2025.The exact timing will depend on how
quickly these players can complete the remaining software and data requirements
needed for algorithm¥ and mapping programme¥.Another critical factor is the
speed at which policymakersmaraft and approve regulatory guidan&nitially,

the use of autonomous vehicles is likely to be limitedfleeet owners operating
within & St S OF S yw@E&ERQcities. Densely populated, easily mapped,
developed urban areas with mild climates make best candidated’ Over time,
further advancements in regulation and mapping software will be needed to
broaden adoption across geographic areas and into the hands of retail consumers.

Autonomyis a powerful toofor advancing personal mobilityllost significantly, it
promises tagreatlyreduce driverrelated accidentsife.94% of total). In recognition

of this potential, policynakers in Europe, the U.S., Japan and Korea have already
made fivestarsafetyratings contingent on the installation of automatic emergency
braking based on intelligent sensofset to go into effect in 2018)Amongother
knockon effects, this developmerwill eventually have a significant impact on the
auto insurance busines$

In addition toimproved safety, autoomy is likely to improve the efficiency of
travel, thus servingo reduce emissionand particulate matterwhile improvingthe
consumer experienceFurthermore autonomous vehicles can help to broaden
personal mobility options for nedrivers, including the young, elderly and disabled.
Finally,autonomypromises to free drivers from time spent operating machinery,
initially by assisting them and eventually by removing their responsibilities
altogether. Although many people enjoy driving on open roads,dejoy doingso
within congestedurban areas
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Diagram10®

Electronic Road Pricing board
displaysdynamically set
congestion charges in Singapor

By 2020all vehicles in Singaport
will be required to transmit data
to the local transport authority
through the use of mandatory
sensory devices. This flow of rei
time data will allow officials to
charge gnamic congestion price
olasSR 2y | @SK
speed and ge@ositioning, as pa
of the greater Electronic Road
Pricing scheme.

Diagrami10
Tesla Model 3

Policymakers initially did not
incentiviseincumbent auto
manufacturers to develop electri
cars leaving open the possibility
for new entranssuch as Tesla tc
take market share.

> Connectivity

Connectivity refers to the connection of people and objectene arother andto
stores of information. In the contextf personal mobility, connectivity has the
power to transform vehicles from largely mechanical, disconnected entities into
connected nodes within extensive webs of users, vehicles and infrastructure. In its
0Faixl0 F2N¥ 27F Wi SiK Sthibvia srasdt ghynesoieledirbriice Q
devices), consumers are able to access services such d@gmealavigation. In its
Y2NB | R@IYyOSR T2NX¥ 2F WSYO0SRRSF
sensorgenerated data to the Cloud,potentially facilitaing reattime vehicleto-
vehicle (V2V) and vehiete-infrastructure (V2I) communicatioff.

Connected vehicles may help alleviate negative externalities tied to congestion by
improving traffic flow and safety features. With rdahe data, transport
authorities can dynamically charge congestion prices and manage traffic sijnals.
In addition, manufacturers have the ability to push software updates to vehicles in
reaktime, addressing malfunctions whenor even before they occur.
Manufacturers have also beeable to add more advanced safety features into
vehicles, such as automatic emergency calls, which reduce response times to
accidents. In terms of value to consumers, improved safety is particularly important,
G8LIAOIT T2
due to more efficient navigation and automatic updates, in addition to a growing
number of options for irvehicle infotainment, are also attractive benefits.

Today, connectivity is advancing rapidly as part of bweader shift towards
autonomyx

> Electrification

Electrification applied to personal mobilitgfers to the incorporation of electric
drivetrains and batteries into vehicles. This type of energy system can either
function alorgsideinternal combustion engines (i.@lug-in hybrid vehiclesPt |1 )9 £ Q
or independently (i.e. battery electric vehiclés. 9. i if@ternal combustion engine
vehiclesthe 200part engine is the primary driver of both price and performance,
whilein electic vehicles the battery holds the key to both isaccounts for 3550%

of the total cost and determinethe rangeof the vehicle®® Another keypoint of
differentiation is the lack ofa tailpipe, as BEVs do not produce emissiargen
driven.

