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KEY INSIGHTS  

> The incumbent system of personal mobility, based principally on private ownership of internal 
combustion engine vehicles, is collapsing under the weight of the rapidly accumulating negative 
externalities inherent in the system. 

> As this elaborate system falters, numerous innovations are giving rise to a more sustainable 
systemτone capable of addressing many of those negative externalities while delivering 
considerably more value to consumers.  

> Although still in its nascent stage, the new system is rapidly solidifying around the provision of on-
demand services across various modes of autonomous, connected, electric and shared transport. 

> In order to successfully navigate the transition from the incumbent to new system, companies 
across the value chain must evolve their businesses or face displacement by new and existing 
competitors. 

> For investors, this presents a compelling opportunity to deploy capital for the long-term, 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 pressure. 

> Overall, we believe it is critical to zoom-out in order to view personal mobility outside of the 
bounds of any single challenge, innovation or sector. We believe this broader, more holistic lens 
is what enables investors to identify and adapt to changes others have yet to see. 

 

1 Founded in 2004, Generation is a boutique investment manager with four investment strategies: Global Equity, Asia Equity, Growth Equity and Global Credit. 
Generation seeks to deliver superior investment results by consistently taking a long-term view and fully integrating sustainability research within a rigorous 
framework of traditional financial analysis. Pictures: First picture ς highway at night in Shanghai (www.shutterstock.com/pic-156116006/stock-photo-shanghai-
elevated-road-junction-and-interchange-overpass-at-night.html); second picture ς depiction of fleet of electric cars 
(http://www.harcresearch.org/feature/HARC_Increasing_use_of_electric_cars_bicycles) 
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I. INTRODUCTION 

The incumbent system of personal mobility, based principally on private ownership 

of internal combustion engine vehicles, is no longer sustainable in major urban 

areas. Although this system facilitated decades of economic growth throughout the 

20th century, it also resulted in the mass accumulation of negative externalities1 

related to public health, the climate and social inclusion. Today, the escalation of 

these indirect costs is driving the system towards breaking point.  

However, as it falters, a more sustainable form of personal mobility is emerging. By 

harnessing innovations in technology, business models and policy, the new system, 

more suited to the realities of the 21st century, has the potential to avoid many of 

the negative externalities of the past while delivering considerably more value to 

consumers going forward. It centres on the use of on-demand services across 

various modes of autonomous, connected, electric and shared transport. 

In this paper, we examine the transition from the incumbent to the new system 

through the broad lens of sustainability.2 Our aim is to provide investors with a 

holistic framework through which they may assess complex changes as they unfold. 

We begin with a description of the starting point, the incumbent system, and then 

examine how negative externalities are constraining growth. From there we explore 

the innovations in technology, business models and policy we see giving rise to 

more sustainable forms of mobility. We then share our vision for a new system. 

II. THE INCUMBENT SYSTEM OF PERSONAL MOBILITY 

Since the mid-20th century, consumers in urban areas have largely relied on 

privately-owned internal combustion engine vehicles (specifically cars and 

motorbikes3) to meet the majority of their personal mobility needs, with services 

such as public transit and hired cars playing a supplementary role όΨ¢ƘŜ incumbent 

systemΩΤ ǎŜŜ 5ƛŀƎǊŀƳ мύ.4 While systems vary by urban area, due to differences in 

income levels, density and quality of public transit, most share these common 

characteristics. 

The auto industry forms the backbone of this system, with each segment playing a 

key role in the provision of personal mobility products and services. The first 

segment includes ΨTier-1 suppliersΩ responsible for providing finished hardware and 

software components to car and motorcycle manufacturers, as well as lower tier 

suppliers of other component parts and raw materials. Whereas lower tier suppliers 

compete primarily on the basis of price, Tier-1 suppliers differentiate themselves 

on the function and reliability of their products. The next segment includes 

manufacturers, responsible for proprietary engine design and vehicle assembly. 

Their core value proposition comes from manufacturing complex products with 

near zero error rates. They also compete heavily on the basis of brand value to retail 

consumers. Manufacturers typically have close relationships with retail sales 

providers in the next segment of the value chain. This group includes the product 

dealerships responsible for developing a network of consumers at the point of sale. 

Lastly, a host of end service providers serve consumers throughout the lifetime of 

vehicle ownership, such as petrol stations (i.e. energy suppliers), consumer finance 

and insurance companies and other maintenance and service providers. Other 

types of vehicles, including buses and trains, originate from similar value chains, 

albeit with different technological specifications and end customer profiles. 

The Sustainability Insights 
SŜǊƛŜǎ ŘǊŀǿǎ ƻƴ DŜƴŜǊŀǘƛƻƴΩǎ 
deep base of proprietary 
research to provide readers a 
holistic view of developments 
occurring across key areas of 
the economy.  

