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Chapter 1:

Setting the scene
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1.1 Background and policy context

The scope of this discussion paper is to describe the main trends disrupting transport
services and the policy implications for Latin American and Caribbean (LAC) coun-
tries; this includes both those issues already being felt today, as well as those “on
the horizon". This paper looks at the two singular global trends that have a direct link
to transportation services: disruptive innovation and the sharing economy; followed
by a detailed discussion of more specific transportation trends. The core of the dis-
cussion would then be on the use of electric vehicles and the varying levels of vehi-
cle automation; and, more importantly, the types of transportation business models
which might emerge based on technologies. The implication on transport policy and
requirements for government oversight would also be analyzed.

We are now witnessing profound changes, potentially even a paradigm shift or a Mo-
bility Revolution —to use the popular "buzz words"—, in how transport and mobility are
both being provided and used, enabled by advances in information and communication
technology (ICT), sensor technology, communication technology, and data science; in
addition to ubiquitous use of smartphones, mobile internet access, and use of various
forms of social media. With a significantly raised profile of transport and mobility on a
political, societal, and technological level, they are at the interface of the global meg-
atrends of the sharing economy: disruptive innovation and big data.

Disruptive innovation is a term in the field of business administration which refers to
an innovation that creates a new market and value network, and eventually disrupts
an existing market and value network, displacing established market-leading firms,
products, and alliances. It was defined and first analyzed by Clayton M. Christensen
in 1997. Disruptive innovations tend to be produced by outsiders and entrepreneurs,
rather than existing market-leading companies. An example of disruptive innova-
tions are ride-hailing and other services commonly referred to as transportation
network companies (TNCs) and the rise of platform-based mobility services.

The Oxford Dictionary defines the term sharing economy as “an economic system in
which assets or services are shared between private individuals, either free or for
a fee, typically by means of the Internet". The key driving forces behind the rise of
sharing economy include information technology and social media, social and online
commerce, and increasing volatility in the cost of natural resources. The sharing
economy relates to shared mobility concepts, including new business models that
allow the shared access to, shared use of, and shared ownership of vehicles (for more
definitions see section 3.1).
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The term big data is commonly defined as high-vol-
ume, high-velocity, andfor high-variety informa-
tion assets that demand cost-effective, innova-
tive forms of information processing that enable
enhanced insight, decision making, and process
automation. Whilst the term is relatively new, the
act of gathering and storing large amounts of in-
formation for eventual analysis is ages old. The
concept gained momentum in the early 2000s,
when industry analyst Doug Laney articulated the
now-mainstream definition of big data as the three
Vs: volume, velocity and variety. Using big data in
transportation could increase efficiency and re-
duce costs to infrastructure and service operators.

While large differences exist globally —based
on socioeconomic factors, societal and cultural
norms, urban transport infrastructure develop-
ment, and quality and availability of public trans-
port—, transport and mobility with its long un-
changed separation in public and private modes,
and legacy services, certainly is in flux. Not a day
seems to go by without the news of a new start-up
entering or exiting the market, with business mod-
els ranging from ride-hailing platforms to dock-
less bike sharing and electric scooter sharing.

But it is also important to attempt to look beyond
the hype often artificially generated by those rely-
ing on attracting large sums of money from ven-
ture capitalists in order to get start-ups off the

ground or to maintain operation and expansion.
Shared mobility is still a relatively new field, there-
fore business models and preferred technologies
are still in constant change. According to an anal-
ysis described in the Transit Cooperative Research
Program (TCRP)'s Research Report 188, current
systems and services include the following: bike
sharing, car sharing, demand responsive trans-
port systems, fixed-route systems, micro-transit,
mobility on demand, para-transit, private shut-
tles, public transport, ridesharing, carpooling, ride
sourcing, ride-splitting, dynamic carpooling, and
specified public transportation. The same study
generally defines shared mobility as a wide range
of transport services having in common that they
are shared among users. A study by management
consultancy McKinsey on new business models
and technologies emerging to solve mobility chal-
lenges compiled a comparative characterization of
mobility solutions (see table 1).

The type of transport services currently provided
through the app-based platforms provided by TNCs,
matching passengers with drivers, are operating in
the traditional for-hire passenger transport ser-
vices market. These services include taxis, for-hire
cars with drivers and some forms of on-demand
micro-transit. They have a long history predating
public transport and have been a feature of large
and medium-sized cities around the world. Further-
more, they have been an essential component of

Table 1 | Characterization of mobility solutions

New mobility services

Traditional
mobility solutions
Indi\"dual'based ® Private car
mobility ownership

®Rental cars

® Car sharing:
peer-to-peer

® Car sharing:
fleet operator

® A platform where individuals can
rent out private vehicles when
they are notin use

® On-demand short term car
rentals with vehicle owned &
managed by a fleet operator

Group-based
mobility

® Public transport:

group mobility

® Public transport:

mass transit

®(On-demand
private shuttle

® Private buses

® App and technology enabled,
cheaper than a taxi, more
convenient than public transport

® Use of shared commuter bus
fleets available to the public or to
employees of companies

Source: (McKinsey, 2015)



Box 1 | Key common predictions for future transport and mobility trends

Autonomous

Electrified

Connected

Shared

well-functioning mobility in metropolitan areas, as
they deliver convenient door-to-door trips for those
who either punctually or regularly require such ser-
vices. Though they only account for a small share of
overall trips, they are essential for some people, at
some times, in some circumstances.

They are a stand-alone part of the urban mobil-
ity offer, but can also serve as an important ad-
dition to multi-modal public transport provision,
walking, cycling, individual cars or car-sharing
services. But they are now facing significant dis-
ruption due to the arrival of new mobility services
based on app-based platforms, these services are
known by several names, including ride-sourcing
companies, e-hailing, on-demand information
technology-based transport aggregators, com-
mercial transport intermediaries, and transpor-
tation network companies (TNC). TNC platforms
have sometimes been called ridesharing, but the
terms ride-sourcing and ride-hailing have been
developed to describe the transportation services
associated with TNCs. Some early reports used the
term ride-sourcing to clarify that drivers do not
share a destination with their passengers and that
the driver's primary motivation was income. The
term ride-sourcing means the outsourcing of rides.

1.2 Overview of key transport trends

Whilst it is not yet possible to determine which
new mobility solutions and services would have
a lasting and transformative effect and what the
time scales for implementation are, let alone do-

ing this for a global regional breakdown, some key
trends are nevertheless becoming more and more
evident and thus justify looking at more carefully
going forward. When reviewing the exponentially
increasing output on predicting future transport
and mobility trends from international organiza-
tions, national governments, academia, the private
sector (strategy consulting, for example) and from
think tanks, the same four components of a future
scenario appear time and again: different combi-
nations of the letter "A", “C", "E", and "S™:

® A = Automation: for example, the automation
of the driving/vehicle control tasks; both for
individual vehicles and fleet vehicles, including
private cars, buses, taxis, and heavy good ve-
hicles (HGV); either as a road safety relevant
add-on in private vehicles, or as a more trans-
formative option of enabling robo-taxis or au-
tomated shared mobility services.

® C = Connectivity: for example, vehicle-to-ve-
hicle (V2V) or vehicle-to-infrastructure (V2I)
communication connectivity, enabling large
and real-time data exchange, or a combination
of these (V2X); either as a warning system for
incidents (being able to look around a curve) or
a necessary communication backbone for large
automated vehicle fleets.

oE = Electrification: for example, move towards
the use of electric vehicles both for private cars
as well as for fleets, including consideration of
charging infrastructure. Arguably, a widespread
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move to fully automated vehicles is likely to occur in
parallel with electrification for technology reasons
(such as use of actuators to control driving func-
tionalities being more appropriate with electronic
vehicles —EVs).

oS = Sharing: for example, sharing of vehicles as
well as sharing of ownership and of access to ve-
hicles, whilst a focus is on cars and mini-buses in
this context, sharing of (often electric) bikes and
scooters (also now increasingly dock-less) is of im-
portance here too.

In the attempt to formulate the key trends for future
transport and mobility, three of the above can form the
category “technology trends” (such as automation, con-
nectivity, and electrification); the fourth of the above
(shared) can form the category "business model trends",
including shared ownership, shared use, mobility plat-
forms; and a third can be defined as “societal trends",
relating to car ownership levels, mobility behavior, and
privacy attitudes. This shall serve as a basis and analyti-
cal framework for the purposes of this discussion paper.
See below for some future prediction of service uptake.

1.3 Government roles and responsibilities

The role of the public sector relates mainly to pol-
icy definition vis-a-vis formulation of appropriate

requlatory frameworks to safeguard key policy
objectives in this space, locking in positive im-
pacts, while avoiding negative outcomes. At the
same time, a certain level of flexibility is needed,
in order to be able to spot unintended negative
impacts early and to formulate a revised policy
response quickly.

Regulating transport and mobility needs to strike
a balance between encouraging entrepreneurship
of operators, ensuring the social dimension of
public transport, and ensuring service quality and
customer satisfaction. In the advent of emerging
shared mobility concepts using automated vehicles
(AVs), traditional regulatory frameworks, which are
already being stretched to accommodate current
advances, might reach breaking, requiring differ-
ent approaches for novel systems.

A key issue is the relationship between new emerg-
ing mobility services with legacy systems and oper-
ators. Under these circumstances, it has to be rec-
ognized that levels of regulation (and indeed active
deregulation) and policy support for public transport
varies widely around the world. The table below
shows an overview of general public transport pol-
icy stakeholders and responsibilities according to the
International Association of Public Transport (UITP)
training material on regulatory principles.

Table 2 | Public transport policy stakeholders and responsibilities

Level Actors Role
Strategic National government * Legal framework
(Long term) *  National transport policy

¢ Financial support to local government

Local government ¢ Transport policy

* Budget

*  Fare policy

® Local requlations
Tactical Transport authority ®  Public transport network
(Medium term) e Service levels

¢ Contracting operators

* Ticketing system

* Information and marketing

® Investments in infrastructure
Operational Transport operators ¢ Transport operation
(Short term) * Investments in rolling stock

* Customer service




The relevant general tasks of a transport authority in
the context of the regulatory frameworks and wider
transport policy considerations for public transport
services include the following:

* Market organization: elaborate market requla-
tion and procurement strategy and standard con-
tract, and advise on the regulatory framework.

* Management of budgets and assets: estimate
fare revenues, operating costs, define fares, de-
fine ownership of infrastructure, fleet systems.

* Defining the level of service: define the route
network and transport modes, define operating
hours and frequencies per route.

* Monitoring and payments: monitoring of oper-
ators' performance, determination of service fees,
bonuses and penalties.

*Integrated approach: ticketing, information
(online and offline), marketing and promotion
campaigns.

e Infrastructure: bus terminals/ous stops, dedi-
cated bus lanes and priority, traffic management,
parking management, non-motorised transport.

The technical discourse on vehicle automation and
mobility services often appears to assume that
there is a "one-size-fits-all" solution. While from a
business perspective this would be ideal, in reality,
implementation would likely require a much more
tailored approach. As a first step for approaching
this, it could be useful to define various deployment
categories, which have to be addressed before go-
ing forward, and where large geographical differ-
ences exist. These may include:

® Social, societal, and demographic factors.
e Economic level and income distributions.
® Car ownership levels and car culture.

e Technological differences (for example, access to
5G communication infrastructure).

o Existing layout, size, density of the urban form.

® Characteristics of the built environment.
o Specific requirements for megacities.

*New cities, green-field and brown-field devel-
opments.

® Current modal provision and share.
®|egal and regulatory frameworks in place.
®Various other cultural issues.

By recognizing the need for decision-makers to
actively manage the transition period of the now
emerging new mobility solutions and services, it is
necessary to analyze existing regulatory principles,
both given their initially intended application, as
well as their current use in the context of changing
technologies, services, and policy objectives. Under
these conditions, we are now witnessing a “stretch-
ing" of (greatly unchanged) rules and regulations.
This constitutes an imperfect but comparably easy
approach, which has both advantages and disad-
vantages.