In recent years, developments in bobatteries and vehicle emissions standards
have increased the attractiveness of electric vehiodative tointernalcombustion
engine vehiclesln terms of batteries, from 200® 2015, the average price fell by
a fector of four, while energy density increased by a factor of five agram
below). Over the same periodegulators in major auto markets tightendtket
emissions standard®r carsby an average 020% (segoolicy innovation section),
placingupwardspressure on cost?

Today electric vehicle penetration rates asrgill relatively low with the estimated

1.3 million electric caf§, 200 million electric motorbiké$and 173,000 electric
busesin circulation equatingo less than 1% of total vehicles in most markgts.
However,these numbers daot reflect the significant investmentsiade todate

by governments, battery manufacturers and vehicle manufacturevkich are
accelerating adoption and pushing the market tods critical tipping points. For
example, by 201¢lectric cars will be available at a retail price under USD 30,000
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postsubsidy with a minimum range of 200 mitetwo factors considered critical to
massmarket adoption*® With industry leaders planning &xpand capacity to over

100 gigawatt hours by 2021 (see Diagram 13), we expect to see continued
improvements in price driving even greater consumer demand and adofjtion.

Diagraml2%°
Evolution of battery cost and densitfor plug-in hybrid (PHEV) anbdattery electric vehicles (BEV)

1200 =00 2022 GM battery cost target (BEV)
‘(7; E >~
8= 1000 400 S = mmmm 2022 Battery cost target (PHEV)
¥ 800
5 fa) 300 5 3 2020 Tesla battery cost target (BEV)
53 o 200 o=y
-] ‘> Battery cost (PHEV
m <= 400 . - % ? y ( )
200 . I l I . 100 m 3 Energy density (PHEV)
=
0 . . 0 2022 Energy density target (PHEV)

2008200920102011201220132014201520202022

Adoption at massnarket levels hashe potential to significantly reduceegative
externalities associated wh the incumbent system In contrast to internal
combustion engine vehicleglectric vehicles do noemit carbonor particulate
matter andproduce little noiseThe ability to locate the smaller sized engine in the
back of the vehicle as opposed to the frgatg. Tesla Model 3Jso increases safety.
Thesefeatures promise to improve healthand wellbeingissues. Furthermore,
electric vehicles offer a compelling 2 f dzi A 2y (2 waB®Raz03 ¥Ea Qi 2 (
carbon emissions. For one, they are more energy efficient thi@nnal combustion
engine vehicles where only 1% of fuel consumed is used to move passengers and
13% to move the physical car, with the rest, 8684t to the engine, transmission
China is leading the way interms g jdling time>: When combined with renewable power charging stations, they

electrification of public buses; the . . .
country is responsible faver50% have the potential to reduce emissiofrem the vehicles themselvés almost zero.

of both supply and demand Turning to the consumer, price typically ranks as the numiner louying criteon
globally. Leading Chinese h lecti hick In thi t electri hicl b .
manufacturer Yutong Bus recentl w en ;e ecting a. ve |c. : n. is respect, gec ric . vehic gs are. ecoming
entered an agreement with RATP  increasingly attractiveelative tointernalcombustion engine vehiclend in terms

France to supply electric buses of their payback perio&® As foroverall experience, electric drivetrains offer faster

across the country. acceleration and a quieter ride. Thegn also save timeonsumers who drive fewer

than 300 miles per day can leave their vehicles to charge overnight; maintenance

and servicing demands are less fregt; and premium parkings increasingly
available.¢ KS&4S o0SySFAGa FINB 0S02YAy3a S@GSy Y:
declines in line with improved batteries and growimgmbers of charge point$*