In the case of mobility, 
DŜƴŜǊŀǘƛƻƴΩǎ proprietary 
research dates back to the 
ŦƛǊƳΩǎ ƛƴŎŜǇǘƛƻƴ ŀƴŘ ƛƴŎƭǳŘŜǎ 
the following Roadmaps and 
Solutions Summits: 

 

2009

2004
Automobiles

2008
Fuel economy & emissions

2010
Sensors

2012
Machine-to-machine

2014
Autonomous car
Connected car
Sustainable Urbanisation*

2016
Bus & rail go digital
P2P car sharing
Solar and storage
Cyber security
Automobiles

2011
Market for electric vehicles
Transport & logistics

2013
Automobiles
Sharing economy ςautomotive
Fuel cells

2015
Fleet telematics
Future of mobility*

*Accompanied by Solutions Summits
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Diagram 1 5 

Incumbent system of personal 
mobility 

> Centred on the use of privately-
owned internal combustion 
engine vehicles with services 
playing a supplementary role 

> Evolved from adoption of (i) 
internal combustion engine 
technology, (ii) private ownership 
and mass production business 
models and (iii) policies designed 
to maximise capacity for private 
vehicles 

> Supported by hardware-driven 
value chain 

 

Although the incumbent system has served consumers for close to a century, today 

it is giving way to new forms of personal mobility. To understand why, we first 

examine how negative externalities are constraining further growth of this system 

and then explore the innovations giving rise to a more compelling alternative.   

III. ACCUMULATED NEGATIVE EXTERNALITIES ARE 
CONSTRAINING THE INCUMBENT SYSTEM 

Negative externalities refer to tangible and intangible costs borne by third parties. 

They are the often unintended impacts of doing business. While tolerable at low 

levels, negative externalities can drive systems to breaking point once they cross 

unsustainable thresholds.  

This was the case in the early 1900s during the last transition in personal mobility.  

After decades of economic growth and urbanisation following the Industrial 

Revolution, major cities, such as London and New York, had become crowded with 

people and horse-drawn vehicles.6 Piles of manure lined the streets, blocking the 

flow of traffic and spreading both disease and stench. As congestion increased, so 

did the number of road accidents, to the point of causing a greater number of 

human fatalities per capita than they do today. City officials spent their time 

continually removing not only manure, but also dead and injured horses from city 

limits.7 Moreover, with the radius of personal mobility limited, urban workers had 

little choice but to live in this unpleasant environment, fully absorbing the cost of 

negative externalities.8 

Today we see similar dynamics at play. Although the negative externalities 

associated with the incumbent system have not changed, the magnitude of their 

impact has. At current levels, these unintended consequences are severely 

impairing public health, the climate balance and social inclusion. To understand 

why, we explore three major developments occurring over the past 50 years.  

 

Diagram 2 (a) 

ΨLƴ рл ȅŜŀǊǎΣ ŜǾŜǊȅ ǎǘǊŜŜǘ ƛƴ 
London will be buried under nine 
ŦŜŜǘ ƻŦ ƳŀƴǳǊŜΩ ό¢ƘŜ ¢ƛƳŜǎΣ муфпύ 

With  300,000 horses in London 
and 100,000 in New York, each 
producing 15-35 pounds of manure 
a day, officials from both cities  
came together in 1889 to debate 
ǘƘŜ ΨDǊŜŀǘ IƻǊǎŜ aŀƴǳǊŜ /ǊƛǎƛǎΩ at 
ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 
urban planning conference.  
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DEVELOPMENT 1: GROWING CONGESTION CONTRIBUTING TO URBAN AIR AND 

NOISE POLLUTION AS WELL AS TRAFFIC ACCIDENTS 

From 1965 to 2015, the urban population increased four-fold to four billion people 

and the stock of passenger cars and motorbikes grew six-fold to approximately 900 

million units each.9 The expansion of urban infrastructure, however, has not kept 

up with this rapid pace of growth. As a consequence, congestion has now reached 

severe levels in cities around the world. Congestion not only slows the speed of 

commerce, but also takes a direct toll on public health. First, it increases urban air 

pollution, Ψthe modern-day manureΩ, as the more time vehicles spend in traffic, the 

more particulate matter they emit. Air Quality Index values are now in frequent 

breach of the 0-100 level deemed as moderately safe.10 This causes millions of 

premature deaths each year, along with a higher incidence of respiratory illness.11 

In addition, congestion contributes to stress levels, as it wastes time and raises 

noise levels.12 Furthermore, a growing number of vehicles in circulation also 

increases the likelihood of traffic accidents, responsible for killing 1.3 million people 

annually.13 Lastly, in many cities, congestion drives up the cost of housing in central 

areas due to the increasing desire on the part of those who can afford it to avoid an 

increased commute time. This pushes lower income earners, who cannot afford 

higher housing costs, farther outside of cities, causing them to disproportionately 

bear the time-burden of congestion.  

