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Road Tech Addressing the challenges of traffic growth

PERSPECTIVES

Road Tech: Addressing the challenges of traffic growth is an Economist
Intelligence Unit (EIU) report, commissioned by Abertis, which examines
the role of technology and smart engineering in addressing issues arising
from the growth in traffic.

The findings are based on desk research and interviews with innovators

and subject matter experts. The Economist Intelligence Unit would like

to thank the following experts who participated in the interview programme
(listed alphabetically):

James Anderson, director of
the Institute for Civil Justice in
RAND Justice, Infrastructure,
and Environment at RAND
Corporation

"It is a really hard
challenge because road
budgets are maintained
by so many different
entities with so many
different budgets,
capacities and skills.”

José Barbero, dean,
Transportation Institute,
National University

of San Martin

“New technology is
enabling the collection
of data that were most
difficult to obtain before,
such as traffic flows. Now
a lot of this data is readily
available for purchase.
This is incredibly cool.”

Di-Ann Eisnor,
head of growth, Waze

“Having more data will
take away pure opinion
or politics, and allow
everyone within a city
to work together more
cohesively.”

Greg Archer,
director, clean vehicles,
Transport & Environment

“Unless we get to grips
with the growth in
transport emissions from
vehicles, whether they
be cars, vans or trucks,
we are going to miss our
climate goals.”

Larry Burns, former vice
president of research and
development, General Motors

“It is time the definition
of infrastructure evolved
to include not just the
physical components,
such as roads and bridges,
but also digital and
electronic components.”

Robert Frey, planning
director, Tampa-Hillsborough
Expressway Authority

“You need some sort of
revenue source that
can attract [the private
sector] so that the city
[government] can deal
more with performance
measures as opposed to
managing equipment.”

Hari Balakrishnan,

chief technology officer

of Cambridge Mobile
Telematics, and MIT professor

“Innovators are turning to
smartphones for traffic
data collection."In a lot
of places, the economics
do not justify the
deployment [of sensors
and cameras].”

Sten de Wit,
spokesman, SolaRoad

"The idea of putting solar
panels in roads is not
to optimise the energy
yield of individual panels
but to add green energy
harvesting functionality
to a road network that
we build, refurbish and
use anyway, with a
positive business case.”

Tim Gammons, global
smart mobility leader, Arup

“Don’t try and build a
technology system that
you think is going to
last you 30 years. You
can'’t future-proof it
for everything else that
comes along, because
you'll never get it right.”



Perspectives

The Economist Intelligence Unit bears sole responsibility for the

content of this report. The findings and views expressed in the report
do not necessarily reflect the views of the sponsor. Michael Martins
and Adam Green authored the report. Melanie Noronha was the editor.

Harold Goddijn, chief
executive officer, TomTom
“It's happening already.
Technology does
contribute to the
optimisation of the road
network, which can
reduce pollution resulting
from traffic jams. Just
knowing where you
have bottlenecks allows
local governments to do
something about it.”

Ken Leonard, director of the
Intelligent Transportation
Systems Joint Program
Office, US Federal Highway
Administration
"Co-operation between
government and industry
that helps introduce
technologies to help
tackle these challenges
can increase the safety of
the system while helping
to support mobility and
efficiency goals.”

Steven Shladover,
programme manager,
Partners for Advanced Transit
and Highways (PATH),
Institute of Transportation
Studies, University of
California, Berkeley

“In the end, it comes down
to spending money. If you
want more intelligent
infrastructure you have to
allocate the money.”

Emanuela Stocchi, president,
International Bridge, Tunnel
and Turnpike Association

“Even with public-private
partnerships [for road
projects], the contract
has specific obligations
regarding driver safety
and applying the latest
technology. Our main
priority is to serve the
user or driver.”

Ray King, urban traffic
management control manager,
Newcastle City Council

"I feel the main risk is the
pace at which technology
is developing. If we invest
in technology today,
something else will come
along that makes today’s
technology obsolete.

You can't see the
technology horizon.”

Paul Nieuwenhuis,

senior lecturer in logistics
and operations management,
Cardiff University

"It is becoming
increasingly important
for [electric vehicle]
manufacturers to take an
interest in the charging
infrastructure.”

Bryant Walker Smith,
assistant professor, School of
Law and School of Engineering,
University of South Carolina

"We focus on what's
really sexy, which is the
self-driving car. In the
process, we forget about
all of the supporting
technologies that could
be really important.”

José Viegas,
secretary-general, International
Transport Forum, OECD

"70% of crashes and
injuries are due to
involuntary human error.
It's just that we are not
permanently competent;
we make mistakes.”

Holly Krambeck, senior
economist, World Bank

“Using cell phones as
sensors is a much
more cost-effective
way to collect the
data cities need to
plan for infrastructure
projects.”

