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WP8. Communication & dissemination

Strategy & visuals
developing a communication & dissemination 

strategy, logo’s and graphic charter

Regular communication activities
electronic project newsletters, other newsletters and information services, project and partner websites,

press releases and other media releases, social media

Regular communication activitiesEvent
Palermo

Event
Tallinn

Final event
conference in Murcia

public transport

domestic non-domestic

traffic mgt

WP6. Project portfolio

Current projects
each city identifies projects it has running that will contribute 

to the realisation of the roadmap, as well as the topics 
for cross-city learning

Financing opportunities
identifying different opportunities for financing of the city specific

and the joint projects

Organising for learning
organising for continued cross city learning

New projects
each city identifies the desired

new projects to ensure the
timely realisation of its 

roadmap ambition
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WP3, 4 & 5. Roadmapping

Roadmapping training session
2-day training session for expert partners on methodology and 

way of working

Desk study
analysis of the available information on the selected topics for

the roadmaps and to identify relevant experts

Roadmap
interviews

collecting expert insights with
20 experts for each focus area

Creation of
timelines

making timelines for each topic
to indicate when relevant

options become available on the 
path towards the desired future

Expert meeting
cross team expert meetings to
share and align timelines for
the focus areas and prepare

roadmap workshops with cities

Roadmap
workshops

2-day workshops in each city to
develop specific timelines for
the realisation of the desired

future scenario’s

public transport

domestic

• Sustainable technologies
• Sustainable behaviour
• Sustainable organisation

• Sustainable technologies
• Sustainable behaviour
• Sustainable organisation

• Sustainable technologies
• Sustainable behaviour
• Sustainable organisation

SMART BUILDINGS

SMART MOBILITY

SMART URBAN SPACES

non-domestic

traffic mgt

WP2. Vision development

Scenario workshops
3-day workshop in each city to develop

specific desired future scenario’s per
focus area

Scenario preparation
defining generic elements for future scenario’s as

preparation for the workshops with cities to 
develop specific desired future scenario’s

Future Telling
20 interviews with experts on the future

of energy in the city in general and
especially w.r.t. buildings, mobility

and urban spaces, and analysis of the
results to define the most important 

drivers for change

S
ce

n
a

rio
 s

h
a

rin
g

 &
 s

el
ec

ti
n

g
 t

op
ic

s 
fo

r 
ro

a
d

m
a

p
s

2-
d

a
y 

m
ee

ti
n

g
 in

 Is
ta

n
b

u
l t

o 
sh

a
re

 t
h

e 
d

es
ire

d
 f

u
tu

re
 s

ce
n

a
rio

’s
 o

f 
a

ll 
ci

ti
es

 w
it

h
 a

ll 
p

a
rt

n
er

s 
a

n
d

 t
o 

se
le

ct
 t

h
e 

to
p

ic
s

fo
r 

th
e 

ro
a

d
m

a
p

s 
(c

ov
er

in
g

 s
u

st
a

in
a

b
le

 t
ec

h
n

ol
og

ie
s,

 b
eh

a
vi

ou
r 

a
n

d
 o

rg
a

n
is

a
ti

on
)

public transport

domestic non-domestic

traffic mgt

WP7. Project management

SC
Sant Cugat

SC
Palermo

SC
Istanbul

Project coordination
quality management, project coordination, financial & administrative activities

SC
Tallinn

SC
Newcastle

SC
Forli

SC
Murcia

WP1. Ambition setting
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Ambitionworkshops
3-day workshop in each city to define

specific ambitions per focus area
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Introduction

In the Roadmaps for Energy (R4E) project, the partners will work together to develop a new 
energy strategy: their Energy Roadmap. The difference between the regular energy strategies 
and action plans and these new Energy Roadmaps is the much earlier and more developed 
involvement of local stakeholders. These include not only those who will benefit from the new 
strategy, such as the citizens, but also relevant research and industry partners. They offer a 
much clearer view of the future potential of the city in terms of measures and technologies, 
as well as of the challenges presented by today’s situations in the cities. The aim is to create 
a shared vision, containing the desired, city-specific scenarios and the dedicated roadmaps 
to be embedded in each city’s specific context. These will take into account the diversity in 
the geography, ecology, climate, society and culture of the eight partner cities in the project: 
Eindhoven, Forli, Istanbul, Newcastle, Murcia, Palermo, Sant Cugat and Tallinn.

The R4E project focuses on the vision creation and roadmapping capacities of the 
municipalities. This includes initiating joint activities to drive the development and 
implementation of innovative energy solutions in cities. In this way the partners in R4E will 
learn the process and the roadmap structure. And they will gain the skills they need to work 
independently on their future roadmaps.

The ultimate aim is to create a process that will allow the partners to work together in 
developing the Energy Roadmap to achieve their ‘Smart Cities’ ambition. But energy and 
Smart Cities are too broad to cover in one project, so R4E focuses on three key areas of 
sustainable energy. These are closely linked to the main responsibilities of the municipalities:

Approach

In The R4E project follows a 4-step approach: 

1. Set the ambitions of the participating cities on sustainable energy and Smart Cities, as 
well as their choice of three Smart Energy Saving focus areas: 1. Smart Buildings; 2. Smart 
Mobility; and 3. Smart Urban Spaces. 

2. Develop scenarios for the selected focus areas. 

3. Create the roadmap. Identify existing and future technologies and other developments – 
these will enable the desired future scenarios. Plot the opportunities and developments on 
a time-line to show the route and milestones towards the desired scenarios. The roadmaps 
contain common parts for all the partner cities, as well as specific parts for the individual 
cities. 

4. Create a portfolio of new projects and initiatives to achieve the ambitions, visions and 
roadmaps of the cities. This portfolio shows the shared and individual projects, and includes 
a cross-city learning plan and a financial plan.

Step Three: Roadmapping

This report is part of Step 3 of the R4E approach and describes the first part of Workpackage 
4 (WP4). The aim of WP4 is to develop the roadmap for Smart Mobility. In this roadmap 
the options to realise the desired future scenarios of the cities are explored. A desk study is 
conducted to collect available information  on the future options that are relevant for the 
realisation of the desired future scenarios of the cities. This desk study covers all the topics 
that have been identified in the Joint Vision Workshop in Istanbul at the end of WP2 (see 
D2.2 - Report Vision Development). The findings of the desk study will be used to identify the 
most important experts to be invited for the roadmapping interviews and workshops. 

Experts from industry, knowledge institutes and governments will be invited to workshops to 
share their views on future possibilities. The extensive networks of the R4E partners is used to 
select experts with knowledge in this area. In the roadmap process international experts and 
companies are explicitly invited and workshops in different parts of Europe are held to collect 
all information. Through the network of the R4E cities also the local companies are invited 
to co-create the roadmaps. The roadmaps cover sustainable technologies, sustainable 
behaviour and sustainable organisation in order to realise the ambitions in Smart Mobility 
and sustainable energy in the field of mobility.

How to read this report

This report starrs with an overview of the partners’ desired future scenarios including the 
many different aspects and needs across the list of the eight common needs for Smart 
Mobility. A clustering from the different needs has been made to explore the options for 
realizing the desired future scenarios of the cities in a structured approach. The main 
strategies, as a derivative of the common needs, are used as starting point for the desk 
study. Moreover, the main strategies are used to focus the search and to guide the Systemic 
solutions and Technology outlook in the desired direction of the project.  

The main strategies serve as framework for the many different technological options and 
solutions that already exists, but also for future options relevant for realizing partners’ 
desired future scenarios. In order to structure the many different technological options, so 
called ‘systemic solutions’ have been identified. The system solutions represent the cohesion 
of the different interdependent technological solutions. 

Many technological options and solutions with the potential to cover the partners’ desired 
future scenarios already exist. Technological solutions, developments and trends ahave 
been structured according to the smart main strategies and systemic solutions. Multiple 
technological developments and solutions are outlined in so called ‘technology outlook 
datasheets’. The datasheets include information on future options that are in line with the 
systemic solutions and relevant for the realization of desired future scenarios of the cities. 

NOTE: DESK STUDY DRAFT REPORT. EXPERT INPUT AND ROADMAP IS 
NOT INCLUDED

SMART URBAN SPACES

SMART MOBILITY

SMART BUILDINGS

Four step approach of R4E

Step	  3.	  	  
Roadmapping	  

Step	  1.	  	  
Ambi3on	  se5ng	  

Step	  4.	  	  
Project	  	  
por;olio	  

Step	  2.	  Vision	  	  
development	  

R4E - ROADMAPS FOR ENERGY
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During the Joint Vision Workshop on 24 and 25 May 2016 in Istanbul the cities presented their desired future scenarios for Smart Mobility 
to each other and had in-depth discussions to understand each other’s needs and context (WP2). The eight identified aspects of the future 
scenarios that are common for all cities will be covered by the desk study in the remainder of this report. Moreover, the desk study provides 
relevant information on the future options that are relevant for the realization of the cities’ generic desired future scenarios. The eight 
common needs for Smart Mobility that will be covered by the desk study, as part of the roadmapping step of the R4E project (WP4), are the 
following.

GENERIC DESIRED FUTURE SCENARIOS

During the Joint Ambition Workshop on 19 October in Palermo the cities shared and discussed their ambitions for Smart Mobility and 
identified the common aspects. The result was used for a description of the focus area Smart Mobility.

The Smart Mobility theme focuses on sustainable energy solutions for public and private transport and logistics.  The 
ambition of the cities is to create attractive and clean public spaces and sustainable and healthy green environments 
that invite residents and visitors to go on foot or bike. Open data platforms, integrated systems and precise and accurate 
multimodal transport information provide personalised advice for seamless journeys integrating sharing of sustainable 
vehicles and green public transport.
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• All systems use energy from renewable sources
• All transport is sustainable (materials, zero-emission)
• Systems support users in making optimal choices (e.g. 

balancing costs, emissions, time, social aspects)
• Sharing of (autonomous) vehicles and rides
• Sustainable accessibility (e.g. elderly, disabled people)

• Comfortable, accessible, high-quality living 
environment that encourages outdoor life

• Green urban areas, safe areas and clean air
• Inviting people to spend time outdoors
• Healthy lifestyles with efficient activity levels

• Human scale urban planning: all daily needs are 
nearby

• Remote services (health, education, public services, 
working)

• Poly-centric cities with decentral service hubs
• Local production (food, 3D printed goods)
• Smaller-scale ecological solutions (e.g. goods delivery)

• Networks for quick, easy access
• Smooth, seamless transport (‘single route’)
• Integrated system to provide ‘door-to-door’ service
• Integration of new modes and innovative vehicles
• Smooth, seamless transition between (regional) 

networks

Sustainable solutions and / for 
lifestyles

Healthy lifestyles

Reducing the need for travel

Seamlessly connected networks

• A wide range of (interconnected) alternatives in routes 
and forms of transport to suit different lifestyles

• Flexibility and freedom of choice 
• Enjoyable and convenient travel experiences
• Demand-driven diversity (blending public and private)