DEVELOPMENT 2: RISING GREENHOUSE GAS EMISSIONS DISRUPTING THE 

CLIMATE 

Over the past 50 years, the atmospheric concentration of carbon rose by 80 parts 

per million (ppm), 10-20% of which is attributable to the use of oil-derived fuels for 

passenger vehicles.14 With the atmospheric concentration now ΨpermanentlyΩ 

above 400 ppm,15 average global temperatures have risen more than 1.0°C above 

pre-Industrial levels.16 As a result of higher average, and also maximum 

temperatures, extreme weather events (e.g. more powerful cyclonic storms, 

heavier downpours and blizzards, larger floods and longer, deeper droughts) are 

occurring with greater frequency. Ice caps and glaciers are rapidly melting, which 

accelerates sea-level rise (a threat to the survival of island nations and coastal cities 

and towns), while also reducing the supply of fresh water.17 Should the 

concentration rise above 450 ppm, the level climate scientists associate with a 

+2.0°C average increase, not only could we see a non-linear intensification of these 

impacts, but we also run the risk of unleashing positive feedback loops capable of 

driving average temperatures well above +3.0°C.18 When temperatures reached 

these levels during the Pliocene,19 there were no continental glaciers in the 

northern hemisphere and sea levels were 10-25 metres higher.20 In light of these 

risks, the total cost of using oil and other fossil fuels to meet our energy needs is 

rapidly outweighing its benefits. 

DEVELOPMENT 3: WIDENING GAP IN QUALITY OF ACCESS TO PERSONAL MOBILITY 

During the same 1965-2015 time period, global income per-capita rose 17 times 

from USD 589 to 10,004,21 enabling millions of consumers to become car or 

motorbike owners for the first time. While motor vehicle ownership increased 

around the world, developing countries with average per-capita income of USD 

3,000-10,000 experienced the fastest rate of growth (on average, more than twice 

as fast as developed countries).22 For example, in emerging economies in Asia, 

Diagram 3 (b) 

Ψ{ŎƻƻǘŜǊ ǿŀǘŜǊŦŀƭƭΩ ƻƴ ŀ ōǊƛŘƎŜ 
into Taipei City 

Congestion cripples major cities at 
peak commuting hours. 

Diagram 4 (c) 

Air pollution in Delhi, India 

In November 2016, Air Quality 
Index values in Delhi, India neared 
1,000, twice the 500 level deemed 
ΨƘŀȊŀǊŘƻǳǎΩΦ !ǎ ŎƛǘƛȊŜƴǎ ǇǊƻǘŜǎǘŜŘΣ 
officials closed schools, halted 
construction and warned they 
would restrict vehicles on streets. 

Diagram 5 (d) 

Atmosphere as seen from 
international space station 

The atmosphere is not an endless 
expanse, but rather a thin shell 
protecting our planet. 
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motor vehicle ownership rose by 7-10% per annum versus the OECD country 

average of 3%.23  

Cars and motorbikes, however, require extensive infrastructure in the form of 

highways, streets, traffic management systems and parking structures. A sharp rise 

in the number of vehicles therefore presented government officials with the 

challenging task of building out required infrastructure while still supporting public 

transit options for non-vehicle owners. In many cases, competition for mobility-

related budgetary resources resulted in a negative feedback loop, whereby reduced 

spending on public transit caused the quality of the experience to decline, thus 

driving even greater numbers of users to switch to private vehicles. This in turn led 

to additional spending cuts and ultimately further reductions in quality.24 At the 

same time, this vicious circle also increased congestion, because motor vehicles 

move far fewer people per hour than public transit (see diagram). The result was a 

system of personal mobility with significant disparities in quality of accessτwith 

lower income earners limited to lower quality public transit and walking, medium 

income earners bearing the financial burden of vehicle ownership and high income 

earners unable to escape high levels of congestion despite benefitting from a 

broader range of options.25 

With relatively high rates of growth in per-capita income expected to continue in 

Asia and other parts of the developing world,26 we see the incumbent system as 

reaching a limit to its ability to effectively serve a broad range of consumers. In the 

words of the former mayor of Bogotá, Enrique PeñalosaΣ Ψan advanced city is not 

one where even the poor use cars, but rather one where even the rich use public 

transportΦΩ27 

Today, policymakers, business leaders, entrepreneurs and consumers are much 

more aware of the consequences of all three areas of accumulating negative 

externalities, and as such are driving a shift towards a more sustainable system. 

IV. INNOVATION IS ENABLING THE ADOPTION OF A MORE 
SUSTAINABLE SYSTEM 

With the incumbent system facing meaningful challenges, innovators are 

introducing more sustainable forms of personal mobility, capable of avoiding many 

of the negative consequences of the previous system, while delivering more value 

to consumers.  