José Papi, chairman, Smart
Transportation Alliance

“Building roads now
requires a whole other skill
set. In a way, infrastructure
is no longer a reserved
knowledge area for civil
engineers. You need
industrial engineers,
telecoms engineers,
psychologists, economists
and even lawyers.”

Ben Stanley, global
automotive research lead,
IBM Institute of Business
Value, IBM Global Business
Services

“[Autonomous vehicles]
will really take off with
the arrival of 5G.”

Joe Waggoner, chief executive
officer and executive

director, Tampa-Hillsborough
Expressway Authority

“If you can plug in new
components as part of
your replacement and
renewal cycle of pre-
existing systems you
can spread the cost
out over time.”
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FOREWORD

BY ABERTIS

Around the world, traffic is growing. There are about 1bn vehicles on the road today, and
there could be as many as 4bn by 2050. As a global operator of toll roads, this is great news
for our business. But at the same time, we understand the real challenges that this traffic
growth presents if things don't change: gridlock, climate change and air pollution.

Thanks to advances in technology and smart engineering, new solutions are emerging
that can make roads cleaner and more efficient. To date, there has been a strong focus
on innovations in vehicle technologies. Everywhere | look, there is a new story about the
progress that is being made in the automotive industry. Connected, autonomous vehicles
are real, and have the potential to change the game for the sector. Electric vehicles are
beginning to go mainstream.

But roads are the critical and universal platform on which all these technologies need to
operate. Unless innovation in road infrastructure keeps pace with the advances in vehicle
technologies, traffic growth will remain a huge problem and the true potential of these
technologies will not be realised. At Abertis we believe the key to unlocking progress lies
at the intersection of advances in technology and innovation in road infrastructure. That is
why we commissioned this report, reaching out to experts across sectors and geographies
to develop the most comprehensive overview of the technologies and innovations coming
through and of what is needed to accelerate their adoption. What we see are numerous
ways in which infrastructure is becoming more intelligent, how data is being used to
radically transform traffic management and drive new forms of mobility, and how rapid
changes in road surface technologies are altering the way we think about roads as assets.

What's most striking is how dependent the future of mobility truly is on collaboration.

We know that a world where traffic growth is environmentally, socially and economically
viable can only be created by working partnerships between governments and innovators,
large and small. And as demands on public finances continue to grow, new ways to finance
the innovations in infrastructure required to support the adoption of these new technologies
must be explored.

Road infrastructure is the platform for the future of mobility, and Road Tech is at the
heart of creating smarter, cleaner and safer roads. | hope you enjoy the read.

Francisco Reynés,
Vice Chairman and Chief Executive Officer,
Abertis




EXECUTIVE
SUMMARY

KEY FINDINGS OF THE REPORT:

Growing traffic is resulting in productivity losses,
road accidents, air pollution and an adverse impact
on public health. The World Economic Forum (WEF)
estimates that the number of cars worldwide will grow
by 600m between 2014 and 2025, increasing congestion
unless infrastructure development keeps pace. Vehicles
are responsible for 17% of the world’s carbon dioxide
(CO,) emissions, in addition to nitrogen dioxide (NO,)
and fine particulate matter. In the EU alone this had led
to over 450,000 premature deaths, costing the region’s
economies over US$1.4trn annually. The WEF estimates
the global economic and environmental cost of traffic
jams at US$1.4trn a year. If these challenges are not
addressed, they will translate into a sustained economic
burden for countries the world over.

Road infrastructure is being redefined. Previously
limited to physical components such as barriers and
traffic signals, road infrastructure now includes digital
components such as wireless network technologies and
artificial intelligence. The emergence of autonomous
and connected vehicles is driving this shift, as they rely
on telecommunications infrastructure to communicate

with other vehicles and infrastructure. “It is time the
definition of infrastructure evolved to include not just
the physical components, such as roads and bridges,
but also digital and electronic components,” says
Larry Burns, former vice president for research and
development at General Motors.

Intelligent infrastructure offers many opportunities
to improve road efficiency and safety. For example,
smart infrastructure is an essential enabler of
autonomous vehicles, which promise to reduce the
incidence of road accidents by 90%. Meanwhile,
dynamic traffic management, through techniques such
as ramp metering and dynamic lane control, has the
potential to reduce both congestion and pollution.
Not all intelligent traffic-management techniques
require new physical road infrastructure, however.
Data collected from drivers’ smartphones and, in some
circumstances, satellite imagery can also be used to
enable more efficient road use.

Big data and the sharing economy are facilitating
“mobility as a service”. Digital services allow not only
the more efficient distribution of vehicles on the roads,
but also more efficient use of vehicles by passengers.