• All modes of (public) transport are safe, convenient, 
accessible, fast, flexible and affordable for all

• Convenient and easy-to-use (’one-click’ reservations, 
flexible payment, pick-up/drop-off at any point)

• Easy transfer at intermodal transport hubs

Mobility à la carte

Accessible, affordable and 
convenient mobility

• Personalised travel advice based on factual and up-to-
date information and personal needs at that moment

• Smart adjustments based on people’s profiles & 
needs

• Accurate, up-to-date, real-time, cross-modal 
information

• • Personalised advice is accessible through multiple 
applications and devices

• Smart traffic management based on real-time, cross-
modal information, analysis and prediction

• Automated systems for smooth (public) traffic flows
• Communication between drivers, vehicles and 

infrastructure
• Safe and secure, in both the physical and virtual 

worlds

Personalised advice

Smart management

Mobility à la carte



8

R4E - Roadmaps for Energy - D4.1 Report - Future options for Smart Mobility



9

Roadmapping

FUTURE OPTIONS FOR SMART MOBILITY
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Smart and sustainable transport infrastructure Smart (public) mobility system and vehicles

Today the congested transportation system is mainly designed around infrastructure and 
vehicles. Infrastructure in the form of technical structures such as roads, bridges, tunnels 
and other constructed facilities is therefore an important aspect of Smart Mobility. The 
design and structure of urban areas and infrastructure have to be aligned to the citizens’ 
changing needs, the city’s purpose and structure, the significant growth in infrastructure 
demands, and the requirements of the other Smart Mobility related main strategies. 
Smart and sustainable transport infrastructure is technology enabled, it is becoming more 
connected, intelligent and automated. In the context of Smart Mobility the connected, 
intelligent and automated infrastructure leverages the development of smart services in 
the form of mobile applications, interconnected transport systems, and a more flexible and 
multi-modal transport system. In conjunction with the digitalization and the development 
of sustainable solutions for transport, the developments of smart and sustainable 
infrastructure has and will take a significant role during the mobility transition.

Covering the following common themes of interest:

• Sustainable solutions and / for lifestyles

• Healthy lifestyles

• Seamless connections within networks

• Accessible, affordable and convenient mobility

• Connectivity for smart management

The need for mobility is likely to increase over time. People like to meet, to gain experiences 
and to have a feeling of freedom. Today mobility is strongly property related. Besides 
a way to come from A to B, a car is a symbol of status and freedom. But this can and 
will change, mainly due to economic incentives, technological innovations, and growing 
populations. In addition, public transport is getting personal and travel demand is 
dynamic. Moreover, users want to dictate what they want from transport and have 
increasingly high expectations of operators’ reliability and customer service. In order to 
respond to aforementioned developments and challenges the (public) transport system, 
including smart vehicles, has to be smart. This requires a demand driven mobility system 
that would allow citizens to have a wide range of (interconnected) alternatives in routes 
and forms of transport. Such a range of alternatives among public and private transport 
providers provides a freedom in choice in the fastest, friendliest, or cheapest way of getting 
anywhere the citizen need to go at any time. The flexibility of personal choices is met by 
a system of different, interconnecting mobility modes, reflecting the differences in needs 
and possible solutions throughout the city and region. The highly interconnectedness of a 
variety of mobility modes also allows for easily transfer between different types of mobility 
at local, regional and (inter)national hubs at strategic positions throughout the city and 
region. As with MS1: Smart and sustainable transport infrastructure, the digitalization 
enables and leverages innovative and smart solutions for the (public) mobility system and 
vehicles. 

Covering the following common themes of interest:

• Seamless connections within networks

• Mobility à la carte

• Accessible, affordable and convenient mobility

• Personalised advice

• Connectivity for smart management

1 2

Smart Main Strategies

The partners’ desired future scenarios include many different aspects and needs across the 
list of the eight common needs for Smart Mobility. A clustering from the different needs has 
been made to explore the options for realizing the desired future scenarios of the cities in 
a structured approach. The clustering and resulting smart main strategies (SMS) has been 
jointly discussed with the cities during the Joint Vision Workshop on 24 and 25 May 2016 
in Istanbul. The main strategies, as a derivative of the common needs, are used as starting 
point for the desk study. Moreover, the main strategies are used to focus the search and to 
guide the Systemic solutions and Technology outlook in the desired direction of the project.  

The following nine main strategies are jointly derived from the partners’ common needs:



11

Roadmapping

Connectivity, robotising, and safety Information, advice, and traffic management

The developments of autonomous vehicles and advanced driver assistance systems 
(ADAS) are in progress. Fully autonomous vehicles are likely to be commercially available 
by 2020. The autonomous technology increasingly allow the vehicles to become a 
platform that allows the users to use their transit time for work or personal activities. 
Transport systems in the autonomous age have the ability to continuously learn, take 
decisions in real time based on extensive quantities of information, and to predict and 
anticipate ahead. Although the technological developments are evolving rapidly, the 
implementation of automatic vehicles remains difficult due to current legislation and 
regulations, safety challenges and adoption challenges. The biggest challenge, however, 
is the complexity of mixed operation with ‘traditional’ and autonomous vehicles, and all 
other road users who are all sharing the same (urban) road network. The interconnection 
of technology and data allows for the creation of intelligent transport systems. Such a 
system will respond in real time to traveller demand, preferences and external conditions. 
This results in a system that start to predict and avoid disruption for passengers. All in all 
it (digitally) connects transport networks so that the transition from one mode to the next 
is smooth and seamless. Transportation of goods and public transport in future has also 
be the potential to become fully autonomous, intelligent and fitted to citizens’ needs. The 
further digitalization will facilitate city citizens to plan their travels and supplies by mobile 
devices. Unlike most mass modes of (public) transport that have already adopted a certain 
degree of automation to increase safety, vehicles have the most potential to gain from 
automation. This is because automotive is the most likely to suffer from human failure. The 
further automation of vehicles mobility system addresses, however, liability and insurance 
challenges. In addition, the safety of automotive applications and signalling systems will 
continue to improve. Digital security regarding a fully connected autonomous transport 
system, including autonomous vehicles, signalling systems and infrastructure gets a 
pivotal role in the success of connectivity, robotising, and safety

Covering the following common themes of interest:

• Reducing the need for travel

• Seamless connections within networks

• Mobility à la carte

• Accessible, affordable and convenient mobility

• Personalised advice

• Connectivity for smart management

Data and IT constitute the basis for (future) mobility services. At present, they are mostly 
related to couple supply and demand or to give (travel) advice. Traffic management will 
grow significantly by linking different data sources, e.g. open, behavioural and traffic data. 
Hassle free usage of multiple modes of public as well as shared transport will be enabled 
by linking different data sources. Moreover, information, advice and traffic management 
serve as the basis for the successful connection of transportation systems and the creation 
of on-demand mobility services and data-driven services. Integrated mobility platforms 
serve as information broker. Such platforms allow for seamless travel across different 
transport modes, virtual street signs which could be directly linked with the car, but also for 
advanced parking solutions allowing efficient management of multiple on-street parking 
spaces. Advice and traffic management that is based on the collection of vast quantities 
of data can, besides benefits, also lead to big privacy challenges. It is key to address, think 
about and begin to deal, with these challenges.

Covering the following common themes of interest:

• Sustainable solutions and / for lifestyles

• Reducing the need for travel

• Seamless connections within networks

• Mobility à la carte

• Accessible, affordable and convenient mobility

• Personalised advice

• Connectivity for smart management

4 5Sustainable transport

Mobility is a major consumer of energy. Besides the growing production and use of zero-
emission vehicles, the new generation vehicles have the potential to be used for (local) 
energy storage. The development and implementation of sustainable vehicles runs parallel 
to the establishment of large scale sustainability, e.g. the use of wind energy and solar 
energy. The increase in the number of zero-emission vehicles, mainly electric, requires 
a suitable charging infrastructure. The development of sustainable mobility solutions is 
therefore also closely related to the infrastructure, and Smart (public) mobility system and 
vehicles. Instead of today where citizens use their vehicles for all purposes, citizens will 
choose an optimal mobility solution for each specific purpose in future. In addition the use 
of ‘fit for purpose’ vehicles enables citizens to make use of personalized advice based on 
the optimal solution for each purpose. These solutions will use new specialized vehicles 
such as (compact) smart vehicles and sustainable public transport solutions. As with the 
previous main strategies, the digitalization enables and leverages innovative and smart 
solutions, e.g. in the form of applications and smart charging. 

Covering the following common themes of interest:

• Sustainable solutions and / for lifestyles

• Healthy lifestyles

3
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Choice in behaviour and psychological behaviour Smart regulations and framework

Peoples’ preferences and behaviour are crucial in achieving a sustainable city. People take 
an active role in their change in behaviour, driven by different values and reasoning. The 
changes in behaviour could be financially driven, but more and more people also choose 
for healthy and sustainable mobility solutions. Technology and measures can guide 
people’s behaviour in the desired direction by understanding and accommodating the 
people’s behaviour. Technological solutions as well as measures are crucial. There has to 
be certain forms of psychology that applies to Smart Mobility. Although the main question 
is: How can the government respond to these different forms? In other words: what are the 
differences between men and woman? What is the reason that one is more inclined to buy 
a self-driving car? What are the differences among the different cities in Europe? Creating 
an environment that supports sustainable behaviour to be second nature for everyone is as 
such one of the major challenges to create a smart (urban) mobility system. In order to do 
so, some argue that modifying citizens’ behaviour is not the solution. Instead the solution 
lies with the city specific (mobility) system that should be able to accommodate and 
determines mobility behaviour. As such it is quite obvious that the success of (sustainable) 
technological mobility solutions goes along with the change in mobility behaviour.

Covering the following common themes of interest:

• Sustainable solutions and / for lifestyles

• Healthy lifestyles

• Reducing the need for travel

• Seamless connections within networks

• Mobility à la carte

• Accessible, affordable and convenient mobility

• Personalised advice

• Connectivity for smart management

Current legislation and regulation does not necessarily fit (smart) mobility solutions 
that are already in place, in development, or still need to be invented. The success of 
smart mobility solutions depends to a large extent on the legislative framework. The 
current legislative framework is not necessarily an incentive for new (innovative) mobility 
solutions. In addition, the effects of new mobility solutions are not always foreseeable. 
As such, a thoughtful environment with an enabling legislative framework respects 
the current legislative framework on the one hand, and could reveal desired as well as 
undesired effects of the mobility solution on the other hand. As such, an experimentation 
and learning environment with suitable legislative conditions supports the success and 
encourage the development of new mobility solution. After having determined the lessons 
learned (i.e. what works and what does not works) of the implementation of the mobility 
solution, the logical next step will be to scale up the solution and to adjust the legislative 
framework. 

