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Introduction

\'

Welcome to the July 2019 issue Stefan M. Knupfer Shannon Peloquin
of Voices, a collection of insights Senior partner, Stamford Partner, San Francisco
on advancing urban transport McKinsey & Company McKinsey & Company

infrastructure. Transportis

experiencing a wave of global innovation, attracting some of the world’s most ambitious
entrepreneurs. Yet most metropolitan areas have not seen significant performance
improvements in the safety, congestion, reliability, or net carbon emissions of their transport
systems.

Moving the needle on these outcomes will likely rely on autonomy, sharing, electrification,
connectivity, and many other emerging themes in our transport ecosystem. But it will also

be critically shaped by infrastructure that is designed, planned, delivered, and operated with
these trends in mind. As public- and private-sector leaders lay the groundwork for the future
of mobility, how should they think differently about our roads, micromobility systems (such as
walking, e-bikes, and e-scooters), subway and rail networks, and even air space?

This edition of Voices looks at how our cities’ core infrastructure needs to evolve in lockstep
with new mobility technologies and business models. It outlines a vision of seamless tech-
enabled mobility; explores how cities worldwide are forging steps toward that vision; and
discusses the implications of this future for our metros, bus networks, airports, and more. ®



News from the Global
Infrastructure Initiative

Welcome to the July 2019 edition of Voices, exploring the theme of Tony Hansen

reshaping urban mobility. Over the past decade, the mobility sector Director of the Global
L . , . Infrastructure Initiative,

has seen significant disruption, yet most metropolitan areas have McKinsey & Company

experienced limited performance improvements, as measured by

safety, congestion, reliability and maintenance, and net carbon emissions. Our insights investigate

the difficulties of addressing these issues and what it will take to move the needle.

In this edition we have experimented with a new format, notably a debate on whether drones

will capture a significant share of the urban delivery market. We welcome your thoughts and
suggestions for future editions of Voices. Looking ahead, our September edition of Voices will focus
on modular construction, and we plan to cover the topic of workforce and skills in our December
issue.

The theme for our sixth Gl Summit in Montréal in June 2020 will be the project of the future. Global
industry trends —such as digitization, industrialization, vertical and horizontal consolidation, and
rising technology investment —are poised to dramatically change all stages of the project life cycle.
Participants will discuss how the project of the future will likely operate as a single production

system, with technology integrated throughout the project lifecycle. Our program pillars will tackle
fundamental industry challenges, including digital and analytics transformation, collaborative project
delivery, leadership and workforce development, and future-proofing infrastructure. For more details,
please visit our Summit page.

Our 2019 Gll roundtables are in full swing, having recently hosted roundtables in Madrid and London.
In June, we cohosted an exclusive site visit to Montréal’s Réseau express métropolitain with global
institutional investor, Caisse de dépdt et placement du Québec (CDPQ). Visit our roundtable and
innovation site visit pages to see past and future events.

We hope you enjoy this edition of Voices, and we invite you to share your thoughts on any of our Gl
programs. If you have comments or would like to subscribe a colleague to Voices, please contact us
atinfo@giiconnect.com. ®



https://www.globalinfrastructureinitiative.com/summit/
https://www.globalinfrastructureinitiative.com/summit/
https://www.globalinfrastructureinitiative.com/roundtables
https://www.globalinfrastructureinitiative.com/site-visits
mailto:info%40giiconnect.com?subject=
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The year of future transportation:
An interview with Seoul Mayor Park Wonsoon

As Seoul’s mayor seeks to bring transportation improvements to the city, he must
carefully consider how to implement sustainable infrastructure and new technologies to
best meet citizens’ needs.

Park Wonsoon

Mayor
Seoul
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Mobility of the future aims to enhance the
convenience, reliability, and sustainability of
transportation by harnessing new technologies
such as the Internet of Things (IoT), automation,
and artificial intelligence. But for such
transformations to be successful, involved
government leaders must identify both the needs of
citizens and the vast potential of the ever-evolving
technologies.

Seoul Mayor Park Wonsoon is familiar with this
undertaking. Wonsoon, who has introduced
several future mobility initiatives over the past
eightyears, named 2019 the Year of Seoul’s Future
Transportation. He spoke with McKinsey about
his current and planned efforts to innovate the
way citizens of Seoul move, including harnessing
mobility technologies such as autonomous and

connected cars.

McKinsey: What do you see as the biggest
transportation challenges that Seoul needs to resolve
in the next ten years?

Park Wonsoon: In January 2013, I vowed to
transition Seoul from a car-centric city into a

people-centric city.

The starting point for transforming Seoul into a
people-centric cityis improving areas closest to
the day-to-day lives of citizens. I view our mandate
for the next decade as twofold: first, meeting

the complementary goals of creating a walkable
community and enhancing the publicinterestin
pedestrian space; second, tackling climate change
issues, such as fine dust particles, while preserving
the city’s nature, history, and culture.

I have worked to make Seoul acity that respects
the walking rights of all citizens by creating spaces
such as Sinchon’s pedestrian- and bike-only street,
an exclusive zone of the street Yonsei-ro solely for
public transportation, the child-friendly A.Ma.
Zone safe street, the Seoul Trail and urban walking

trails, and the Seoullo 7017 pedestrian path.
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To combat fine dust particles surging to emergency
levels, we are planning to limit old diesel vehicles
on theroads and switch to green cars, including
hydrobuses and electric vehicles. We also
designated the area contained by Seoul’s 700-year-
old Fortress Wall as a Green Transport Promotion
Zone—an area that prioritizes sustainable
transport such as walking, biking, and electric
vehicles. Higher-emission vehicles, such as old
diesel cars, are barred from entering the zone. And
we are establishing electric buses, pedestrian
zones, and public transport facilities (such as a
bicycle rental center) to encourage cleaner modes of

transport.

McKinsey: What are Seoul’s primary key
performance indicators for urban mobility?

Wonsoon: Our approach to mobilityis based on the
rights of citizens and sustainability. Citizens want
convenient, reliable, and diverse personal mobility
choices, including bicycling, and they consider
pedestrian right-of-way as abasic part of human
dignity. Seoul is considering ways to improve
citizens’ quality of life in these ways and create a
city that empowers people and respects their safety
and civic convenience.

For example, we are currently carrying out

the Special Smart City Zones project in two
autonomous districts in Seoul: Seongdong-gu

and Yangcheon-gu.l In Seongdong-gu, smart
crosswalks have sensors for detecting movement
that trigger flickering lights along the crosswalk to
help draw pedestrians’ attention to the safetyline
and traffic signals. And drivers will see the lighted
crosswalk from a distance, giving them more time
to slowdown. In Yangcheon-gu, IoT services—such
asone service that uses artificial intelligence to
reserve parking spaces for people with disabilities—
have been launched to bring on-the-ground
services directly to where people actually need
them.



Our subindicators thus include the number of
traffic fatalities, public bicycles, car-free streets,
and secured parking lots in residential areas;

public transit user satisfaction; and air quality.

McKinsey: How are Seoul’s leaders using

technology to manage and improve urban mobility?

Wonsoon: Technology has been a priority in
Seoul’s government since the 1960s; thus, itisn’t
surprising that cityleaders are committed to
creating smart transportation.

Aspartofourtransportation initiative, we are
installing 50,000 IoT sensors across the entire
city. Thisinitiative includes a parking system
where parking availability can be checked inreal
time through IoT technology, and a taxi service
that connects the driver and the passenger

by predicting real-time taxi demand through
artificial intelligence. We are also building
anintegrated control center for processing
administrative services such as toll collection,
payment, and management. By harnessing smart
security cameras and deep learning, we will
automate simple tasks that previously relied on
the human eye, thus increasing service efficiency.

On anothernote, Seoul is using technology to
transition to an environmentally friendly and
sustainable transport system. For example,

the city is making efforts to manage transport
demand and improve air quality by managing the
total traffic volume and using information and
communications technology to restrict high-

emission vehicles.

The city will enhance the level of services by
applying connected-car technology. We are

also planning tolaunch a connected-car pilot
on 1,600 city buses this October and develop the
world’s first all-in-one platform to create a safer
transportation culture. The all-in-one platform
integrates the individual devices that had been

installed on buses for operation management,
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electronic traffic cards, driving history records,
5G capability, vehicle-to-everything (V2X)
connectivity,2 and advanced driver-assistance
systems. The platform provides data about
unexpected events on the road, including
jaywalkers, improperly passing cars, and accidents
related to traffic signals and crosswalks.

McKinsey: What concrete preparations are Seoul’s
leaders making in line with the deployment of
autonomous cars?

Wonsoon: The biggest change in urban life for
the future smart city is probably going to be
autonomous driving. Autonomous driving will be
atrigger point and a catalyst in transforming not
only the physical landscape of the city but how
people, technology, and capital are connected.

This month, we will complete the world’s first test
bed for 5G convergence with autonomous driving
at Sangam Digital Media City. It is the only test
site in the world that supports autonomous driving
with 5G and V2X technology on public roads. We
will run 5G network-based driverless buses, and
various start-ups will test their technologies here.

We have applied toregister thisareaasa

“specialized complex for automotive driving and

5G smart city” with South Korea’s Ministry of
Land, Infrastructure and Transport, and we

plan to apply for regulatory exemptions that will
dedicate this area for testing autonomous driving.
We expect the site to improve the competitiveness
of domestic companies involved in autonomous
driving, and we believe that public-private
partnerships from the testing stage are important

for advancing user-centric public services.

McKinsey: How are Seoul’s leaders encouraging

citizens to participate in improving urban mobility?

Wonsoon: To develop information and
communications technology-based services, we

have launched the “public-private partnership



for asmart city” project where various players—
including citizens, businesses, and experts—can
collaborate. This project harnesses an open platform
to allow these players to brainstorm innovative
ideas and solutions, from business development to
implementation.

Ultimately, innovation in urban mobility must
address the changes to citizens’ lives that will come
in the future. For the past eight years, the Seoul
Metropolitan Government has come up with new,
exciting solutions through experiments together
with its citizens in urban centers and on the streets.
Now, at this turning point, Seoul will once again
seek solutions together with its citizens, promoting
cooperation not only with other districts but with

cities around the world.

' “Seongdong and Yangcheon to become the first Special Smart
City Zones in Seoul,” Seoul Metropolitan Government, January
31, 2019, english.seoul.go.kr.

2 Vehicle-to-everything (V2X) technology wirelessly enables
a vehicle to exchange data with its surroundings, including
infrastructure and other vehicles.

Copyright © 2019 McKinsey & Company.
All rights reserved.
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Debate: Will delivery UAVs scale
by 20307

Motion: Unmanned aerial vehicles (UAVs) will gain traction and claim a significant
share (1 to 5 percent) of urban deliveries by 2030.