For example, mobility-as-a-service (MaaS) apps devise
bespoke transportation routes, using both public and
private-sharing modes of transport. Experts believe
that, if they are used on a large scale, such services
have the potential to significantly improve transport
sector efficiency, reducing congestion and the
problems associated with it. However, services such as
these that rely on data sharing require policymakers
and regulators to find an appropriate balance of
convenience and privacy.

The road surface itself is the focus of
considerable innovation. Roads cover a large
proportion of the earth’s ground area, especially

in cities, and a number of emerging technologies
promise to turn this previously passive asset into
something more productive. For example, roads and
footpaths can be fitted with solar panels coated with
small glass particles so that they can be walked or
driven over, while piezoelectric systems can be used
to generate electricity from the pressure applied

by vehicles driving over road surfaces. Meanwhile,
researchers are investigating the possibility of using
alternative materials to reduce the environmental
impact of road building.

Governments have a pivotal role to play in enabling
greater adoption of these technologies. Policy
leadership is required to establish a common set of
standards for intelligent road infrastructure, and to create
frameworks and best practices for sharing and securing
the data that it produces. Governments must also pursue
new approaches to funding road technology upgrades:

a 2015 study by McKinsey Global Institute estimated a
road infrastructure funding gap of US$11.4trn between
2016 and 2030. They also have a role to play in funding
and enabling road technology pilots and experiments, as
well as in fostering the new, multidisciplinary skills that
intelligent road infrastructure projects require.

The next 5-10 years will be crucial in determining
the future of the world's roads. Technical standards
and regulatory frameworks being devised today will
shape the way in which roads are built and managed
for years to come. The initial experiences of drivers and
other stakeholders of pilot projects and other early
implementations will influence both driver behaviour
and public opinion. Policymakers who wish to capture
the opportunities that technology offers to improve the
safety, sustainability and efficiency of roads must involve
themselves in this process sooner rather than later.



INTRODUCTION

Transport infrastructure is central to how modern
economies function. Cities provide businesses with
access to labour and consumers, and are therefore a
vital source of economic activity. Urban areas in the
US and the UK occupy only 1.5% and 7% of the total
landmass respectively but contributed up to 50%

of US GDP in 2011" and 39% of UK GDP in 2013.2A

similar pattern is evident in countries around the world.

The United Nations projects that the world’s urban
population will rise from 54% in 2014 to 66% by
2050, with the fastest growth taking place in India,
China and Nigeria.?

As cities expand, connectivity within and between
cities will be critical to economic growth. Road
infrastructure, specifically, is often the main

conduit through which goods are traded and people
commute. Improving connectivity through this
infrastructure will facilitate more efficient movement
of people and goods, drive economic growth and
create social equity.*

Global passenger and freight travel by road and rail
increased by 40% between 2000 and 2010. By 2050,
it is expected to double from its 2010 level, with
nearly one-half of this growth expected to come
from road traffic.> In the UK, France and Germany,
passenger vehicle miles travelled (VMT) is forecast to
increase by 19% and freight miles travelled to rise by
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14% between 2013 and 2030. In the US, passenger
VMT is projected to increase by more than 30% over
the same period.

Despite this, the International Energy Agency (IEA)
expects nearly 90% of traffic growth to be accounted
for by non-OECD countries®, on the back of rapidly
growing per-capita income. Over the past decade,
average GDP per capita has doubled in China, India,
South-east Asia, and eastern Europe.” With growing
wealth, car ownership rates have increased, often much
faster than the rate of infrastructure development.
This has led to a situation where there are more cars
on the road and more miles being driven. The World
Economic Forum (WEF) estimates that the number of
cars worldwide will increase by 600m between 2014
and 2025.2

Although contributing to economic activity, growth in
road traffic brings with it a host of challenges. The most
pressing include productivity losses from increased
congestion; rising carbon emissions from more cars and
more roads; and worsening air pollution from traffic,
and the resulting adverse impact on public health. Given
the projections for urbanisation and the concomitant
expansion of road infrastructure that is expected,

these trends are set to worsen unless necessary steps
are taken to balance or prevent the side-effects of an
expanding road network.



Policy measures, such as congestion pricing, low-emissions
zones and stringent road safety rules have been introduced
in response to concerns about growing traffic. While
some of these have been successful, they infringe on the
freedoms of travellers, imposing additional costs and
inconveniences, such as limitations on decisions regarding
where and when to travel. Given that the underlying
demand for travel—particularly to reach the workplace

in key cities—is unlikely to weaken, it is likely that

any gains resulting from these policy measures will soon
plateau and that more radical solutions will be required.