While this is still feasible for lower automation levels
(assistance), we are likely to encounter the "break-
ing point" —following this analogy— when nearing
full autonomy. This then means that policymakers
may either risk requlatory difficulties and lose con-
trol over developments or hinder innovation and
technology uptake. There is thus a need to develop
more flexible requlatory approaches, and in the long
term consider a move to more data-driven gover-
nance, rather than the use of traditional descriptive
approaches, such as a regulations paradigm change
in response to a mobility paradigm change.

Regulation in the context of AVs typically centers on
the vehicles, where work is ongoing on many levels
nationally and internationally. This includes updates to
the texts of the agreements under the United Nations
Economic Commission for Europe (UNECE) WP.29 reg-
ulatios, about the concept of a "driving tests" for AVs,
and test tracks simulating various real-life scenarios.
In addition, many governments are amending their
legal frameworks to allow testing on public roads. A
key future challenge would be how to deal with the
regulatory aspect of vehicle functionalities changing
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through over-the-air software updates. Options in-
clude more self-certification elements, as currently
used, for example, in the United States.

Regulating the automotive aspect of AVs (for ex-
ample, through type approval processes) is key, of
course, but the likely implementation of this technol-
ogy as an enabler for different types of shared mo-
bility concepts might require regulation of mobility
services to be considered in parallel with more ve-
hicle-centric regulations. There is direct competition
with legacy transport services in that case, which are
often heavily regulated and protected. Here the dis-
ruptive potential is most directly experienced, thus
new, more flexible frameworks need to be found.

Characterization of technical capabilities of dif-
ferent levels of vehicle automation and the corre-
sponding driver roles and responsibilities is usually
carried out according to the levels provided by the
Society of Automotive Engineers (SAE) (see box 2).

While policy responses need to be developed to en-
sure that the promise of positive effects of the mo-
bility revolution can be achieved, there is also the po-
tential of undesired effects as a result, which need to
be addressed too. This may include avoiding a modal
shift away from green modes (walking, cycling, and
mass public transport), ensuring appropriate mini-
mum mobility levels for all citizens, and guaranteeing
high levels of road safety and personal security.

Box 2 | SAE levels of vehicle automation

SAE J3016 Levels of driving automation

A

INTERNATIONAL. INTERNATIONAL.

Level O Level 1

g

ADAPTIVE CRUISE CONTROL

PARALLEL HELPER-L1

A

ACTIVE LANE CENTERING

PARKING HELPER-L2

HIGHWAY PILOT-L2

TRAFFIC JAM PILOT

AUTOMATED DRIVING SYSTEM-L3

AUTOMATED DRIVING SYSTEM-L4

PARKING VALET

AUTOMATED DRIVING SYSTEM-LS

g
g
g
i

INTERNATIONAL. INTERNATIONAL- INTERNATIONAL. INTERNATIONAL.

Level 2 Level 3

e &
CC R ¢
€8 R i
<] &i

e

ASISTED

AUTOMATED

LEVEL O: NO DRIVING AUTOMATION: YOU DRIVE; THE VEHICLE CAN PROVIDE DRIVING ASSISTE FEATURES.
LEVEL 1: DRIVING AUTOMATION ASISTANCE: EITHER STEERING OR BRAKING ASSIST BUT NOT AT THE SAME TIME.
LEVEL 2: PARTIAL DRIVING AUTOMATION: STEERING AND PARKING ASSIST TOGETHER AS SUPPORT FETURE ONLY; HUMAN

DRIVER MUST SUPERVISE.

LEVEL 3: CONDITIONAL DRIVING AUTOMATION: AUTOMATION OF FULL DRIVING TASK WITH HUMAN FALLBACK; DRIVER

MUST RESPOND PROMPTLY WHEN ALERTED.

LEVEL 4: CONDITIONAL DRIVING AUTOMATION: FULL AUTOMATION BUT ONLY IN PREDETERMINED CONDITIONS; HUMAN

MUST DRIVE WHEN SYSTEM NOT ENGAGED.

LEVEL 5: FULL DRIVING AUTOMATION: YOU NEVER HAVE TO DRIVE ENYWHERE UNLESS YOU WANT TO.




There is thus a need to monitor, for example, over-
all person-miles-travelled. AVs need to be seen as
part of the overall multi-modal system. It should
also be considered the livelihood, training and
pension of sector employees. Access to data sets
for analytics and enforcement purposes is neces-
sary, and an element of pricing might be essential
to provide “nudges” for transport users to make
the right choices.

The expert discourse on the regulatory response is
often split between those advocating "heavy” requ-
latory oversight in order to ensure maximum safety
levels, and those who see this approach as an un-
necessary burden on innovation, slowing down the
implementation of valuable systems and technolo-
gies. A way forward here would be the use of reg-
ulatory "sandboxes”, where market access is made
easy, but only temporarily, as to monitor effects.

Other essential policy areas to address are road
safety, labor market impacts of automated vehicles,
and the question as to how to requlate TNCs in such
a way that they can co-exist in a less disruptive way
together with legacy transport carriers, particularly
the high regulated tax industry. Some road safety
principles may include:

eTesting: from simulation to private track, pub-
lic roads with a safety driver, and then public
roads.

o SAE Levels vs policy vs customers expectation
(need to find more targeted communication).

® Avoidance of any brand-specific performance
standards.

¢ OEMs, to develop specific cybersecurity policy.

e Broadening regulatory framework (for example,
infotainment).

¢ Consideration of future scenarios and moving
towards new mobility services (fleets) for pol-
icy advise.

In addition, labor market impacts are likely to arise
as a result of advanced automation technology,
particularly in the road freight sector. Here there

could be substantial job losses amongst drivers,
within a decade, and job losses in the order of 1
million people in of the European Union (EU) and
North America are possible, according to a study
on automated road freight transport (ITF, 2017b).
Even though the focus is on truck automation,
some analogue lessons learned can also be de-
duced for the taxi industry and public transpor-
tation.

Moreover, unlike previous circumstances, drivers
displaced by automation may struggle to find alter-
native employment. However, there is also a poten-
tial for improved employment opportunities, with
an operator still in the cab and more back-office
service sector work. Furthermore, estimations of job
losses differ widely between different regions, with
some quoting substantial shortages of drivers cur-
rently to be replaced by automation. Measures for
addressing labor market effects may include:

e Establishing a temporary transition advisory
board to consult governments on these strat-
egies.

® Permit system to influence the speed of tech-
nology introduction of and the associated job
losses.

e Economy-wide support of underemployed driv-
ers, such as universal income policies.

® Industry-specific support consistent with good
practice for general unemployment support.

o System to be funded by the primary beneficia-
ries of the advanced technologies.

More flexible regulatory principles for TNCs should
be founded on the following guiding principles:

®Regulation should be limited to correcting
market failures based on sound economic prin-
ciples.

®Regulation should rely on the most efficient
tools (e.g. data-driven requlatory approaches).

®Requlation should be technology neutral and
not discriminate between operators in a market.
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*The impact of regulation and its relevance looking at specific examples for these trends in the

should be monitored and re-assessed. next step, and then going through a formal process
of analyzing each of the trends. This establishes a
® Regulation should be adaptable, focused, clear, basis for formulating a number of propositions as
and easy to apply. to how these trends could materialize in the re-
gion; together with the necessary policy responses

®There should be an adequate division of requla- required.The key trends discussed are:

tory responsibility.
A. Technology trends:
®Regulation should be inclusive of all social

groups. ® Automation.
1.4 Objectives and analysis approach e Connectivity.
This discussion paper on the future of transporta- e Electrification.
tion in the LAC region covers the key transport and
mobility future trends introduced above in general B. Service trends:
terms, including risks and opportunities; the role of
the public sector in shaping these trends, and the ®Shared ownership.

specific situation LAC countries.
®Shared use.
The figure below shows the analysis methodolo-
gy used as a background for this discussion pa- * Mobility platforms.
per; which identifies the 3 key trends to consider,

Figure 1| Key trends analyses and methodology used

A

Definition of elements

Service Societal
trends trends

Tech

trends

WV

Risks and opportunities

Automated Shared Car
vehicles ownership ownership
N\
Connected Shared Mobility Role of public sector
vehicles vehicle use behavior
Electric Mobility Privacy Vv
vehicles platforms attitudes LAC country discussion




C. Societal trends:
¢ Car ownership.
* Mobility behavior.

® Privacy attitude.

For each trend the following methodology applies:

1. Definition of elements.
2. Risks and opportunities.
3. Role of the public sector.

4. Latin America and the Caribbean (LAC)
country discussion.

To the backdrop of these trends, their implications,
and the necessary policy responses, some very
specific counteracting factors identified for LAC
countries would be discussed, including:

® Pyshback from car manufacturers due to addi-
tional costs from automation and safety fea-
tures.

e Pyshback from taxi/bus drivers due to concerns
of potential labor market effects of automa-
tion.

®Societal factors such a car seen as an aspi-
rational status symbol counteracting service
adoption.
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Chapter 2:

Technology Trends

%)
o)
O
>
c
()
w
+
=
o)
o
%)
c
©
o
'_
“
o
[0)
L
)
2
S
e
o)
<
'_
.
o)
Q
@©
[a
c
iel
)
%)
>
1)
2
(@)
o
e




2.1

Definition of elements

Implementation of different levels of vehicle automation can already be found and it is likely to
continue. These vary along the 5 SAE automation levels, ranging from various degrees of driver
assistance to full automation, in geo-fenced areas and ultimately anywhere. Moreover, it can take
place in privately owned vehicles or in emerging fleet-based shared mobility services.

Connectivity and communication between vehicles, either as a separate feature or as a key enabler
for vehicle automation and various mobility services, is another likely critical feature of future mo-
bility. And it includes V2V, V2I, or a combination of the two (V2X). Key questions here are technol-
ogy options (for example, 5G cellular communication vs G5/ DSRC short-range communication) or
funding (public or private sector). In this context, it should be observed the European Commission
(EC) backed initiative on Cooperative Intelligent Transport Systems (C-ITS) and the associated legal
documents.

Digital technologies have developed rapidly over the past decades and they are increasingly being in-
troduced in transport. While Intelligent Transport Systems (ITS) focus on digital technologies provid-
ing intelligence placed at the roadside or in vehicles, C-ITS focuses on the communication between
those systems. Vehicles and infrastructure equipped with C-ITS can communicate a warning to each
other, after which the drivers are informed about the upcoming traffic situation in time for them to
take the necessary actions in order to avoid potential harm.

The European Commission outlined its plan for the coordinated deployment of C-ITS in Europe in its
communication “An European strategy on Cooperative Intelligent Transport Systems". Incident warn-
ing functionalities are a clear key application of vehicle connectivity, and they would enable vehicles
located downstream, which have detected or encountered an incident, to relay this information to
vehicles up-stream, out-of-sight, effectively allowing them to “look around the curve".

Another application of vehicle connectivity would be for the scheduling of fleet-based systems,
which after reaching a critical mass would very likely require such communication bandwidth for
the scheduling of vehicles. An analogue case would be a very widespread uptake of high levels of
automation in private vehicles, where connectivity might be necessary for safe operation. Thinking
this further, there could even be a move away from signal control traffic management to “swarm-
like" approaches (with a central control system giving/restricting priority on a single vehicle basis).
To accomplish this, again, connectivity and high bandwidth would be essential.

Further likely, transport related trends include a move towards the utilization of clean vehicle tech-
nology and fuels, with a wide-spread uptake of electric vehicles and use of alternative fuels. Uptake
would be linked to potential government subsidies for such vehicles, the success of private sector
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products and services, and the provision of the
necessary charging infrastructure.