For: Against:
Will Hetzler Carlo Ratti
g?fl(.’““?er - Director, SENSEable City Lab;

ipline Internationa Professor of Urban Technologies

Zipline is adrone-delivery and Planning, MIT
C()H(llp‘fl‘riy thalt SPPPIICS assc‘ntlald The SENSEable City Labisa
l}K e p.r.O(Nucts tounderserve researchinitiative at MIT that
communities. studies and anticipates the

impact of technology on urban
residents and environments.
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UAVs, commonly known as drones, are a hot topic

of debate. Will they become ubiquitous? How can
safety concerns be addressed? How should they
beregulated? McKinsey asked two professionals
close totheissue to weigh in on whether they
believe UAVs will gain traction and claim a
significant share of urban deliveries by 2030. Below,
Will Hetzler and Carlo Ratti share their initial
arguments and then respond to each other’s claims.

Carlo Ratti opening statement

Flying vehicles have long tantalized our
imagination, as evidenced by films such as
Metropolis and Blade Runner and the cartoon
series The Jetsons. Yet, I think they will stay in our
imagination for some time to come. In lightweight
applications—for example, sensing and small
parcels—UAVs can indeed play a big role in sparsely
populated areas and in cities. But there are various
physical and practical reasons why our city skies
will not be filled with delivery UAVs anytime soon.

Let’s consider the physics. A huge amount of energy
isrequired to lift aheavy object vertically into

the air, creating a vast amount of noise and air
disturbance. In dense cities such as New York, an
overwhelming percentage of all goods is delivered
via trucks. Each day, approximately 25,000 delivery
trucks and commercial vehicles move into, around,
and out of Manhattan.! If even just 5 percent of
those vehicles were replaced by drones, that would
mean 1,250 UAVs—the largest helicopters—dotting
the skies.

There is also the issue of safety. Even with the new
lithium-metal batteries, which have twice the
energy density of—and more stable performance
than—conventional lithium-ion batteries, moving
substantial quantities of goods overhead presents
arecurring safety hazard. Modern trucks may be
noisy, but adead battery or abroken rotor blade in
adeliverydrone used for urban deliveries could
causeitto fall onto a densely populated area.

Evenifwe used UAVs only for lightweight deliveries,
thus allowing the use of smaller drones that pose a
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less significant safety risk, we would find ourselves
with tens of thousands of vehicles in the sky. How
could we ensure these flying objects were protected
from hackers, terrorists, and other criminals? How
might air traffic control systems safely coordinate
theirintersecting journeys?

Of course, these challenges do not signal the

end outright of new delivery options or UAVs.
However, in densely populated cities, the challenge
of achieving faster and more efficient last-mile
deliveries could probably be better fixed in other
ways by rotors planted firmly on the ground. For
these reasons, I do not believe UAVs will gain
traction and claim a significant share of urban
deliveries by 2030.

Will Hetzler opening statement

Drones provide a unique combination of flexibility,
efficiency, and speed. Logistics systems need these
capabilities to meet growing demand for residential
deliveries as consumer expectations set by online
shopping spread to sectors outside retail, such as
healthcare. This demand will lead to drones being
used for a significant share of urban deliveries by
2030.

Drones’ advantage in the United States is strongest
for business-to-consumer (B2C) deliveries, such
as healthcare products, small online purchases,
and food. Traditional ground transportation

is optimized for business-to-business (B2B)
deliveries and fails to adequately serve many

new B2C business models recently enabled by
technology. B2C deliveries are already a majority
of the package volume in the United States and are
growing faster than B2B deliveries, making the
opportunity for drones significant.2 Drones can
meet the demand of consumers for faster delivery
and also give consumers more control over the time

and location of delivery.

Due to technical and regulatory constraints,
drones are best suited to small-package delivery.

Barring abreakthrough in energy storage, this



will remain true in 2030. While this might be
viewed as alimitation, B2C deliveries trend
small. For example, 86 percent of the items that
Amazon ships weigh less than five pounds.3 And
the demand for such small-package delivery is
increasing rapidly.*

Today, drones most easily deliver to single-
occupancy, detached structures. While this
type of development is often associated with
suburban and rural areas, single-family,
detached homes make up approximately 60
percent of the housing units in America’s largest
metropolitan areas.5 Consequently, while drone
delivery may be impractical in Manhattan, most
US metropolitan areas are readily serviceable
with current drone technology. As technology
continues to improve over the coming decade,
the proportion of urban addresses that are

serviceable by drones will only increase.

Carlo Ratti rebuttal

We both agree that drones are not likely to work
in the densest urban areas. And we also agree
that they could indeed play arole in rural areas
and in places where the road infrastructure

is not fully developed—especially for time-

sensitive or medical deliveries. However, we

disagree about the ability to scaleinurban areas.

To Will’s point that drones combine flexibility,
efficiency, and speed, I would argue that safety
and reliability are more important than any of
these factors. And there is a simple reason why
drones are much less reliable and safe than any
vehicle on wheels: weather.

Most of us have experienced commercial flights
being canceled because of weather. A common
thunderstorm can ground alight aircraft with
amass that’s three or four orders of magnitude
larger than adrone. Air movement of just a few
meters per second could be enough to send small
drones bumping into buildings or falling from
the sky.
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In China, drones are used in remote rural
locations to ship parcels. Despite having some
of theloosest regulations for UAVsin the
world, the local civil aviation authority does
not allow drones to fly under circumstances in
which the use of a car or even a bike would not
be questioned, including through rain, light
wind, and darkness.6 While it’s possible that
new sensors might combat the darkness issue
in the future, the problems with rain and wind
are based on physics and therefore unlikely to be
resolved.

How will drones perform in metropolitan areas
such as Vancouver, Canada, and Amazon’s home,
Seattle, both respectively known as “Rain City”?
The first week of May this year in Boston was
marked by near-constant rain—what would have
happened to time-sensitive deliveries? Such
unreliable conditions make it unlikely that we
will be able to scale drone delivery in the near

future.

While amajority of the items Amazon ships
weigh less than five pounds, as Will points out,
typically hundreds or even thousands of such
small parcels are packed together on the same
truck and delivered with clear efficiencies

of scale. Meanwhile, lightweight drones are
unlikely to be able to transport much more
weight than one or two pairs of shoes, thus
forcing them to return to the base to collect
the next parcel. As aresult, the total number of
required trips would need to be multiplied by
two or three orders of magnitude, generating
congestion in the skies.” Not to mention, these
small drones would be much more sensitive to
even mildly adverse weather. Such conditions
would hinder speed and efficiency and make it
difficult to scale.®

Ibelieve UAVs indeed offer interesting solutions
for mobility and logistics in the future—
especially for remote locations. But I am still
skeptical about their ability to scale in cities.



Will Hetzler rebuttal

It’s easy to agree on what the future of drones in
citiesis not. Large drones capable of transporting
afull truckload are unlikely to make many urban
deliveries within the next ten years. And drones

of any size may be impractical delivery vehicles in
the densesturban environments in this time frame.
However, there is areal opportunity for urban drone
delivery of small packages in the vast majority of
cities.

The technical capability exists today for residents of
most cities to routinely receive deliveries by drone,
and adecade is plenty of time for new technology

to transform the industry. For an example of how
quickly urban transportation can change, consider
ridesharing, which has only existed for around

ten years but now accounts for significantly more

annual rides than taxis.?

As Carlo notes, the safety of urban drone delivery
isanimportant topic, and many questions must be
answered before urban drone delivery can reach
scale. For example, cybersecurityis a concern

for drones, just asitisforall transportation
technologies, includingin cars and trucks. How

to coordinate drone traffic is another concern.
Fortunately, academics, regulators, and private
industry have started working on these issues and

are making fast progress.®

Itisimportant tonote that delivery drones differ
dramatically from the recreational drones flown
by hobbyists. Performance standards and rigorous
testing ensure that delivery drone designs are safe.
Ibelieve the FAA would never allow commercial
operation of a delivery drone that could fall out of
the sky due to adead battery or broken rotor blade.
The aviation industry has along-standing practice
of designing redundancy into safety-critical
systems, and commercial drone companies use this
same approach. Delivery drones are also already
safely operating in heavy rain and turbulent winds
greater than 60 miles per hour.

Inthe United States, the FAA certifies drone
delivery operators under the same part of the Code
of Federal Regulations as manned air carriers that
provide commuter, on-demand, and cargo flights,
commonly referred to as “Part 135 operators.”"
Consequently, drone delivery operators are held
to equivalent safety standards. While it’s difficult
todirectly compare safety statistics for different
transportation modes, ground transportation

has significantly higher accident rates than Part
135 operators and roughly double the number of
accidentsinvolving fatalities.

While drones will deliver pizzas and small online
purchasesin the near future, the primary social
benefit of drone deliveryisin healthcare. Drone

US accident cases, 2012-16"2
(per 100 million vehicle miles traveled)

All accidents

Accidents with fatal injuries

Part 135 aircraft™

Motor vehicles™

202.84
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delivery has the potential to affordably provide
every human on Earth with near-instant access to
vital medical supplies, regardless of whether they
live in a city or arural community. Such delivery
will reduce the logistical burden of managing
chronic health conditions, enable more home-
based acute care, and avert hospitalizations and
trips to the emergency room. This is a vision for
drone delivery that excites me, and it’s a future
that our team at Zipline is working to build. H

“Off-Hour Deliveries (OHD) Program,” New York City Department
of Transportation, accessed May 21, 2019, www1.nyc.gov.

o

Strong today: Creating our tomorrow, UPS 2018 annual report,
investors.ups.com.

@

Jeff Bezos, “Amazon’s Jeff Bezos Looks to the Future,”
interview by Charlie Rose, 60 Minutes, CBS, December 1, 2013,
transcript, 6.

4 Strong today: Creating our tomorrow, investors.ups.com.

5 U.S. Census Bureau, American housing survey, general housing
data, census.gov. All occupied units for 43 listed metropolitan
areas.

o

“China is on the fast track to drone deliveries,” Bloomberg, July
3, 2018, bloomberg.com.

~

Drones'’ lift force is generated by moving large volumes of air
downward, which means they cannot fly on the top of one
another (unless at large distances). This effectively restricts
the use of space as it relates to vertical dimensions and could
exacerbate congestion issues in the future.

8 A standard last-mile delivery truck can carry a volume of
approximately 12 square meters with a ground footprint of
approximately 10 square meters. Amazon'’s large, standard-size
truck has the following specs: maximum weight of less than 20
pounds and maximum dimensions of 18 x 14 x 8 inches. This
means that the load of just one truck would need at least 380
drones to be delivered—and more than 1,000 if parcels are
smaller (closer to 5 pounds).

9 Johana Bhuiyan, “Ride-hail apps like Uber and Lyft generated 65
percent more rides than taxis did in New York in 2017,” Recode,
March 15, 2018, recode.net.

©For instance, the FAA and NASA are collaborating with the
aviation industry to develop unmanned aircraft system traffic
management (UTM) to assist with coordinating the high volume
of advanced drone operations that will come in the near future.