Diagrami3®

Yutong electric bus

More active
users

Better Higher
experience utilisation
More active

vehicles

BUSINESS MODEL INMOYONS

Just as Fordism unlocked the poweriernal combustion engine vehicles, today
sharing model# the form of multimodal, mobilinasa-d S NIWA OS 6 Wal | { QU
are laying the foundation for the spread afitonomous, connected and electric

Diagraml4® vehicles.Multimodal refers to different vehicle types, such as motorbikes, cars,
Example ofnetwork effects within ~ busesrail,boats and biks MaasS platformsefer to digital interfaces through which
ride-hailing model consumers can ordeand pay foron-demand,seamless, hypelocal, customised

More active users drive utilisation  journeys®

rates higher, which in turn attracts ) )
more drivers on the basis of Multimodal MaaSplatforms rely on the power ohetwork effects (sealiagram).

improved profitability; this reduces  Although we have yet to see the development of a féliéglged platform, we have
FPOUADS dzaSNBQ 4 geep companies in critical verticals consolidatisgr basegnd broadening their
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service offering. Below we explore thge developments andexamine how
multimodalMaaSplatformshave the potential tgprovideconsumersand society at
largewith a compelling value proposition.

> Building block 1:ehicle sharing platforms

Today there are several different types of vehicle sharing models in operation,
including businesto-consumer (B2C), businessbusiness (B2B), pe¢o-peer
Diagraml5 (™ (P2P) andide-hailing platforms.

Scooter sharing in San Francisco  Under B2C sharingnodels consumers rent vehicles for short periods of time
Scoot is one example of an electr  through digital platforms. This model began in the car segment in the early 2000s
scootersharing company. It when new entrants, such as ZipCar, disrupted the rental market throughsbef
operates over 400 vehicles acros: digital service platforms as opposed fghysicalrental offices®® Both incumbent
75 locations in San Francisco. 9 P i PP ) y ] } .

rental car companies, such as Avis and Enterprise, and automotive companies, such
as BMW and Daimler, have a strong presence in B2C car sharing after acquiring
many ofthe original startups. This segment has now grogioballyfrom 350,000
membersin 2008 to two million today’

It has also spread across different typesvehicles. For example, bicyebaring
programmes are now in place in over 600 cities worldwide. Operating companies
typicaly run these schemes in conjunction with local governments aligned in
providing alternaties to motorised transport over short distanc®sElectric
scooter and motorcycle sharing is alsking off with growing networks in cities

Diagranml6 ® such as Barcelona and San Franctéae have also seen developments around
5 A RA GhailingNdpiR S 0dza &KFNRAY3AZ 4 dzOKaunthadf leaskdildds flBesiRend®d to H 1 M p
In the time it took Uber to complement public transit options on popular rout&s.

complete one billion ridénailing

tips, Didi completed two billion. In the B2B market, companies manage fleets of cars for corporates or communities,

with the promise of increasing utilisation and ease of use in comparison to
traditional leasing programme®.Services range from infrastructure management
to financing to cleaning. In 2015, RCI Mobility launched its B2B business, Glide
€ O 20Airst d Mobility, after acquiring Nissan CarSharfidn the same year, Didi unveiled its

@ Heathrow Airpor Enterprise Saitions business segmeft.
TheP2PY 2 RS RirbnB@ KS OSKA Of SaQs FAYa G2 f SOSNI
connecting private vehicle owners with renteWsith cars parked an average of 96%

Thr5 @ 35min % 5hr ¥ 1hr5 5 1hr4

® Depart at 17:17 OPTIONS

SEEm £, = EEmm 34 min of their useful lives, the economic rationale behind the modeitrong* However
70178 . we have yet tasee any one platformeach scaledespiteattemptsfrom numerous
& In 5 min from Piccadilly Circus Station . i . .