With the use of electric vehicles, both for private-
ly owned cars or for fleet-based mobility services,
vehicle charging infrastructure requires closer
scrutiny. Whilst battery technology still limits the
range of electric engines, quick charging (or bat-
tery swapping, amongst other alternative ideas re-
garding this issue) is a crucial enabler. Here, some
questions arise: who would finance this (public or
private sector) and what granularity of charging
points throughout the network is required? We
are now seeing multiple vehicle manufacturers at-
tempting to build up their own infrastructure, in
addition to varying levels of public sector efforts
in this space. Other issues to consider in this mat-
ter include the regulatory response to safe disposal
and recycling of EV batteries, plus other existing
technological challenges, such as battery technol-
ogy, that still generates higher costs, thus affect-
ing technology uptake.

One of the first real world applications of Automat-
ed Vehicles (AVs) was the ParkShuttle in the Rivium
Business Park near Rotterdam in the Netherlands.
Open to the public in 1999, it consisted of a shared,
automated shuttle carrying passengers on a loop
with a number of stops connecting offices to near-
by public transport interchanges. A similar system
connecting the long-stay car park with the main
terminal building of Schiphol airport was set up as a
multi-year demonstration, which ceased operation
after the end of the trial period. Both systems, al-
though segregated from other traffic on some parts
of the route, were able to operate safely with manu-
ally driven vehicles and pedestrians in controlled but
mixed environments. The Rivium system has been
extended, with second generation vehicles, and is
still operational today. Similar kinds of shuttles are
now being tested around the world (in cities like
Paris, Singapore, and within the United States) with
about 10 different suppliers present in the market.

Most of these systems share similar parameters,
including:

*Low speeds: operational speeds are often be-
low 15 km/h, but higher speeds are possible de-
pending on segregation, as maximum levels of

jerk for emergency braking need to be adhered
to for safety reasons.

eSimple and controlled environments: to
minimize interaction with other traffic, vehi-
cles operate, for example, in pedestrian zones,
university campuses, etc.

*Significant infrastructure: there are varying
levels of separation from other traffic.

*Supervised operations: whilst it is not neces-
sary to have operations' staff inside the vehicle,
a staffed remote operations center is required.

In a transition period —and while full automation
is not yet fully proven and costs are high—, intro-
ducing SAE level 1-3 automation (such as still with
a driver present) for public transport vehicles could
be an interim solution enabling enhanced perfor-
mance; for example, precision-docking at stations,
operation at minimum headways, or allowing nar-
rower lanes, etc. at comparatively lower costs. See
below for the set of vehicle and service catego-
ries developed as part of the EU-funded CityMobil
project (R&D effort investigating the urban use of
low-speed light-weight shuttles) that describe dif-
ferent vehicle and service concepts:

¢ Cybercars: fully automated road vehicles for
individual or collective transportation of peo-
ple and goods, and for specific areas with little
or no interaction with other vehicles.

ePersonal rapid transit (PRT): small ful-
ly automatic vehicles operating on guideways,
segregated from pedestrians and other traffic.

eAdvanced city vehicles (ACV): integrating
zero or ultra-low pollution propulsion and driv-
er assistance systems, allowing integration
into car-sharing services.

eHigh-tech buses: buses on rubber wheels,
operating like a tram on lanes with light infra-
structure using electronic guidance either fully
automated or assistance functionalities.

®Dual-mode vehicles (DMV): using conven-
tional vehicles, supporting both fully automat-



ed and manual driving. They represent a poten-
tial migration path from traditional cars to AVs.

Until true SAE level 5 vehicles are on the market,
capable of performing all driving tasks (everything)
under all conditions in all settings (everywhere),
vehicle manufacturers and fleet operators would
have to put certain operational design domain
(ODD) restrictions in place to mitigate system
and/or vehicle limitations. These ODD constraints
include geography, road type, speed, and weath-
er conditions; what's more, system capability and
maturity would also require a certain dependency
on supporting infrastructure for safe operation.

Restrictions would have to be formulated and en-
forced by policymakers and regulators, and con-
flict may arise between realistically achievable
ODDs and actual operational or commercial re-
quirements. This is also dependent on timescales,
with the government requiring time for develop-
ing type-approval regulations and managing new
transport services that raise issues similar to TNCs,
such as Uber or Lyft.

The public perception of safety plays a key role in
this context, conceivably causing a situation where
more restrictive than necessary (as suggested by
industry and research) constraints on system op-
eration are put in place, possibly creating exces-
sive burdens on vehicle manufacturers and system
operators. There is evidence from some automated
metros in cities around the world where either a
"driver" is still present despite automated opera-
tions or a decision to move towards automated op-
erations was reversed due to concern over public
perception of safety. The box below shows a recent
comparison on survey results into acceptance of
AVs. Whilst the level of acceptance is improving,
in many markets the majority of people is still not
convinced of the safety of AVs.

In the case of shared mobility systems, there would
then be concern over the economic viability of a
system with a large number of small automated
shuttles retaining (for a certain period of time) a
manual operator, particularly as savings in person-
nel costs would be a key motivator for introduc-
ing such a scheme in the first place. The dominant

Box 3 | Changes in consumer acceptance of automated vehicles over time
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challenge for the developers of the technology
would then be to demonstrate convincingly that
their technology has reached a level of maturity
that it is capable of operating safely in a shared
(unprotected) ODD without human operator super-
vision. This is a challenge that has yet to be met
by any of the technology developers. In addition
to ODD considerations, specific requirements for
accompanying infrastructure may occur:

¢ Charging infrastructure: if electric vehicles
are used, a likely option for a number of rea-
sons, then designing and providing the neces-
sary charging infrastructure (offline, or online,
at stops or junctions), scheduling of charging of
vehicles and routing to charging stations need
to be considered as part of the overall service
planning.

¢ Communication infrastructure: vehicle and
system operation options would depend on
provision and level of connectedness using
wireless technology. This is particularly im-
portant with the emergence of both smart in-
frastructure with embedded sensors and the
Internet of Things (loT). With the increasing
importance of digital infrastructure, it emerges
the need to ensure the robustness of system
(data protection and privacy) and data cover-
age. A central control or supervisory scheme
with reliable communication systems would be
needed for public transport fleets.

®Other physical infrastructure: in the tran-
sition period, but possibly beyond, physical
infrastructure might still be required. This in-
cludes varying levels of segregation between
automated vehicles and other traffic. There-
fore, one might see separate lanes, different
types of barriers to limit access to parts of the
network and special provisions for junctions.
Potential negative effects on urban design, in-
cluding visual intrusion and the risk of commu-
nity severance, need to be carefully considered.

The underlying operating principles for such a
system might be based on both size and density
of urban areas; with the assumption that cities,
rather than more rural areas, would be the appro-
priate geographical setting for shared services.

Long-distance services that connect urban centers
may be feasible, but private companies would fo-
cus on highly dense urban areas, as the operation
of vehicle fleets would depend on investment into
mapping. The vehicles to be used are likely to have
the following common characteristics:

sElectric propulsion: the control mechanism
and actuators involved in automated operation
make electric propulsion the probable option
for AVs. The environmental performance of
electric vehicles, with lower noise levels and
no emissions at the point of operation, would
further suggest their use. Also, mandating EVs
for specific vehicle fleets, for example, public
transport, is a viable policy option to influence
the transition period positively.

eLight-weight vehicles: traditionally, the ve-
hicles used in existing applications are rela-
tively flexible and light-weight vehicles from
non-conventional vehicle manufacturers. An
immediate concern for a more widespread de-
ployment of these types of vehicles would then
be their safety performance. Addressing this
issue might involve the development of specific
standards to ensure the necessary road safety
levels, particularly in mixed traffic with heavier
and larger manually operated vehicles.

eTailor-made vehicles: whilst potentially being
based on a generic foundation or chassis, the
vehicles are likely to be required to be tailored
to local characteristics in order to ensure the
success of the system. These include cultur-
al and geographical characteristics, business
models used, customers targeted, as well as the
location of the systems. The new and emerging
business models in the AV space are likely to
produce tailor-made vehicles serving a multi-
tude of purposes, which may include conve-
nience stores, meeting rooms, hotel rooms, etc.
on wheels. It is essential to take specific care
needs to make the vehicles, and the system as a
whole, accessible to disabled and elderly users.

Besides, the design of all internal and external
user interfaces should be paid special attention, in
a similar way to how TNCs and ride-hailing plat-
forms currently operate:



*Booking a service: a smartphone, app-based
platform needs to be in place, which can be un-
derstood and used by all passengers indepen-
dent of individual characteristics, otherwise, it
might prevent them from accessing mobility
services. These may include social and eco-
nomic background, banking penetration or fi-
nancial inclusion, age, information technology
(IT) literacy, or physical impairments. Alterna-
tive means of access would also be needed for
those without access to smartphones.

®Accessing and using the vehicle: a system
needs to be in place for users to be guid-
ed through the process, including finding the
access point, recognizing the booked vehicle,
gaining access, and —once on-board— being
reassured of the prebooked destination, and
being advised on the route and any interme-
diate stops. Also, all back-office function for
billing and multimodal ticketing need to be de-
signed and implemented.

e[nteractions in mixed operation: AVs must
be able to communicate with other vehicles
and road-users, including pedestrians and cy-
clists, in mixed-use environments. Use cases
for this can include negotiating narrow, con-
gested areas; giving way or asking others to
give way, and preparation for turning, among
others. Some communication channels could
be displays or lights on the outside of the ve-
hicle andfor with targeted messages on users'
smartphones.

2.2 Risks and opportunities

A possible benefit of vehicle automation is im-
proved road safety performance. By removing the
human element from the operation of road vehi-
cles, a certain number of road traffic crashes are
likely to be avoided; predictions for the scale of
improvements vary widely and, importantly, these
statements remain untested. The performance of
varying levels of automation have been modelled
and tested in private sites, and have been in actual
use; most notably here are Tesla, in the context of
private cars, and Waymo (formerly Google) and to
some degree Uber for mobility services. But the
effects of a mass introduction are still uncertain

at this point. And whilst road safety improvements
are very likely, they need to be seen in the con-
text of the Vision Zero approach, in addition to the
ethical questions of a potentially fatal accident
caused not by a human but by an algorithm.

Furthermore, some new accident scenarios can be
envisioned, particularly in the —likely prolonged—
transition period where the road space would be
shared by vehicles of varying levels of automation
and fully human-operated vehicles. Another issue
in this subject is that initially human drivers and
other road users, including pedestrians and cy-
clists, would have no experience with the ways in
which the "behavior” of automated vehicles would
differ from human operated ones, which has high
possibilities of being the case; there might even be
differences between technologies and brands.

Some minor positive environmental impacts can
be expected from the introduction of automated
vehicles, based on programmed-in optimal driving
styles (such as eco-driving) and aerodynamic ef-
fects from minimal inter-vehicle headways at high
speeds (in the case of superhighways, rather than
in slow urban traffic). These effects are likely to be
on a scale, that as part of a wider decarbonization
of transport effort can play a role, but not be a jus-
tification on its own for government efforts for a
roll out of automated vehicles, based on, for exam-
ple, contributions to reaching the United Nations'
Sustainable Development Goals (SDG).

Much larger pollution improvements —at least at
the point of operation— can be expected from a
mass introduction of electric vehicles, contributing
to cleaner and quieter urban environments. Road
safety with nearly silent vehicles is another issue
to be considered, along with the question of how
the energy is generated for it, range issues, and the
need for a comprehensive charging infrastructure.

In an analogy to the environmental performance of
automated vehicles, some minor capacity gains on
network or link level are also to be expected. This
is based on, again, smaller headways, potentially
the use of narrower lanes, and optimal routing and
traffic management. In this context, there might
be a concern about how capacity improvements
and decreases in congestion level might lead to
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induced traffic, the same effects new or upgraded
infrastructure can have, therefore rendering pos-
itive ineffective by the increase in demand that
they generate.

But much larger effects can be expected from the
wide-spread introduction of mobility services, as-
suming that these services would radically change
mobility behavior and —most importantly— increase
vehicle occupancy rates from current average val-
ues of 1.2 in commuter traffic at peak hours to
much higher levels (for example, 6-8 in a mini-bus);
this could potentially free up large spaces in urban
areas with much less need for parking spaces.