This also occurred during the last profound transition in personal mobility. In 

comparison to old 19th century system, the now incumbent system was: (i) free of 

horse-related negative externalities and (ii) offered consumers the freedom to 

move at higher speeds whenever and wherever they pleased. Its path to mass 

adoption began with technological innovations, most notably the introduction of 

electrical ignitions to internal combustion engine vehicles in 1911.28 It progressed 

in 1913 with the advent of a new business model based on moving assembly line 

production and consumption-stiƳǳƭŀǘƛƴƎ ΨƭƛǾƛƴƎ ǿŀƎŜǎΩ όΨCƻǊŘƛǎmΩ), which opened 

the door to private ownership of mass-produced vehicles.29 Finally, it took off in 

earnest in the 1930s with 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 to cars and motorbikes.30 The auto industry became a robust source of 

Diagram 6 (e) 

Family on motorbike 

As developing countries have built 
out the extensive infrastructure 
required to support private 
vehicles, public transit has often 
suffered as a result. 

Diagram 7 (f) 

Moving assembly line production 

The combination of moving 
assembly line product and the 
ΨƭƛǾƛƴƎ ǿŀƎŜΩ ƻǇŜƴŜŘ ǘƘŜ ŘƻƻǊ ǘƻ 
an age of private ownership of 
mass produced vehicles. 
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growth in an otherwise depressed post-war economy.31  While the U.S. was the first 

to adopt this system, other countries soon followed.  

Today, enterprising individuals are again harnessing the power of innovations in 

technology, business models and policy to drive adoption of more sustainable forms 

of personal mobility. We explore each of these areas in turn before bringing them 

together in the form of a new system.  

TECHNOLOGY INNOVATIONS 

Three types of technological innovations are revolutionising the personal mobility 

landscape: autonomy, connectivity and electrification.  

> Autonomy 

Autonomy refers to the use of software to perform tasks previously performed by 

humans. Increasingly sophisticated forms of autonomy are now possible following 

decades of simultaneous and mutually-reinforcing advancements in computer 

hardware, computer software and data storage. When applied 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 

[ŜǾŜƭ м ƻŦ Ψƴƻ ŦŜŜǘΩ ŀǎǎƛǎǘŀƴŎŜ ƛƴ ŀŎŎŜƭŜǊŀǘƛƴƎ ŀƴŘκƻǊ ōǊŀƪƛƴƎ ŀƴŘ Ǉrogressing to 

[ŜǾŜƭ р ƻŦ Ψƴƻ ŘǊƛǾŜǊΩ Ŧǳƭƭȅ ŀǳǘƻƴƻƳƻǳǎ ǾŜƘƛŎƭŜǎΦ aŀƴȅ ǇǊŜƳƛǳƳ ǾŜƘƛŎƭŜǎ ŀƭǊŜŀŘȅ 

come with Level 1-н ŦŜŀǘǳǊŜǎ ŀƴŘ ¢ŜǎƭŀΩǎ aƻŘŜƭ { ŀǊƎǳŀōƭȅ Ƙŀǎ ǎƻƳŜ [ŜǾŜƭ о 

functionality.32 Several manufacturers are now working towards Level 4-5 with 

launch dates ranging from 2018 to 2025.33 The exact timing will depend on how 

quickly these players can complete the remaining software and data requirements 

needed for algorithms34 and mapping programmes.35 Another critical factor is the 

speed at which policymakers can draft and approve regulatory guidance.36 Initially, 

the use of autonomous vehicles is likely to be limited to fleet owners operating 

within ǎŜƭŜŎǘ ΨƎŜƻ-ŦŜƴŎŜŘΩ smart cities. Densely populated, easily mapped, 

developed urban areas with mild climates make the best candidates.37 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. 

Autonomy is a powerful tool for advancing personal mobility. Most significantly, it 

promises to greatly reduce driver-related accidents (i.e. 94% of total). In recognition 

of this potential, policymakers in Europe, the U.S., Japan and Korea have already 

made five-star safety ratings contingent on the installation of automatic emergency 

braking based on intelligent sensors (set to go into effect in 2018). Among other 

knock-on effects, this development will eventually have a significant impact on the 

auto insurance business.38 

In addition to improved safety, autonomy is likely to improve the efficiency of 

travel, thus serving to reduce emissions and particulate matter while improving the 

consumer experience. Furthermore, autonomous vehicles can help to broaden 

personal mobility options for non-drivers, including the young, elderly and disabled. 

Finally, autonomy promises 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, few enjoy doing so 

within congested urban areas.  

Diagram 8 (g) 

Five levels of autonomy 

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

0

1

2

3

4
5

Diagram 9 (h) 

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

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

Connectivity refers to the connection of people and objects to one another and to 

stores of information. In the context of 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 

ōŀǎƛŎ ŦƻǊƳ ƻŦ ΨǘŜǘƘŜǊŜŘ ŎƻƴƴŜŎǘƛǾƛǘȅΩ όƛΦŜΦ ŎƻƴƴŜction via smart phones or electronic 

devices), consumers are able to access services such as real-time navigation. In its 

ƳƻǊŜ ŀŘǾŀƴŎŜŘ ŦƻǊƳ ƻŦ ΨŜƳōŜŘŘŜŘ ŎƻƴƴŜŎǘƛǾƛǘȅΩΣ ǾŜƘƛŎƭŜǎ ŀǊŜ ŀōƭŜ ǘƻ ǘǊŀƴǎƳƛǘ 

sensor-generated data to the Cloud,39 potentially facilitating real-time vehicle-to-

vehicle (V2V) and vehicle-to-infrastructure (V2I) communication.40 

Connected vehicles may help alleviate negative externalities tied to congestion by 

improving traffic flow and safety features. With real-time data, transport 

authorities can dynamically charge congestion prices and manage traffic signals.41 

In addition, manufacturers have the ability to push software updates to vehicles in 

real-time, addressing malfunctions when, or even before, they occur. 