" The full definition of 14 CFR Part 135 operations is complex but
covers the following: air ambulance and commercial helicopter
operations, on-demand cargo flights on airplanes with a
maximum payload capacity of 7,500 pounds, air taxi and charter
flights on airplanes with seats for a maximum of 30 passengers,
and scheduled commuter flights on airplanes with seats for a
maximum of nine passengers.
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" The full definition of 14 CFR Part 135 operations is complex but
covers the following: air ambulance and commercial helicopter
operations, on-demand cargo flights on airplanes with a
maximum payload capacity of 7,500 pounds, air taxi and charter
flights on airplanes with seats for a maximum of 30 passengers,
and scheduled commuter flights on airplanes with seats for a
maximum of nine passengers.

2The most recent five-year period for which federal safety
statistics are publicly available.

'8 Traffic safety facts: A compilation of motor vehicle crash data
from the fatality analysis reporting system and the general
estimates system, U.S. Department of Transportation, 2016,
crashstats.nhtsa.dot.gov.

4 Figures are based on US civil aviation accident statistics from
2012 to 2016, National Transportation Safety Board, ntsb.gov;
and US air carrier traffic statistics from 2012 to 2016, Bureau of
Transportation Statistics, bts.gov.

Copyright © 2019 McKinsey & Company.
All rights reserved.



Declining bus ridership: Improving
the efficiency of transit networks

Transport authorities are navigating lower public-transit ridership, declining air
quality, and growing financial pressures. Integrating bus networks into the broader
urban infrastructure is key.

A
5
et/

\ ~7
Emma Loxton Denis O’Connor Naba Salman
Partner, London Associate partner, London Research analyst, London
McKinsey & Company McKinsey & Company McKinsey & Company
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Urban commuters—especially those in developed
economies—have more transportation options
than ever before, from private cars to rideshares

to public transit. Unfortunately, largely due to low
fuel prices and the relative affordability of private
(and private hire) vehicles, every year more of

these commuters are abandoning public transit.
Busridership in particular has seen a precipitous
decline over the past decade. And with more private
vehicles on the road, congestion increases, which
slows bus travel times even further and creates a
vicious cycle of further ridership declines. From
2010 to 2016, for example, traffic congestion rose 30
percentin New York City, 14 percent in London, and
9 percentin both Beijing and Paris.1

Inthe densest urban areas, more environmentally
friendly micromobility options, such as bicycles
and scooters, may also be contributing to the
decline in bus ridership. In London, bicycle trips
increased by approximately 30 percent from 2010
to2017.2

Adecline in bus ridership is a problem because
buses are criticallyimportantin cities around the
world—from Seattle to Singapore. They have the
potential to ease both congestion and pollution,
they provide transport to jobs from low-income or
rural communities that tend to be underserved by
intra-city trains, and they are often the primary
transport option for people with disabilities.

Asthe number of bus riders continues to fall, so too
does the revenue municipalities have available to
improve, or even maintain, quality of service. The
resulting “spiral of decline” threatens the viability
of buses and leaves transit authorities struggling to
work out how to generate the revenues required to
maintain public-transport services, let alone make
meaningful investments in sustainable urban
mobility. Indeed, in many cities itis unclear how
transit authorities and city leaders will finance
their pledges to address air quality concerns and
reduce the carbon footprint of public transit by

Declining bus ridership: Improving the efficiency of transit networks Voices July 2019

shifting to electric buses—especially given their
higher up-front cost.3

There are bright spots in some parts of the world.
For example, Paris has heavily supported bus
development and has coordinated bus networks to
fill in “cold spots” on their underground and rail
networks, particularly in the outlying suburbs.

In addition, Singapore’s transport authority is
actively pushing a modal shift from cars to buses,
swapping out its single-level fleet with double-
deckers to better cope with expected increasesin
ridership. Buses are also gradually getting cleaner:
The number of electric buses procured in Europe
more than doubled in 2017 compared to 2016, and 17

percent of China’s total bus fleet is electric.

Reducing congestion, facilitating a modal

shift to public transportation, and addressing
environmental concerns are major challenges

for transit authorities and city leaders alike. Our
research shows that cities can improve both
sustainability and the quality of urban mobility by
improving the efficiency of existing transportation

networks, starting with buses.

Buses’ role in making existing networks as
efficient as possible

Cities canimprove the efficiency of transit
networks by providing multiple, viable, and
complementary modes of transport, and buses
play animportantrole in this endeavor. Compared
with metro or rail systems, bus networks can
ramp up service—serving more people or new and
underserviced areas—rapidly and without much
additional infrastructure. A 2019 TransitCenter
study, which looked at 2018 ridership data from
transit agencies across the United States, found
thatreorienting bus networks to meet demand is
demonstrably linked with increasing ridership.*

Animportant aspect of making buses attractive
is striving for transit time that is comparable to
private cars. Stockholm’s PRIBUSS system, for

14



instance, gives priority to buses at traffic lights
to help keep things moving. Cities can also
implement all-door boarding and off-board
payment to expedite journeys. And sending
real-time updates and alerts to passengers can
make taking the bus more predictable and user
friendly. Furthermore, some lanes or streets can

be designated as bus only.

Lowering the cost of buses relative to private cars
is also important. One approach to consideris
introducing congestion charging zones, which
are priced toreflect demand on road space and
the level of pollution a vehicle generates. While
congestion zones are often contentious and
politicized decisions, such strategies have proven
successful in cities such as Milan, Singapore,

and Stockholm. Earlier this year, lawmakers in
New York City agreed on a plan to implement a
congestion taxin Manhattan, which will be the
firstin the United States.

Integrate bus networks into broader urban
infrastructure

In addition to incentivizing bus ridership over
private car use, transport authorities should
take greater steps to integrate bus networks with
overall city infrastructure, particularly as the
urban environment responds to new mobility
trends such as electrification and autonomy, for

example:

® Supporting the next generation of bus services
by building a network that combines an
electrified bus rapid transit (BRT) system with
smaller, on-demand, zero-emissions vehicles to
deliver riders to BRT hubs.

® Reducing the number of delivery vehicles on the
road by utilizing public infrastructure, perhaps
by introducing delivery lockers for commuters
at metro stations; or creating aroad pricing or
regulatory environment that incentivizes night
deliveries, making greater use of times when the

road space is underutilized.
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m Creating opportunities for affordable housing
within transit hubs. Quieter, cleaner, electric
buses could lead to residential units being
developed above existing bus depots, for
example. Ifthis were achieved, it would
address multiple objectives—for example,
Transport for London has strategic objectives
toincrease affordable housing as well as
provide transport services. Housing and
transportation should be complementary,
working to increase access and convenience for
all citizens.

m Striving tobetter understand consumer
preferences and user journeys to help shift
behavior at critical decision points. While it
isintuitive that customers prioritize speed,
price points, and a comfortable experience
in their transit decisions, city leaders would
benefit from better understanding how these
priorities differ based on time of day, day of
week, and location for different customer

segments within a city.

As publictransport authorities consider options
toimprove the quality of life for citizens, they
face aseries of financial and political constraints.
Simultaneously, they seek to improve the

relative cost and journey time of public transport
compared with private and for-hire vehicles,
expedite the arrival of zero-emissions buses,

and balance the books—all at a time when bus
ridership and associated revenue are falling.

Two major levers that could help achieve this—
emissions-linked congestion charging and
reducing the road space available for private
vehicles—require significant political and
financial capital. As city leaders determine
their willingness to impose such restrictions,
transport authorities are thinking more
creatively about other levers they can utilize. For
example, how can the growth in power demand
across the city, and associated private-sector
investment, be used to roll out power for electric



buses? Furthermore, how can authorities work with
logistics companies to consolidate parcel delivery
tocitizens and influence the time of day business

deliveries occur?
HE B B

Mobility is evolving faster than nearly any other part
of the urban built environment. Even as cutting-
edge technologies such as air-mobility and autonomy
take shape, cityleaders must begin to consider

how to better use the assets they have now to solve
financial, environmental, and other challenges on
the horizon.H

' Eric Hannon, Stefan Knupfer, Sebastian Stern, and Jan Tijs
Nijssen, “The road to seamless urban mobility,” McKinsey
Quarterly, January 2019, McKinsey.com.

2 Travel in London: Report 11, Transport for London, 2018,
content.tfl.gov.uk.

8 Alister Doyle, “Twelve major world cities agree to buy
zero-emissions buses from 2025,” Independent, October 23,
2017, independent.co.uk.

4 “There’s a reason transit ridership is rising in these 7 cities,”
TransitCenter, February 27, 2019, transitcenter.org.
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The next frontier of public infrastructure:
An interview with Deborah Flint, CEO of
Los Angeles World Airports

Los Angeles International Airport has undertaken one of the largest public works
projects in California’s history. A focus on public—private partnerships has helped
keep things on track.

Deborah Flint

CEO
Los Angles World Airports
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As the fourth-busiest airport in the world and

the second-busiest in the United States, Los
Angeles International Airport (LAX) haslong had
areputation for traffic congestion. However, in
2019 Los Angeles World Airports (LAWA) broke
ground on the Landside Access Modernization
Program. This massive $5.5 billion renovation
encompasses multiple projects to deliver an electric
train system (the Automated People Mover, or
APM), aconsolidated rental car facility, roadway
and utilities improvements, and improved digital
integration. Construction of all elements is
currently underway—with completion expected in
2023.

In thisinterview, Deborah Flint, CEO of LAWA,
explains the challenges she has faced taking on
several concurrent major projects, how her team
has approached key public-private partnerships,
and how she envisions the future of airports.

McKinsey: To begin, what effects will the LAX
Landside Access Modernization Program (LAMP)
have on people’s daily lives?

Deborah Flint: It’s alittle tongue in cheek, of
course, but we believe our work here will save
relationships. Today, when someone asks you to
pickthemup at LAX, it’s areal test of how much
you care about that person. Getting in and around
the central terminal area by car can take anywhere
from 15 to 50 minutes.

The LAMP, and the APM specifically, will create
seamless transportation access to the airport
when completed in 2023. People will be able to take
the train to the central terminal area from new
parking facilities and a rent-a-car facility, as well as
finally be able to connect to the regional light rail
system, depending on their needs. The longest of
these journeys will take just 10 minutes. This will
significantly decrease vehicle congestion and free
up important curbside boarding areas.

McKinsey: What sort of problems have you run into,
and what have you done to solve them?
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Flint: Tlearned early in my leadership that

we operated in silos across the airport. Each
department was essentially establishing its own
objectives, but there was no common vision. An
outcomes-based process for allocating capital
helped us knock down those silos. We no longer
justlook at what projects the airport wants to do
and then validate that they’re needed. Now we
work together to identify objectives and deploy
capitalin away that will achieve those objectives,
delineate the expected performance, and focus our
investments. Security, community, sustainability—
all of these must be integrated into the outcome and
performance expected from capital investments.

McKinsey: Is there advice you would share with
other leaders taking on major modernization
initiatives and capital improvement projects?