Thanks to technological advances and smart engineering,
new solutions are emerging that can make roads more
sustainable and efficient. Intelligent infrastructure is
enabling more active traffic management, accelerating
the roll-out of self-driving cars and transforming the way
in which we see mobility. New surface technologies are
being trialled, introducing solar-energy-generating roads
and also inductive charging, which enables drivers to
charge their cars as they drive. To support and enhance

the benefits that these technological advances bring will
require policy and regulatory changes, greater cross-sector
collaboration, public support, and investment in road
infrastructure, not just in its traditional form. "It is time
the definition of infrastructure evolved to include not just

the physical components,
such as roads and bridges,
but also digjtal and
electronic components,”

600M

ESTIMATED INCREASE
MrB .
says T Bdms IN NUMBER OF
. CARS BETWEEN 2014
In this report, we explore
some of the most recent AND 2025 (WEF)

innovations that are

redefining road infrastructure, highlighting the role that
such infrastructure plays in addressing the issues arising
from growth in road traffic. The next chapter delves deeper
into the challenges of traffic growth, to provide context
for the subsequent chapters, which shine a spotlight on
emerging technologies and the enabling factors that are
necessary to facilitate their greater adoption.

" www.visualisingdata.com/2014/02/defending-the-incredible-gdp-map/
2 ibtta.org/sites/default/files/documents/MAF/Costs-of-Congestion-INRIX-Cebr-Report %20(3).pdf
? intothefuture.eiu.com/how-will-cars-of-the-future-communicate-with-city-infrastructure/

# Calderon, Cesar and Serven, Luis. 2014. Infrastructure, Growth, and Inequality : An Overview. Policy Research Working Paper; No. 7034. World Bank Group, Washington, DC. © World Bank. openknowledge. 1
worldbank.org/handle/10986/20365 Licence: CC BY 3.0 IGO. web.williams.edu/Economics/wp/pedroniinfrastructure.pdf

* www.iea.org/publications/freepublications/publication/Transportinfrastructurelnsights_FINAL_WEB.pdf

¢ ibtta.org/sites/default/files/The%20Public%20Health%20Costs%200f%20Traffic%20Congestion.pdf; www.iea.org/publications/freepublications/publication/Transportinfrastructurelnsights_FINAL_WEB.pdf

" www.iea.org/publications/freepublications/publication/Transportinfrastructurelnsights_FINAL_WEB.pdf

&www3.weforum.org/docs/WEF_Connected_World_HyperconnectedTravelAndTransportationinAction_2014.pdf
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Growing traffic concerns
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Our research identifies the pressing challenges that the growth

in road traffic presents. Those most frequently cited by transport
experts and economists were the loss in productivity resulting
from increased congestion; the contribution to climate change
from increasing carbon emissions from traffic and construction

of new roads; the adverse impact on public health from worsening
air pollution in the form of vehicle fumes; and the critically high
death and injury rates from road accidents.

Figure1: Key challenges from growing road traffic

\l/
d@p B8
1. LOST PRODUCTIVITY 2. CLIMATE CHANGE 3. PUBLIC HEALTH 4.ROAD ACCIDENTS
US$1.4trn 22% of total 1/3 of fine particulate 1.25m people die
World Economic Forum OECD CO; emissions matter in urban areas is each year, while
cost estimate for traffic are from vehicles emitted from vehicles, 20m-50m are injured,
jams worldwide playing a causative role in  according to the World

heart attacks, strokes and  Health Organisation
respiratory illnesses

Sources: World Economic Forum; World Health Organisation; OECD

LOST PRODUCTIVITY

Of all the problems caused by traffic growth, and together this figure is projected to increase by
congestion has the most immediate and tangible 6% by 2030.° Higher rates of congestion, in addition
impact on people’s lives. Across the UK, the US, France  to fuelling driver frustration, translate into a loss in
and Germany, the average person spent 36 hours in productivity through higher opportunity cost of time
traffic jams and 75 hours planning routes in 2013, that could be used for other activities.
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Figure 2: Top 10 congested cities globally, 2015
(with population over 800,000)

@D cxtra travel time™

Los Angeles

Mexico City

Salvador

Rio de Janeiro
Source: TomTom Traffic Index 2016

Many analysts have attempted to estimate the

total cost of congestion. In the UK, the US, France
and Germany, the direct and indirect economic and
environmental costs of congestion were estimated
to amount to US$200bn in 2013, projected to
increase to US$293bn by 2030."" In 2013 the US lost
roughly US$124bn stuck behind the wheel, while the
European Commission estimates that congestion
costs the EU approximately €80bn a year." In
developing areas, the costs are even higher. In the
city of Bangalore alone, losses due to congestion
amount to US$6.5bn annually, while Beijing loses
almost twice that, at US$11.3bn.” The World
Economic Forum estimates the global cost of traffic
jams at US$1.4trn annually.™