Covering the following common themes of interest:

• Sustainable solutions and / for lifestyles

• Healthy lifestyles

• Reducing the need for travel

• Seamless connections within networks

• Mobility à la carte

• Accessible, affordable and convenient mobility

• Personalised advice

• Connectivity for smart management

7 8Smart city logistics and solutions

City logistics can be divided in 80% ‘large flows’ such as construction, catering and 
municipal waste and 20% consumer related flows such as small packages. Several 
solutions already exist to optimize the space for different logistic flows but further 
development is required in the efficient use of transport and to create an integral 
transportation system. As with previous main strategies, the developments and solutions 
related to smart city logistic are technology-enabled. Hence, interconnectivity with assets 
in a logistic network that can communicate, respond to, and shape demand and economic 
behaviour is key for smart city logistics. Smart in the sense of bringing together existing 
technology, warehouses, resources and logistic solutions will optimize the use of each 
of these existing aspects in the short term. Consolidation centres at the city’s periphery 
instead of urban areas, freeing space for sustainable transport, the use of open data are 
other important elements of the plan to increase efficiency and smart scheduling for 
transport (at off peak hours). Circular economy, 3D printing and urban farming will affect 
the logistic stream in the cities, production and the collection of products and materials for 
reuse in the long term. Building such kind of (urban) economy will, however, require change 
in consumer behaviour, governmental policies and business practices. Other innovative and 
sustainable technological solutions to increase the efficiency for logistic streams between 
city regions, and city logistics have already been developed. The large scale use of such 
innovative solutions is some years away because of the current logistic system, related 
assets and legislation.

Covering the following common themes of interest:

• Sustainable solutions and / for lifestyles

• Healthy lifestyles

• Reducing the need for travel

• Seamless connections within networks

• Connectivity for smart management

6
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Integral perspective and cooperation 

Many (local) governments have traditionally operated in close consultation with society. 
Governmental authorities could play a new role in a participation society by facilitating 
and stimulating new initiatives. Hence, the role of the government is critical in both 
stimulating as well as enabling new types of mobility services and solutions. In cooperation 
with (local) organizations in the private sector, they need to build integrated mobility 
networks to prepare urban areas for the growth in population and business investment in 
the upcoming decades. New organizational programs will need to accommodate (private) 
investments in technology to ensure effective construction of new systems, to build 
intelligence, but also to offer the best quality of life to the governments’ citizens. This all 
to get most out of the new mobility solutions and services and guiding the developments 
towards the desired visions. 

Covering the following common themes of interest:

• Sustainable solutions and / for lifestyles

• Healthy lifestyles

• Reducing the need for travel

• Seamless connections within networks

• Mobility à la carte

• Accessible, affordable and convenient mobility

• Personalised advice

• Connectivity for smart management

9
Smart Main Strategies 

The nine smart main strategies, as a derivative of the cities’ common needs, are used to 
focus the desk study and to guide the creation of systemic solution. When summarized it 
turns out that the first six smart main strategies mainly covers technological aspects of 
Smart Mobility, the seventh smart main strategy covers citizens’ behaviour related to Smart 
Mobility, and the final two smart main strategies include aspects of the partners’ common 
themes of interest related to the organization of Smart Mobility. More concrete and in line 
with the number of common themes of interest covered per smart main strategy, the smart 
main strategies related to citizens’ behaviour (SMS7) and organization (SMS8, SMS9) cover 
all common themes of interest. Hence, behaviour and organization are at the heart of the 
success of the technological developments. Following chapter (XX) will elaborate on these 
interdependencies by means of systemic solutions and (technological) solutions. 
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Systemic solutions

Previous chapters explain partners’ desired future scenarios across eight common needs 
and the derived clustering in the form of smart main strategies. The main strategies serve 
as starting point for the desk study. Moreover, the main strategies serve as framework for 
the many different technological options and solutions that already exists, but also for 
future options relevant for realizing partners’ desired future scenarios. In order to structure 
the many different technological options, so called ‘systemic solutions’ have been identified. 
The system solutions represent the cohesion of the different interdependent technological 
solutions. Hence, per smart main strategy the single or multiple systemic solutions constitute 
the available (technological) solution per smart main strategy, and in turn covers partners’ 
common needs. Smart Mobility can be characterized as a complex field with many dynamic 
interdependencies. Therefore, a holistic perspective is actually needed to understand the 
system as a whole. However, in this report the more obvious interdependencies between the 
technological solutions have solely been taken for the sake of readability. One can notice 
that different systemic solutions include similar technological solutions throughout the list of 
nine smart main strategies. This is because not only the technological solutions, but also the 
systemic solutions are interrelated. As such, the following table shows an overview of each 
systemic solution per smart main strategy and related technology outlook as elaborated in 
more detail  in the next section. The systemic solutions per smart main strategy (bold) are 
placed on the left side, and the (technological) solutions, i.e. Technology Outlook (TO), at the 
top of the table. As a result one can identify the technological solutions that apply to each of 
the smart main strategies as well as to the systemic solutions. 
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SMS1:   Smart and sustainable transport infrastructure
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SMS2:  Smart (public) mobility system and vehicles

SMS3:  Sustainable transport

SMS4:  Connectivity, robotising, and safety

SMS5:  Information, advice, and traffic management

SMS6:  Smart city logistics and solutions

SMS7:  Choice in behaviour and psychological behaviour

Sustainable infrastructure

Interconnected mobility modes

Connected and sustainable energy systems for sustainable mobility

Autonomous vehicles, virtual reality and safe embedded system design

Networked mobility

Logistic services and (freight) transport

Measures, incentives and self-regulating communities

Intelligent infrastructure

Demand driven mobility system

Intelligent Transportation System

SMS8:  Smart regulations and framework & 
SMS9:  Integral perspective and cooperation

Smart construction and maintenance

Intelligent Transportation System

Business model innovation, new government policies, and smart cooperation

Mobility as a service

Table: Overview of each systemic solution per smart main strategy and related technology outlook
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TECHNOLOGY OUTLOOK

• TO-01 Flexible and dedicated infrastructure Flexible and/or dedicated infrastructure
• TO-02 Sustainable and connected energy systems
• TO-03 Dynamic traffic regulation
• TO-04 Transport safety management
• TO-05 Smart infrastructure construction and maintenance
• TO-06 Mobility hubs
• TO-07 Dynamic pricing, and multimodal ticketing and billing
• TO-08 Shared mobility solutions
• TO-09 Public mobility services
• TO-10 Personalized route recommendation, planning, and mobility package
• TO-11 Zero emission vehicles
• TO-12 Autonomous and connected mobility solutions
• TO-13 Virtual reality and mobility
• TO-14 Safe and embedded system design
• TO-15 Additive manufacturing and circular economy
• TO-16 Multimodal (freight) transport and logistic solutions
• TO-17 Measures and incentives
• TO-18 Sharing initiatives and collective solutions 
• TO-19 Sustainable tenders and (innovative) preconditions

The following pages explain each of the datasheets.

Many technological options and solutions with the potential to cover the partners’ desired 
future scenarios already exist. In addition, there are still many technological solutions in 
development. The main question still remains:  which solutions are relevant to cover the 
common needs, and which are not? As such, the first part of the desk study is structured 
accordingly. Technological solutions, developments and trends are structured in line with 
previous table. Multiple technological developments and solutions are outlined in so called 
‘technology outlook datasheets’. The datasheets include information on future options 
that are in line with the systemic solutions and relevant for the realization of desired future 
scenarios of the cities. The following 19 TO datasheets have been created:
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To know more...

Today

Near future challenges

Technology Outlook Takeaways

The flexible and dedicated use of infrastructure has the ability to contribute to meeting citizens’ changing needs, and managing current (urban) traffic patterns related to the city’s desired 
vision in the short-term. Roads, rails and metro networks are the circulatory system of an active city. Flexible as well as the dedicated use of infrastructure is in this respect be seen as the 
smart use of current physical and organizational structures (e.g. roads, tunnels and bridges). The urban infrastructure and the management of it enables citizens to move or be moved freely 
and easily, and to meet city specific desired visions related to traffic flows and design of urban areas.

Today many solutions are already in place that enable the management of urban traffic 
patterns in order to shape it according to cities’ visions, structure and desired state of the 
mobility system. Examples of either the flexible or dedicated use of physical infrastructural 
structures are dedicated bus lanes, low emission zones (LEZ), garage parking, and one-way 
streets. In addition to the flexible and purposeful use of current infrastructure, the design of 
both yet to be realized as well as already realized physical and organizational structures is 
an important aspect of managing (urban) traffic. One can think of the design of tunnels in 
city centres that for instance allow only one-way traffic, bikes or public transport. Some of 
the mentioned solutions that currently exist and that are widely used are concisely explained 
below.

• High-occupancy vehicle (HOV) lanes are also known as carpool lane or (rapid) transit 
lane. HOV lanes are restricted traffic lanes reserved for the exclusive use of vehicles with a 
driver and one or more passengers, including private as well as public mobility solutions. 
HOV lanes are aimed to reduce air pollution and traffic congestion by increasing average 
vehicle occupancy. Another option to improve the traffic flow to reduce traffic congestion is 
the temporary use of emergency lanes on highways at peak travel times. For urban areas 
that are not in the ability to create and provide such services, the rise of shared mobility 
solutions can serve a similar purpose.

• Low Emission Zones (LEZs) are areas where the most polluting vehicles are regulated. 
Usually this means that vehicles with higher emissions cannot enter the area. In some 
LZEs the more polluting vehicles have to pay more if they enter the low emission zone. 
LEZs are often the most effective measure that towns and cities can take to improve air 
pollution. A LEZ stops the most polluting vehicles travelling in an area and, is as such, a 
relative simple solution to have a significant impact on air pollution. However, LZEs alone 
do not solve the polluting problem alone. Other measures are also needed to create a 
sustainable transport system in and around urban areas, e.g. by smoothing traffic flows 
by synchronising traffic lights (TO-03 Dynamic traffic regulation), by implementing 
measures to reduce the amount of traffic and to improve other travel options (TO-17 
Measures and incentives), or by encouraging the very cleanest vehicles as much as 
possible (TO-11 Zero emission vehicles).

EY. (2016). Routes to prosperity: How smart transport infrastructure can help cities to thrive. Government & Public Sector Insights, p. 1-16.