On the other hand, negative effects are also pos-
sible without the necessary accompanying policy
measures, including increased vehicle-miles trav-
elled (VMT), increased urban sprawl, among oth-
ers, but as these are based on the individual busi-
ness model enabled by new technologies, the more
detailed discussion of these risks is in the following
chapter on service trends.

2.3 Role of the public sector

Decision makers need to actively manage the tran-
sition period to new mobility services, locking-in
potential benefits while avoiding potential neg-
ative effects. Policies here may include financial
incentives for cleaner and safer cars, encouraging
uptake of electric (or potentially other clean fuels)
vehicles and cars with enhanced safety feature,
including lower automation levels providing ad-
vanced driver assistance functionalities.

Likewise, there should be an introduction of rele-
vant industry standards for vehicle safety, guaran-
teeing minimum safety levels in the fleet by man-
datory onboard technology for all newly purchased
vehicles. Here, specific trade policies may also be
considered, banning or regulating the quantity on
of non-AVs. These safety and assistance systems
could also include lower levels of vehicle automa-
tion. These efforts could also potentially follow a
similar path as the efforts of the New Car Assess-
ment Programme (NCAP).

Box 4 | The EU Cooperative Intelligent Transport Systems (C-ITS) Initiative®
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2. C-ITS Platform Phase Il chaired by the European Commission. Retrieved from:
https://www.polisnetwork.eu/uploads/Modules/PublicDocuments/phase-ii---c-its-platform---draft-final-report---september-2017_v1.0.pdf




Another question in this context would be the is-
sue of funding for V2X communication systems
and infrastructure. Some experts argue that high
levels of communications between vehicles and
infrastructure are either not necessary at all as
an enable for high levels of vehicle automation or
would only be required at a much later stage when
these vehicles reach a critical mass (which might
be decades away at this point).

In terms of technology options DSRC/ G5 (see box
4 on the EU C-ITS Initiative) is a lower tech option
available now, but which would require funding
for road-side infrastructure such as beacons; 5G,
on the other hand, would require costly upgrades
to the communication infrastructure from mobile
phone operators. But with the question of emerg-
ing technologies in developing markets, there is
always the possibility of "leap-frogging” gener-
ations of tech development straight to the latest

innovation. In this case, governments would then
need to provide the right economic environment
in terms of employment and regulations. In-vehi-
cle safety features based on connectivity are like-
ly to be introduced as a pricey add-on service by
vehicle manufacturers in the premium segment,
decision-makers need to find a position vis-a-vis
the public good of road safety improvements. See
table 3 for a more detailed comparison.

A similar question arises over the funding for
charging infrastructure, which is a critical en-
abler of a wider uptake of electric vehicle tech-
nology. Many vehicle manufacturers, with Tesla
certainly currently leading the way here, are
investing heavily (or have made public state-
ments committing to this) into their proprietary
charging infrastructure. In parallel governments
are building up open systems. Decision-makers
may want to use their convening power to ef-

Table 3 | Comparison of ITS 5G (DSRC) and 5G Mobile Telephony

ITS G5 (DSRC)

5G Mobile Telephony

Standardisation IEEE 802.11 P 3GPP
Availability Now Under standardization
5.9 GHz (Europe, United States), .
: 400 MHz to 100 GHgz, licensed and
Spectrum Zggg/teruzngJapan), unlicensed unlicensed spectrum

Few meters (depends on the

Latency number of vehicles on the road) I meter

Range Short: few 100 meters Long: depends on the frequency
Spectrum efficiency Low High

Data rates 3,4.5,6,9,12,18, 24,27 Mbps High: up to 10 Gbps
Scalability Medium High

Network infrastructure

No, direct mode

Both, direct and network mode

Reliability Not guaranteed

Guaranteed

Encryption, authentication, but no

Security by design. End-to-end
authentication and encryption,

Security end to end security monitoring/ access control, supervision, threat
supervision
management, etc.
Application supported VaVv, V2l V2X, loT, infotainment, traffic man-

agement, eCall, location services,
software upgrades, etc.
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fect some standardization or at least a certain
level of coordination between these systems and
stakeholders.

Another issue that requires government response is
addressing a potential decrease of fuel tax income
from a mass uptake of clean electric vehicles. Whilst
this trend is obviously not to be penalized, it would
leave a certain gap in already low public financ-
es and budgets, which are vital for infrastructure
maintenance and public transport services. While
putting additional tax burdens elsewhere would be
politically unpopular, a larger involvement of the
private sector, particularly the tech sector, might
be a way forward; efficient government oversight of
such a move should be essential.

Though vehicle automation might be used for both
private vehicles and mobility services, and emerg-
ing mobility platforms might cause a modal shift
towards single occupancy ride-hailing or to im-
proved public transport services, the public sector
needs to provide (financial or other) nudges for a
modal shift towards green and sustainable modes
and to higher average vehicle occupancy rates.

Since 2011, some jurisdictions have been updating
their motor vehicle requlatory frameworks to deal
with AVs. Several US states, France and Germany
have all enacted legislation specific to AVs. At the
international level, amendments have been made
to the Convention on Road Traffic, with additional
ones currently under discussion. While there are dif-
ferences in regulatory frameworks, many of those
enacted to date have similar elements, including:

e Definition of what constitutes an AV and auto-
mated driving.

eRequirement for AVs to abide by all existing
road rules at all times.

® Developer responsibility for what occurs while
the vehicle is in automated mode.

eExpress legalization of testing AVs on public
roads, subject to conditions, such as:

- Obtaining a permit to test an AV on public
roads,requirement for a human driver to

be present to take over manual operation
at any time,

- Minimum insurance requirements,

- Obtaining further approval before com-
mercial deployment.

The cautious approach many requlators have taken
to date is prudent, given the current uncertainty. It
provides a space to test AV technology and gather
real-world data and evidence. Regulators would be
able to use this data and evidence for future pol-
icymaking. However, there are also limits to this
model. As the technology closes in deployment,
issues left unanswered by a cautious approach
would need to be dealt with.

Perhaps the most important issue that must be ad-
dressed relates to how safe an AV must be before
regulators allow it to be commercially deployed.
Many jurisdictions' AV regulatory frameworks are
unprepared to manage this subject. At present,
Florida is the only jurisdiction that has AV legisla-
tion which consents commercial deployment with-
out a specific permit. All other jurisdictions with
AV-specific legislation either limit AVs to testing or
require a specific permit for deployment. However,
many have not yet developed the requirements for
that permit.

In regimes designed for human-driven vehicles,
mechanisms that allow exemptions from motor
vehicle standards may be called upon to provide a
path to AV deployment. For example, the Nation-
al Highway Traffic Safety Administration (NHTSA)
can exempt a limited number of vehicles from US
Federal Motor Vehicle Safety Standards, provid-
ed a vehicle is safer overall than a vehicle which
complies with the standards. Arguably, there are
advantages to using this standard for AVs. AV de-
velopers would have a target for the level of safety
they need to meet, providing greater clarity than
they currently have. Also, the overall nature of
such a standard might be flexible, allowing AV de-
ployment using a broad range of approaches, so
long as they improve road safety.

While the flexibility in NHTSA's exemption pro-
cesses and California's draft legislation has ad-



vantages, it can also create uncertainty. By having
an overall standard or delegating the safety case,
these regulatory approaches effectively leave the
safety decision at the discretion of the relevant
official, and their subjective judgment. In turn,
there is a continued uncertainty around how safe
would AVs need to be before they are allowed to
be commercially deployed. Determining how safe
an AV must be to obtain approval for deployment is
challenged by both public perception and technical
issues.

2.4 LAC country discussion

Against the backdrop of the trends, risks and op-
portunities, and government roles described, this
discussion includes a suggestion of specific policy
recommendation tailored to the requirements of
LAC countries, in terms of governance and indus-
trial issues. Key local developments in the context
of technology trends are less but rising vehicle

ownership rates, a generally older fleet with lower
levels of technology maturity, and poor road safety
performance (see box 5). Furthermore, there is al-
ready early resistance from vehicle manufacturers
to deploy costly onboard technology and thus in-
creasing retail prices, which would intensify before
more advanced driver assistance functionalities
and even automation.

In this context, a higher importance should be
placed on advanced driver assistance systems,
which are ready to be deployed right now and at a
comparably low cost, giving a boost to the regions
road safety levels. Government policy should focus
more on uptake of these systems, rather than on
the implementation of fully automated vehicles,
which might be less suitable at this stage. Thus,
a more nuanced and realistic view on automated
vehicles, and to some degree also electric vehicles,
would be necessary in order to deploy existing and
emerging technologies in the most efficient way.

Box 5 | Selected transport statistics for the LAC region®

Figure 1. Registered motor vehicles per 1,000
population in the Region of the Americas, by
country, 2010
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https://www.paho.org/hg/dmdocuments/201 3/paho-roadsafe-facts-201 3. pdf,

(2]
©
=
(<))
-
e
>
(=)
=
o
=
=
3
-
N
B
=
o
@®
G
O

27



Chapter 3:

Service trends

IDB Discussion Paper | The Future of Transport Services




31 Definition of elements

Besides the technology-related trends, there are also various new emerging business models
enabling innovative mobility service. This holds the promise for substantial benefits for society
as a whole as well as on the city level, and it is based on the concept of shared mobility, which
relates to both shared access to vehicles, as well as shared use of vehicles, such as a move away
from vehicle ownership to vehicle "usership”. These systems include, among others:

® App-based ride-hailing providers.
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® Car-sharing and car-pooling.

®|ntegrated mobility service platforms.

eThe concept of Mobility-as-a-Service (MaaS).

eNew modes and approaches (electric scooters and the dock-less model).

e Low-speed first-/ last-mile shuttles.

In recent times, with new iterations of mobility services and business models, the adoption rates
can be seen to be accelerating —as illustrated in the box below— showing years since service
launched in relation to adoption rates in metropolitan areas in the United States. The cardinal
concept behind Mobility as a Service (Maa$S) is to put the user at the core of transport services,
offering tailor-made mobility solutions based on individual needs. MaaS is the integration of var-
ious forms of transport modes into a single mobility service accessible on demand. It combines
all possible transport modes, enabling users to access services through a single account with a
monthly fee.

Within the Maa$S scheme, users would buy a mobility package according to their profiles and pref-
erences (for example, business mobility package, family package, etc.) and pay a fee accordingly.
The package would include access to a number of trips using different transport modes (local pub-
lic transport, a number of taxi rides, use of a shared car up to a certain amount of kilometers, and
others). A single app would allow users to see schedules, search for multimodal travel solutions,
book and pay. Box 7 shows an illustration of the Mobility-as-a-Service (MaaS) concept.

For wider mobility services enabled by vehicle automation, it needs to be explored how specific

service concepts can be matched to specific operational environments, on a detailed local level
as well as across continents and cultures.
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Box 6 | Comparison of different mobility service adoption rates
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Box 7 | lllustration of the Mobility-as-a-Service (MaaS)
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The following definitions of shared mobility com-
ponents have been made recently:

®Bike-sharing: on-demand access to bicycles
at a variety of pick-up/drop-off locations for
one-way or roundtrip.

¢ Ride-sharing: formal/informal sharing of rides
between driver and passenger with similar ori-
gin-destination pairings.

¢ Car-sharing: offers members access to vehi-
cles by joining an organization that provides
and maintains a fleet of cars.

*Ride-sourcing (also often referred to as
ride-hailing or e-hailing): on-demand transport
service prearranged for compensation, driver
and passenger connect via apps.

® Micro-transit: transit service that uses mul-
tipassenger/pooled shuttle for on-demand or
fixed-schedule services.

®Scooter-sharing: access to scooters by join-
ing an organization that maintains a fleet of
scooters at various locations.

eShared motorcycle: common in developing
countries, similar in concept to ride-sourcing,
but using motorcycles instead of passenger
cars (for example, Uber Moto).