CLIMATE CHANGE

Transport accounts for roughly 22% of total

OECD carbon dioxide (CO,) emissions—one

of the main causes of global warming. In China

and India, meanwhile, the figures stand at roughly
7% and 11% respectively. Across Asia, experts predict
a three- to fivefold increase over 2000 levels by 2030
if no measures are taken to address emissions from
road transport.”™

Bucharest

Ry -

Moscow

Istanbul

Bangkok

Figure 3: Percentage of CO, emissions
contributed by road transport, 2013

25%

28%

17%
! ! ! ! ! J

0 5% 10% 15% 20% 25% 30%

Source: International Energy Agency, 2015

Despite efforts to improve vehicle efficiency and
emissions standards, experts indicate that this has had
minimal impact. According to the European Commission,
“transport is the only major sector in the EU where
greenhouse gas emissions are still rising”."” Greg Archer,
director, clean vehicles at Transport & Environment, a
think-tank, explains the reason for this: “Manufacturers
have been very good at getting low results in tests but
not performing as well on the road. Therefore the gap
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between test results and real-world performance
is now well over 40% on average.”

Furthermore, the construction and maintenance
of road infrastructure itself carries a significant
environmental burden. Concrete is the second most
heavily consumed material in the world after water,
and the cement industry—one of whose main products
is concrete for road infrastructure—
o accounts for 5% of global carbon
7 /0 emissions'. If one answer to
growing traffic is to build more
roads or expand existing ones,
this will only increase the sector’s
carbon footprint and contribution
to climate change.

PUBLIC HEALTH

Growing congestion on roads has contributed
significantly to air pollution and has had a broader
detrimental impact on public health. Vehicles emit the
most pollution when they are idling, so the impact

is felt more heavily in cities with greater congestion.
Among cities that monitor air quality, it is estimated
that more than 80% of the people living in these
urban centres are exposed to air pollution levels that
exceed World Health Organisation (WHO) limits.™

In urban areas, emissions from vehicles account for
one-third of fine particulate matter®, which plays a
causative role in heart attacks, strokes and respiratory
illnesses.?’ In 2013, the WHO announced the

16

classification of particulate matter and diesel exhaust
as carcinogenic to humans, with diesel exhaust placed
in the strongest category (Group 1).22,22 Over 450,000
premature deaths were reported in the EU in 2013 as
being attributable to fine particulate matter, ozone
and nitrogen dioxide (NO,) exposure.?* The annual
economic cost of these premature deaths is estimated
at USS$1.4trn, according to the WHO.?

ROAD ACCIDENTS

Road accidents resulting in injuries and fatalities also
add to the economic burden. The WHO estimates

that, around the world, road accidents result in 1.25m
deaths each year, equivalent to roughly two deaths
every minute, while 20m-50m people are injured. Both
deaths and injuries have a significant economic cost: up
to 3% of GNP in developed countries and up to 5% of
GNP in low- and middle-income countries.?®

In the 32 high-income countries tracked by the
International Road Traffic and Accident Database
(IRTAD), road fatalities declined by 42% between 2000
and 2013. However, the number of road fatalities
tracked by IRTAD represents just 6% of the 1.3m global
road deaths in 2013, indicating that the vast majority
of these occur in low- and middle-income countries.?’”
Victims tend to be young males, who are often the
family breadwinners in countries where female labour-
force participation rates are low, so early deaths and
injuries can leave lasting economic scars, placing a
burden on fragile social safety nets and communities.



The severity of the challenges presented by growing
traffic in terms of the health, environmental and
economic burden is cause for concern. "Unless we get
to grips with the growth in transport emissions from
vehicles, whether they be cars, vans or trucks, we are
going to miss our climate goals,” asserts Mr Archer.
Failures in transport, and particularly road transport,
need to be addressed urgently in order to reduce the
adverse impact on climate change, the associated
health complications, and costs to residents and
governments.

Typical solutions have included expanding the road
network and adopting policy measures such as
stringent road safety rules, congestion pricing and
low-emissions zones. While these have achieved some
success in alleviating congestion and reducing road
fatalities, much more needs to be done.

In addition, good connectivity across cities and
Figure 4: Road traffic deaths per 100,000 countries can be an engine of economic growth as
population, by country income status, 2013* people and goods are able to move to destinations
efficiently, lowering costs to travellers and businesses.
At a time of lacklustre economic growth across

zg B developed and emerging markets alike, introducing
ol changes to transportation could deliver a large

»s positive impact across multiple fronts.

or Advances in road

S technology are providing

0 new opportunities to 4 5 O ’ OOO

Low-income Middle-income High-income World address some of the PREMATURE DEATHS IN

underlying issues, and EU FROM AIR POLLUTION
also to improve road

Source: World Bank efficiency in order to

*Country income status was determined based on data from the World drive pI’Od uctivity a nd economic gI’OWth.
Development Indicators database, Word Bank, 2015. Low-income = The next chapter explores some of the most
<USS1,045 per capita; middle-income = US$1,045 to USS12,745; high- : : ine

income = SUSS12 745 innovative road technologies in depth.