EY. (2016). Connecting the cities of the future: smart transport infrastructure. Performance, Volume 8, p. 56-65

Deloitte. (2015). Reducing congestion and fostering faster, greener, and cheaper transportation options. Smart Mobility, p. 1-48

www.engineeringchallenges.org/challenges/infrastructure.aspx

www.iec.ch/whitepaper/pdf/iecWP-smartcities-LR-en.pdf

www.copenhagenize.com/2014/08/the-green-waves-of-copenhagen.html 

https://en.wikipedia.org/wiki/High-occupancy_vehicle_lane 

https://en.wikipedia.org/wiki/Low-emission_zone 

http://urbanaccessregulations.eu/ 

The growing population of cities and accompanying demand for mobility and infrastructure 
is one of the themes that defines today’s political landscape. Although one is aware of 
the importance of a smart transport infrastructure, the question remains how to ensure 
that appropriate and aligned (long-term) strategies are being made by policy makers? 
Moreover, streets and highways will remain critical for transportation, so their maintenance 
and optimization will remain an important challenge. But the greater challenge will be 
engineering integrated transportation systems, making individual vehicle travel, mass 
transit, bicycling, and walking all as easy and efficient as possible. An increasingly important 
question is the need to provide better access to transportation for the disabled and elderly. 
Nevertheless, one of the first steps for urban policy makers is the focus on the purpose and 
structure of their city. More specifically, policy makers and (local) stakeholders are facing 
the challenge to focus on high-level objectives as they develop their strategy for (urban) 
transport infrastructure. Depending on how policy makers envisage the city’s purpose and 
it’ alignment with the current urban structure, it may be that the exploitation of existing 
infrastructures and related assets is more profitable than the use of cutting-edge technology 
and innovation. In addition, policy makers should be aware of the long project processing 
times, and capital intensive but also complex (public) investments of infrastructural solutions 
such as roads, tunnels, bridges, waterways and railways.

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Successfully implementing investment in infrastructure in a city requires an 
integrated, strategic approach that focuses on a city’s ultimate purpose and the 
role of its citizens.

• A wide range of flexible as well as dedicated infrastructure solutions already exist 
and is applicable to exploit current infrastructure.

• Local policy makers must ensure that the existing infrastructure is aligned with new 
investments. 

• Decision-making on infrastructural investments should be carefully coordinated by 
(local) policy makers and (local) stakeholders. 

• Suitable transport infrastructure is key to (local) economic growth and 
competitiveness.

TO-01 Flexible and dedicated infrastructure Flexible and/
or dedicated infrastructureSMART MOBILITY

• The third and final example is related to roads, bridges, tunnels and waterways for both 
private as well as public transport solutions. These physical infrastructural structures are 
crucial to enable, sustain or enhance mobility and societal living conditions. Although they 
determine streetscape, urban space, and are essential for society, few real innovations 
have been implemented since the beginning of the last century. The current physical 
infrastructural structures have not been designed for disruptive innovations and to coop 
with current mobility demand. Instead, current infrastructure has been designed for use 
by horse and carriage. Unless a paradigm shift in the overall mobility system will occur, 
innovation related to physical infrastructure will most likely remain more incremental. Such 
series of upgrades to the existing infrastructure or simply constructing more infrastructure 
helps to maintain or improve its functionality and appropriateness in the short-term. 
However, in the long term new types of infrastructure will be required that suits other 
developments. Such developments, for instance those related to the autonomous vehicles 
or the rise of the digital age take a major role in the smart use of physical infrastructure. 
However, in the end the role of physical infrastructural structures will remain the same: 
forming the basis for the operating mobility system.

Fig 1. Example of a HOV lane (metrobus) in the municipality of Istanbul
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To know more...

Technology Outlook Takeaways

Sustainable and connected energy systems are part of the systemic solution: Sustainable infrastructure. Besides the flexible and dedicated use of infrastructure (TO-01), a sustainable 
infrastructure as well as connected energy systems has a potential value for urban sustainability.  In this sense a sustainable infrastructure facilitates a place or regions progress towards the 
desired goal of sustainable living. As such, the design of sustainable infrastructure is not just about new infrastructure. Instead, it is also about reuse, rehabilitation or optimization of existing 
infrastructure consistent with the principles of urban sustainability. Together the process of creating a sustainable infrastructure can lead to the development of a (local) community that is 
ecologically, economically and socially sustainable. A close link should be made with the domain of Smart urban spaces since infrastructural structures largely determines streetscape and 
urban space. The second aspect of this technology outlook sheet is that of connected energy systems. More specifically, suitable connected energy systems should be available to enable 
sustainable living and urban sustainability. In this sense, this can be energy systems which are for instance related to the (smart) charging of zero emission vehicles, saving electricity to a 
battery, or supplying public transport.

Solutions for sustainable infrastructure and connected energy systems encompass many 
challenges and aspects related to both technological solutions and management. More 
specifically, sustainable infrastructure contains aspects related to long-term economic 
analysis of infrastructure, energy use and reduced infrastructure costs, infrastructure renewal, 
the protection of existing infrastructure from environmental degradation, sustainable 
material selection, durability and energy conservation, minimising waste and materials, 
the redesign of infrastructure in light of global climate change and the remediation of 
environmentally damaged soils and water. Many solutions to respond to these challenges 
and aspects exist. Some of such examples are the use of wooden barriers as road safety 
solution, permeable pavement, water harvesting, a sustainable design for windmills, or 
changing the purpose of the infrastructure from a road for vehicles to a bike or foot path. 
However, these solutions are rather incremental solutions such as the use of new materials, 
the save of energy during construction, or more efficient execution of the work. The 
developments related to the connected energy systems are more radical since corresponding 
developments and solutions, such as electric vehicles, are more turbulent and new to the 
world. A couple solutions that currently exist and that are widely used, or those that are still 
relatively new are concisely explained below.

• The Solar Noise Barriers (SONOB) project by Heijmans is an innovative solution of 
generating electricity by means of solar cells in noise barriers along national motorways 
and railroads. Field tests are currently performed by Heijmans. The possibilities to 
integrate solar cell technology in noise barriers in a robust and aesthetic way are one 
of the main topics of the field test. Results will give more insight into the quantity of 
electricity be semi-transparent noise barriers generate under varying circumstances. 
When ready for market implementation and large scale adoption of the SONOB solution 
will contribute to achieve local energy goals by supplying energy to an electric vehicle, 
households or other (sustainable) energy demanding systems.

McKinsey&Company. (2013). How to make a city great: A review of the steps city leaders around the world take to transform their cities into great 

places to live and work. p. 1-44

Intertraffic world (2016). Intertraffic World: 2016 Showcase. p. 1-272

http://www.bmwblog.com/2016/01/05/future-mobility-solutions-light-and-charge/ 

https://betterworkingworld.ey.com/better-questions/quartz-smart-cities

http://www.arup.com/services/sustainable_infrastructure_design

https://en.wikipedia.org/wiki/Sustainable_urban_infrastructure

http://heijmans.nl/en/news/unique-field-test-started-solar-noise-barriers/

http://blog.aee.net/hydrogen-infrastructure-needed-for-fuel-cell-vehicle-growth 

http://www.mckinsey.com/~/media/McKinsey%20Offices/Netherlands/Latest%20thinking/PDFs/Electric-Vehicle-Report-EN_AS%20FINAL.ashx 

https://www.tesla.com/en_GB/powerwall 

https://www.fraunhofer.de/en/press/research-news/2014/august/charging-electric-cars-efficiently-inductive.html 

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Successfully implementing investment in sustainable infrastructure and connected 
energy systems in a city requires an integrated, strategic approach that focuses on 
a city’s ultimate purpose and the role of its citizens.

• A wide range of infrastructural and energy related solutions already exist, policy 
makers should consider how they want to coop with technological solutions.  

• Policy makers should aim to set a responsible standard of sustainable design in 
both the short and the long term.

• Sustainable design and energy systems need to balance social, economic and 
environmental issues. 

• Policy makers could adopt a regional perspective to decrease misalignments.Today

Near future challenges

TO-02 Sustainable and connected energy systemsSMART MOBILITY

Nowadays several solutions exist that contribute to a sustainable infrastructure and 
connected energy systems. These solutions have the potential to shape the sustainable 
infrastructure and connected energy system according to cities’ visions, structure and desired 
state of the mobility system. Although there are still some challenges to overcome in the 
coming years, quite a lot of innovative and sustainable technological solutions exist. These 
solutions in turn, contribute to the cities’ desired future state. When taking a closer look at 
the near future challenges the following challenges emerge. As with TO-01, one of the first 
steps for urban policy makers is the focus on the purpose and structure of their city. More 
specifically, policy makers and (local) stakeholders are facing the challenge to focus on 
high-level objectives as they develop their strategy for sustainable infrastructural solutions 
and connected energy systems. Depending on how policy makers envisage the city’s 
purpose and it’ alignment with the current state, it may be that the exploitation of existing 
solutions and related assets is more profitable than the use of cutting-edge technology 
and innovation. In other words, the cities’ aim is to reduce individual’s ecological footprint 
according to the principles of sustainable development in areas with a high population 
density requires a specific type of innovations that fit this long-term ambition. On the other 
hand, if the aim is to set a responsible standard of sustainable design in both the short and 
the long term, then a different set of solutions is required. Regardless of the focus is more 
on either the short-term, the long-term or both, the decisive point at issue is how to coop 
with al technological developments related to connected energy systems and sustainable 
infrastructure. This is especially important since responsible sustainable design and energy 
systems need to balance social, economic and environmental issues. In order to do so city 
leaders might take a regional perspective and think about regional growth, not just city 
growth. If the metropolis expands, local policy makers will need either the cooperation of 
surrounding municipalities, regional service providers, or both. Without this, the result will 
likely be local competition and conflict, over- or underinvestment in (energy) infrastructure 
because of investment concerns and confusion over roles and responsibilities.

• Charging infrastructure for zero emission vehicles is the third solution and deals with the 
supply of energy for zero emission vehicles (please refer to TO-11). Both electric vehicles 
as well as hydrogen vehicles require a suitable infrastructure for energy supply. However, 
required infrastructure is completely different than the infrastructure used for fossil fuel 
vehicles. The current lack of battery capacity for electric vehicles can be compensated 
by the construction of a suitable charging infrastructure. Hydrogen fuelling stations are 
rather expensive (approx. 1 million dollar) and easily take a one and half year to construct. 
With regard to the development of a charging infrastructure for electric vehicles, both slow 
and fast chargers has become standardized. In addition, the costs are coming down as 
a result of growing economies of scale. However, most critical challenge is still to create 
commercially viability in the deployment of charging infrastructure. When an extensive 
(local) network has been created a city can enable smart charging to balance energy 
demand and supply between vehicles, households and other energy consuming structures. 

• By inductive charging, also known as wireless charging, the battery of an electric vehicle 
is charged using an electromagnetic field generated in the surface underneath the car. 
No charging cable is required and, besides electrical power, information is transmitted 
wirelessly. Inductive charging is still operating in a few pilot projects or some living labs 
and is not yet commercially viable. When commercially viable the issue remains how to 
construct and fit it within the current roads and (public) urban spaces accessible to cars. 

• Smart public lighting is one of the possible solutions that has to potential to contribute 
both to achieving goals related to urban sustainability. Equipping street lamps with LEDs 
during renovation helps generate energy savings, i.e. incremental solution. In addition, 
smart lighting is often seen as the initial system that allow for the installation of other 
connected services such as smart parking management, highway management and Wi-
Fi. From a sustainability and connectivity perspective street lights has recently been used 
by BMW to charge electric vehicles. BMW’s Light and Charge program aims to change 
the way citizens use electric mobility by combining LED technology for street lighting with 
a cashless option for connecting up to charging high-voltage batteries used in electric 
cars. Such a system of street lights increases the amount of charging stations for electric 
vehicles without building new infrastructure. 