The following industry sector involvements and
cooperation projects for testing and demonstrat-
ing AV technology in this space are first examples
to emerge:

*Google/Waymo: full automation in specific
geo-fenced areas, using very high definition
inch-precision maps of the area the vehicles
are expected to use, in addition to on board
systems, some computation is performed on
remote computer farms.

eEasyMile: a low-speed urban shared-mobility
shuttle currently being demonstrated in small
highly controlled environments with little in-
teraction with other traffic. Demonstrations
are being carried out in Paris, and in sites in

the Netherlands and North America; although
in most cases a safety operator is required in-
side the vehicle for safety requlatory reasons.

e nuTonomy: recently launched its highly auto-
mated taxi service as a pilot project in Singa-
pore (still supervised by safety drivers), their
vehicles use formal logic to decide their paths
in terms of motion, maneuverability, and speed.

e Uber and Volvo: Uber started testing the con-
cept of driverless (although in the trial period a
driver was still inside the vehicle at all times, to
take over in case of unforeseen circumstances)
shared mobility service provision in the city of
Pittsburgh.

eUber and Daimler: recently announced a
strategic partnership through which Daimler
would provide tailor-made vehicles to Uber
to be eventually used as a highly automated
ride-sharing (such as driverless) system.

*Ford and Cruise Automation: recently an-
nounced plans to offer highly a fully automated
(level 4) high-density, high-volume ride-hailing
application in geo-fenced parts of urban areas
in some cities by 2021; the operational design
domain limitations for this system have not yet
been determined.

3.2 Risks and opportunities

Use of these new mobility services can provide im-
proved comfort of public transport, for example,
by offering convenient and safe first-mile/last-
mile services, the absence of solutions are main
current deterrents from a wider modal shift away
from the private car to (conventional) public trans-
port using legacy modes. Also, through the use of
shared mobility solutions, vehicle occupancy rates
could be drastically increased, thus decreasing the
number of vehicles within the network and free-
ing up capacity and urban spaces. In turn, this can
then lead to the potential for less private car own-
ership (see box 8 for general key benefits of such
systems and services).

But despite the potential positive aspects, some
negative ones are also possible to arise if un-
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Box 8 | Overview of shared mobility services

Core & Incumbent
Services

Innovative

Services Key benefits

e CAR RENTAL

e | [VERIES/LIMOS
* PARATRANSIT

* PEDICABS

¢ PUBLIC TRANSIT
e SHUTTLES

e TAXIS

* CAR POOL
e VAN POOL

e CASUAL POOL

® BIKE SHARING

* CAR SHARING

¢ COURIER NETWORK
SERVICES

o E-HAIL

® HIGH-TECH COMPANY
SHUTTLES

* MICROTRANSH:

¢ P2P BIKESHARING

e P2P VEHICLE SHARING

* RIDESOURCING/TNC

o SCOOTER SHARING

include:

e First-mile/last-mile
service

¢ Reduce traffic
congestion

¢ Mitigate forms of
pollution

® Reduced transport
costs

¢ Improved efficiency

¢ Choice for no access

to car
e Options for disabled

checked by appropriate regulatory responses, in-
cluding the following specifically for AV fleets:

® A modal shift away from public transport, green
modes, and active modes (such as cycling and
walking) to single-occupancy ride-hailing.

eInduced traffic through the (temporary) in-
crease in link or network capacity, which might
encourage use of private cars and counteract
modal shift.

*Travel time in automated vehicles might be per-
ceived as more active time (working, relaxing),
which could lead to accepting longer commut-
ing time and thus more urban sprawl.

®Zero value of time leading to much larger travel
demand and business models relying on empty
(i.e. no human passengers) vehicles, thus de-
creasing average vehicle occupancy rates.

®Decreases in tax revenues, including parking
fees, vehicle ownership fees, and vehicle regis-

tration fees, among others, due to the disrup-
tive nature of this technology.

3.3 Role of the public sector

Options for decision-makers to actively manage
the introduction of new mobility services and
other innovative transport related business mod-
els may include incentives for high vehicle oc-
cupancy, either through access to priority high
occupancy vehicle (HOV) lane infrastructure, or
road user charging based not only on distance
travelled, time, zones, fuels, and vehicle types,
but also on the vehicle occupancy rates of indi-
vidual vehicles.

Another critical policy area in this context is in-
tegrated infrastructure and land-use planning,
whereby both are ideally always carried out in
parallel; further mobility service specific points
here include the constructive use of freed-up
parking spaces, curb access for shared ride ser-
vices, and even infrastructure changes for bikes
and scooters.



Regulation of the ride-hailing industry might also
have to be addressed in order to avoid or decrease
the disruptive effects of the services vis-a-vis tra-
ditional legacy modes. Here a key element would be
voluntary or mandated access to data on mobility
behavior changes and modal shift, for regulators
to judge the impact of these transport services.

Furthermore, policies that achieve pricing of trans-
port services should also be considered as well of
the use of private vehicles with pricing based on
full externalities, including congestion issues. This
can help create a level playing field financially.
Measures to provide incentives in these cases in-
clude taxes, fees, or road user charging schemes,
which have been in operation for some time in
some cities and countries globally.

In addition, policies for labor market impacts might
also have to be considered. In case of a quick and
large uptake of vehicle automation in the trans-
port sector, large number of professional drivers
would be displaced. In this case, funding needs to
be generated or be set aside for retraining and/or
early retirement of drivers; this could be based on
licenses for use of advanced vehicles.

Furthermore, the effect of competence needs to
be also considered in this context. As there is a
risk that only a small number of companies con-
centrate on a larger market share. In the AVs in-
dustry, we see very often mergers between tech-
nology, mobility services, and car manufacturers.
And therefore it can be identified an increasingly
vertical integration within the value chain; again
requiting appropriate policy oversight.

Moreover, it should also be good practice to follow
“The Shared Mobility Principles”s, as established by

mobility service industry pioneer Robin Chase:

1. We plan our cities and their mobility to-
gether.

2. We prioritize people over vehicles.

3. We support the shared and efficient use
of vehicles, lanes, curbs, and land.

5. Shared mobility principles for livable cities. Retrieved from: https://
www.sharedmobilityprinciples.org/

4. We engage with stakeholders.
5. We promote equity.

6. We lead the transition towards a ze-
ro-emission future and renewable energy.

7. We support fair user fees across all
modes.

8. We aim for public benefits via open data.

9. We work towards integration and seam-
less connectivity.

10. We support that AVs in dense urban areas
should be operated only in shared fleets.

There is a potential for shared AV services to drive
new, efficient, high-quality urban development
patterns with low car and low carbon character-
istics and a high quality of life (for example, street
space useable for children, etc.). AVs can also be
part of economic development, particularly in the
case of property development in urban areas. For
example, in large urban areas in North America
new high-end developments now often feature an
"Uber waiting room" for residents.

Beyond these trends, there is also the potential for
integration of new housing into mobility-as-a-ser-
vice memberships and with specific facilities, like
shared vehicle parking areas, among others. For
AVs to be a part of the overall travel chains, fare
integration is required, such as a prerequisite for
last-mile solution, but also for door-to-door sys-
tems, which would not be the sole provider of mo-
bility, but would compete with other modes and
providers, based on different pricing regimes, lev-
els of service, and other factors.

Different actors that may drive early uptake of
these technologies can be identified. This includes
industries (traditional car manufacturers, IT sector
innovators, or partnerships of both) which push
specific products and services into the market, the
public sector based on transport needs, and —per-
haps most importantly for the first highly visible
implementation— individual champions with vision
and a political agenda. In the past, demonstrations
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have been driven more by research, industrial de-
velopment, marketing needs and industrial policy,
rather than in response to specific transport pur-
poses or needs.

AV technology could entirely take over urban mo-
bility (in some environments), but the more likely
scenario is that it would contribute to the existing
multimodal transport systems, with specific im-
portance for the first-mile/last-mile feeder func-
tions; thus improving the overall quality and com-
fort of services. Moreover, different operational
environments would require different solutions;
some of them better suited to AVs, some less. For
example, dense cities might be more appropriate
for high-capacity collective modes, but suburban
areas might benefit from completely new trans-
port options, as an alternative to the private car.
AVs can become enablers in redefining streets and
achieving more livable cities. Minimum parking
requirements are today the standard in many cit-
ies, there is a chance to modify this with shared
mobility modes. In the urban context, denser en-
vironments with payment-based management of
parking spaces can further incentivize the uptake
of rides sharing systems.

Potential negative effects of AV technology and
shared mobility concepts need to be taken into
account. The promise of significantly reduced con-
gestion might well be reversed, instead of induc-
ing traffic through lower prices for mobility and a
release of latent demand. Such effects are typical
of investments in new or upgraded road infra-
structure, such as capacity increases tend to be
short-lived, as travel behavior changes as a result
of improved travel times, with people switching
modes and routes, quickly leading to a return of
similar congestion levels with the overall increase
in vehicle-km travelled.

Another key concern is that if AVs provide door-
to-door services and enable other activities to be
done while travelling, it could lead to commuting
time being considered useful rather than lost time.
Therefore, it could derive on a strong influence on
housing choices which could end up in a higher ur-
ban sprawl, with AVs allowing users to live further
away from places of work, tolerating longer (but
more useable) travel times.

Automation is thus likely to increase pressure on
road space and the tendency for sprawl in the
long term would make effective demand man-
agement (through road pricing, telecommuting, or
mass transit investments) increasingly important.
Fortunately, the same technology that facilitates
automation also facilitates dynamic road pricing.
Automation also highlights the importance of gov-
ernments redoubling efforts to integrate land use
and transport planning.

The expert discourse on implementation of vehicle
automation for shared urban mobility applications
often over-simplifies the situation, advocating a
“one-size-fits-all" solution; but a series of factors
would have a bearing on how such a system is to
be designed in order to be accepted by the tar-
geted users. Some of the geographical, societal,
and cultural factors for AV implementation may
include:

¢ Social, societal, and demographic factors.

e Economic level and income distributions.

¢ Car ownership levels and car culture.

e Existing layout, size, and density of the urban
form.

 Characteristics of the built environment specif-
ic requirements for mega-cities.

*New cities, green-field and brown-field devel-
opments.

¢ Current transport modal provision and share
legal and regulatory frameworks in place.

¢ Cultural aspects relating to: Perception of safe-
ty and trust.

- IT and technology literacy.
- Driver behavior.
- Environmental awareness.

- Views on privacy.



It is important to note in this context that none of these
points; particularly not the views, customs, and percep-
tions of the public, are fixed, but rather have to be seen
as being dynamic, changing based on various events and
over time and generations/cohorts. Also, current trends
need to be scrutinized in order to avoid drawing the
wrong conclusions without a broader view.

One example is the observation that millennials in dense
urban areas are increasingly moving from vehicle own-
ership to shared mobility schemes, potentially heralding
the death of the privately owned car. But there is ev-
idence that this cohort marries, settles down and has
children considerably later than previous generations,
and at that time there is then a move to car ownership;
this additional information points to very different con-
clusions. Focusing on urban millennials who work in the
information-based economy also ignores their counter-
parts in the vocational trades, the older generations and
those who live in low-density suburban and rural areas,
whose attitudes toward vehicle ownership are much
less likely to change substantially.

The above considerations all point to the need for de-
signing and implementing tailor-made solutions that
take into account all local, regional, as well as national
characteristics. Once the first systems emerge, a case-
study based analysis would be able to take this import-
ant discussion forward, ideally leading to a best practice
guides detailing the lessons learnt and helping to match
specific solutions to specific types of local and wider
challenges.