Flint: I would advise others to focus on performance
metrics and data analytics early in the planning
stage of aproject or aprogram, orin abudget cycle,
to help drive major investment decisions.

Itisnot easy. Thisis certainly ajourney. For

many public agencies, obtaining baseline datais
achallenge. Even for those of us that have project
management systems, getting that data and making
it meaningful and consistent is still a fundamental
challenge. Last year, we began a data center of
excellence to understand the data we have to make
better decisions. We now collect data around our
facility, looking at things such as aircraft timing
and operations in the terminals. Our facilities team
has been able to better deploy staff resources, and
our quality of service has increased.

McKinsey: The LAMP comprises several major
projects, which are generally very complex to execute
ontime. What are you doing to keep the program on
track?

Flint: We know the stats for delivering even a single
major project—they don’t bode well. At the end of
the day, keeping projects on schedule is a shared
responsibility of the owner and developer. There’s
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an availability payment, so the developer has a
strong incentive to open the project on time. But
we also want them to do this successfully.

To facilitate the permitting process, for example,
we invest in partnerships with city agencies

so that the requisite permits are received in a
timely manner. Even when there are gray areas of
responsibility, LAWA has taken avested interest
inresolving any permitting hiccups between the
developer or the agencies, rather than stepping
back.

McKinsey: How did you think about public-private
partnerships (PPPs) in developing the LAMP—and
how do you see your partnerships evolving in the
coming years?

Flint: There’s room for PPPs to be successful if
proper analysis is done at the earliest stages of
aproject,and if the owneris clear about what’s
important. During selection, we listened very
carefully to what the industry said was tenable
andrealistic. Owners and developers are going to
have to share risk and responsibility for PPPs to
flourishin the US.

Webegan the LAMP by evaluating whether PPPs
were the right approach for us. As aresult, we
spent alot of time assessing delivery options
early on, and then considering why a particular
PPP model—design, build, finance, operate, and
maintain—made the most sense for the APM
and the Consolidated Rent-A-Car (ConRAC)
Facility, for example. I think the future of
publicinfrastructure relies on life cycle asset
management approaches, and that’s essentially
what we entered into. It’s not a concessions model.
It’samodel where we have aligned interests with
the developers for the next 30 or so years.

Forthe ConRAC we decided that future-
proofing was our most important element. We’re

incorporating over 16,000 parking spacesin
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an erawhen mobilityis changing rapidly. We
recognized that we’re taking some risk there and
asked the private sector to help us mitigate that
risk—and they did. The team we selected designed
the facility not only to allow future flexibility but
also toreduce the footprint and return almost 20
percent of the site back to us for future uses.

McKinsey: How do you see technology and tech-
enabled mobility changing the future of airports?

Flint: The passenger of today expects a digitally
connected journey, whether it’s prebooking,
ordering food and beverages, or the delivery of
retail goods. Biometrics are a game-changer. For
example, this past year we offered the option of
afully tokenless international journey, where
passengers can use their face as theirboarding
pass for a faster, easier airport experience.
We’re thinking about digital every step of the
way to ensure that the experience is seamlessly
connected—you’re not switching from one app to
another.

Mobility is changing so quickly, whether it’s
autonomous, congestion pricing, or micromobility.
Idobelieve we now need an established team of
mobility experts who think exclusively about how
we canincrease efficiency getting to and around
the airport. Thatis abig part of the future for
airports. l

Copyright © 2019 McKinsey & Company.
All rights reserved.
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Building the infrastructure for the
future of mobility

Our road and rail infrastructure is not ready for the future of mobility. Owners and
operators should act now or risk being left behind.

Carsten Lotz

Partner, Stuttgart
McKinsey & Company
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When it comes to infrastructure, the developed
world is running on a hamster wheel. In Europe,
we estimate that governments spend 50 to 70
percent of their transportation infrastructure
budget on maintaining or replacing aging
existing systems. These upgrades are especially
complicated and expensive as running traffic
needs tobe maintained, sometimes requiring the
construction of provisional solutions, and a variety
of stakeholder interests—those of infrastructure
users, neighbors, developers, and investors—need
tobe addressed.

Furthermore, the vast majority of existing
infrastructure is not ready for the future of
mobility. Automation, connectivity, electrification,
and shared mobility are upon us, but the road and
rail infrastructure requirements to facilitate

these technologies are often not considered when
rebuilding individual projects. In short, there
exists no integrated vision of how to equip the
infrastructure of the future. To build one, we need
to answer alonglist of questions, such as how
electricity supply will be provided to fast-charging
stations on motorways, how we will provide
connectivity for autonomous driving, and how we
manage the integration of old and new train control

systems.

To prepare for the future of mobility, operators
need to leap off the revolving wheel of repair.
They need to develop an understanding of the
desired end state and then take ahard look at their
operating models. And they need to optimize
current costs, adjust financing mechanisms,
develop new competencies, collaborate with
regulators to facilitate policy changes, cooperate
with other infrastructure stakeholders, and
transform their management models to break

the constantrepair and slow technological cycles.
Those who start now will move to a new, modern
mobility system with a better user experience

faster, and at alower cost, than those who wait.

What owners and operators need to do now
Operators need to start by developing a few likely
scenarios describing possible future needs. These
scenarios must consider upcoming technological
developments as well as varying user preferences.
They also should highlight the expected
socioeconomic benefits and outline an approach to
maximize them. (For more on McKinsey’s research
into modeling city mobility strategies, see The road
to seamless urban mobility.)

Once atarget scenario is established, operators
can develop aroad map for turning it into reality.
This road map needs to offer details on resources—
including required R&D—and potential financing
options, as well asimplementation time with
necessaryregulatory approval and testing periods.
In plans for both new and rebuilt infrastructure,
the map must account the needs of today and the
future—for example, ducts for fiber and power

cables to enable electric-car charging stations.

The target scenario will anchor operators’ day-
to-dayoperations. As conditions and the speed

of technological development change over time,
operators should build regular updates to the road
map into their workflow to ensure they maintain

their trajectory toward the target scenario.

Optimize costs and adjust financing
mechanisms

Two methods are available for infrastructure
owners to secure the capital needed to prepare for
the future of mobility: cutting costs, and rethinking
traditional financing mechanisms. On the cost-
cutting front, procurement is often ripe for cost
optimization. Current, drawn-out processes

tend to involve months or even years of analysis,
tendering, respecification, contracting, and
deployment. By bundling smaller projects, defining
functional specifications, and reworking contracts
for performance, operators could expedite the
process and significantly improve cost efficiency.
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Additionally, operators and regulators need to
rethink traditional financing mechanisms that
may have served well in the past but cannot
support the required transformation of the
system. Forinstance, instead of having separate
financing regimes and incentive mechanisms for
capital and operating expenditures, they could
take anintegrated view—which can create greater
incentive to invest up front to save money in

the long run. Given the long-term, system-wide
view needed, operators—particularly public
entities—could abandon their yearly budgets in
favor of securing multiyear financing. And this
system-wide view should also inform replacement
decisions, rather than relying solely on technical

lifetime and economic depreciation rules.

Develop new competencies and processes
Adding future-oriented features—such
asembedded sensors—to new and rebuilt
infrastructure will enable autonomous vehicles
and smart traffic-control systems, among other
technologies, in the coming years. However, these
features are not reflected in most operators’
current planning and investment cycles. Today,
operators tend to plan on a project-by-project
basis, backed by arelatively static regulatory
framework of technologies that are already

approved, widely available, and easily deployed.

Preparing for both faster development cycles and
the rollout of various integrated platforms will
require operators to acquire new competencies
in planning, maintenance, and operations. To
acquire these new competencies fast, operators
canengage in partnerships with nontraditional
technology suppliers. They may also consider
building a separate business unit to bypass
standard company processes. Norway has
established a separate road administration

to speed up cost-efficient development and
construction of selected highways, effectively
creating a state-owned start-up for infrastructure

innovation.
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Collaborate with regulators to facilitate policy
changes

Astechnology pushes mobility forward, it will be
crucial to ensure properregulations are in place
tofacilitate progress. In addition to essential
safety tests and approvals, regulations can

take adecade or more to design and implement,
while innovation cycles can upend industries
inunder ayear, so most regulations are already
farbehind where they need to be. We anticipate
that autonomous-car technology will be ready

in 2023, but regulation modifications will take
an additional five to seven years—meaning
autonomous cars won’t be fully integrated into the
transport system until 2030.1

Operators will therefore need to work with
regulators to adapt approval processes and

help keep pace with accelerated technology
development. Operators can also collaborate with
regulators in thinking about how they build up
their own new competencies, working together
with them to define future regimes.

Cooperate with other infrastructure
stakeholders

Finally, each new technology will come with costs
and benefits to a variety of stakeholders, including
infrastructure users, infrastructure operators,
regulators, and financing bodies. As such, each of
these stakeholders brings different perspectives
to how to prepare infrastructure for the future of
mobility. For example, railway network operators
can benefit from fewer signals and less physical
equipment on the track, but they need to balance
their approach with the cost of refitting their train

control units.

To minimize cost and maximize the benefits of
new technologies, an integrated perspective on
cost, benefits, and speed to implementation is
necessary. Transport infrastructure operators—
as akind of natural monopoly—will be expected
to orchestrate this process. They will also be



expected to create transparency on socioeconomic
questions, such as how to distribute the cost of new
technologies between different users, and how to
balance opportunities for more traffic with noise

reduction requirements for neighbors.

Transform the management model

This elevated responsibility requires a new
management model for infrastructure operators.
Today’s planning horizons of 30 years and more need
tobe complemented by much shorter reviews for new
technologies. Regional allocation of responsibility
that served well for maintenance and even newly
builtinfrastructure should be complemented by a
central responsibility for the technical platforms
ofthe future. Interdependencies of vehicles and
infrastructure will grow, and so integrating users
into strategy development and planning will be
crucial. Finally, owners will need to think in terms
of scenarios and options to create future-proof
infrastructure. While almost anyone can drive on
aroad, the wrong traffic control system or sensors

might quickly prove to be a futile investment.
H B B

Developing competencies, rearranging balance
sheets, updating processes—the future of mobility
presents many challenges, butitisinevitable. As
such, operators canlook at this transformation as

an opportunity, and the cost of waiting to get started
is huge. By adapting and laying the groundwork

now, operators can avoid a mountain of expensive
retrofitting and alleviate stakeholder distress across
the spectrum. H

Sven Beiker, Garrett Bray, Alexander Brotschi, Gregor Eckhard,
Paul Gao, Mingyu Guan, Russell Hensley, Hans-Werner Kaas,
Dominic Kohler, Detlev Mohr, Timo Mdller, Nicolai Mller,
Automotive revolution—perspective towards 2030, January
2016, McKinsey.com.
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Building self-sustaining public transport:
An interview with William Sabandar, president director
of MRT Jakarta

Jakarta’s flagship rapid-transit project has proven successful within its first year.
MRT’s director envisions a total of 230 kilometers of railway alleviating some of the
world’s worst congestion.