• The Tesla Powerwall is a home battery that charges using electricity generated from solar 
panels, or when utility rates are low, and powers your home in the evening. Tesla home 
batteries maximize the usefulness of citizens’ solar panels and offer a variety of backup 
electricity supply solutions. Tesla’s Powerwall stores electricity generated by solar panels 
during the day and makes it available to your electric vehicle or home in the evening. This 
bridges the gap between peak solar and peak demand, allowing you to use your photons 
when you need them. Instead of using a Tesla Powerwall one has currently the option to 
use their electric vehicle as backup electricity supply solution. This means that you can 
charge your vehicle during off-peak times and use your vehicle or supply your home with 
electricity during peak-times. 

Fig 1. BMW light and charge solution for electric vehicles
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Dynamic traffic regulation or dynamic traffic management covers the key aspects of an intelligent transportation system (ITS). These key aspects can be related to a wide range of 
advanced applications that are aimed at providing innovative series relating to different modes of transport and traffic management. As such, dynamic traffic management enables 
mobility users to be better informed and make more coordinated use of transport networks. As such, transport networks will measure performance, understand demand, and respond in 
real-time to manage capacity and avoid disruption. An effective system of different interconnecting mobility modes offers users choice adapting to meet demand (TO-10). In addition, an 
effective mobility management system is accompanied by an effective transport safety management (TO-04).

Today, supporting facilities such as camera systems, road signs and traffic lights are widely 
used to manage mobility flows, patterns and occupation. Such facilities all contribute to an 
intelligent transport system. Central as well as decentral traffic operation centres already 
exist that monitor and manage the network for both private as well as public transport 
vehicles. Besides the supporting facilities, this technology outlook includes the infrastructure 
to vehicle communication aspect. The following subsections include and describe a range of 
solutions related to dynamic traffic regulation.

• Inductive detector loops are widely used and are buried in or under the roadway. These 
loops detect the presence of traffic waiting at a traffic light. As such the sensor can reduce 
the time when a green signal is given to an empty road, and consequently improve the 
traffic flow on roads. A more sophisticated system is the use of green waves which are 
enabled by a series of traffic lights. Such a series of traffic lights, usually three or more, 
are aimed at minimizing congestion, noise and air pollution. A green wave occurs when 
traffic lights are coordinated in a way that allow for a continuous traffic flow over several 
intersections in one main direction. Vehicles travelling along with the green wave which 
is at an approximate speed decided upon by the traffic engineers will see a progressive 
cascade of green lights, and not have to stop at intersections. The coordination of traffic 
lights can be either done dynamically as well as statically. Dynamically in the sense of 
coordination according to sensor data of currently existing traffic flows. The other manner 
of coordination is done statically, by the use of timers. It is possible to interweave green 
waves but this increase the complexity of the infrastructural network and reduces usability. 
As such, the conventional set-up usually contains only the most crowded roads. 

• Digital road signs have the potential to completely replace current ‘static signs’. Nowadays 
many digital road signs are already been used by different cities across the globe. Digital 
road signs can provide information about events such as traffic congestion, accidents, 
incidents, roadwork zones, speed limits, or can assist as parking guidance to guide drivers 
to available car parking spaces. Besides the fact that digital road signs has not yet been 
fully implemented, Advanced Traveller Information Systems (ATIS) is on the rise. ATIS 
refers to any system that collects, analyses and displays information to assist drivers 
and commuters in moving from point A to B. By collecting relevant data such as optimal 
routes, congestion, recommended speeds and incidents,

Deloitte. (2015 Transport in the Digital Age: Disruptive Trends for Smart Mobility. Smart Mobility, p. 1-24
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• ATIS aims to adapt the supply of information to changing traffic conditions and enabling 
drivers and commuters to make informed routing decisions. In particular, the emerging 
social media (e.g. Twitter) accompanied by the proliferation of mobile communication 
technology and devices such as smartphones and in car units of (connected) vehicles 
provide an accessible and cost-effective platform for public-sector traffic operation centres. 
Moreover, traffic operation centres could use such information to deliver location-based, 
personalized traveller information that is timelier and seamlessly integrated with cities’ 
transportation goals

• 3Wireless communication infrastructure or intelligent infrastructure forms the basis of 
smart services such as applications for (e)car-sharing, personalized advice, or more 
overarching services such as intelligent and interconnected transportation systems, 
dynamic pricing, or new services for public transport. Nowadays, 4G the fourth generation 
of wireless mobile telecommunications technology has widely been used for potential 
and current applications. High definition mobile TV, mobile internet access and video 
conferencing. 5G indicates the next major phase of mobile telecommunications standards. 
5G planning includes a wide range of improvements, with, inter alia an internet connection 
speeds faster than current 4G. 5G is expected to out by 2020 to meet business and 
consumer demands. In addition, a network of free urban Wi-Fi is on the rise enabling 
citizens and tourists to connect easily while moving through the city. Thereby, public as 
well as private organizations can use both the connections as well as the different types of 
data which become available. 

• Cycling is becoming ever more popular, this goes along with the increasing debate on 
road safety. More specifically, the increase of cyclists on the roads places added strain on 
motorists, especially in busy urban areas. The Heijmans BikeScout is an intelligent warning 
system that constantly monitors the speed and distance of oncoming cyclists, calculating 
their arrival time and notifying motorists via LED indicators in the road surface. By taking 
into account the speed of an approaching object (cyclist or pedestrian), BikeScout warns 
the motorist appropriately. Via mobile internet and a web application, local traffic control 
can view the Heijmans BikeScout’s availability and traffic flow. 

• Video detection can be applied for different purposes and is based on real-time image 
processing providing wide-area detection. As such, it is well suited for measuring, 
monitoring and controlling urban traffic. Connected to Traffic Controllers, the application 
can also be used as automatic incident detection, or for vehicle detection at signalized 
intersections where it is infeasible to install inductive loops. Finally, video detection allows 
for monitoring current traffic flow or get information regarding occupancy of parking 
garages. If needed, they can manage traffic by setting the light signals or dynamic street 
signs accordingly. 

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Successfully implementing a suitable, up to date, connected and intelligent 
transportation system requires an integrated, strategic approach that focuses on a 
city’s ultimate purpose and the role of its citizens.

• A wide range of solutions already exist, policy makers should consider how they 
want to coop with technological solutions.  

• Different approaches could be used to collect, measure and control information 
and data about (urban) traffic. Key is to develop and choose most suitable 
strategic approach that focuses on a city’s ultimate purpose and the role of its 
citizens in both the short and the long term.

TO-03 Dynamic traffic regulation

Fig 1. Heijmans BikeScout constantly monitors the speed and distance of oncombing cyclists

SMART MOBILITY

Dynamic traffic management will become more and more important to manage the 
increasing traffic flows in and around urban areas. Although many technological solutions 
exist to respond to cities and mobility users their desired needs, quite a lot of challenges 
should be overcome. Some of the major challenge can be related to the rapid development 
of the digital age. In other words, how to coop with the different technological developments 
related to the communication infrastructure, are you going to offer free Wi-Fi to your citizens 
allowing for collecting data or are you going to wait for new types of faster communication 
technologies? In addition, how can a municipality deal with encrypted data between for 
example autonomous communicating vehicles, how to apply different types of data, and 
how to integrate these different types of data in an intelligent transport system? Another 
challenge is related to the manner a city wants to measure and control the mobility system. 
A top down approach could be suitable for all or just single specific aspects related to for 
example public transport. On the other hand, a bottom up approach in which citizens provide 
individual travel information for a specific incentive to a city or a private organization can be 
useful to complete the intelligent information system. As with previous technology outlooks, 
key is to develop and choose most suitable strategic approach that focuses on a city’s 
ultimate purpose and the role of its citizens in both the short and the long term.
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Transport safety management is closely related to TO-03. Transport safety management elaborates on the (intelligent) solutions that are available to safeguard the mobility system. 
Communication cooperation on the road considers car to car communication, car to infrastructure communication and vice versa. Car 2 car communication and in-vehicle technologies are 
described in TO-12 in the section about autonomous vehicles. Nevertheless, the goal of cooperative systems is, among others, to use and plan communication and sensor infrastructure to 
increase road safety. 

Text: Roadway safety is a major societal issue. Annually, Many citizens die or become 
injured on the roads of the European Union. Different actions have been carried out by the 
European Commission to strengthen road safety culture across Europe, improved common 
knowledge about the causes of accidents and help to create preventative measures and 
solutions. Cameras or sensors can be embedded in roads, traffic signals, and other strategic 
locations to collect and transmit real-time information about driving conditions, vehicles, 
and potential hazards. These technologies cooperate to make our roads “smarter” and safer. 
Together with the safety developments of the cooperative systems the following examples of 
solutions have been chosen and elaborated:

• Automatic road enforcement is enabled by the use of a traffic enforcement camera 
system, including a vehicle monitoring device. Vehicles who disobey a speed limit or other 
road legal requirement are automatically fined a ticket. A wide range of applications 
include: speed cameras that identify vehicles traveling over the legal speed limit, red 
light cameras that detect vehicles that cross a line while a red traffic light is showing, 
high occupancy vehicle (HOV) lane cameras that identify vehicles that violate HOV 
requirements

• Emergency vehicle notification includes a set of data that contains information about 
the incident occurred. Time, precise location, the direction the vehicle was traveling, and 
vehicle identification are some typical aspects that can be included in the notification. 
Together with emergency vehicle preemption technology, which provides the right of way 
to emergency vehicles at traffic lights, allows one to respond more effectively and quickly 
to traffic incidents.

• Real time sharing of data among traffic managers, emergency responders, police and 
other stakeholders of the mobility system is currently possible through coordinated traffic 
management and emergency operation centres that are equipped with cameras, sensors 
and other technological solutions. This, in turn, contributes to the safety on roads, tunnels, 
bridges and waterways.

• 

Intertraffic world (2016). Intertraffic World: 2016 Showcase. p. 1-272
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Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Successfully implementing a transport safety management requires an integrated, 
strategic approach that focuses on a city’s ultimate purpose and the role of its 
citizens.

• Nowadays almost every mobility activity can be measured and monitored. The 
question is what would you like to be measured, monitored and managed? As 
such, policy makers should aim to set their desired safety management system, 
including underlying aspects, in both the short and the long term.

• Although the goal of cooperative systems is to use and plan communication and 
sensor infrastructure to increase road safety, key for policy makers will be to create 
such a system that enables and allows for the integration of newly developed 
safety solutions. 

Today

Near future challenges

TO-04 Transport safety managementSMART MOBILITY

• Road weather sensors are available and can deliver information to travelers in real-me 
about water on the road, rain, icy roads or fog ahead, and other potentially hazardous 
conditions through dynamic message signs, highway advisory radio, and in vehicle 
systems (e.g. ATIS, please refer to TO-03).