A widespread move to shared mobility is likely to occur
in a more limited number of places in the absence of
government intervention. As a result, adoption would
depend on the effectiveness of regulation and other
government interventions that influence the adoption
path for AVs. In turn, there have been calls for govern-
ments to start taking preparatory action to avoid the
negative consequences of a business as usual scenario.
There are numerous regulatory options available to gov-
ernments that wish to avoid the negative consequences
of a business as usual scenario and capture the benefits
of a shared mobility scenario. Critical measures here
may include:

®Charging for the use of road space per mile,
based on the marginal cost.

e Taxing vehicle travel.

e evies for road travel in and around areas of
congestion varying by:

- Time of day.
- Congestion levels.
- Vehicle occupancy.

e Limiting public parking and/for charging for it
at a commercial rate (that can vary by time of
day).

¢ Limiting the number of vehicle registration per-
mits and allocating them by auction.

¢ Reallocating parking space as pick up and drop
off zones.

These measures target the price of individual mo-
bility, aiming to internalize the cost of road trans-
port. By requiring road users to pay the full costs of
their road use, such as the costs of maintaining in-
frastructure or congestion, these measures would
provide incentives for all road users to ration their
road use more efficiently. Shared mobility services
(especially multimodal, shared and last-mile ser-
vices) would be more competitive under these reg-
ulatory options. Shared mobility users could flexi-
bly shift between modes, split the increased costs
with other users and avoid parking facilities. As a
result, under these regulatory options, shared mo-
bility services prices would likely increase by less
than individual mobility prices. In turn, they would
be more competitive with individual mobility.

Many of these options have been available to
governments for a number of years and none are
contingent upon AV deployment. For example,
Singapore has had road pricing since 1998, Lon-
don's congestion charge commenced in 2003 and
Stockholm's congestion tax commenced in 2007.
Where these options have been implemented, they
have had positive impacts on congestion, provided
funding for mass transit improvements and incen-
tivized changes in consumer preferences to other,
more efficient modes of transport.
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However, they have also increased road transport
costs to consumers, reduced the value of consum-
ers' sunk investments in private vehicles and can
be criticized for restricting freedom of movement
and being inequitable to consumers who have poor
access to other transport modes. As a result these
are significant reforms that tend to be controver-
sial and take substantial time to implement. For
example, a congestion charge for London was first
proposed in 1963, 40 years before it was imple-
mented. They would also be more likely to obtain
public acceptance in response to an existing prob-
lem, rather than in anticipation of problems that
might arise in the future.

As a result, while they are theoretically economi-
cally elegant and an increasing number of jurisdic-
tions are adopting them, implementing measures
that seek to internalize the costs of transport
would face substantial challenges in many juris-
dictions where travelers are accustomed to wide-
spread personal vehicle use, especially in advance
of AV deployment.

Given the challenges in some jurisdictions, they
may wish to consider actively encouraging a shift
in consumer preferences towards shared mobility
more than discouraging private personal vehicle
usage with punitive measures (relying more on
“carrots" than on “sticks"). Governments can use
requlatory and policy measures to remove barriers
and facilitate the expansion of shared mobility ser-
vices, effectively lowering their price and making
them more competitive with individual mobility.

Last-mile shared mobility services can be facilitat-
ed through better integration of fares and infor-
mation across transport modes. Transit authorities
can move away from closed-loop payment sys-
tems that require a specific card/ticket that they
administer, to open loop payment systems that link
to users' bank cards or mobile payment systems.
Alternatively, they can integrate closed-loop pay-
ment systems with other shared mobility services.

For example, the Chicago Transit Authority (CTA)
has integrated fares with IGO, a car-sharing service.
Consumers can use the same fare card to use CTA's
mass transit services and IGO's service. Similarly,
apps such as Nimbler can provide consumers with

directions that integrate different modes of shared
mobility, such as bike and mass transit. Practices
such as these make using shared mobility services
easier and, in turn, more competitive with individual
mobility. Ideally, they would be expanded to allow
consumers to plan multimodal shared mobility trips,
using real-time information and a single payment.

Equally, governments can remove existing barri-
ers to shared mobility services. For example, Cal-
ifornia’s Public Utilities Code prevents fares being
levied on an individual basis, requiring them to be
levied on the basis of vehicle mileage or time of
use (CPUC §5401). Charging on an individual basis
effectively prohibits ride splitting services, such as
UberPool and Lyftline. The California State Legis-
lature is currently amending legislation to remove
this barrier.

All of the measures above can and, arguably, should
be implemented prior to AV deployment. Doing so
would assist in shifting consumers' preferences
towards shared mobility before AV deployment
further reduces the cost of individual mobility. In
turn, this may make it easier for governments to
implement more ambitious reforms, allowing them
to capture the benefits of a shared mobility sce-
nario and prevent the negative consequences of
a business-as-usual scenario from arising, rather
than requiring regulators to attempt to reverse
them after the fact.

Moreover, specific recommendations regarding the
management of curb access for new mobility ser-
vices, in addition to pricing regimes, may include:

e Establishing a system of street designations
according to their primary purpose.

¢ Anticipating and planning for the revenue im-
pacts of shifting curb use from car parking to
passenger pick-up and drop off.

*Making room for ride services at the curb
where this fits strategic priorities.

*Building on or creating adjudication bodies to
manage diverse demand for curb space in flex-
ible ways and ultimately in real time.



®Helping develop common standards for encod- e Establishing effective tracking and monitoring of

ing information about curb use. overall transport activity, including ride services.
®Rethinking streets and their curbs as flexible, Box 9 shows recommendations by the Nation-
self-adjusting spaces and plan accordingly. al Association of City Transportation Officials

(NACTO) for improving curb access in cities.
® Managing curb space dynamically so it adapts
to different uses and users.

Box 9 | Recommendation for curb access in cities (NACTO)®

Before: Unorganized streets cause friction between vehicles and reduce transit reliability due to blockages.
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MIXED TRAFFIC
BICYCLING
leap-frogging with
busses and other traffik

LOADING
in bus stops

DOUBLE VEHICLES
TRAFFIC PARKED  WAITING TO

CauSes re-entry VEHICLES TURN
delay for buses block path block flow and
leaving stop of bus cause weaving

After: Organizing a street and curbside allows more efficient traffic flow & operations for both transit and general traffic.

BUS QUEUE JUMP & DEDICATED |\
TURN LANlE . LOADING SPA
gives buses priority for passengers ‘I

and deliveries

,-— QUEUE JUMP & PROTECTED TURN = -
| REDUCED BLOCKAGES BIKE LANES POCKETS
I‘ I allow buses to maintain reduce conflicts, separate
\ a straight travel path improving cycling turning and
safety and comfort  through-traffik

6. Curb appeal. Curbside management strategies for improving transit reliability, NACTO Transit Leadership
Resource Paper, November 2017, retrieved from: https://nacto.org/wp-content/uploads/2017/11/NACTO-Curb-Appeal-Curbside-Management. pdf
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3.4 LAC county discussion

Specific issues from the Latin America and the
Caribbean region include driver concerns over la-
bor markets effects of vehicle automation in the
absence of any government intervention. Also, the
region is seen as a key new market for the ride-hail-
ing industry, bringing with it likely further regulato-
ry conflicts with these new players. Tailored policy
solutions would thus have to be found.

The effects of new mobility services on the LAC car
industry also needs to be taken into consideration.
A widespread move towards new mobility services
and a corresponding decline in private car owner-

ship would directly impact sales. The automotive in-
dustry needs, therefore, to be an active part of this
development, operating their own shared mobility
services and producing tailored vehicles.

Options here include building up conventional pub-
lic transport before considering more advanced
systems and technologies, ideally in parallel with
establishing multimodal transport authorities on
city or regional level, to operate such services in a
coordinated manner. Furthermore, partnerships be-
tween cities and mobility service providers, partic-
ularly the ride-hailing industry, should be sought in
order to achieve better requlatory compliance and
to share data.

Box 10 | Regional variability of technology uptake (Roland Berger Study)’

The automotive "end game" appears inevitable, yet the transition
period is marked by a high level of uncertainty

Scenario development (applicable to light vehicle)
Degree of change

A

North America

eHigh penetration of ride hailing in major metropolitan
areas
¢ Technology leadership in highly automated driving

¢ Strong regulatory support

China
e Strong push and high maturity for ele
eHigh penetration of ride hailing in m

metropolitan areas

e Strong players pushing for

Europe

eHigh population density in cities
ideal foRoboCabs

e Stringent emission regulation
drives electrification

¢ Slow regulatory processes

autonomous driving

e Fast regulatory

decisions

Emerging markets

®| ess stringent emissions regulations delay the
growth of electric vehicles

*Growing adoption of ride hailing in major cities

® Autonomous driving is limited by lacking

infrastructure and driving behavior

Today 2020 2025

7. C-ITS Platform Phase Il chaired by the European Commission. Retrieved from:

https://www.polisnetwork.eu/uploads/Modules/PublicDocuments/phase-ii---c-its-platform---draft-final-report---september-2017_v1.0.pdf
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Societal trends
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4.1 Definition of elements

Key societal trends, which can be observed to have a bearing on transport and mobility behavior,
include lower car ownership levels in urban areas and for younger generations; and different mobility
behavior compared to previous generations with the use of platforms, sharing, and social media, due
to their ability and use of digital technology (see box 11). But of course only the emergence of the
necessary mobility services (starting with the so-called “car clubs”, early precursors of the current
car sharing providers such as car2go or DriveNow, in the 1970s).
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A significant aspect of digital platforms for mobility, which are enabled by big data analytics, is the
question around data ownership and privacy. Whereas data privacy is very recently being governed
in the EU by the General Data Protection Regulation (GDPR), legal frameworks in other parts of
the world are less comprehensive. However, it is not only the legal framework that is relevant here,
important factors for technology uptake and mobility choices can also be attitudes towards data
privacy, data ownership, and access to personal data (see box 12).

4.2 Risks and opportunities

The societal trends described in the previous section can have many positive aspects on mobility,
particularly on dense built-up urban areas. This includes the use of micromobility in addition to
high-quality multimodal public transport. If managed well by policymakers, it can also achieve high-
er vehicle utilization, less congestion, and freed up parking; and it can be the basis for greener and
more sustainable urban redevelopment. But there is a strong focus on built-up urban environment,
with less solutions being offered for populations in more rural areas.

A key demographic in this context are millennials, the generation born in the 1980s and 1990 and
thus came of age at the turn of the new millennium. In terms of mobility behavior, this cohort is
often to be reported to not just see the private car not as a status symbol anymore, but to shun them
altogether. Closer scrutiny of the data (see box below) gives a more nuanced picture. Millennials on
average settle down and start a family later than earlier generations, but at that point often still own
a private car. Car use, despite ownership, is less though and is seen more as one of many options in
the multimodal transport supply.