@ information players such a€arsClub, Drivy and TiThis could change as compariies ways

to boostuser density®

More by subway

- = 50 min Finally, ride-hailing offers vehicle sharing with the added service of a driver.
AL SR Although it initially began ithe hired carsegment it has now expanded into other
@ information modes, such as rickshaws and minibu®dsber was arguably the first company to

enter this market, with glatform offeringon-demand car journeys, transparent
wait times, seamless mobile payments and quality contralits two-way ratings

Also consider

B uber 1 hr 5 min

2 min away £20-29 system®” Although Uber was able to complete over onditi trips in the span of

() Feumete foruberP 0L cluces el At fore s v five years, today the company faces stiff competitf®hotably, in 2016Jbersold
Diagrami.7© its stake in China to Didi, its local ri¥&Didicompletedtwo billion trips in less than
GoogleMaps journey planner no\ fouAr years lyveAmbedding itsiije:hailing pIatformAwithT\ y ) I KAY I; Q& tSFRAY:
displays Uber as alternative ASNBAOS: ¢SyOSyidaoa 2SS/ KFG LI FGF2NY
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CHANGES IN LOCAL POLICY

In London,the transport
authority is dissuading the use
of private vehicles by
increasing fees in Congestion
Charge and Low Emissions
Zoneswhile at the same tine
incentivising alternatives, such
as through the development of
Cycle Superhighways, BRT
lanes for low and zero
emission buses and
pedestrianised areas.

Similarly,in support of
multimodal transport,
policymakers ilBogot have
prioritised investments in
public transit, cycling
infrastructure and
pedestrianised areas.
TransMlenio BRT now moves
2.5mpeople per day. The city
hasalso put in place its own
serviceplatform, Sistema
Integrado de Transporte

In Johannesburgfficials
challenged citizens to live in a
city free of cars by closing
down major roads iiits
business districas part of the
month long EcoMobility World
Festival in 2015. This followed
several years of putting in
place transport alternatives,
including BR in 2009, light rail
in 2012 and bike lanes
connecting the city with
townships in 2013.

Finally, invancouver

transport authorities reached
their goal of 50% of all trips in
the city to be taken by walking,
biking or public transit in 2016,
four years abad of target,
thanks to the use of public
incentives.

Diagram18®

Transmileno BRT in Bogit

> Building block 2lourney planning platforms

Journey planning platforms are in development for both public transit and private
vehicle users. In relation to public transihet first generation of pldfiorms have
focused on integrating public tranglatainto mapping platforms. Examples include
GoogleMaps, Citymapper anioovit. They help consumers overcome the
complexities of using public transport by combining different modes, transparently
displayig prices and providing retime information on wait time<! Many now
also provide information on vehicle sharing optionsor example, GoogleMaps
displays Uber journey times and fares alongside public transit opti{ses
diagran). As a further step, many aito integrate payment systems akin to the
W dzNR Quhictiehabl@d@nsumers to seamlessly pay for travel on all types of
public transportand gain entry into local attractiotfd Aside from public transit
focused apps, jourey planning platforms also exist fgrivate vehicls. For
example,through the community-based app Waze, drivers share raale traffic

and road information in exchange for navigation assistaicew 2016 Waze
partnered withINTRIX (G KS ¢ 2 NsugplReriof quadity fRaffiy’ data, to add
parking assistance to its servicés

> Fully integratednultimodal, Maa®latforms

Over time vehicle sharing and journey planning platforimasve the potentialto
converge into multimodal mods) integrating almodes (public and privatéhto
one interfacealong with payment systems. This form could achieve powerful
optimisation and individual customisation at the system leséthough multimodal
MaaSplatforms are not yet a reality, this could change quiakiyng with further
advancements in autonomousconnected and electric vehicles and greater
collaboration amongst different stakeholders.¢ data shariny

Multimodal MaaSplatforms have the potential to play an important role the
development of a morsustainablesystemof personal mobility. Shifting consumers
away from owning mobility assets and towards accessing mobility servizdd
serve toreduce the number of vehicles in circulatiower the longterm, as less
would be required to move the sanzanount of people’® However, over the short
term, we recognise the potential for the number of vehicles to actually increase as
use of the incumbent system overlaps with the new system.