Rajat Agarwal William Sabandar

Associate partner President director

McKinsey & Company Mass Rapid Transit (MRT)
Jakarta
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Asthelargest economyin Southeast Asia, Indonesia
has seen robust economic growth over the past
decade, and one impact of this growth has been
anincreased number of private vehicles on the
road. Congestion in the capital city of Jakartais
particularly bad, resulting in some of the world’s

worst traffic.

Mass Rapid Transit (MRT) Jakarta was established
in 2008 with plans to invest 600 trillion rupiah
($43Dbillion) in atrain line that connects the
corners of the city to its center.! In March 2019, the
first transitline of Jakarta MRT, which covers 16
kilometers from Lebak Bulus to Bundaran Hotel
Indonesia, opened to the public. Subsequent phases

areplannedin the comingyears.

Inthisinterview, William Sabandar, president
director of MRT Jakarta, talks with associate
partner Rajat Agarwal about the early stages of

the project; the company’s approach to financing
and nonfare revenue; the importance of integrated
cashless systems; and the vision for public transit
in Jakarta.

McKinsey: How did MRT Jakarta get the project off
the ground?

William Sabandar: MRT Jakarta was founded

in 2008, and we broke ground five years later. In
the interim, we faced the challenge of building
confidence among people—residents, investors,
stakeholders—that the project would even happen.
We had to work hard to convince people that public
transportin Jakartacanbereliable and thatit

can help develop anew landscape for the city. The
company’s vision is not just about infrastructure
or building railways; it’s about promoting public

mobility and, by doing so, improving quality of life.

That’s why MRT Jakartais focused on three
missions: promoting urban renewal, achieving
operational excellence, and building a world-class
company. We’re already seeing the areas along the

first MRT line changing, demonstrating excellence
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during both construction and operation. During
the first month, for example, the reliability of the
train operations was 99.82 percent. And we did it
all with accountability, good governance, and great
people.

Now that people have seen this firstline, the
confidenceis quite high. MRT is seen as something
that’s for everybody—not just for people who
normally use public transport, but also for people
who normally use personal cars. We’re developing
momentum to move to the nextlevel.

McKinsey: How did you finance the project?

Sabandar: For the first phase of 16 kilometers,

we secured aloan from the Japan International
Cooperation Agency (JICA) of 17 trillion rupiah.
Soit’salong-term commitmentbetween the
government of Indonesia and the government

of Japan. The second phase, which we hope to
complete in 2024, will continue 8.2 kilometers
north from Bundaran Hotel Indonesia to Kota Tua—
thatisalso financed through JICA. We will likely
need 22.5 trillion rupiah to finance phase two.

The third phase is the east-west rail, which

will be 31 kilometers, from Kalideres to Ujung
Menteng. We may work with JICA again but we’re
alsolookinginto otherinnovative financing
mechanisms, such as public-private partnerships.
Ifthose are successful, they could form a model for

future phases.

McKinsey: How has the public responded to the first
line?

Sabandar: It’s gone very well. Before opening, we
setatarget of 65,000 passengers per day. On the
first day, we got 72,000 passengers. In April, the
average ridership was 82,500 passengers per day.
The current vision is to exceed 100,000 per day on
the firstline by the end of 2019.

To ensure we priced rides correctly, we did a
consumer preferences survey and found that less
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than 10 percent of customers are price-sensitive;
therest are more concerned with reliability,
convenience, and connectivity. Still, we offered a
50 percent discount for the first six weeks, which
was a period of learning for our passengers. The
queues were long at first, as people learned to
use the ticket vending machines. We stationed
additional staff and volunteers to help teach
people how to use the system. It evened out after
about amonth. Now, we see the types of ridership
behaviors you see in, for example, Japan or
Singapore—being on time, standing in the queue,
and demonstrating proper etiquette inside the

cars.

McKinsey: Will MRT Jakarta ever be economically
self-sustaining?

Sabandar: We want to become the model for
building transport systems as well as operating
them—including commercializing them. If

you only rely on ticket revenues, it’s difficult
toturnaprofit because the tickets will always
be subsidized. It’s not healthy for a company to
continue to be subsidized.

That’s where nonfare revenue—the money we can
make from advertising, retail, telecommunication,
and namingrights—comesin. Initially, our target
might be for 30 percent of our total revenue to

be nonfare. Butit’s already gone beyond our
expectation, and nonfare revenue is on track to
beat our farebox revenue this year. I'm confident
that, by the second or third year of operation, we’ll
cover our operations budget with the combination
of farebox and nonfare revenue.

McKinsey: What kind of technology solutions have
you deployed for the MRT?

Sabandar: In construction, we used a tunneling
technology that’s more commonly used in
mining. Nobody had used it for transportation
in Indonesiabefore. For the surface, we installed

platform screen doors in the stations that block
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heat from the rail, so it’s more energy efficient.
These doors improve safety as well.

We also installed an automated train system,
which helps the reliability of the system as well as
safety, as the train will always be controlled by an
operation command center. Ifa train ever goes too
fast, for example, an automatic train protection

mechanism will slow it down.

McKinsey: How do you see the mobility landscape
in Jakarta evolving?

Sabandar: The firstline—these 16 kilometers—is
the beginning of realizing our vision for the future
of mobility in Jakarta. Our goal is to build 230
kilometers by 2030. That includes the second-
phase north line, the third-phase east-west line,
and then the inner- and outer-loop lines. We’re
also working to expand station access. Some of the
elevated stations are in buildings that the public
can’t easily access, so we’re discussing a skybridge
with the developer. And in future phases we’ll
build these interconnections from day one.

To encourage increased ridership across all modes
of public transit, we also want to integrate the
various systems. We’ve already seen ridership

on TransJakarta, our bus rapid transit system,
increase from 700,000 to 800,000 people per

day. Next, we want to integrate the ticketing
systems and issue multimodal tickets. We’re
currently working with Kereta Api Indonesia,
which serves more than one million passengers
per day, toissue a ticket that works on both Kereta
Commuter Indonesiaand MRT Jakarta. That will
form the backbone of the ticketing system, which
can eventually serve the busrapid transit, the
light-rail train (under construction), and other
transport modes.

The second-most important objective is to
distribute Jakarta’s urban growth by building
reliable public transit. MRT will help create

new urban centers, distributing not just the
community but also the traffic patterns, and that



will create more opportunity for development in
Jakarta’s suburbs. People can live near a station and
work in the city center without having to commute
byroad.

Today, only 20 percent of the total travel in Jakarta
is on public transport. Our vision is to see that share

increase to 80 percent.

McKinsey: What is your vision for MRT Jakarta as an
organization?

Sabandar: The company has a lot of potential

to support the development of public transport
systems in other cities and countries. We want
tobelike the mass rapid transit organizationsin
Hong Kong or Japan, providing consultancy for
development of MRT systems. I've already been
approached by leaders of other Indonesian cities,
and we are actively working with them and drawing
on what we’ve learned from our journeyin Jakarta.
Together we will continue to develop world-class
infrastructure throughout the region.

Viriya Singgih and Arys Aditya, “The $43 Billion Race to Fix
Jakarta’s Choking Traffic,” Bloomberg, February 26, 2019,
bloomberg.com.
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Preparing our cities for shared
autonomous-vehicles

What infrastructure improvements will promote the growth of autonomous vehicles
while simultaneously encouraging shared ridership?

Tyler Duvall Eric Hannon Jared Katseff
Alumnus, Washington, DC Partner, Frankfurt Cons'ultant, Washington DC
McKinsey & Company McKinsey & Company McKinsey & Company

Ben Safran Tyler Wallace

Associate partner, Washington, DC Consultant, Stamford
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Imagine a future in which fleets of autonomous
buses and shuttles effortlessly navigate through
city streets to their designated stops. Ridesharing
services dispatch shared autonomous vehicles
(AVs) to pick up multiple passengers traveling
along similar routes. Car ownership and traffic
congestion drop because shared-mobility AVs
fulfill most transportation needs.

Now imagine an alternative future in which
everyone who once owned a traditional car instead
has an AV. Many people without licenses also

purchase AVs for their personal use, even though

they haven’t had a car for years or never owned one.

Passenger-miles traveled increase by 25 percent

and city streets become even more gridlocked.t

Which scenario will emerge around the world?
The answer will depend, in part, on whether
public and private stakeholders investin the
infrastructure required to enable shared
autonomous mobility (SAM). Here’s alook at the
benefits that stakeholders can obtain by pursuing

aninfrastructure strategy that encourages SAM, as

well as some steps that can help them move in the
right direction.

Autonomous-vehicle infrastructure at a
crossroads

If stakeholders build infrastructure to support
SAM, multipassenger robo-taxis could account
for 500 billion miles traveled on US roads—about
9 percent of the total—by 2030. By 2040, they
could account for 50 percent of all miles traveled.
In addition to less traffic congestion, vehicle
emissions could plunge. With more AVsin use
that make fewer errors than human drivers,
transportation fatalities could decline. Real
estate previously dedicated to parking could

be repurposed into commercial or residential
properties. These improvements, in combination,
could produce economic benefits totaling $850
billion annually.

Basic upgrades: Keeping infrastructure assets in
good repair

Some of the upgrades essential for SAM are
simply intended to make the roads friendly to
AVs. Currently, only 41 percent of US roads meet
the requirements for a “good ride,” as scored
according to the International Roughness Index.
Potholes, poor striping, and other maintenance
issues not only create safety problems but also
present challenges to AVs. For instance, the
physical structure of intersections will change if
roads or markers deteriorate, making it difficult
for mapping software to guide AVs accurately.

If governments consider adopting faster,

more efficient approaches to improving basic
infrastructure, they could reduce such problems
and enable greater AV use. Governments could
also eliminate some issues by contemplating
partnerships with various stakeholders, such as
utility companies, transportation departments,
and cable companies, to ensure coordinated and
cost-effective street repairs. With fewer detours
and road closures, AV navigation will be easier.

Shared mobility: Shaping the future of transit
Otherinfrastructure upgrades are specifically
designed to encourage SAM. These alternations
may not be animmediate concern for public
officials who are busy juggling priorities and
dealing with tight budgets. But actingnowon a
forecasted need isless costly than acting later on
an existing or emerging need. SAM investments
could also produce some immediate improvements
in congestion and transportation, even though
traditional vehicles far outnumber AVs.

Some of the most important structures and
accommodations needed for SAM include the
following:

= Support facilities. Autonomous fleets will
need large support facilities to service and
charge AVs. If cities allow private companies

Preparing our cities for shared autonomous-vehicles Voices July 2019
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to operate vehicle fleets, officials might only
need toregulate support facilities; their private

partners would bear all infrastructure expenses.

But if officials want to create public fleets, they
should consider planning for the development of
support facilities, much as they do when creating
orenhancing today’s bus systems. In some cases,
they could repurpose existing facilities that are
no longer essential, such as parking garages.