• Intersection collision avoidance systems use both vehicle-based and infrastructure 
technologies (i.e. sensors) to monitor traffic approaching dangerous intersections and warn 
vehicles of approach cross traffic via roadside signage. The system is aimed to reduce the 
number of collisions at intersection. Test deployments have indicated that intersection 
collision avoidance systems are effective in both reducing the number of collisions 
at dangerous intersections and reducing the speed of approaching vehicles. Collision 
avoidance systems also exist as vehicle safety system designed to reduce the severity of a 
collision.  

More and more technological options, services and (mobile) applications to improve the road 
safety will be developed the coming years. Although the goal of cooperative systems is to 
use and plan communication and sensor infrastructure to increase road safety, key will be 
to create such a system that enables and allows for all newly developed safety solutions. 
In addition, nowadays sensors can measure almost everything and are widely applied, e.g. 
in the examples as described above, wildlife detection system or dynamic curve warming 
systems. The question is what local policy makers and local government want to measure 
and monitor in order to improve the management of their safety system. Other important 
aspects will be the developments related to the autonomous vehicles (TO-12). While most 
mass modes of transport, e.g. in the air, on the railway and at sea, have already adopted 
levels of automation to increase safety, cars have the most to gain from catching up with 
the increase offered by automation. The question is then is how to guide and shape these 
developments in line with local (safety) policies and regulations (e.g. TO-19)? Finally, what if 
there is a way to integrate both existing as well as future safety features by allowing vehicles 
to communicate with other vehicles as well as the surrounding infrastructure using wireless 
technology? How do you as policy maker protect the data and (safety) system against 
unauthorized and unwanted visitors, and not unimportant: who will be responsible for hacks 
or malfunctions? 

Fig 1. Traffic enforcement camera
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First four technology outlooks have already highlighted the importance of infrastructure, its intelligence, and the role of infrastructure within the field of Smart Mobility. Today, the 
infrastructure sector faces major challenges such as better, quicker and cheaper production, construction and maintenance. To minimize downtime of infrastructure for maintenance 
activities, the overall quality of the constructions has to be upgraded. The time available for repair and renovate infrastructure are becoming tighter and tighter. Resulting in maintenance 
techniques which have to be speeded up. Furthermore, the environmental regulations with respect to air pollution and noise emissions by traffic and the use of natural raw materials are 
becoming more and more stringent. 

As mentioned before, intelligent infrastructure embeds sensing technologies and the 
equipment it interacts with. These sensors are connected to a (de)central communication 
centre which allows real-time data collection and analysis. With regard to the maintenance 
of infrastructure, the information gathered can be analysed, interpreted and delivered as 
reliable, robust and meaningful information to infrastructure providers. The infrastructure 
providers are then able to make better informed decisions about the structural health and 
maintenance of their assets. In such sensing environment, the physical infrastructure is able 
to respond in real time to citizens’ and users’ needs. Smart, i.e. self-aware, infrastructure 
assets direct their own maintenance, enabling condition-based maintenance, reduced down 
time and greater operational efficiency of the city’s infrastructure. Altogether smart and 
intelligent techniques are required to overcome today’s challenges but fit with citizens’ and 
city’s needs in 20-50 years. The following solutions will possibly contribute.  

• An innovative approach of geo-spatial mapping of road surfaces has been tested by 
Cambridge Centre for Smart Infrastructure and Construction. This novel road mapping 
system uses sensors to measure road height changes and produces a detailed map of the 
road locations that exhibit sharp changes in height. The resulting 3D-topographical map 
identifies the exact location and severity of problem areas as well as the impact on driving 
conditions. In addition, this geo-spatial road mapping method requires no disruption 
to travelers and can be completed without imposing speed restrictions or road closures. 
Moreover, the method is cost effective and enables engineers and asset managers to 
make more effective decisions to better use increasingly limited resources. The geo-spatial 
road mapping method has the potential to be scaled-up to map extensive areas of road 
network.

• Design-models for multimodal streets have been developed during the ‘New Road 
Construction Concepts’ project (EU). When a street has to be rearranged, the process 
from program defined by the local decision maker to the final solution implemented 
is long and proceeds iteratively. One difficulty, in present practice, derives from the 
difficulty of dialogue between specialists (architects, urbanists, etc..) and the other actors 
involved. One of these challenges is linked to the fact that specialists when suggesting 
choice of solutions refer to implicit models, founded on their knowledge and experience. 

EY. (2016). Routes to prosperity: How smart transport infrastructure can help cities to 
thrive. Govern-ment & Public Sector Insights, p. 1-16

Intertraffic world (2016). Intertraffic World: 2016 Showcase. p. 1-272
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The advantage of design models developed in the ‘New Road Construction Concepts’ 
is to clearly explicit criteria for different models of streets, with “advantages” and 
“disadvantages” of each possible solutions for example as regard ambiance, safety, etc. 
More concrete, design-models for multimodal streets, which produced documents focusing 
on expectations and needs for innovation in urban roadway system, specifications and 
concepts for the integration of public transit platforms in urban settings, specifications and 
preliminary concepts for the design of multi-modal streets. 

• The Ecotechnic Road System (ERS) programme, is a concept of an integrated 
infrastructure, based on the most innovative technologies in order to minimise globally 
pollution and disturbance due to traffic (noise, vibrations, air and water pollution). ERS are 
composed by three subsystems. Firstly the pavements subsystem, i.e. resilient, resonant 
and reservoir pavements, Secondly, the barriers subsystem i.e. anti-noise, safety and 
green barriers. And finally, the auxiliary subsystem, i.e. air cleaning unit, ventilation unit, 
ground catalyser, photocatalytic material and coating. The program includes a particularly 
original work regarding mitigation of air pollution in tunnels first, in roads and streets 
secondly, and includes the verification of the use of titan dioxide as air purifier on upper 
layer of pavement or building surfaces in order to reduce air pollution due to traffic. 

• Modular prefabricated pavements goes beyond the traditional method of constructing 
in which a road surface has gradually acquired an amorphous mixture of qualities that 
must fulfil a whole range of functions. The hot-rolled asphalt superstructure evolved over 
time from providing a comfort layer to being a bearing construction, comfort layer, texture 
resistance layer, water drainage layer and noise reducing layer in one. This traditional 
building concept is less flexible in design, construction and maintenance. The functional 
requirements will vary according to place and time. By unravelling the functions and 
developing specific components or modules for each function, a ‘made-to-measure’ road 
surface can be created by stacking the right layers on top of each other, provided that it is 
easy to exchange the modules. The functional approach behind this concept promotes the 
use of the right materials for the special requirements of specific components. The concept 
of modular building also offers possibilities for the indoor manufacture of components 
under controlled production conditions, which provide high quality and accelerated 
introduction of new materials. The assembly of prefabricated components on site will be 
less dependent on weather conditions and thus faster and more flexible than traditional 
construction methods. Furthermore, prefabrication lends itself very well to incorporating 
smart devices, such as monitoring the performance of road components. 

• 3D  printing of infrastructure is a very innovative solution. 3D printing of infrastructure is 
done using large scaled printers that produce a special concrete and composite mixture 
that is thicker than standard concrete. The additional strength enables the concrete to be 
self-supporting as it sets. The concrete structures can be curved and hollowed, allowing 
for less material to be used with fewer design constraints. This development could not 
only benefit the construction process but also the price level for housing. With less labor 
and material expenses, this type of printing could revolutionize the construction industry. 
Currently the 3D printing industry is evolving and new designs are being developed as 
creations. Although substantial progress has been made in the 3D printing industry, the 
printing of infrastructure such as houses and bridges are still in their infancy.

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Today policy makers should think about getting the right group of stakeholders 
together, from the public and private sector, to create, drive and deliver a vision for 
their city.

• Policy makers should seek to create an infrastructure that overcomes today’s 
challenges but fits with citizens’ and city’s needs in 20-50 years. 

• Successfully implementing investment in infrastructure in a city requires an 
integrated, strategic approach that focuses on a city’s ultimate purpose and the 
role of its citizens.

• Local policy makers must ensure that the existing infrastructure is aligned with new 
investments. 

TO-05 Smart infrastructure construction and maintenanceSMART MOBILITY

The continuous increase in the number of vehicles results in continuous rise in traffic 
volumes, and accelerating developments like congestion, wear and tear of structures, and air 
pollution. Decisions about expanding the road network taken yesterday should preferably 
be achieved tomorrow. This implies that the construction of today should fit with citizens’ 
and city’s needs in 20-50 years. Altogether smart and intelligent techniques are required to 
overcome today’s challenges. To minimize downtime of roads for maintenance, the overall 
quality of the structures must be upgraded. The time available for repair and rehabilitation 
work become closer and closer, requiring faster maintenance techniques. Innovation 
related to the maintenance and construction of infrastructure will most likely remain more 
incremental. Such series of upgrades to the existing infrastructure or simply constructing 
more infrastructure helps to maintain or improve its functionality and appropriateness 
in the short-term. However, in the long term new types of infrastructure will be required 
that suits other innovative developments such as autonomous vehicles. Although one 
is aware of the importance of the smart construction and maintenance of infrastructure, 
the question remains how to ensure that appropriate and aligned (long-term) strategies 
are being made by policy makers? Depending on how policy makers envisage the city’s 
purpose and it’ alignment with the current urban structure, it may be that the maintenance 
of existing infrastructures and related assets is more profitable than the use and construction 
of cutting-edge infrastructure. In addition, policy makers should be aware of the long 
project processing times, and capital intensive but also complex (public) investments of 
infrastructural constructions such as roads, tunnels, bridges, waterways and railways.

Fig 1. 3D printed infrastructure
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The flexibility of the increasing number of travellers and their choices can be met by a system of different, interconnecting mobility modes. Data enables interconnection of technology 
and allows cities and organizations to create intelligent systems. Such systems can respond in real time to traveler demand and external conditions, and then begin to predict and avoid 
disruption for passengers (TO-03). The interconnectedness allows for easily transfer between different types of mobility at local, regional and (inter)national hubs at strategic positions 
throughout the city and region. Transport or mobility hubs are therefore defined as places where either passengers, cargo, or both are exchanged between different mobility modes.

Today the need for mobility is likely to increase over time. People like to meet, to gain 
experiences and to have a feeling of freedom. The flexibility of personal choices can be met 
by a system of different, interconnecting mobility modes, reflecting the differences in needs 
and possible solutions throughout the city and region. The highly interconnectedness of a 
variety of mobility modes allows for easily transfer between different types of mobility at 
local, regional and (inter)national hubs at strategic positions throughout the city and region. 
Following examples are a selection of hubs of the future incorporating different mobility 
modes, and solutions described by TO-07, TO-08 and TO-09.