Multimodal MaaSplatformsalsohave the potential to be more inclugvfor one,
greater optimisation and customisatiowould enable aroader range of more
affordable options’® In addition,theseplatforms could help to bring down the total
cost of personal mobilitywWhilethe incumbentbusiness model of siloed ownership
and servicesnakes itnecessary to maintain excess capacity in order to meet all use
casesunder a dynamically managed model, idle assets would become productive,
eliminating the need for providers and users to sh#re cost burden associated
with them. Aside from these advantages, consumers would no longer have to
choose between A, B or C (e.g. daily comnfytbus, motorbike or car), but rather
could choose a blended solution across A, B, C, D, E, F, etc. eachetimeotie’’

POLICY INNOVATIONS

From the 1930s onward, policy innovations helped to entremgtat has now
become the incumbent systemf personal mobility Today, policy innovations at
both the local and national {esl areagain speeding uphe transition to the new
systememerging today

© GENERATMINVESTMENT MANAGEMT LLP 2016

Pagel0



GENERATION SUSTAINABILITY INSIGHTS BERNSSTION IN PERSONAL MOBILITY IN URBAN AREAS

Diagram19 @

Visual depiction of existing right
of way assigned to private
vehicles in urban areas

Illustration of historical
prioritisation of private vehicle
owners over pedestrians

> Local policies aimed at reducing use of private vehicles

At the local level, policymakers are using numerous tools to restrict the use of
private internal combustion enginevehiclesin urban areas Measures include
increasingly prohibitive congestion charges, restricted access areas, bans at certain
times, speed reductions and parkieparges At the same time, local officials are
also incentivising consumers to take publiartsit, cycle or walk by increasing the
availability and attrativeness of these alternatives (see side barprevious page

for examplesy®

The introduction or extension of light rail has beame option adopted by several
cities, such as Los Angeles and Melbourne, givhasthigler passenger capacity
relative to other modes of public transilpwer operating costssersusthe metro

and limited air and noise pollution compared to combustion vehi¢tiesvever, due

to high capital costs, inflexible infrastructure and traffiterruption, it is not always

a viable option particularly in lower income countries. For this reason, many cities
have instead(or additionally opted for Bus Rapid Transit (BRT). BRT consists of
dedicated, centrally positioned bus lanes with prioritised traffic signals. It achieves
speeds similato metros, but with a fraction of the capital expenditures and time
required to build. In China, for example, BRT is in place in over 20 cities. Aside from
these options, locabfficialsare also increasing the number of dedicatedyie
lanes and cafree developments, which incentivise both cycling and walking.

The basic shift fronthe use of private vehicles tthese alternativemodes has the
potential to significantly reduce negative externalitiesssociated with the
incumbentsystem while at the sara time improving communitiesee table)

Diagranm207

Shifting consumers away from
cars can help to alleviate
negative externalities

Compared to alternative forms o8

transport, cars are less efficient ir
terms ofspace, emissions and J

capacity they arealso
responsible for a higher number
of fatalities

CONGESTION: Space 1,500 75 50 20
required tomove  sqFTPER CAR SQ FT FORBUS SQFTFORBIKE  SQFT FOR PERSON
congestion:  75.0% 14.7% 10.1% 0.2%

transport fatalities IN CAR WALKING ORBIKING ~ ON MOTORBIKES ~ ON BUS OR TRAIN
emissions: kms.Per 26,200 80,600 101,200 146,100

person per ton of CO, IN CAR IN METRO IN REGULAR BUS IN BRT
Access: People/hr. 2,000 14,000 80,000 100,000

moved on 3.5m lane BY CAR BY BICYCLE BY BRT BY RAIL

> Global decarbonisation agenda driving national policies

Globally policymakers areeffectively restricting the use of obbased fuelsfor
transport in line withthe decarbonisation agenda outlined ithe 2015 Paris
Agreemet (the first universal, legallpinding global deal on climaté).This plan
necessitates the implementation of aggressive sw@as over the next-30 years.