4.3 Role of the public sector

Policymakers and regulators need to utilize the opportunities of the changes mobility behavior and
attitudes of millennials. To accomplish this, they need to be given the appropriate framework for
the mix of mobility solutions and be given easy access to all data and information required to make
informed decisions regarding this subject. Data privacy protection policies need to be put in place,
to provide security to them as consumers, but at the same time allow the tech sector sufficient flex-
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Box 11 | Technology savviness of different generations®

Figure 1: US Online Adult’s Self Reported “Digital Savvyness”

18-24 21% 27% _
25.34 1% 32% _
35-49 4% 35% _
50-64 34% 3% -
54+ 42% 38% -
Non Digital Moderate M Digitally Sawy
Sawvy

Figure 2: Consumer Attitudes to Online Data
Collection Practices

% of global respondents indicating that this collection of personal
information crosses the line from customization to invasion of privacy
June 2013

When the information is collected ([ 75%

without knowing it 83%

When the information is shared with | 74%

third parties 83%

When | have to enter my social security || 622

number 86%

When an ad follows me from one | 519,

website to another 65%

When a website knows my geographical (IR 48%

location 48%

When | am asked about my personal | 477
preferences beyond the product I'm 52%
considering buying .
When a website recognizes me | 37%
30%
. ’ us
When a website reminds me of past [N 28%
purchases 27%

M Global

§ A v,
3% a 30% ! 55% ’ 2018
3% of 30% of & 55% say As a result,

consumers consumers they have we predict
surveyed say 42% surveyed say 1 1 % become less 49% that the
they they willing to “Golden Age
“always” 42%0f  rgrely'share 11%0f  ghare their  49% S8V of free data’
share their CONSUMErs their  COMSUMENS  pergong|  they have i gome to
personal SUMVeYed S8y persong| SUMVEYed S8y gata inthe  DECOME  gnendin
information they information . t8Y  next 5 years €VEN1ESS 2018 and
“sometimes” “never’share willing to  pysinesses
share their their share their ged to
personal personal personal start
information information data in the prepring for

next 5 years that

Figure 3: When it comes to using their social
media data they are even more sensitive

y
N
/7 N\
’ N |
A o
'Y \

N
N U4 \ ’
I. S~ N
< 31% <
1

% 1 .
I 31% say they This should
restrict be a concern

Just 1% are 0 access to 0, to the 59% of
happy to 5% data 50% businesses
share depending on who use
) persmng\ Just 5% the social 50% say that  user-generat-
information believe that media site their use of  ed data like
accrnss any their use of being used such social social media
social media social media networks over  for customer
network has made the past 5 insight
them more years has programmes

open to made them

sharing less open to
personal data sharing
personal

information

8. US Online Adults’ Self-Reported “Digital Savvy-Ness”. Marketing Charts. Retrieved from:
https://www.marketingcharts.com/digital-82314/attachment/adobedigitalinsights-us-online-adults-digitally-savvy-feb2018

ibility and opportunity to develop and market new
data enable business models and opportunities.

This may require the transfer of certain tradition-
ally public sector roles and responsibilities to the
private sector. Here, vendor lock-in and a situation
where there is not sufficient public sector over-
sight need to be avoided. Important requirements
for the public sector in response to these develop-
ments relate to capacity building for their staff in

the area of big data analytics, data science, and
data privacy, in addition to building up their IT in-
frastructure.

4.4 LAC country discussion

It should also be noted that in LAC countries the
private car is often still seen as an aspiration-
al status symbol, with still low but rapidly rising
car ownership levels; this is clearly in conflict with



Box 12 | Selected statistics on mobility behaviour of millennials®

Figure 1: Those who live alone or are parents living with
children are most likely to live in or near “downtown”

Home Neighborhood proximity to “Downtown”
(Swhaon among Living Situation Groups & Parental Status)

o .
14% 4% 16% 20% 11% 19% Right downtown

18%

i 2L 20% 15% 21% Near downtown

| Within the city limits but
not downtown

W Just outside the city, but close
enough for regular trips into the
main part of the city

Living with Living with Living with Living alone No Parents I Qutside the city, but close er:wugh

Spouse or parents or roomates Children (of children  for semi-regular trips into the
partner  other 18or main part of the city
family under living
in
household)

Figure 3: On an attitudinal level, millenial parents may be
more likely to feel freedom in options for how they’d like to
live - with or without a car, in an urban or suburban
environment

% Agree Strong (TopBox)
(% Among Parents and Non-Parents)
Parents
(of children 18 or under living in household)

No Children
(aged 18 or under living in household)

) ’ 42%
Having a family doesn't mean you have to
move ouf of the city

Having a family doesn't mean you have to rush
out and buy a car

| picture myself residing long-term in a suburban
setting

| picture myself residing long-term in a urban
setting

Figure 2: Millenials who are parents were more likely to
have bought a car, but only slightly more likely to have
moved to the suburbs tan non parents

% say this occured within the % say this is happening within
past 1-2 years the next 5-10 years

(Among % Parents and Non-Parents) (Among % Parents and Non-Parents)

I Parents I Parents
(of children 18 or under living in household) (of children 18 or under living in household)

j o Critren [} No Ghicren
(aged 18 or under fiving in household)

455 47%
b

(aged 18 or under living in household)

37%

29%

20% pgy,  23%

Moved to the Moved to the Bought a car Moved to the Moved to the Bought a car
city suburbs city suburbs

Figure 4: Millennial parents may be more likely to
“opt-in” to car ownership, as part of a multimodal
strategy to have options for getting around

Q16 -How often do you use more Millennial
than one transportation option for | paents nokas ~ PANENGS are
getting to a destination? more likely to
be using
374 626 S
options on a
9% use more than one transportation option o o dgi\y basis
for getting to a destination daily 43% 33%
They're more
510 - How many cars are owned likely to have
by people in your household, i multiple cars
including yourself? Bl e in their

household, but
interestingly,

B 65 among car
Mean # of cars owned per household 1.7 1.46 %V:I‘Tgr:r?"m
- ; arents were
@19 - Which of these describe i ess likely to
how your car fits your Patenes) Nokids | fee| they have
transportation routine? to have a car
to get to
253 347 placdes they
v ; need.
| can’t get to the places | need to without 27% 36%

a car (at least some of the times)

9. Retrieved from: https://www.aarp.org/content/dam/aarp/livable-communities/old-learn/transportation/apta-millennials-and-mability. pdf

the societal attitudes and behavior of the millen-
nial cohort we are witnessing in other parts of
the world. If decision-makers want to see similar
developments in the area, campaigns to change
"hearts and minds" might be necessary, pointing
out the negative effects of private car ownership
and use.

But this would only be possible if the necessary al-
ternative mobility options, including existing tra-

ditional public transport as well as new players, are
readily in place. There are signs of not only quick
uptake of private car ownership, but also of mobile
internet access in the region, so this might be a key
opportunity for changes in attitudes. But should
these developments slow down car purchases, the
effects of this on the local industry and economy
also need to be taken into consideration; in addi-
tion to the implications of the regional economic
differences across LAC countries.
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5.1 Summing up and policy context

We are now in the midst of a highly transformative phase for transport and mobility. Vehicle automa-
tion —and the various forms of shared mobility services potentially enabled by them— are now a clear
trend, but there are varying expert opinions on projected time scales, the level of disruption it would
cause, the technology options, and use cases involved. But at the same time positive and negative
scenarios are possible and policymakers need to prepare their response. These developments require a
look at government roles and responsibilities. Policymakers need to manage the transition period. But
at the same time they also should provide sufficient flexibility during uncertainty, locking-in benefits
while avoiding potential risks. Key tools here are legal and regulatory frameworks.

Many potential positive effects of vehicle automation are being quoted, including improved road
safety levels, decreased vehicle emissions, and increased network capacity. Likewise, the emergence
of related mobility services also holds the promise for even larger benefits for society as a whole as
well as on the city level. This is based on the concept of shared mobility, which relates to both shared
access to vehicles and shared use of them, such as a move from vehicle ownership to vehicle “user-
ship". Through these concepts vehicle occupancy rates could be drastically increased, decreasing the
number of vehicles within the network and thus freeing up capacity and urban spaces.

But at the same time some negative effects could also be envisaged, including network capacity
gains leading to induced traffic, zero marginal cost leading to increased demand and trip numbers, a
modal shift away from public transport and other green modes, the ability of using travel time more
productively leading to longer trips as people move further away from urban centers (which in turn
then leads to further urban sprawl), potentially huge fleets of empty vehicles running errands (for ex-
ample, picking up the dry cleaning, your shopping, or a take-away) and thus generating much larger
congestion levels, and wider labor market effects.

Governments around the world are investing in research and development (R&D) and demonstration
of near market-ready systems, showcasing their ambitions for leadership in this space. Furthermore,
emerging companies with a much stronger IT focus on technical background and leadership mentality
are aggressively pushing into the market. Vehicle automation is thus part of the concepts of the shar-
ing economy and disruptive innovation, but the “road" ahead for AVs is still far from certain. The car
industry appears to be betting a slow and evolutionary process with little transformation, for which
they have full control. The disruptors, on the other hand, are predicting much larger transformation
and much faster implementation of new services.

This discussion paper covered 3 key trends affecting the future of mobility: technology trends (auto-
mation, connectivity, and electrification), service trends (shared ownership, shared use, and mobility
platforms), and societal trends (car ownership, mobility behavior, and privacy attitude). For each
trend the following analysis steps were followed: definition of elements, risks and opportunities, the
role of the public sector, and a Latin America and the Caribbean (LAC) country discussion. The section
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analysis framework. This is followed by a section
on specific government actions for appropriately
guiding the development of trends.

below summarizes the analysis of the key policy is-
sues emerging, allowing a cross comparison among
the crucial megatrends and the main issues of the

5.2 Overview of policy analysis results

A. Technology trends

1. Definition of elements

2. Risks and opportunities

® Clean vehicle technology and fuels
® Assistance and full automation

® Communication between vehicles
® Incident warning functionalities

® Scheduling for fleet-based systems
® Vehicle charging infrastructure

3. Role of the public sector

® Improved road safety performance

® But also new accident scenarios

e Minor environmental impact (AVs)

e | arge pollution improvements (EVs)

® Minor network/link capacity gains

® Much larger effects of mobility services

4. LAC country discussion

® Financial incentives for cleaner cars

® Industry standards for vehicle safety

® Funding for comms and for charging

® Flexible regulation for saving innovation
® Address decreasing fuel tax income

® Nudges for enabling mobility services

® |ess but rising vehicle ownership rates
® Older fleet and less technology maturity
® OEM concerns over rising product costs
® Higher importance of driver assistance
® Road safety levels are a key concern

® Realistic view on AVs and EVs necessary

B. Service trends
1. Definition of elements

2. Risks and opportunities

® Emergence of new mobility services
® Shared use and ownership of vehicles
® App-based ride-hailing providers

® Mobility service platforms (MaaS)

® New modes (scooters, dockless)

o Low-speed first-/ last-mile shuttles

3. Role of the public sector

® Improved comfort of public transport
® Potential for less private car ownership
® But also modal shift from green modes
® Induced traffic and more urban sprawl
® Zero value of time and empty vehicles
® Labor market effects of automation

4. LAC country discussion

® |ncentives for high vehicle occupancy
® |nfrastructure and land-use planning
® Requlation of the ride-hailing industry
® Access to data on mobility changes

® Pricing based on full externalities

® Policies for labor market impacts

® Driver concern over labor markets

® Key new market for ride-hailing industry
® Regulatory conflicts with new players

® Build up conventional public transport

® Multimodal transport authority

® Partnership between city and provider




C. Societal trends
1. Definition of elements

2. Risks and opportunities

® Lower car ownership levels in urban areas and for
younger generations

® Different mobility behavior with use of platforms,
sharing, social media

® Ability and use of digital technology but different
views on privacy

3. Role of the public sector

® Use of micromobility in addition to high-quality
multimodal public transport

® High vehicle utilization, less congestion, freed up
parking, urban redevelopment

® Focus on built-up urban environment, less solu-
tions in more rural areas

4. LAC country discussion

® Provide privacy protection policies

® Public->private responsibility transfer
® Avoid any vendor lock-in

® Develop flexible mobility requlation

® [nnovation while protecting safety

® Capacity building for data science

® Car as an aspirational status symbol

® Campaigns to change behavior

® But effect on local OEMs and industry

® Quick uptake of mobile internet access
® Consider regional economic differences
® Existing public transport and expansion

Based on the above analysis results, it is possible
to formulate the following propositions, which —
under the right policy guidance— constitute an op-
timal use of emerging technologies with a realistic
technology readiness until the projected timescale
of this analysis (year 2030):

i. A wide uptake of fully-electric vehicles,
both for private cars and for commercial
fleets (passenger and freight transport),
would improve air quality in urban areas.

ii. Implementation of connectivity technol-
ogy between vehicles and infrastructure
would have a positive impact on road
safety, based on incident information and
warning.

iii. Uptake of lower levels of vehicle auto-
mation (assistance systems) would have
a positive impact on road safety levels,

based on accident avoidance and reduc-
tion of impacts.

iv. The consumer uptake of various available
new shared mobility concepts would al-
low a wide modal shift from private car
use to more sustainable modes of trans-
port.