• The micro-cities concept by Volkswagen is a definition that refers to future transportation 
hubs that make the transfers between different means of transportation more often, 
convenient, quick and safe. For example, switching from an e-car in a share fleet to a bus 
or train, and from that to a community car or city bike. According to Volkswagen these 
micro-cities have to be widely distributed throughout the city at close intervals, in both 
central and peripheral locations. The future transportation hubs have to provide easy 
access to public transport stations as well as to major traffic arteries. It is key that micro-
cities provide parking spaces for a mixed target audience. As such, individually owned 
cars, shared cars and bicycles, and charging points for e-cars and e-bikes should be able 
to be parked at the transport hub. Mobile apps should allow to get in, plan trips and book 
vehicles (TO-07). As such, the micro-city will be a central point for switching to different 
modes of mobility: boarding a metro, taking advantage of car sharing and car pools, or 
hiring an e-scooter for those last few metres to the city centre.

• According Siemens, the railway stations of tomorrow will offer multimodal transportation 
options and more effective routes. Additional convenience a comfort for travellers will be 
achieved by integrating stations into the urban environment. For example with links to 
trade and industry, and by providing employment, housing, and recreation opportunities. 
Siemens mention that both public transportation and mobility options, including bicycle 
and electric car sharing, will exist side by side. In addition, they are supplemented by 
intelligently linked information offerings and innovative services. A universal information 
and mobile payment system will aid travellers in selecting modes of mobility (TO-07).

EY. (2016). Routes to prosperity: How smart transport infrastructure can help cities to 
thrive. Government & Public Sector Insights, p. 1-16.

Deloitte. (2015 Transport in the Digital Age: Disruptive Trends for Smart Mobility. Smart 
Mobility, p. 1-24
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Following takeaways includes key issues and insights related to this 
Technology Outlook:

• City policy decisions made today will determine how mobility and car usage evolve 
in the next 10 to 20 years.  

• Policy makers should collaborate with (local) stakeholders to create a mobility 
hub that is more than simply a car park, but integrates mobility services such as 
charging stations, vehicle rental stations and allow for a blend of public and private 
mobility solutions. 

• Policy makers should seek to create a hub that allows for innovative mobility 
services such as (e) car sharing, ride sharing, and personalized mobility advice.

• Policy makers should seek to create a platform that enables data sharing among 
mobility providers that allow for seamlessly connected mobility networks. Today

Near future challenges

TO-06 Mobility hubsSMART MOBILITY

• A transit-oriented development (TOD) is an urban environment with easy access to mass 
transit. In addition, such area often incorporates features to encourage smart mobility 
solutions such as ridesharing, car sharing and bike sharing. A TOD neighbourhood typically 
has a centre with a transit station or stop (train station, metro station, tram stop, or bus 
stop). A station or stop is typically surrounded by relatively high-density development with 
progressively lower-density development spreading outward from the centre.

Inter-modal mobility hubs of tomorrow aim to ensure connections between public transport 
modes, connect other mobility services, and optimize energy efficiency. Near future 
challenge is to create a mobility hub that is more than simply a car park.  Instead it should 
come with integrated mobility services such as charging stations, vehicle rental stations 
and allow for a blend of public and private mobility solutions. Moreover, another core 
challenge is to connect and integrate mobility and other infrastructure into an interactive 
internet of things and services. Ultimately aiming to use these digital technologies to 
solve the demographic, social, economic or environmental challenges of cities. Finally, 
as with infrastructure, the construction of a mobility hub requires a significant amount of 
investments and is rather time consuming. Even though an innovative mobility hub can 
be designed and developed in and around urban areas, the challenge remains to create 
a hub that allows for innovative mobility services such as (e) car sharing, ride sharing, and 
personalized mobility advice. 

Fig 1. 3D printed infrastructure
Fig 1. Example of a transport hub, Graz Austria, by Architizer
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Dynamic pricing, and multimodal ticketing and billing is key for an effective seamlessly connected mobility network. The coming years a revolution will take place in the way transport 
services are booked and paid for. The digitalization of payments will enable innovative ways to charge mobility users on a combination of the type of journey, mobility solutions used and 
other factors such as for instance time of day, previous travel patterns and urgency to travel. Dynamic pricing, and multimodal ticketing and billing can be described as demand driven 
pricing with one integrated (mobile) service for all mobility solutions. 

In today’s era of increasing mobility, multi-modal transport platforms are increasing in 
importance. Travelers are expecting more convenient ticketing options. Mobile boarding 
passes, ticketing and billing have already been embraced by airlines. Public mobility 
operators that have already implemented contactless card platforms are moving towards 
mobile ticketing services. Such services enable travelers to book their tickets on a (multi-
modal) journey. The main challenge today is to integrate all different digital ticketing and 
billing applications into one multimodal mobile ticketing service. Demand driven pricing 
exist in some aspects of mobility for decades, for instance as aviation. The emergence of 
budget airlines and internet booking provided the platform for competition based on price. 
In addition, congestion pricing has been applied in a few urban roads in cities across Europe. 
Congestion pricing is a system of surcharging users of public goods that are subject to 
congestion through excess demand. Below both, dynamic pricing as well as multimodal 
ticketing and billing are elaborated in more detail as solutions for an effective seamlessly 
connected mobility network.

• Dynamic pricing based on demand and supply draw upon large-scale, fine-grained 
historical databases to establish long-term patterns of mobility demand. Together with 
real-time data that reflects short-term fluctuations. Demand driven pricing systems apply 
sophisticated analysis techniques to discover significant inferences from the data. Such 
models will include many parameters and enables pricing to be based on time of day, 
road congestion, carbon emissions and speed. Initially the estimates of parameter values 
will probably be very rough. But, with experience over time, it should be possible to refine 
these values and thus develop very powerful and accurate models. It is also possible to 
integrate mobility on demand systems with travellers’ smartphones. This allows travellers 
to plan and execute multimodal trips that may combine walking, mobility-on-demand, 
and transit. Most transport operators don’t know the personal information of their 
customers in the conventional system, but this will change as we move towards online 
and mobile ticketing since customers will provide their identity when purchasing tickets to 
make the reservation and payment process easier. This data, in turn, will provide a rich set 
of information allowing mobility operators to personalize mobility options and to provide 
special offers. In addition, the data can be used by municipalities to redirect travellers 
to cheaper routes or to charge travellers for what it really costs to maintain the urban 
infrastructural system. Dynamic pricing has not yet been widely applied in cities when 
it comes to driving. It is however emerging when it comes to parking. This development 
allows cities to learn from previous implementation of dynamic pricing. 

Deloitte. (2015 Transport in the Digital Age: Disruptive Trends for Smart Mobility. Smart Mobility, p. 1-24

http://smartcities.media.mit.edu/pdf/Mobility_on_Demand_Introduction.pdf 

http://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetailDoc&id=5783&no=3 

https://en.wikipedia.org/wiki/Congestion_pricing 

https://www.mobility.siemens.com/mobility/global/SiteCollectionDocuments/en/integrated-mobility/integrated-mobility-platform/urban-

transport-2-0-en.pdf 

• Multimodal ticketing and billing integrated in a mobile service enables citizens to manager 
their entire journey from their electronic device. Universal information and payment 
systems can offer travel planning, route optimization, options for alternative transport 
services in case of delays, and a well-considered choice between different mobility 
solutions. By the use of a smartphone, tablet or computer a mobile ticketing application 
registers the various transport services, routes travelled and changes of class for the 
traveller. Using a smartphone or computer, travellers can select their desired destination 
and are shown their personal recommended travel route. Using information from the local 
intelligent transportation system (TO-03) an application or networked car assistance 
system can provide real time information of the (urban) traffic situation. This information 
can, in turn, be used by the application or car system to recommend the best mode 
of transport based on personal preferences (TO-10). During the journey, travellers can 
be informed about any disruptive activities. Multimodal ticketing and billing will allow 
them then to change the booking from operator A with just a few clicks to operator B. 
Hence, the integrated and central billing process allows the mobility services used to be 
calculated together. Ideally, travellers don’t have to book each mobility solution from A to 
B separately. Instead, citizens have to interpret the journey as a whole and then optimize 
it according to personally important criteria. Today many multimodal ticketing and billing 
applications have been developed by a wide range of software developers. The challenge 
is however, how to register and integrate all ticketing and billing information into one 
central system. 

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• City policy decisions made today will determine how mobility and car usage evolve 
in the next 10 to 20 years.  

• Policy makers should seek to create a platform that enables data sharing among 
mobility providers that allow for seamlessly connected mobility networks.  

• Policy makers should support or create a platform to improve interoperability 
between regional and national electronic ticketing systems for public transport.

• An environment that is favourable to providing services that meet travellers’ need 
for information would allow them to make well-informed choices for door to door 
multimodal trips, while facilitating a level playing field for all market participants.

• Policy makers should take the relevance and completeness of multimodal travel 
and traffic data into account during new tenders so that multimodal travel 
information and planning services can be developed.

Many journey planners exist in Europe. Each of it covering one or more transport modes 
and one or more countries. However, today’s market availability is still a long way from 
providing travellers with the information needed to plan a door-to-door trip or book a ticket 
for a journey in Europe, regardless of the number of countries or modes of transport involved. 
Moreover, it is not possible to book an integrated (digital) ticket that connects new mobility 
modes and collectively shared business models integrated for urban areas, regions and cross 
borders journeys. To overcome the current fragmentation, interoperability of existing services 
would need to be encouraged in a coordinated and effective way. In addition to improving 
the interoperability and integration of various ticketing systems, liability and passenger 
rights issues will need to be clarified. In addition it is necessary to maximise the availability 
of data for developing multimodal travel information and planning services. The challenge 
here is to maximise the availability of quality multimodal travel and traffic data while 
increasing its accessibility. From another perspective, it remains a challenge to centralize 
billing processes that collects the data related to all mobility services used. Thereby it 
will also a challenge to integrate services such as (e) car sharing, car-pooling or demand-
responsive mobility, which are more environmentally friendly.

TO-07 Dynamic pricing, and multimodal ticketing and billing

Fig 1. Example of Audi on demand, a mobility program  to reserve an 
Audi by the day for a period of time

SMART MOBILITY
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Shared mobility solutions will continue to grow in significance causing a shift towards sharing services rather than owning products is taking place. This new way of thinking in the form of 
mobility as a service has critical implications for how urban mobility systems are designed, implemented and delivered. In this sense, shared mobility solutions covers solutions related to 
the shared use of vehicles, bicycles or others modes of mobility. 

Mobility as a service describes the shift from personally owned modes of mobility towards 
mobility solutions that are consumed as a services. These new types of services are enabled 
by combining transportation services from both public as well as private transportation 
providers through a unified portal that creates and manages the trip, which users of the 
service can pay for with a personal account. The key concept of mobility as a service is to 
offer travellers and goods mobility solutions based on travel needs (please refer to TO-
16). As such, mobility as a service is not limited to individual mobility, but also covers the 
movement of goods. The shift towards sharing services is fuelled by the emergence of 
innovative new mobility services providers such as ride sharing, bike sharing and car sharing 
programmes. Another important development is that of the autonomous vehicles (TO-12), 
which question the economic benefit on owning a personal care over using on demand 
car services. In addition, the integration of multiple modes of transport into seamlessly 
connected mobility networks (TO-06 and TO-07) in which multimodal bookings and 
payments can be managed collectively. Finally, a breakthrough of mobility as a service may 
cause a decline in car ownership resulting in reduced air pollution and a decrease in traffic 
congestions. Moreover, mobility as a service may improve the efficiency and utilization of 
transit providers that contribute to the overall (regional) transit network. Ultimately, a more 
efficient mobility network coupled with new technology such as autonomous vehicles will 
significantly reduce the cost of public transit. Below a couple of concrete solutions, which are 
part of mobility as a service, are explained.