? ibtta.org/sites/default/files/documents/MAF/Costs-of-Congestion-INRIX-Cebr-Report %20(3).pdf

©TomTom defines extra travel time as the additional time spent on the road during peak hours compared with one hour of driving during free-flow conditions, multiplied by 230 working days per year.
" ibtta.org/sites/default/files/documents/MAF/Costs-of-Congestion-INRIX-Cebr-Report%20(3).pdf

2 www.civitas.eu/sites/default/files/Results%20and%20Publications/civ_pol-not6_its_web.pdf; inrix.com/wp-content/uploads/2015/08/Whitepaper_Cebr-Cost-of-Congestion.pdf
2 www.chinadaily.com.cn/china/2014-09/29/content_1867917 1.htm; qz.com/280082/the-true-cost-of-bangalores-traffic-gridlock-to-indias-it-industry-is-staggering/

" www3.weforum.org/docs/WEF_Connected_World_HyperconnectedTravelAndTransportationinAction_2014.pdf

'> www.oecd.org/derec/adb/47170274.pdf

"¢ edgar.jrc.ec.europa.eu/news_docs/jrc-2016-trends-in-global-co2-emissions-2016-report-103425.pdf

"7 ec.europa.eu/clima/policies/transport/vehicles_en

'8 b8f65cb373b1b7b15feb-c70d8ead6ced550b4d987d7c03fcdd 1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/000/622/original/cement-report-exec-summary-2016.pdf

' www.who.int/phe/health_topics/outdoorair/databases/cities/en/

2 ibtta.org/sites/default/files/The%20Public%20Health%20Costs%200f % 20Traffic%20Congestion.pdf

?! ibtta.org/sites/default/files/The%20Public%20Health%20Costs%200f%20Traffic%20Congestion.pdf

2 www.euro.who.int/en/health-topics/environment-and-health/air-quality/news/news/2013/10/outdoor-air-pollution-a-leading-environmental-cause-of-cancer-deaths

2 www.iarc.fr/en/media-centre/pr/2012/pdfs/pr213_E.pdf

24 EEA, Air quality in Europe — 2016 report

2 www.euro.who.int/__data/assets/pdf_file/0004/276772/Economic-cost-health-impact-air-pollution-en.pdf?ua=1

% www.who.int/mediacentre/factsheets/fs358/en/

27 www.itf-oecd.org/sites/default/files/docs/15irtadannualreport_0.pdf
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ibtta.org/sites/default/files/documents/MAF/Costs-of-Congestion-INRIX-Cebr-Report%2520%283%29.pdf%0D
ibtta.org/sites/default/files/documents/MAF/Costs-of-Congestion-INRIX-Cebr-Report%2520%283%29.pdf%0D
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CHAPTER 2

Advances in technology
to address traffic growth




In addressing the key challenges of growing traffic,
developments in the automotive sector are far ahead
of those in road infrastructure. “Road transportation

is far behind other modes of transportation in terms
of system thinking,” explains Steven Shladover,
programme manager at the Institute of Transportation
Studies, University of California, Berkeley. “Part of

this is because vehicles have been the focus of the
private sector and road infrastructure the focus of

the public sector.” Private companies like Tesla and
Google have relatively large war chests for research
and development, and are incentivised to move quickly
as the gains from cornering a market are substantial.
In addition, these developments are taking place
against the backdrop of rapid technological advances
in other modes of transport, such as hyperloop, a
mode of passenger and freight transport that would
propel a pod through a near-vacuum tube at speeds
faster than an aircraft. The public sector, by contrast,
faces potential public opposition, fragmented decision-
making, and high potential costs of failure given that
infrastructure decisions are difficult to reverse.

For road infrastructure to address the challenges
of growing traffic, opportunities are available on
two fronts. The first is intelligent infrastructure
that will facilitate the introduction and uptake of
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autonomous vehicles, enable more proactive traffic
and infrastructure management, and transform the
way people think about mobility. The second is surface
technologies, where smart engineering is helping to
turn passive infrastructure into dynamic assets such
as inductive charging and “solar roads”. This chapter
explores these in depth.

DRIVE MY CAR

The future of vehicles is autonomous,
but this relies on upgrades to road infrastructure.