Manufacturers have also been able 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, 

ǘȅǇƛŎŀƭƭȅ ŦŀƭƭƛƴƎ ǿƛǘƘƛƴ ōǳȅŜǊǎΩ ǘƻǇ ǘƘǊŜŜ ŎǊiteria.42 Reduced travel and servicing time 

due to more efficient navigation and automatic updates, in addition to a growing 

number of options for in-vehicle infotainment, are also attractive benefits. 

Today, connectivity is advancing rapidly as part of the broader shift towards 

autonomyΣ ǘŀƪƛƴƎ ƛǘ ŦǊƻƳ ŀ ΨƴƛŎŜ-to-ƘŀǾŜΩ ǘƻ ŀ ΨƳǳǎǘ-ƘŀǾŜΩ ƛƴ ǾŜƘƛŎƭŜǎΦ 

> Electrification 

Electrification applied to personal mobility refers to the incorporation of electric 

drivetrains and batteries into vehicles. This type of energy system can either 

function alongside internal combustion engines (i.e. plug-in hybrid vehicles ΨtI9±Ω) 

or independently (i.e. battery electric vehicles Ψ.9±Ω). In internal combustion engine 

vehicles, the 200-part engine is the primary driver of both price and performance, 

while in electric vehicles the battery holds the key to both, as it accounts for 35-50% 

of the total cost and determines the range of the vehicle.43 Another key point of 

differentiation is the lack of a tailpipe, as BEVs do not produce emissions when 

driven.  

In recent years, developments in both batteries and vehicle emissions standards 

have increased the attractiveness of electric vehicles relative to internal combustion 

engine vehicles. In terms of batteries, from 2008 to 2015, the average price fell by 

a factor of four, while energy density increased by a factor of five (see diagram 

below). Over the same period, regulators in major auto markets tightened fleet 

emissions standards for cars by an average of 20% (see policy innovation section), 

placing upwards pressure on cost.44  

Today, electric vehicle penetration rates are still relatively low, with the estimated 

1.3 million electric cars45, 200 million electric motorbikes46 and 173,000 electric 

buses in circulation equating to less than 1% of total vehicles in most markets.47 

However, these numbers do not reflect the significant investments made to-date 

by governments, battery manufacturers and vehicle manufacturers, which are 

accelerating adoption and pushing the market towards critical tipping points. For 

example, by 2017 electric cars will be available at a retail price under USD 30,000 

Diagram 11 (j) 

Tesla Model 3  

Policymakers initially did not 
incentivise incumbent auto 
manufacturers to develop electric 
cars, leaving open the possibility 
for new entrants such as Tesla to 
take market share. 

Diagram 10 (i) 

Electronic Road Pricing board 
displays dynamically set 
congestion charges in Singapore 

By 2020, all vehicles in Singapore 
will be required to transmit data 
to the local transport authority 
through the use of mandatory 
sensory devices. This flow of real-
time data will allow officials to 
charge dynamic congestion prices 
ōŀǎŜŘ ƻƴ ŀ ǾŜƘƛŎƭŜΩǎ ŀǾŜǊŀƎŜ 
speed and geo-positioning, as part 
of the greater Electronic Road 
Pricing scheme. 
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post-subsidy with a minimum range of 200 milesτtwo factors considered critical to 

mass-market adoption.48 With industry leaders planning to expand 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 adoption.49 

Diagram 12 50 

Evolution of battery cost and density for plug-in hybrid (PHEV) and battery electric vehicles (BEV) 

  

Adoption at mass-market levels has the potential to significantly reduce negative 

externalities associated with the incumbent system. In contrast to internal 

combustion engine vehicles, electric vehicles do not emit carbon or particulate 

matter and produce little noise. The ability to locate the smaller sized engine in the 

back of the vehicle as opposed to the front (e.g. Tesla Model 3) also increases safety. 

These features promise to improve health and wellbeing issues. Furthermore, 

electric vehicles offer a compelling ǎƻƭǳǘƛƻƴ ǘƻ ǊŜŘǳŎƛƴƎ ǘƻǘŀƭ Ψwells-to-ǿƘŜŜƭǎΩ 

carbon emissions. For one, they are more energy efficient than internal combustion 

engine vehiclesτwhere only 1% of fuel consumed is used to move passengers and 

13% to move the physical car, with the rest, 86%, lost to the engine, transmission 

and idling time.51 When combined with renewable power charging stations, they 

have the potential to reduce emissions from the vehicles themselves to almost zero. 