Staging areas. To avoid congestion, AV fleets
and shared-ride services need locations where
they canidle when picking up or discharging
passengers. One solution might involve
converting existing parking spots into staging

areas accessible to multiple fleet operators.

Curb modifications. In most cities, the curb
predominantly serves as a space for parking.
Transportation leaders could consider pricing
this resource more dynamically, taking market
demand into account, to free up spaces. They
could also designate it for specific purposes

at different times (designated with signs or
beacons that send signals to AVs). During

rush hour, the curb might be a pickup site

for AV shuttles that are part of the public
transportation system. Later, it could provide
parking for food trucks during lunch and a site
for freight delivery at night. Transforming the
curb may encourage SAM because travelers
could share costs related to drop-off, especially
during times when the price increases.
Dynamically pricing curb space could also
reduce congestion and cut down on vehicles
circling—current problems that will extend into
the AV world of the future.

Mobility hubs. For SAM to flourish, travelers

must be able to transfer seamlessly between

different modes. A commuter might take arobo-
taxi from home to the nearest train station then
grab an electric scooter to get the final mile
from the train stop to the office. If this process
is too difficult, passengers might opt to take
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aprivate AV from point to point—a trend that
would increase delays and unreliability. To
avoid this situation, officials could consider
investing in more mobility hubs where travelers
going in the same direction can access shared
transportation, including AVs. These facilities
could include micromobility-pickup locations
(places where people could get scooters or bikes)
next to subway stops or large transit facilities
thatalso contain dining and shopping options at
critical nodes.

Funding autonomous-vehicle-infrastructure
upgrades: Possible approaches

Federal, state, and local governments are

already struggling with budget deficits, and
transportation is underresourced. According
tothe American Society of Civil Engineers,

the United States has a $836 billion backlog of
highway- and bridge-capital needs.2 Adding to
the problem, the growth of AVs and EVs could
exacerbate the current funding gap by 22 percent—
about $80 billion—by 204.0. (Given that most
AVswill be electric, fuel-tax revenues may fall by
more than half). And without the need to license
andregister drivers or personal cars, various fees
could also fall substantially. These shifts will
likely present a daunting financial challenge for

the public sector.

Public officials could mitigate the funding gap by
finding new revenue streams. When considering
their options, it would be helpful if they investigate
whether new revenue streams would incentivize
or discourage more cost-efficient SAM. In many
cases, these streams may come from public-
private partnerships (PPPs), which are becoming

more common with large transportation projects.

PPPs provide means for encouraging the diverse
mix of capital investments that may be needed to
support the growth of AVs and SAM. (No single
public or private organization has the resources
needed to make all required infrastructure
upgrades.) With all PPPs, careful consideration


https://www.mckinsey.com/business-functions/sustainability/our-insights/the-road-to-seamless-urban-mobility
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mustbe given to ownership issues, contract
terms, and the potential value of the future
revenue streams. Prime mobility-related PPPs

that encourage SAM might focus on the following
activities:

m developing the infrastructure necessary to price
the curb dynamically and collect revenues (for
instance, by installing smart meters that display
current prices, accept payments, and notify

servers if they are occupied)

® bundling a variety of small capital improvements
across abroad geography to capture economies
of scale and attract the most efficient and
sophisticated private-sector companies
(for instance, by repairing multiple bridges
simultaneously)

m setting up and operating mobility services, such
as AV fleets, on behalf of a city, following the
model that some have implemented for bikeshare

programs

® constructing infrastructure to collect user fees
on shared-AV-only lanes

The greater use of shared AVs won’t just change
transportation systems—it could also breathe new
life into cities. If transportation officials begin
looking into SAM issues now, before AVs become
widespread, they can create a future in which
traffic flows smoothly and predictably, public
transportation operates efficiently, and overall
emissions drop. Residents could have more parks,
restaurants, and businesses to enjoy in their own
neighborhoods, giving them a greater connection
to the local community. Risks to bicyclists and
pedestrians, which have been growing in recent

years, could also fall. The benefits that such

changes could bring to society and the environment

could be beyond price.

" Eric Hannon, Colin McKerracher, Itamar Orlandi, and Surya
Ramkumar, “An integrated perspective on the future of mobility,”
October 2016, McKinsey.com.

2“Roads,” 2017 infrastructure report card, American Society of
Civil Engineers, 2017, infrastructurereportcard.org.

A longer version of this article appears on

McKinsey.com: Anew look at autonomous-vehicle

infrastructure.

Copyright © 2019 McKinsey & Company.
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New mobility maps out a
21st-century course for transport
INnfrastructure development

Five actions can help players across the private and public sectors move toward new
mobility. Collaboration is key.

David McAlister

Global Director, Transport &
Infrastructure
WSP
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Mobility as we know itis in transition. Just as

the invention of the internal combustion engine
(ICE) led towidespread production and use of the
automobile throughout the 20th century, today,
emerging and new technologies are paving the way
for adynamic era as new mobility becomes the
bedrock of future transport systems.

Throughout the world, the bundle of transport and
technology changes known as new mobility will
transform and improve the ways we move about,
live, and interact with each other. New mobility
will also open doors to address an array of critical
21st-century issues, including the need to reduce
urban congestion and greenhouse gas emissions. As
environmental, economic, and social sustainability
concerns refocus metropolitan planning and
design efforts, new mobility will inform and shape
awell-considered approach to infrastructure

development.

Inland transport specifically, technological change
is already at work in live operations, pilots, and
trials. Four elements—automation, connectivity,
electrification, and shared use—form the core of
new mobility. Business models will continue to
influence and bring together developments across
these main areas, generating benefits for both the
private and public sectors. Five specific actions—
mapping your organization’s “now” against the
elements of new mobility, understanding your
organization’s appetite for change, collaborating
consciously, adapting what your organization
already has, and finding your springboard for
action—make an effective starting point.

Core elements of new mobility

Each new mobility element has adistinct and
essential role in producing the greatest long-term
benefits for people, places, and communities.

Automation and connectivity will together
transform future network efficiency, safety, and
access to mobility. Where applied, these elements
will allow the creation of data-led, multimodal
transport systems. Governments around the world

are developing regulatory frameworks that set

the conditions for automated vehicle testing and
deployment. For example, Dubai is focused on
creating an integrated system of people, vehicles,
and physical and digital infrastructure, with

the goal of making 25 percent of all tripsin the

city smart and driverless by 2030.1 The City of

San Diego is upgrading streetlights to create a
connected digital network that can optimize
parking and traffic, improve public safety, and
track air quality. The City plans to implement 3,200
smart sensors, which will be the world’s largest
city-based deployment of an Internet of Things
platform.2 San Diego is also developing a smart-city
dashboard to manage parking and curbside use, and
toseereal-time usage throughout the day.

The immediate benefits of electrification are well-
recognized across government, in the private sector,
and by consumers. Reduced costs for users and
healthier air quality due to lower local emissions
will be major advantages. Electric vehicles (EVs)
also offer the potential for higher reliability relative
to ICE models. A global movement toward zero-
emission transportation solutions, in great part
driven by battery-electric propulsion, indicates
worldwide progress and potential. Californiais
leading the way in the United States, calling for
transit tobe zero emission by 2040 and for a ban on
registration of new ICE vehicles starting in 2040
through its Innovative Clean Transit Rule and the
Clean Cars Act. France and the United Kingdom
have an official target of no new ICE vehicles sold
after 2040. Norway plans to sell only EVs by 2025.
Atleast 16 countries have taken action to phase out
ICE vehicles and increase the number of EVs.3

Finally, shared use of motor vehicles holds
transformational power in terms of future place-
making across our cities, towns, and rural centers.
Ridesharing can discourage car ownership,
resulting in far fewer vehicles driven and parked.
But a substantial move away from private vehicle
ownership will depend on the availability of a high-
quality, flexible, and affordable mobility service
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that works better than today’s car ownership and
lease models.

Andincreasing EV adoption across ridesharing
fleets deepens new mobility’s impact. For example,
MOIA, a subsidiary of the Volkswagen Group,
recently launched the operation of 100 EVsin
Hamburgas part of the company’s ridesharing
service, with the aim of the shared-mobility fleet
growing to cover the entire city in the near future.#
New residential communities that supporta
car-freelifestyle are also becoming areality;

the Parkmerced development in San Francisco
provides users with transportation credits in
exchange for car-free living.®

Business models and revenue generation will bring
about the transition from today’s mix of pilots

and trials to proven and established new mobility
options for the long run. One example: mobility

as aservice (MaaS) is offered with subscription-
based mobility packages on the Whim application
in Antwerp, Belgium; Birmingham, England; and
Helsinki, Finland.

Five steps toward new mobility

Initiating or continuing a new mobility effort
requires a clear vision and an understanding of the
possibilities in evolving new mobility landscapes.
These five steps can help direct and guide your
organization’s plan of action.

1. Map your organization’s “now” against the
elements of new mobility

Some organizations mayinitially have aninterest
in only one or two of the four elements of new
mobility—particularly those advancements
thatbring a specific technological solution to
market. In the automotive industry, for example,
some firms are focused on connectivity and
electrification, while others, such as Volkswagen
with MOIA, are extending their new mobility
brand through shared use. Planning and transport
authorities are more likely to favor abalanced
approach across all four new mobility areas, with
an eye on wider social benefits.
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Being eager to engage with new mobility does

not mean that everything mustbe decided

and mapped out right now. There will be many
unknowns, and much change ahead, so the first
stepis toidentify which decisions are needed
immediately and which ones can wait. For
example, retail landowners should start assessing
theresilience of their shopping malls, both in
terms of having transport facilities that can
accommodate shared mobility and being able

to engage with customers through new mobility
business models. Doing so will enable commercial
property owners to maximize the accessibility

and revenue-generating potential of their assets.

2. Understand your organization’s appetite for
change

Appetites for new mobility and the power to
accelerate or hold back change vary widely in both
the public and private sectors at national and local
levels, ranging from “we’ll wait and see” to “we
want to be at the forefront.” Organizations with
alonger-term adaptive plan—one that allows
integration of new mobility options and aligns
them with core strategy and operations—will

be positioned to move ahead. Pilot programs—a
manageable way to get your organization’s feet
wet—and conducting due diligence in local
markets are key to test concept viability before
widespread implementation. Large business
parks and university campuses are trialing
automated shuttles that move staff, students, and
goods, testing the interactions and use casesin a

relatively controlled, low-risk environment.

3. Collaborate consciously

Sustained results require multifaceted
collaboration to maximize returns and accelerate
change. Diverse professionals—technologists,
funders, visionaries, and others—craft and shape
thelandscape, then reshape it as necessary. By
putting a focus on the potential positive long-term
outcomes—increased land value, cleaner air, more
efficient networks, and safer roads—new mobility
candraw together city and arealeaders, transport



planners, urban designers, transport-network
owners, and mobility and technology providers to
engage in meaningful collaboration toward diverse
community goals. Working together, public and
private sector stakeholders can then understand
how to approach their new mobility options and
take practical, near-term steps toward actualizing

transport systems underpinned by new mobility.