One such measure is the use of increalirgjrict vehicleemissions standais.
Policymakers in leading auto marketsave already put plansn place to
meaningfully ratchet up requirements, with stegps planned for 2020 and 2025.
Compliance with these standards requires manufacturers to elecitifgast part

of their fleets® Aside from@tick€) national policymakers are offeringarrot<in

the form of incentives for first time buyers of electric vehiclesr example, in the
U.S. the government provides a USD 7,500 tax credit to first time buyers, in
additional to incenties offered at the state level, such as sales tax exemptions and
carpool lane accesS.
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Diagram21 8

The need for speed
5-10 year

We have a 80 year window to . .
window of time

implement the aggressive
decarbonisation measures
required to limit the average rise
in global temperatureso +2.0°C;
this includes greatly reducing the
g2NI RQa RS LiBagar ¢
fuelsfor transport.

to implement the aggressive
decarbonisation

measures required to bend
the emissions curve
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Taken together, local and national policies are shifting the focus of personal mobility
away from maximising systerwide capacity for privatebpwned internal
combustion engine vehicles wardsoptimising systerwide emissions, efficiency
andresilience

V. A MORE SUSTAINABMSTEM

Under thenew system we expectconsumergo increasingly meet their needs for
personal mobility through the use oh-demand services across various modes of
autonomous, connected, electric andhared transport We anticipate many
consumer segments, such as young urban dwelleit,choose note to own a
vehicle while others will own them to fill supplementary needsd. longourneys).

As a whole, themew systerrhas the potentiato address the negative externalities
associated with thencumbentsystem while improving the value proposition to
consumershy: (i) improing systemwide efficiency; (iinearly eliminatng driver
related accidents; (iii) greatly reducing botlrban air pollution and carbon
emissions; (ivienhancingsocial inclusion by offering a broader range of options
across price pointsand (v) increasing consumer satisfaction through individual
cusbmisation Although thesystemintroduces a new set afinintended negative
consequencessuch assafety risk from cybeattacksandjob lossefrom advances

in autonomy these challengebave yet to cross critical, systemic thresholds.

A mix of old andemergingmobility service providers likely tobe responsible for

driving thissystemforward. Across the value chain, we expect to see the rise of

parts suppliers focused on providing increasingly sophisticated software
components manufacturers with epertise in designing and manufacturing
autonomous, connected, electric vehicles for shause retail sales providers

capable ofdzy A lj dzSf & &l GAaFeAay3d O2dfivedzGNG Q ySS
senice plansand lastly, end servic@roviders serving theetail segment, as

opposed to individual consumerwith offerings ranging from renewable charging

stations to fleetbased insurance products.
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Diagram2 8

A newsystem ofpersonal
mobility

>Centred on the use of en
demand services across various
modes ofautonomous,
connected and electritransport,
with product ownership meeting
supplementary needs

> Driven by a shift towards (i)
autonomous, connectednd
electric vehicle technology, (ii)
multimodalmobility-asa-service
business models and (iii)
redistribution of right of wayto
optimise for systerwide
emissions, efficiency and
resilience

> Supported by a softwardriven
value chain

VI. CONCLUDING REMARKS

The shift to the newsystemof personal mobility represents the transformation of

a complex global systerfror investors, this presents a compelling opportunity to
deploy capital for the longerm, amidst an environment of generally low growth.
However, it also signals a period of heightened risk, as investments with exposure
to the decline of the incumbent system come under pressumeour view, it is
therefore criticalto zoomout in order to view personal mobility outside of the
bounds of anyinglechallenge, innovationr sector We beliee this broader, more
holistic lens is what enables investors to identify and adapt to changes others have
yet to see. It is the difference between a'l@entury carriage driver and a horse
with blinders.
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