Turning to the consumer, price typically ranks as the number one buying criterion 

when selecting a vehicle.52 In this respect, electric vehicles are becoming 

increasingly attractive relative to internal combustion engine vehicles and in terms 

of their payback period.53 As for overall experience, electric drivetrains offer faster 

acceleration and a quieter ride. They can also save time: consumers who drive fewer 

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

and servicing demands are less frequent; and premium parking is increasingly 

available. ¢ƘŜǎŜ ōŜƴŜŦƛǘǎ ŀǊŜ ōŜŎƻƳƛƴƎ ŜǾŜƴ ƳƻǊŜ ŀǘǘǊŀŎǘƛǾŜ ŀǎ ΨǊŀƴƎŜ ŀƴȄƛŜǘȅΩ 

declines in line with improved batteries and growing numbers of charge points.54 

BUSINESS MODEL INNOVATIONS 

Just as Fordism unlocked the power of internal combustion engine vehicles, today 

sharing models in the form of multimodal, mobility-as-a-ǎŜǊǾƛŎŜ όΨaŀŀ{Ωύ ǇƭŀǘŦƻǊƳǎΣ 

are laying the foundation for the spread of autonomous, connected and electric 

vehicles. Multimodal refers to different vehicle types, such as motorbikes, cars, 

buses, rail, boats and bikes. MaaS platforms refer to digital interfaces through which 

consumers can order and pay for on-demand, seamless, hyper-local, customised 

journeys.55  

Multimodal MaaS platforms rely on the power of network effects (see diagram). 

Although we have yet to see the development of a fully-fledged platform, we have 

seen companies in critical verticals consolidating user bases and broadening their 
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Diagram 13 (k) 

Yutong electric bus 

China is leading the way in terms of 
electrification of public buses; the 
country is responsible for over 50% 
of both supply and demand 
globally. Leading Chinese 
manufacturer Yutong Bus recently 
entered an agreement with RATP in 
France to supply electric buses 
across the country. 

Diagram 14 (l) 

Example of network effects within 
ride-hailing model 

More active users drive utilisation 
rates higher, which in turn attracts 
more drivers on the basis of 
improved profitability; this reduces 
ŀŎǘƛǾŜ ǳǎŜǊǎΩ ǿŀƛǘ ǘƛƳŜǎ ŀƴŘ ŎƻǎǘΦ 
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service offerings. Below we explore these developments and examine how 

multimodal MaaS platforms have the potential to provide consumers and society at 

large with a compelling value proposition. 

> Building block 1: vehicle sharing platforms 

Today there are several different types of vehicle sharing models in operation, 

including business-to-consumer (B2C), business-to-business (B2B), peer-to-peer 

(P2P) and ride-hailing platforms.  

Under B2C sharing models, consumers rent vehicles for short periods of time 

through digital platforms. This model began in the car segment in the early 2000s 

when new entrants, such as ZipCar, disrupted the rental market through the use of 

digital service platforms as opposed to physical rental offices.56 Both incumbent 

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 of the original start-ups. This segment has now grown globally from 350,000 

members in 2008 to two million today.57  

It has also spread across different types of vehicles. For example, bicycle-sharing 

programmes are now in place in over 600 cities worldwide. Operating companies 

typically run these schemes in conjunction with local governments aligned in 

providing alternatives to motorised transport over short distances.58 Electric 

scooter and motorcycle sharing is also taking off, with growing networks in cities 

such as Barcelona and San Francisco.59 We have also seen developments around 

ōǳǎ ǎƘŀǊƛƴƎΣ ǎǳŎƘ ŀǎ ǿƛǘƘ 5ƛŘƛΩǎ нлмр ƭaunch of leased bus fleets intended to 

complement public transit options on popular routes.60   

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 programmes.61 Services range from infrastructure management 

to financing to cleaning. In 2015, RCI Mobility launched its B2B business, Glide 

Mobility, after acquiring Nissan CarSharing.62 In the same year, Didi unveiled its 

Enterprise Solutions business segment.63  

The P2P ƳƻŘŜƭΣ ΨǘƘŜ Airbnb ƻŦ ǾŜƘƛŎƭŜǎΩΣ ŀƛƳǎ ǘƻ ƭŜǾŜǊŀƎŜ ǳƴŘŜǊǳǘƛƭƛǎŜŘ ŀǎǎŜǘǎ ōȅ 

connecting private vehicle owners with renters. With cars parked an average of 96% 

of their useful lives, the economic rationale behind the model is strong.64 However, 

we have yet to see any one platform reach scale, despite attempts from numerous 

players such as iCarsClub, Drivy and Turo. This could change as companies find ways 

to boost user density.65 

Finally, ride-hailing offers vehicle sharing with the added service of a driver. 