Autonomous vehicles have been designed with the
intention of eliminating human error in driving. This is
expected to reduce the number of road accidents, most
of which are attributable to mistakes by the driver.
Beyond risky behaviour, such as drink-driving or not
wearing a seatbelt, “70% of crashes and injuries are
due to involuntary human error,” explains José Viegas,
secretary-general of the International Transport Forum
at the OECD. “It’s just that we are not permanently
competent; we make mistakes.”



For every person killed in a road accident in the

US, eight are hospitalised and 100 are treated in
emergency rooms, at a total cost of over US$212bn
in 2012.28 A study by McKinsey Global Institute
estimates that using autonomous vehicles could
reduce accidents by 90%, which could have
translated into savings of US$190bn in 2012."The
opportunity to reduce the overall net injury rate

is quite enormous,” according to James Anderson,
director of the Institute for Civil Justice in the RAND
Justice, Infrastructure and Environment unit at RAND
Corporation. Meanwhile, in Australia a study by the
FIA Foundation, a road safety think-tank, examined
more than 51,879 insurance claims made to the state
of Victoria's Traffic Accident Commission following
road accidents between 2006 and 2010. It found
that the average lifetime cost for each crash, which
ranged from minor to fatal accidents, was A$68,734
(US$52,000).2

Ultimately, adoption of autonomous vehicles will

be determined by the rate at which broader road
infrastructure is upgraded. “The automated vehicle
cannot work unless there is smart infrastructure,”
explains José Papi, chairman, Smart Transportation
Alliance, a not-for-profit global collaborative platform
for transport infrastructure innovation. In order to

be fully autonomous, a vehicle must be aware of its
surroundings: both static surroundings, such as roads
and telephone poles, and dynamic ones, such as other
vehicles. This requires multiples types of technology
that, although advancing, have not yet reached the
necessary degree of maturity.

Autonomous vehicles employ multiple sensor types,
namely cameras, ultrasonic detectors, radar, and
light detection and radar (LiDAR), to provide the
information necessary for self-driving. Their ability
to interact with the road infrastructure and other
vehicles can be enhanced with the right infrastructure
in place. The “internet of things” is at the heart of
this, and requires telecommunications infrastructure
such as mobile towers that provide wireless internet
connectivity and mobile network access. Three live
examples include:

Volvo's autonomous cars, which are being used

in an experiment in Gothenburg, Sweden, rely on
communication links between the vehicle and cloud
technology to access real-time information about
routes and traffic conditions.

Vodafone, a telecoms company, is already testing
vehicle-to-vehicle communication over a fifth-
generation (5G) network.* Trials are under way in the
UK and Germany.

AT&T is working to provide vehicle-to-everything
network service, which will allow vehicles to
communicate not just with other cars but with
infrastructure and pedestrians as well.

Ben Stanley, global automotive research lead at IBM
Global Business Services, is optimistic: “[Autonomous
vehicles] will really take off with the arrival of 5G.”

As well as improving road safety, self-driving vehicles
will influence the future of road engineering and
design. Parking spaces can be narrower, as “they only
need to be four inches apart, versus a door-width apart,
because the driver doesn’t have to get in and out,”
explains Mr Stanley. In the same way, narrower road
lanes—as autonomous cars are expected to exercise
better lane discipline than humans—will increase

road capacity. Future scenarios include dedicated
autonomous bypass lanes, flyovers and underpasses to
improve traffic flows.
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AUTONOMOUS TRUCKS

Among vehicle types, the uptake of autonomous
technology is likely to be led by trucks, where it

is expected to deliver stable returns. Self-driving
trucks can operate for longer hours, as they
eliminate the need for frequent rest-breaks and the
restrictions on working hours that apply to human
drivers. A growing e-commerce industry will also
rely increasingly on trucks to complete the last leg
of the supply chain—autonomous trucks could
facilitate more frequent deliveries around the clock,
thereby improving productivity.

This could have a significant impact on

even traditional road infrastructure. Larry
Burns, former vice president for research and
development at General Motors, hypothesises:
“Today we have to design our expressways

and bridges to accommodate 80,000-1b loads.
With autonomous trucks, you may not need to
accommodate such a load. The maximum load

could be cut in half, or maybe even more, as one-
day deliveries or e-commerce will mean smaller,
more frequent shipments.”

Autonomous trucks have the potential to
contribute significantly to improvements in supply-
chain efficiency in long-haul freight as well. “Truck
platooning” trials, in which a fleet of autonomous
trucks is led by a human-driven truck, are under
way in Europe and, most recently, in Singapore.
Singapore’s transport ministry and port authority
have signed agreements with two automotive
companies, Scania and Toyota Tsusho, to design
and test the autonomous truck platooning system.
A highway has been designated for the 10-km

test run. If truck platooning is successful, this will
require road authorities to consider the merits

of dedicated truck lanes when developing future
infrastructure. The platooning system allows for
decoupling between trucks to allow other vehicles
on public roads to pass through—another key
consideration for road authorities and operators.