Athotspots where pilot testing can be scaled into
commercially viable services, opportunity may
existtoaligninterests. Say alead partner, perhaps
alocal government, has set avision for shared,
electric, and automated mobility. Stakeholders
across multiple areas—automotive, academia,
utilities, local businesses, and existing operators—
looking to make that vision areality can engage by
providing in-kind contributions such as sharing of
data. Thisinformation can range from automotive
technology timelines and infrastructure
requirements to operators’ passenger travel
demand data to academicinsight into what service

model may work best.

4. Adapt what your organization already has

Ask whether some of what is already planned or
available can be adapted to enable new mobility.
Rethink and adapt existing investment plans to
work with what you see on the horizon. Movement
toward electric and autonomous vehicles, for
example, will influence land use and have an impact
on traditional parking requirements. Land and
facilities currently used for parking can be freed up
for recharging of new-mobility vehicles. Adding a
couple of charging stations to an existing parking
lot may be a good place to start now.

5. Find your springboard for action
Identify a specific focal point that can be delivered

enormous short-run potential for visible change
and benefit. Large sporting or cultural events often
provide a platform for testing new initiatives with
areceptive audience. At the Tokyo 2020 Olympics,
plans call for automated and electric vehicles to
help move athletes, officials, and media between
venues and the city center.6

We are challenged to design and create new
mobility futures that are equitable and sustainable
to support the needs and wants of individual
communities. While each element of new mobility
will increasingly reshape our transport systems
in the coming years, there is not one easily defined
new mobility “bundle” that will work everywhere.
As government regulators and private industry
collaboratively prepare for the integration of new
mobility, they will enable communities to deliver
the many benefits of new mobility throughout the
21st century and well beyond. M

" “Transforming Dubai to autonomous mode by 2030,” Dubai
Future Foundation, Government of Dubai, accessed June 10,
2019, dubaifuture.gov.ae.

2 “Smart City—San Diego,” Smart Cities Library, accessed June
12,2019, smartcitieslibrary.com.

3 |sabella Burch and Jock Gilchrist, Survey of Global Activity to
Phase Out Internal Combustion Engine Vehicles, Center for
Climate Protection, September 2018, climateprotection.org.

4+“MOIA: The e-shuttle against the traffic gridlock,” Volkswagen,
accessed June 12, 2019, volkswagenag.com.

5 “Car-free living,” Parkmerced, accessed June 12, 2019,
parkmerced.com.

6 Steve McCaskill, “How autonomous and electric vehicles will
keep the Tokyo 2020 Olympics moving,” Forbes, July 25, 2018,
forbes.com.
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in the short term to make a statement about the
tone, style, and speed of your organization’s move
toward new mobility. This choice may align with a
priorinvolvement in existing pilots and trials or an
areawhere your organizationis already in amarket
leadership position; or it may be an area where Copyright © 2019 McKinsey & Company.
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Setting course for a future of
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Urban traffic is getting worse. Here’s how public- and private-sector leaders can forge a
strategy toward seamless mobility.

Eric Hannon Stefan M. Knupfer Sebastian Stern Jans Tijs Nijssen
Partner, Frankfurt Senior partner, Stamford Senior partner, Hamburg Associate partner, Amsterdam
McKinsey & Company McKinsey & Company McKinsey & Company McKinsey & Company

36 Global Infrastructure Initiative



The age of modern transitbeganin 1863, when the
firstunderground railway began rolling in central
London. The line was short and smoky, and nothing
like it had ever been seen before. But it worked, and

cities around the world began to follow London’s lead.

Over time, city authorities came to see providing
transportation as one of their core responsibilities,
and governments often owned and ran transit
systems themselves.

The future, however, could be very different. Under
what we call “seamless mobility,” travelers mix

and match different kinds of transit, ranging from
trains and bikes to robo-taxis and autonomous
shuttles. Rail would remain the backbone of the
urban transit system, delivering about 40 percent

of urban passenger-kilometers. But there will be
more people in shared modes of transportation; over
time, all of these will be electrified, and many will be

autonomous.

We have identified five indicators to evaluate
mobility systems: availability, affordability,

efficiency, convenience, and sustainability. By
integrating four trends—autonomy, connectivity,
sharing, and electrification—seamless mobility
improves all of them. Specifically, we believe

it could accommodate up to 30 percent more
passenger-kilometers (availability) while still
reducing average time per trip by 10 percent
(efficiency). In addition, it could cost 25 to 35
percentless per trip (affordability), increase the
number of point-to-point trips by 50 percent
(convenience), and, if AVs are electric, reduce
greenhouse gas (GHG) emissions by up to 85
percent (sustainability).

To get there, itis critical to maintain a high-
quality physical infrastructure those Victorian
engineers would have been familiar with. But
seamless mobility will also require new kinds of
physical assets, such as storage and maintenance
facilities for shared autonomous fleets, fast-
charginginfrastructure for electric vehicles (EVs),
and dedicated lanes for autonomous vehicles

(AVs) equipped with vehicle-to-infrastructure

Exhibit 1

Seamless mobility has the potential to improve all system indicators.

System indicators, change over baseline

Convenience, % of
point-to-point trips

50% more
point-to-point

Seamless
mobility

Baseline

Availability,passen-
ger kilometers per
year

30%
more travel

Seamless
mobility

Baseline

Efficiency, average
time per trip

10%

less time
am

Baseline Seamless
mobility

Affordability, aver-
age cost per trip

25-30%
less
mmm expensive

Baseline Seamless
mobility

'Assuming that all electric vehicles and autonomous vehicles are powered by no-emissions sources.
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Sustainability,
greenhouse-gas
emissions per year’

85%
fewer
emissions

Seamless
mobility

Baseline
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communications and IT systems. All of this
comprises a significant new area of opportunity
forinfrastructure companies to design, build,
and operate, and for new forms of public-private

partnerships.

Under seamless mobility, these kinds of hard
assets will not only need to be well-built; they

will also need to be smart and connected. And
thatbrings us to new kinds of infrastructure,
much of it in the form of bytes and clicks, such as
traffic-flow management, real-time public-transit
information, vehicle routing, maps, and vehicle

tracking.

Some of this, of course, is already in common use.
For example, the application of smartphones, GPS,
and the Internet of Things (IoT) to infrastructure
and vehicles has enabled newer forms of travel,
such as car sharing and e-hailing. It has also made
traditional modes more efficient, by making
trains run more smoothly and routing buses

more efficiently. In some US cities, portions of the
bus fleets travel along flexible networks, based
onrider orders placed through an app, rather
than fixed schedules. All thisis just the start

of the journey, though. To consider what kinds

of infrastructure maybe needed in the future,
thinking about it in terms of supply and demand
canbe useful.

Optimizing supply: Improving capacity
utilization

It’s time-consuming and expensive to build

new bricks-and-mortar infrastructure. More
important, in many places it will not be necessary
ifexisting assets are used more productively. Here
are some tools that cities can deploy to do the
latter.

Paving the way for AVs: Priorities range from
ensuring that roads have clear signage and are in
good repair to devising consistent data standards
and communication protocols. The latter can
actuallyboost road capacity because allowing
autonomous vehicles to communicate with
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each other enables them to drive closer together,
meaning more vehicles can travel safely on the
same roads.

Automating, and tech-enabling, trains:
Autonomous operations and advanced signaling
reduce the space between train coaches, making it
possible to achieve higher speeds and carry more
people. Dozens of autonomous trains already exist,
for both metro lines and for site-specific systems
such asairports. When Paris automated its oldest
metro line, the average speed rose 20 percent.
Condition-based and predictive maintenance,
which involves collecting performance data and
using statistics to identify and fix problems before
they cause breakdowns, can keep trains rolling
more frequently and reduce maintenance costs by
up to15 percent.!

Deploying intelligent traffic systems: These
systems minimize wait times and maximize
movement through, for example, lights that sense
trafficand communicate with each other, as well
asdynamic lane allocation, which shifts lanes to
the direction with more traffic. Such systems have
reduced commuting time in Buenos Aires by as
much as 20 percent, in San Jose and Houston by 15
percent, and in Mumbai by 12 percent.

Optimizing demand: from private to shared
modes of travel

To progress toward seamless mobility, it’s
important to encourage people to shift to shared
transportation and to move some traffic to off-
peak hours. Thatis what we mean by optimizing
demand. If people move away from driving
themselves and onto rail, bus, or autonomous
shuttles, existing infrastructure can carry more
passengers without increasing congestion, and
maybe reducingit. That, however, will require
new kinds of infrastructure. Examples of demand
optimization infrastructure includes:

Creating dedicated lanes for shared vehicles:
Shared mobility solutions, such as car-sharing,
e-hailing, and bike-sharing, are all growing, and



N

the potential is enormous. The emergence of shared,
autonomous EVs that are less expensive than owning Q
aprivate car could transform urban mobility.2 If B
all the autonomous shuttles and buses that enter
circulation travel in their own lanes, they will be a
faster, more attractive travel option. Cities such as
Bogota and Brussels have already found this to be

the case with traditional buses.

Scaling e-scooters and shared bicycles: Bike-
sharing has also grown rapidly in the past decade. In
the United States, the number of bike-share trips
increased from 2.3 million in 2010 to more than

35 million in 2017.3 While these modes are still in
theirinfancy, early anecdotes suggest that when
e-scooters and shared bikes are linked to transit

lines, this makes rail more attractive.

Changing commercial deliveries: Goods
transport accounts for almost 20 percent of urban
congestion. The construction and use of urban
consolidation centers (UCCs) is one option to thin
it. These are locations where deliveries are brought
and then sent on to cities. That means fewer truck
trips, on more efficient routes. Load pooling is
another. Commercial vehicles with spare capacity
are matched, via an online platform, with customers
who need the space. An algorithm optimizes delivery
routes and shippers use their fleet more intensively,
reducing related mileage by 25 percent.4

The future of mobility comprises a significant new
area of opportunity for infrastructure companies.
They can only benefit, however, if they work closely
with governments—and if all parties keep in mind
that to deliver the goal of seamless mobility, the
development and use of infrastructure will need to
be seamless, too.

The rail sector’s changing maintenance game, February
2018, McKinsey.com; Shafiq Dharani, Tom Isherwood, Diego
Mattone, and Paolo Moretti, “Telematics: Poised for strong
global growth,” April 2018, McKinsey.com.

Aditya Dhar, Dev Patel, Rahul Raina, and Paolo Sandrone,
“What US consumers think of shared mobility,” November
2017, McKinsey.com.
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“Bike share in the U.S.: 2017,” National Association of City
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An integrated perspective on the future of mobility, part 2:
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Read the full version of this research on McKinsey.

com: The road to seamless urban mobility
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McKinsey’s latest mobility start-up and investment tally shows the industry invested $120
billion in the last 24 months.
Daniel Holland-Letz  Matthias Kiisser Benedikt Kloss Thibaut Miiller
Seniorresearch analyst, Partner, Munich Consultant, Frankfurt Associate partner, Geneva
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The automotive industry is shifting into high gear as
abroader definition of mobility takes hold. Driven
by the four ACES trends—autonomous driving,
connected cars, electrified vehicles, and smart
mobility—automotive OEMs, suppliers, and new
entrants such as tech players and venture capitalists
are attempting to build strongholds in the emerging
mobility ecosystem.