Although it initially began in the hired car segment, it has now expanded into other 

modes, such as rickshaws and minibuses.66 Uber was arguably the first company to 

enter this market, with a platform offering on-demand car journeys, transparent 

wait times, seamless mobile payments and quality control via its two-way ratings 

system.67 Although Uber was able to complete over one billion trips in the span of 

five years, today the company faces stiff competition.68 Notably, in 2016 Uber sold 

its stake in China to Didi, its local rival.69 Didi completed two billion trips in less than 

four years by embedding its ride-hailing platform withƛƴ /ƘƛƴŀΩǎ ƭŜŀŘƛƴƎ ƳŜǎǎŀƎƛƴƎ 

ǎŜǊǾƛŎŜΣ ¢ŜƴŎŜƴǘΩǎ ²Ŝ/Ƙŀǘ ǇƭŀǘŦƻǊƳ.70 

Diagram 16 (n) 

5ƛŘƛΩǎ ǊƛŘŜ-hailing app 

In the time it took Uber to 
complete one billion ride-hailing 
tips, Didi completed two billion. 

 

Diagram 15 (m) 

Scooter sharing in San Francisco 

Scoot is one example of an electric 
scooter sharing company. It 
operates over 400 vehicles across 
75 locations in San Francisco. 

Diagram 17 (o) 

GoogleMaps journey planner now 
displays Uber as alternative 
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> Building block 2: Journey planning platforms 

Journey planning platforms are in development for both public transit and private 

vehicle users. In relation to public transit, the first generation of platforms have 

focused on integrating public transit data into mapping platforms. Examples include 

GoogleMaps, Citymapper and Moovit. They help consumers overcome the 

complexities of using public transport by combining different modes, transparently 

displaying prices and providing real-time information on wait times.71 Many now 

also provide information on vehicle sharing options. For example, GoogleMaps 

displays Uber journey times and fares alongside public transit options (see 

diagram). As a further step, many aim to integrate payment systems akin to the 

Ψ½ǳǊƛŎƘ /ŀǊŘΩ, which enables consumers to seamlessly pay for travel on all types of 

public transport and gain entry into local attractions.72 Aside from public transit 

focused apps, journey planning platforms also exist for private vehicles. For 

example, through the community-based app Waze, drivers share real-time traffic 

and road information in exchange for navigation assistance.73 In 2016 Waze 

partnered with INTRIXΣ ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ supplier of quality traffic data, to add 

parking assistance to its services.74  

> Fully integrated multimodal, MaaS platforms 

Over time, vehicle sharing and journey planning platforms have the potential to 

converge into multimodal models, integrating all modes (public and private) into 

one interface along with payment systems. This form could achieve powerful 

optimisation and individual customisation at the system level. Although multimodal 

MaaS platforms are not yet a reality, this could change quickly along with further 

advancements in autonomous, connected and electric vehicles and greater 

collaboration amongst different stakeholders (e.g. data sharing). 

Multimodal MaaS platforms have the potential to play an important role in the 

development of a more sustainable system of personal mobility. Shifting consumers 

away from owning mobility assets and towards accessing mobility services could 

serve to reduce the number of vehicles in circulation over the long-term, as less 

would be required to move the same amount of people.75 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 MaaS platforms also have the potential to be more inclusive: for one, 

greater optimisation and customisation could enable a broader range of more 

affordable options.76 In addition, these platforms could help to bring down the total 

cost of personal mobility. While the incumbent business model of siloed ownership 

and services makes it necessary to maintain excess capacity in order to meet all use 

cases, under a dynamically managed model, idle assets would become productive, 

eliminating the need for providers and users to share the cost burden associated 

with them. Aside from these advantages, consumers would no longer have to 

choose between A, B or C (e.g. daily commute by bus, motorbike or car), but rather 

could choose a blended solution across A, B, C, D, E, F, etc. each time they move.77 

POLICY INNOVATIONS 

From the 1930s onward, policy innovations helped to entrench what has now 

become the incumbent system of personal mobility. Today, policy innovations at 

both the local and national level are again speeding up the transition to the new 

system emerging today. 

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 
Zones, while at the same time 
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 in Bogotá have 
prioritised investments in 
public transit, cycling 
infrastructure and 
pedestrianised areas. 
TransMilenio BRT now moves 
2.5m people per day. The city 
has also put in place its own 
service platform, Sistema 
Integrado de Transporte. 

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

Finally, in Vancouver, 
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 ahead of target, 
thanks to the use of public 
incentives. 

Diagram 18 (p) 

Transmileno BRT in Bogotá 
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> 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 engine vehicles in urban areas. Measures include 

increasingly prohibitive congestion charges, restricted access areas, bans at certain 

times, speed reductions and parking charges. At the same time, local officials are 

also incentivising consumers to take public transit, cycle or walk by increasing the 

availability and attractiveness of these alternatives (see side bar on previous page 

for examples).78 

The introduction or extension of light rail has been one option adopted by several 

cities, such as Los Angeles and Melbourne, given it has higher passenger capacity 

relative to other modes of public transit, lower operating costs versus the metro 

and limited air and noise pollution compared to combustion vehicles. However, due 

to high capital costs, inflexible infrastructure and traffic interruption, 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 similar to 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, local officials are also increasing the number of dedicated bicycle 

lanes and car-free developments, which incentivise both cycling and walking.  