KEEP ON MOVING

Dynamic traffic management can smooth
the flow of ever greater traffic volumes.

Information from connected vehicles and intelligent
infrastructure presents opportunities for road
authorities to radically improve traffic management
by predicting future demand. Mr Shladover

explains, “if we have all the vehicles, or at least a

lot of vehicles, broadcasting the information about
what they are doing, then that can give traffic-
management systems a richer set of data to use to
help make traffic control more efficient.” “Active
traffic management” (also referred to as smart asset
management in the UK or intelligent transport
systems—ITS—in the US) not only alleviates
congestion, resulting in shorter travel times, but

can also help to reduce air pollution generated in
traffic jams. Several ITS projects in the US have
already borne fruit: signal co-ordination has reduced
fuel consumption by up to 15% while reducing
greenhouse gas emissions by up to 19%, according
to the Texas Transport Institute.?'

This calls for closer relationships between road
authorities and private players, particularly in
terms of data sharing and analytics. For instance,
Volvo collects data from sensors on its autonomous
vehicles that is stored on the Volvo Cloud and
shared with Swedish highway authorities.>? Once
more autonomous vehicles hit the road, these will
generate large volumes of data that will provide
real-time insight on road conditions. Using this
information, road authorities will be able to
dynamically manage and control traffic flows
through a combination of real-time and predictive
operational strategies. Five examples of the use of
advanced technologies are listed below:

= Ramp metering—uses artificial intelligence (Al)
to interpret live traffic data in order to control the
flow of vehicles entering freeways or highways,
improving the efficiency of lane merging and
reducing the number of accidents.®

= Speed monitoring—uses technologies such as
smart speed cameras to flash drivers who are
exceeding or approaching the speed limit. More
sophisticated cameras can detect speed by vehicle
type, illegal overtaking, driving on a hard shoulder
and even offences related to seatbelts and mobile-



phone use. In addition to these, the road
authority in Dubai has deployed over 500 “friendly”
radars that serve only to warn
drivers and do not issue a fine.>*
Dynamic lane control—uses predicted and live
traffic-density data to create temporary lanes
and even reverse the direction of lanes to
alleviate congestion during peak traffic hours.
A trial in Auckland, New Zealand, is expected
to commence in 2017.%
Dynamic and free-
1 5 O/ flow tolling—dynamic
(o) tolling adjusts for road
use in real time based
on present demand and
predictions based on
historical data. Dynamic
toll-calculation systems
are used on high-
occupancy lanes, typically
charging a fee for drivers
with no passengers.>® Free-flow (or open-road) tolling,
meanwhile, allows authorities to collect tolls without
requiring cars to slow down to pass through toll gates
resulting in less congestion, accidents and carbon
emissions.> There are various ways to identify when
particular cars enter and exit toll roads, including

installing electronic tags in cars and automated
number plate recognition.
Accelerating emergency response—video
analysis software, developed using Al, can process
images from road cameras to quickly pinpoint
collisions and dispatch emergency services. Faster
responses by emergency services will translate into
more lives saved.
Real-time traffic reporting—uses dedicated short-
range communication (DSRC) beacons to enable
vehicles to share live information on road works and
traffic incidents with other vehicles and roadside
units. These have been installed by the Land
Transport Authority in Singapore as part of its trial
of autonomous vehicles.*®

Beyond traffic management, new technologies can
also help governments and road operators to provide
vital services and better maintain critical assets.

In countries including the US and South Korea,

road authorities are experimenting with drones for
bridge inspections, in an attempt to reduce costs
and minimise risks to employees. Sensors in bridges,
tunnels and other infrastructure provide data on the
condition of these assets, which in turn can minimise
disruption and make repair and maintenance work
more efficient.
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PILOT PROJECT:
TAMPA CENTRAL BUSINESS DISTRICT

The US$22m traffic-management pilot scheme
in Tampa, Florida, is taking a systems-based
approach to improve traffic flow, increase road
safety and reduce vehicle emissions.

Currently in its design-and-build phase, it

is one of the first projects in which a public
authority will track interactions between
multiple applications that impact connected
street vehicles, pedestrians, bicycles and public
transport. Previous projects have considered
only a single type of application interaction. In
1 sq mile of the city’s central business district,
multiple stations will monitor and communicate
interactions such as entry on to a roadway
and pedestrian crossings. In addition, the road
authority in Tampa is working with Sirius

XM, a satellite radio provider, to develop an
understanding of how satellite radio can work
with connected vehicles.

Technological components:

+ Upgrade 1,600 cars, ten public buses and ten
streetcars with connected-vehicle technology

+ 40 roadside units

» Light detection and radar (LiDAR) technology to
iden