V. A changing mind-set, particularly
amongst the younger generation and in
urban areas, would see a move away from

private car ownership, both as a necessity
or a status symbol.

For these 5 policy propositions, the necessary
targeted government actions and responses are
developed in the following section. This includes
the description of requirements, risks, oppor-
tunities, deployment barriers, and technology
readiness.
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5.3 Targeted government actions

Propaosition i: A wide uptake of fully-electric vehicles, both for private cars and for commercial fleets

(passenger and freight transport), would improve air quality and reduce noise emissions.

Requirements

*Tax breaks to buy electric vehicles to encourage consumer uptake and industry compliance.
®Policy support for a comprehensive build-up of the necessary vehicle charging infrastructure.
®|n the short term, find consensus for industry standards on compatible charging technology.

e Market education (both private and fleets) to dispel the often quoted “range anxiety” issue.

® Policy measures to address the loss of public income through decreased fuel tax revenues.

® Use of urban access control measures based on the environmental performance of vehicles.

e Wider stakeholder engagement (industry, user, policy level) to build a cooperative environment.

Risks

*Tax breaks leading to only uptake of hybrid vehicles, which are rarely used in electric mode.
® Mass technology uptake leading to large and very immediate decreases in the fuel tax revenues.

Opportunities

®Large positive environmental impacts achieved at the point of use of electric vehicle fleets.
®Improved livability of urban spaces through decreased emissions and noise pollution.
®Batteries of electric vehicles could also be used as additional storage for the national grid.

Deployment barriers

® Push-back from car manufacturers concerned about investment in new production facilities.
¢ Lack of technology standardization and interoperability making EVs less viable financially.
® Unresolved vehicle charging technology and standards hindering wider technology uptake.

Technology readiness

e Private fully-electric vehicles have already been on the market in many regions for years (most
notably Tesla), hybrid vehicles for even longer; sales generally are increasing.

*Bus and urban delivery fleets are among the first where a shift to electric vehicles can be observed,
often through a combination of tax breaks and contribution to sustainability.

e Proprietary charging infrastructure exists (again most notably the Tesla Super-Charger network,
but Porsche also announced to be in the process of building up their own infrastructure).

® For vehicle fleets, different charging concepts exist, including battery swapping at depots, etc.




Propaosition ii: Implementation of connectivity technology between vehicles and infrastructure would

have a positive impact on road safety, based on incident information and warning.

Requirements

® Policy support for a comprehensive technology-neutral build-up of the support infrastructure.

e In the short term, find consensus for technology options on mobile communication (5G) or DSRC.
*Tax breaks to buy equipped vehicles to encourage consumer uptake and industry compliance.

® Formulation of industry standards for vehicles and linkages of services with insurance policies.

¢ Policies such as eCall in the EU in order to make communication technology mandatory in new cars.
eTechnologies and processes to guarantee data security in all new communication channels.

® Broader stakeholder engagement (industry, user, policy level) to build a cooperative environment.

Risks

® Uptake of road safety relevant services only in high-end vehicles not contributing to wider good.
¢ Communication networks will be under threat vis-a-vis cyber-crimes and privacy protection.
e Solely relying on the private sector to build up infrastructure can leave public sector vulnerable.

Opportunities

® Increasing road safety levels based on equipped vehicles being able to "look around curves”.

¢ Can be implemented as part of a more comprehensive national ITS strategy (for example, similar to
C-ITS in the EU).

e Better enforcement of regulations (for example, dynamic pricing) through data collection and ex-
change.

Deployment barriers

® Push-back from car manufacturers concerned about decreased vehicles sales with higher costs.
e Unresolved technology discussion hindering wider service uptake/infrastructure deployment.
* Missing public budgets to support the build-up of the necessary communication infrastructure .

Technology readiness

¢ DSRC technology is tried and tested, but requires the built-up of additional communication infra-
structure (for example beacons), and also utilizes non-state-of-the-art technology.

®Once built up, mobile communication (5G) would not require additional communication infrastruc-
ture, but as a technology is only now nearing necessary maturity level.

®Proprietary closed in-car warning and information systems are emerging on the market, in the
luxury segment, as with other ADAS technology “trickle-down" to lower segments likely.

o This is also part of the wider developing technology discussion on the Internet of Things, where this
might well be a very tangible first technology implementation example.
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Propaosition iii: Uptake of lower levels of vehicle automation (assistance systems) would have a posi-

tive impact on road safety levels, based on accident avoidance and reduction of impacts.

Requirements

*Tax breaks to buy equipped vehicles to encourage consumer uptake and industry compliance.

® Support of international bodies formulating vehicle regulations to address these functionalities.

® Consider mandatory minimum road safety-relevant assistance functions in the new vehicles.

® Policies such as eCall in the EU in order to make minimum safety systems mandatory in new cars.
®Road safety campaign (such as NCAP) disseminating the effectiveness of assistance systems.

e Broader stakeholder engagement (industry, user, policy level) to build a cooperative environment.

Risks

¢ Uptake of road safety-relevant services only in high-end vehicles not contributing to wider good.
* New automated vehicle behavior relating to new accident scenarios with vulnerable users.

Opportunities

®|Increasing road safety levels based on equipped vehicles decreasing the impacts of driver errors.
® Much larger return on investment compared to using less tested and less ready full automation.
e Part of industry-wide (vehicle manufacturers) efforts to improve standards of new vehicles sold.

Deployment barriers

® Push-back from car manufacturers concerned about decreased vehicles sales with higher costs.
®Slow regulatory response to the new in-vehicle technologies can hinder the system uptake.
*The general public not perceiving improved road safety as a motivation for higher car prices.

Technology readiness

e Advanced driver assistance functionalities (such as SAE levels 1-3) are already on the market in
some regions and for some car manufacturers (for higher assistance levels notably the Tesla High-
way Autopilot); research and development in this space is intense.

®Proprietary advanced driver assistance systems are thus emerging on the market, in the luxury
segment, as with earlier examples "trickle-down" to lower segments likely; a focus here should be
on the most widely available and thus low-cost systems.

® Much of the current discussion on vehicle automation centers on the highest levels of automation
(such as SAE levels 4-5) in terms of research and development funding, here the technology readi-
ness is likely to be much further off.




Proposition iv: The consumer uptake of various available new shared mobility concepts would allow a

wide modal shift from private car use to more sustainable modes of transport.

Requirements

¢ Campaigns to educate the public on the environmental benefits of using shared mobility services.

e Setting up partnerships between new mobility providers, cities, and legacy transport operators.

¢ Co-design of the shared mobility services together with end-users and tailored to local situations.

e Consider policies (including pricing mechanisms) to provide nudges towards shared mobility.

* Mandate data access for regulators in order to be able to analyze modal shift effects occurring.

*Provide the necessary infrastructure and policies to support shared mobility use, for example, man-
aged curb access through various measures, such as pricing, access control, design measures, etc.

Risks

¢ Unintentional shift from public transport and active modes to single-occupancy ride-hailing.
®Qutsourcing of mobility as a public sector task to the private sector, might risk loss of oversight.
®Global expansion of increasing mobility service bundles can result in small number of platforms.

Opportunities

®Business models and services, which encourage shared use or ownership of vehicles.

*Can enable a modal shift to more sustainable and active modes of transport with right policies.
®|Increase vehicle occupancy rates and thus decrease the number of vehicles in the network.
®Basis for lowering car ownership levels through vastly improved mobility choices in urban areas.
®Freeing up spaces in urban areas for more sustainable and citizen-friendly developments.
*Moving from parking management to managed curb access in urban development and policy.

Deployment barriers

® Push-back from car manufacturers concerned about decreased vehicles sales with higher costs.
e Unresolved technology discussion hindering wider service uptake/ infrastructure deployment.
® Missing public budgets to support the build-up of the necessary communication infrastructure.

Technology readiness

* Many companies providing shared mobility services have been in the market for a number of years
already, including Transportation Network Companies (TNC)/ride-hailing/e-hailing (Uber, Didi, Lyft,
etc.), car-sharing (DriveNow, Car2Go, etc.), and dock-less electric bike or scooter sharing (Lime, Bird,
etc.); these are expanding aggressively globally.

®Many of these new shared mobility providers are, to varying extents (ranging from the purely con-
ceptual stage to active pre-service rollout public testing, for example, Waymo or Cruise Automa-
tion), considering the use of highly automated vehicles (SAE levels 4-5) to further improve the
efficiency and public appeal of their offering; here technology readiness is likely further off.
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Proposition v: A changing mind-set, particularly amongst the younger generation and in urban areas,

would see a move away from private car ownership, both as a necessity or a status symbol.

Requirements

®Tax breaks to buy equipped vehicles to encourage consumer uptake and industry compliance.

e Support of international bodies formulating vehicle regulations to address these functionalities.

¢ Consider mandatory minimum road safety-relevant assistance functions in the new vehicles.

® Policies such as eCall in the EU in order to make minimum safety systems mandatory in new cars.
®Road safety campaign (such as NCAP) disseminating the effectiveness of assistance systems.

e Broader stakeholder engagement (industry, user, policy level) to build a cooperative environment.

Risks

® Uptake of road safety-relevant services only in high-end vehicles not contributing to wider good.
*New automated vehicle behavior relating to new accident scenarios with vulnerable users.

Opportunities

®|arge positive environmental impacts achieved at the point of use of electric vehicle fleets.
®Improved livability of urban spaces through decreased emissions and noise pollution.
e Batteries of electric vehicles could also be used as additional storage for the national grid.

Deployment barriers

®|Increasing road safety levels based on equipped vehicles decreasing the impacts of driver errors.
*Much larger return on investment compared to using less tested and less ready full automation.
e Part of industry-wide (vehicle manufacturers) efforts to improve standards of new vehicles sold.

Technology readiness

e Advanced driver assistance functionalities (such as SAE levels 1-3) are already on the market in
some regions and for some car manufacturers (for higher assistance levels notably the Tesla High-
way Autopilot); research and development in this space is intense.

®Proprietary advanced driver assistance systems are thus emerging on the market, in the luxury
segment, as with earlier examples "trickle-down" to lower segments likely; a focus here should be
on the most widely available and thus low-cost systems.

® Much of the current discussion on vehicle automation centers on the highest levels of automation
(such as SAE levels 4-5) in terms of research and development funding, here the technology readi-
ness is likely to be much further off.




5.4 Concluding discussion and final
remarks

The recommendations and insights in the sections
above should be seen as an easily accessible “tool-
box" for policymakers in the region to assist with
their policy formulation to guide the development of
new mobility services in the most appropriate man-
ner. But it might be worthwhile to inject a note of
caution at this. Attempting to look into the crystal
ball to see what the future might hold for transport
and mobility, either the disruptive and gig econo-
my enabled mobility revolution is upon us, or the
rumors of the death of the private car are greatly
exaggerated; it is thus important to distinguish be-
tween hype and uncertainties going forward.

Some current mobility services are yet to make a
profit or even to move from internally subsidized
to full market prices, while a carefully orchestrat-
ed media hype successfully brings in wave after
wave of new venture capital, leading to astro-
nomical valuations of some businesses. So while

both disruptive and transformative effects of new
mobility service models can clearly been seen for
a few years already, some future predictions re-
garding size and speed of service uptake, modal
shift, or car ownerships levels clearly have to be
taken with the proverbial grain of salt. This further
necessitates flexible data-driven governance mod-
els, which can proactively manage mobility of the
future —an industry in flux!

In addition, there are also still some remaining re-
search and development requirements for (full/4-
5) automated vehicles, before mass deployment
can be envisioned from a technology point of view.
These include some specific technology develop-
ment in the area of sensors and artificial intelli-
gence (Al), in order to enable safe vehicle oper-
ation in all weather conditions and in complex
urban situations. Furthermore, the relationship
with existing multimodal public transport in terms
of transport policy and the effects on urban plan-
ning and policy and ways to communicate to the
public would need to be researched.
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