The basic shift from the use of private vehicles to these alternative modes has the 

potential to significantly reduce negative externalities associated with the 

incumbent system, while at the same time improving communities (see table). 

Diagram 20 79 

Shifting consumers away from 
cars can help to alleviate 
negative externalities 

Compared to alternative forms of 
transport, cars are less efficient in 
terms of space, emissions and 
capacity; they are also 
responsible for a higher number 
of fatalities. 

 
 

> Global decarbonisation agenda driving national policies 

Globally, policymakers are effectively restricting the use of oil-based fuels for 

transport in line with the decarbonisation agenda outlined in the 2015 Paris 

Agreement (the first universal, legally-binding global deal on climate).80 This plan 

necessitates the implementation of aggressive measures over the next 5-10 years. 

One such measure is the use of increasingly strict vehicle emissions standards. 

Policymakers in leading auto markets have already put plans in place to 

meaningfully ratchet up requirements, with step-ups planned for 2020 and 2025.81 

Compliance with these standards requires manufacturers to electrify at least part 

of their fleets.82 Aside from ΨsticksΩ, national policymakers are offering ΨcarrotsΩ in 

the form of incentives for first time buyers of electric vehicles. For example, in the 

U.S. the government provides a USD 7,500 tax credit to first time buyers, in 

additional to incentives offered at the state level, such as sales tax exemptions and 

carpool lane access.83 

Diagram 19 (q) 

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

Illustration of historical 
prioritisation of private vehicle 
owners over pedestrians. 

 



 

© GENERATION INVESTMENT MANAGEMENT LLP 2016  Page 12 

GENERATION SUSTAINABILITY INSIGHTS SERIES: TRANSITION IN PERSONAL MOBILITY IN URBAN AREAS  

Diagram 21 84 

The need for speed 

We have a 5-10 year window to 
implement the aggressive 
decarbonisation measures 
required to limit the average rise 
in global temperatures to +2.0°C; 
this includes greatly reducing the 
ǿƻǊƭŘΩǎ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ƻƛƭ-based 
fuels for transport. 

 

Taken together, local and national policies are shifting the focus of personal mobility 

away from maximising system-wide capacity for privately-owned internal 

combustion engine vehicles towards optimising system-wide emissions, efficiency 

and resilience. 

V. A MORE SUSTAINABLE SYSTEM 

Under the new system, we expect consumers to increasingly meet their needs for 

personal mobility through the use of on-demand services across various modes of 

autonomous, connected, electric and shared transport. We anticipate many 

consumer segments, such as young urban dwellers, will choose note to own a 

vehicle, while others will own them to fill supplementary needs (e.g. long journeys).  

As a whole, the new system has the potential to address the negative externalities 

associated with the incumbent system, while improving the value proposition to 

consumers by: (i) improving system-wide efficiency; (ii) nearly eliminating driver-

related accidents; (iii) greatly reducing both urban air pollution and carbon 

emissions; (iv) enhancing social inclusion by offering a broader range of options 

across price points; and (v) increasing consumer satisfaction through individual 

customisation. Although the system introduces a new set of unintended negative 

consequences, such as safety risk from cyber-attacks and job losses from advances 

in autonomy, these challenges have yet to cross critical, systemic thresholds.  

A mix of old and emerging mobility service providers is likely to be responsible for 

driving this system forward. Across the value chain, we expect to see the rise of 

parts suppliers focused on providing increasingly sophisticated software 

components; manufacturers with expertise in designing and manufacturing 

autonomous, connected, electric vehicles for shared-use; retail sales providers 

capable of ǳƴƛǉǳŜƭȅ ǎŀǘƛǎŦȅƛƴƎ ŎƻƴǎǳƳŜǊǎΩ ƴŜŜŘǎ ǘƘǊƻǳƎƘ Řŀǘŀ-driven mobility 

service plans and lastly, end service providers serving the retail segment, as 

opposed to individual consumers, with offerings ranging from renewable charging 

stations to fleet-based insurance products. 
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Diagram 22 85 

A new system of personal 
mobility 

> Centred on the use of on-
demand services across various 
modes of autonomous, 
connected and electric transport, 
with product ownership meeting 
supplementary needs 

> Driven by a shift towards (i) 
autonomous, connected and 
electric vehicle technology, (ii) 
multimodal mobility-as-a-service 
business models and (iii) 
redistribution of right of way to 
optimise for system-wide 
emissions, efficiency and 
resilience 

> Supported by a software-driven 
value chain 

 

VI. CONCLUDING REMARKS 

The shift to the new system of personal mobility represents the transformation of 

a complex global system. For investors, this presents a compelling opportunity to 

deploy capital for the long-term, 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 pressure. In our view, it is 

therefore critical to zoom-out in order to view personal mobility outside of the 

bounds of any single challenge, innovation or sector. We believe 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 19th century carriage driver and a horse 

with blinders.