We estimate that securing a strong position
across all four areas would cost a single player an
estimated $70 billion through 2030. It’s doubtful
anyindividual OEM could shoulder this level of

Exhibit 1

investment alone, which is why partnerships and
targeted acquisitions offer an attractive strategy
for staying ahead of competitors.

In April 2019, McKinsey undertook a scan of the
mobility start-up landscape to identify where
innovation and investment are flowing. A few key
themes emerged.

Investments continue to grow strongly
Investments in new mobility start-ups have
increased significantly (Exhibit 1). Since 2010,
investors have poured $220 billion into more than

Analysis on the mobility start-up and investment landscape shows activities

across ten clusters.

1. Autonomous-vehicle (AV) sensors and advanced driver-assistance system (ADAS) components

2. AV software and mapping
3. Back end/cybersecurity
4. Batteries

® 5. Connectivity/infotainment

® 6. Electric vehicles and charging
@® 7. E-hailing

® 8. Human—machine interface and voice recognition

@® 9. Semiconductors
® 10. Telematics and intelligent traffic

Connectivity and the
Internet of Things

Smart mobility

Start me up: Where mobility investments are going Voices July 2019

Autonomous
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1,100 companies across ten technology clusters.
Investors provided the first $100 billion of these
funds by mid-2016 and the rest thereafter. (Read
more on our methodology here.)

One measure of how dramatically investments
have grown involves a comparison of the periods
2010-13 and 2014-18, when average investments
across all technologies jumped sevenfold (Exhibit
2).Our analysis reveals that more than half of the
investment volume comes from large investments
with transaction values greater than $1billion—

these are industry-shaping moves and include

Exhibit 2

the mergers and acquisitions of established
companies.

Another clear trend is the tech-company challenge
toincumbent automotive players on mobility:
these nonautomotive players, together with
venture capitalists and private-equity firms, are
responsible for over 90 percent of the investments
in the mobility space.

Furthermore, we identified another strong
acceleration of investments in e-hailing players,

mainlydriven bylarge investments in top players.

Investment activities accelerated, with a few industry-shaping moves.

Total disclosed investment amount since 2010’

Technology Investment, Average annual investment, $ billion
cluster  billion 2010-13 2014-Feb 2019
® E-haiing I 62 02 ° . e
@ Semiconductors I 38.1 08 @ ‘ 7.4
ﬁgisé%rlzzoﬁpigcejnts 299 06 56
® e, — 208 06 @ @ -
O hesencles 190 06 ® ® so
Batteries 14.3 0.8 21
Qr}gsrzgmfg 1385 03 23
® eigent vafic N 24 05 @ ®
cByak:)cekrseggu/rity 0.0 02 14
O naeee 74 12@ e 06
Total 220.6 5.9 39.6

'Sample of 1,183 companies. Using selected keywords and sample start-ups, we were able to identify a set of similar companies according to text-similarity algorithms
(similarity to companies’ business description) used by the Competitive Landscape Analytics team.

2Autonomous vehicle.

SAdvanced driver-assistance system.
“Human—machine interface.

Source: CapitallQ; Pitchbook; McKinsey analysis

42 Global Infrastructure Initiative


https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/start-me-up-where-mobility-investments-are-going

Thisindicates thatinvestors expect ahigh return
oninvestment. These investments, however, need
tobe seen in conjunction with those in autonomous
driving (with several players active in both areas).
Autonomous driving can be seen as the endgame of
e-hailing, potentially also being the road to (greater)
profitability of these solutions.

We also noted several other investment highlights in
2018. Forinstance, the latest transactions involving
Cruise, the autonomous-driving unit of General
Motors, reveal a post-money valuation (a company’s
value after it adds capital contributions and outside
financing toits balance sheet) of $14.6 billion. That
alone is responsible for roughly a third of GM’s

overall valuation on the public market.

What’s more, Cruise and Honda are collaborating
on a purpose-built autonomous vehicle. Honda will
devote $2billion to the effort over 12 years and make
an additional $750 million equity investment in
Cruise. In May 2018, SoftBank Vision Fund made a
$2.25billion investment in Cruise, splitinto $900
million at closing and $1.35 billion when GM is ready

to deploy its autonomous cars for commercial use.

Furthermore, SoftBank invested an additional
$0.94 billion in Nuro.ai. But autonomous-driving
firms were not the only ones to collect significant
funds: Grab, a Southeast Asianride-hailing service,
received $2 billion in new capital from investors
including Toyota, which contributed $1 billion, and
SoftBank, which invested $500 million. Grab’s
currentvalue is north of $10 billion.

What'’s new in the past 12 months—a few
highlights

Beyond the overarching development, we have built
onour existing analysis to deepenitinselected
areas, forinstance, considering patent activity,
shared micromobility, the rising cost of technology,

regional expansion, and other topics.

Patent activity favors incumbents. In addition
to investments, which offer one lens on mobility-
market dynamics but do not capture internal

company outlays, we also examined technology
patents along the ACES clusters. We found that
battery and charging technologies account for
about half of the relevant patents issued but only

20 percent of company investments. That probably
means many large companies do this work in-house
viatheir ownresearch departments. Comparatively,
e-hailing services show the lowest number of
patentsissued, likely because differentiation in
this cluster is driven more by network effects and
less by technology. Traditional automotive players
make less than 10 percent of all investments but
issue about 85 percent of relevant patents—an
indication theyinvest more in internal research
and development than in inorganic growth.

Shared micromobility debuts. Micromobility
companies!increased their investments by a
factor of more than five from 2014 to 2018. Total
investments now significantly exceed $1 billion,
with an average investment of about $100 million
per transaction in 2018. That’s comparable to the
combined investments in telematics, intelligent
traffic systems, and the peer-to-peer space,
although the average investment amount is two
tothree times as high. This investment intensity
could support aview that sees it as a supplement
to the future e-hailing market (among others),
driven by the transition from station-based vehicle
sharing to free-floating services.

Technology is becoming more expensive.

The median investment amount for relatively
smaller deals (less than $100 million investment
volume) has increased two- to threefold

since 2013, suggesting that the average cost of
technology increased in recent years. This could
indicate amaturing of the technology toward
industrialization and deployment, as well as an
overall increase in the cost of participating in the
race for ACES technology.

The regional splitis lopsided. Over a third of the
overall investment in mobility went to companies
in the United States, followed by China ($51billion),
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the United Kingdom ($34 billion), and Israel ($18.5
billion, where $17.4 billion comes from investments
into Mobileye). The next highest European
countryis France, in tenth position. Even though
the European Union (EU), excluding the United
Kingdom, receives only 5 percent of global funding,
it contains 19 percent of all identified companies.
Thus, average investment sums in Europe remain far
behind those in the United States and China.

Thisbreakdown is similar when looking at the
source of money as opposed to the recipients: the top
investors come from the United States, Japan, and
China, while the largest investors in the European
Union come from Germany, at only $4 billion.

SoftBank is heavily invested. Japanese tech
player SoftBank has invested about $30 billion in
automotive ACES trends to date, with a focus on
autonomous driving and e-hailing. With its recent
investmentin Cruise and Nuro.ai, SoftBank now
has astake of more than $9 billion in autonomous
driving, makingit a strong player in the mobility
space. An additional $30 billion has been invested
in the semiconductor business, with significant
exposure to future-of-mobility topics, in particular
the hardware to bring about autonomous driving.

Tech-company valuations outpace incumbents.
Comparing today’s valuations to those of 2010 shows
the total market capitalization of traditional OEMs
decreased by more than 10 percent. Meanwhile,

tech players in the automotive space—such as Tesla,
Uber, and Waymo—increased strongly and are now
even higher than the valuations of traditional OEMs.
Uber’s recent valuation of more than $70 billion
makes it more valuable than traditional premium
OEMs such as BMW or Daimler. And although
traditional OEMs invest less in inorganic moves,
they still hold a strong position in the ACES trends
based on their patents and massive R&D expenses.

44 Global Infrastructure Initiative

As the mobility transformation gathers momentum,
investors are clearly targeting the four ACES trends,
thus providing a concrete measure of the scale and
scope of change on the horizon. l

' We define shared micromobility as including electric bikes

(e-bikes), scooters (e-scooters), and mopeds (e-mopeds).

Read the full report on this research on McKinsey.com:

Start me up: Where mobility investments are going

Copyright © 2019 McKinsey & Company.
All rights reserved.


https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/start-me-up-where-mobility-investments-are-going
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Four questions on the
future of urlban mobllity

What does the data tell us about the performance of urban transport
systems across different geographies?

McKinsey
& Company

Four questions on the future
of urban mobility


https://www.globalinfrastructureinitiative.com/article/four-questions-future-urban-mobility
http://globalinfrastructureinitiative.com/voices/july-2019
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McKinsey & Company || Capital Projects & Infrastructure

McKinsey & Company is a global-management consulting firm, with experts in more than
110 locations and more than 60 countries committed to serving clients across the private,
public, and social sectors. McKinsey’s Capital Projects & Infrastructure Practice is a
leading adviser on the planning, financing, delivery, and operation of infrastructure, real
estate, energy, and large capital projects and portfolios worldwide.

We help clients improve on-time and on-budget delivery of major projects and get the
most out of existing capital assets. Working alongside owners, developers, contractors
and financiers, we have experience across all markets, asset classes, and stages of the
project lifecycle. McKinsey provides our clients with a unique combination of strategic
advisers, practitioners with deep sector and market knowledge, and senior technical
experts with decades of industry experience.

Over the past five years, we have delivered impact in more than 3,000 engagements,
including work on 150 megaprojects collectively valued at more than $1 trillion. Our
unique ability to partner with our clients and drive fundamental change is rooted in our
independent perspective, alignment with client goals, a deep commitment to innovation
and impact, and the depth and breadth of our expertise and experience.

mckinsey.com/industries/capital-projects-and-infrastructure/how-we-help-clients

Global Infrastructure Initiative

Since 2012, McKinsey & Company’s Global Infrastructure Initiative (Gll) has convened
many of the world’s most senior leaders in infrastructure and capital projects to identify
ways to improve the delivery of new infrastructure and to get more out of existing assets.
Our approach has been to stimulate change by building a community of global leaders
who can exchange ideas and find practical solutions to improve how we plan, finance,
build, and operate infrastructure and large capital projects.

Gll consists of a global summit, regional roundtables, innovation site visits, and a
quarterly digital publication, Voices. The sixth Gll Summit will take place in Montreal on

June 10-12, 2020.

globalinfrastructureinitiative.com
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