• (e) Car sharing is a sort of car rental where travellers rent cares for short periods of time. 
The use of car sharing can be either attractive to travellers who make only once in a while 
use of a vehicle or to others who would like to have occasional aces to a certain type 
of vehicle of a different type than the use every day. Car sharing services are already 
available in multiple cities across Europe. Examples of such car sharing companies are 
Zipcar, DriveNow and car2go. Most of the companies provide one way trips in which you 
as customer start at point A and end at point B without returning the vehicle to point A, 
on demand reservations, and specific payment conditions (e.g. pay by the minute). The 

Deloitte. (2015). Reducing congestion and fostering faster, greener, and cheaper transportation options. Smart Mobility, p. 1-48

McKinsey&Company. (2016). Automotive revolution – perspective towards 2030: How the convergence of disruptive technology-driven trends could 

transform the auto industry. Advanced Industries, p. 8-20

http://www.acea.be/ 

http://sharedusemobilitycenter.org/what-is-shared-mobility/

https://www.apta.com/resources/reportsandpublications/Documents/APTA-Shared-Mobility.pdf 

http://innovativemobility.org/wp-content/uploads/2015/11/SharedMobility_WhitePaper_FINAL.pdf 

https://en.wikipedia.org/wiki/Mobility_as_a_service_(transport) 

http://www.nextbike.net/products/public-bike-sharing/ 

http://thecityfix.com/blog/stopping-carsharing-report-4-challenges-holding-emerging-markets-back-heshuang-zeng/ 

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Shared mobility solutions will continue to grow in significance, and public entities 
should identify opportunities to engage with them to ensure that benefits are 
widely and equitably shared.

• City policy decisions made today will determine how mobility and car usage evolve 
in the next 10 to 20 years.  

• Policy makers should seek to create a system that enables sharing opportunities 
among mobility providers that allow for mobility as a service

• It remains a challenge to centralize billing processes that collects the data related 
to all mobility services used. As such, policy makers should enable the possibility 
for mobility providers to integrate mobility services such as (e) car sharing, car-
pooling or demand-responsive mobility, which are more environmentally friendly.

Today

Near future challenges

TO-08 Shared mobility solutionsSMART MOBILITY

expansion of car sharing is changing the mobility landscape in urban areas. The growing 
popularity of car sharing is no surprise since vehicles are unlikely to be replaced anytime 
in the foreseeable future. From another perspective it seems clear that consumers today 
user their cars mostly as all-purpose vehicles. In future travellers and former car owners 
may want the flexibility to choose the best solution for each specific purpose, on demand 
and via their computer of smartphone. The shift to shared mobility enables travellers to 
use the optimal solution for each purpose and will consequently lead to new segments of 
specialized vehicles designed for specific needs. 

• Bike sharing, is a service in which bicycles are (quickly) made available for shared use 
to individuals. The central concept of bike sharing systems is to provide either free or 
affordable access to bicycles for short-distance trips in an urban area as an alternative 
to motorised public transport or private vehicles. Thereby the bike sharing systems aim 
to reduce traffic congestion, air pollution and noise. Schemes for bike sharing allow 
people to borrow a bike from point A and return it at point B. Bike share systems often 
offer subscriptions that make, for instance, the first 30 minutes of use either free or rather 
inexpensive, to encourage the use as transportation. This allows each bike to meet the 
demand of several users per day. Bike sharing systems, including availability, are usually 
shown by smartphone mapping applications. In general the bicycle sharing systems can 
be divided in community bike programmes and public bike programmes. Community 
bike programmers are mostly organized by local communities or non-profit organizations. 
On the other hand, public bike sharing systems are mostly implemented by government 
agencies, for instance in a public and private partnership. 

• Ride sharing is the sharing of vehicles by passengers to reduce the number of trips, 
traffic congestion and air pollution. The best part of rides haring lies in the fact that it 
exploits underutilized resources, i.e. the empty seats in cars. Carpooling, and transit or 
public transport are types of transportation that are consider ridesharing. Despite the fact 
that carpooling is a well-known mobility solution, there are several factors such as new 
technologies enabling real-time matching, changing attitudes toward car ownership, 
the growth of the sharing economy, and the increasing number of managed lanes that 
provides incentives for carpooling, that provide significant opportunities to revive ride 
sharing. 

Mobility as a service accompanied by shared mobility solutions is new way of thinking in 
the form of that has critical implications for how urban mobility systems are designed, 
implemented and delivered. This brings along challenges related to how transport 
infrastructure should look like, e.g. is the public transport system still sufficient, or are there 
enough parking spaces for car sharing on street or public garage? In addition the governance 
of mobility as a service is challenging in the sense of the lack of knowledge about insurance, 
procedures for checking driving record and a lack of personal credit system. From a user 
perspective, the potential users currently have a strong desire for car ownership and usage. 
In addition, current majority of citizens are unfamiliar with car sharing service and may have 
limited driving experience. Finally, from a business perspective mobility as a service requires 
high capital investments and it may be difficult to reach a certain level of operation scale.

Fig 1. Example of a car2go carsharing solution
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Public mobility services is defined here as a combination of public transport and taxi services. Public transport is a shared passenger transport service available for use by general public. 
Public transport includes many transport modes such as city buses, trams, trains, metros, and ferries. A taxi is defined as a vehicle for hire with a driver, used by a single or a small group of 
passengers. Public mobility services can be closely related to TO-06: Mobility hubs, and TO-07: dynamic pricing, and multimodal ticketing and billing. 

Today public transport is getting personal and travel demand is dynamic. Moreover, users 
want to dictate what they want from transport and have increasingly high expectations 
of operators’ reliability and customer service. In addition, public transport across Europe 
is enjoying high levels of popularity. In line with the increasingly growing population and 
increase in number of people that will live in urban areas, the demand for public transport 
continues to grow year on year. Moreover, to meet the future challenges for urban mobility, 
transport operators must offer public services so convenient to use that they are preferred 
to the private car. More concrete, in order to respond to aforementioned developments and 
challenges the (public) transport system, including smart vehicles, has to be smart. This 
requires a demand driven mobility system that would allow citizens to have a wide range of 
(interconnected) alternatives in routes and forms of transport. Such a range of alternatives 
among public and private transport providers provides a freedom in choice in the fastest, 
friendliest, or cheapest way of getting anywhere the citizen need to go at any time. TO-
07 Dynamic pricing, and multimodal ticketing and billing already described the main 
possibilities for innovation on the short term. Thereby, the adoption of digital solutions will 
also enable operators to deliver their services more safely and efficiently. Below a couple of 
examples related to public transport are explained in more detail. 

• Different new types of taxi services are available nowadays. Perhaps most innovative but 
also most controversial is Uber. Uber is a ride sharing network and built to circumvent the 
expensive and substandard service of monopoly cab companies. Uber uses smartphone 
connectivity that dispatches rides, tracks fares, bills customers, and pays the drivers. Uber 
is run entirely as a virtual company, with its drivers being outsourced contractors. Due to 
its disruptive character Uber has been banned in parts of Europe.

• Fully integrated and real time information systems for fleet management contributes to 
overcome daily operational challenges. Although a fleet management system can be seen 
more as an incremental innovation, it significantly enhance transit agency’s capabilities 
and provide managers dynamic information which can ensure that passengers 
experience public transit as reliable, convenient, fast and safe. Global positioning system 
(GPS) information can be used to manage fixed routes, demand response and support 
vehicles. Altogether the use of GPS and its applications enable optimal vehicle utilization, 
efficient fleet management, and improved on-time performance. When operators are 

able to pinpoint the location of each of their vehicles they are also able to respond more 
adequately to emergencies which, in turn, increase customer safety. As with TO-07 
(Dynamic pricing, and multimodal ticketing and billing), passengers will benefit from real-
time information related to scheduling, and stops at transit centers or bus shelters. 

• Personal rapid transit (PRT) is an innovative form of transportation that uses small 
vehicles, also referred to as Podcars for travelling autonomously through a guided system. 
PRT vehicles are sized for individual or small group travel, typically carrying no more than 
three to six passengers per vehicle. Podcars have already been implemented.. The largest 
advantage of Podcars is the relatively low infrastructure cost due to its simple concrete 
guide system, off-the-shelf components and on-board control units. Currently only four 
PRT systems operate globally, but there are plans for more extensive networks in the 
future. One of the PRT systems are being used between Heathrow Terminal 5 and the 
business carpark in the United Kingdom

• The Hyperloop is one of the latest inventions of Elon Musk (inventor of SpaceX and Tesla). 
Hyperloop will be designed for the high speed transportation of passengers and goods in 
tubes over long distances. The network operates by sending capsules through a partial 
vacuum on ‘air-bearings’. This technique reduces drag and allows the capsule to travel 
at speeds of up to 1.200 km/h. Hyperloop technology has been explicitly open-sourced 
by Elon Musk and his company SpaceX. Hence, others have been encouraged to take 
the ideas and further develop them. As such, several companies have been formed, and 
dozens of interdisciplinary student-led teams are working to advance the technology. 
Today the project is still in progress and SpaceX is interested in helping to accelerate 
development of a functional Hyperloop prototype.

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Successfully implementing investment in public transport solutions and 
infrastructure in a city requires an integrated, strategic approach that focuses on a 
city’s ultimate purpose and the role of its citizens.

• A wide range of public transport solutions already exist and is applicable to exploit 
current infrastructure. However, policy makers should consider how they want to 
coop with future (disruptive) technological solutions and services (e.g. Uber) 

• To meet the future challenges for urban mobility, transport operators should offer 
public services so convenient to use that they are preferred to the private car

• Policy makers should seek to create a public transport system that overcomes 
today’s challenges but fits with citizens’ and city’s needs in 20-50 years. 

• Local policy makers must ensure that the existing infrastructure is aligned with new 
investments. 

• See TO-08, TO-07 and TO-06 for more public transport related takeaways.

In line with the increasingly growing population and increase in number of people that will 
live in urban areas, the continuous increase in the number of vehicles results in continuous 
rise in traffic volumes, and accelerating developments like congestion and air pollution, the 
demand for public transport continues to grow year on year. Besides the growing demand 
all modes of (public) transport should remain safe, convenient, accessible, fast, flexible and 
affordable for all citizens and travellers. Depending on how policy makers envisage the city’s 
purpose and it’ alignment with the current urban structure, it may be that the incremental 
improvement and management of current public mobility systems is more profitable than 
the use and construction of cutting-edge public transport solutions. In addition, policy 
makers should be aware of the long project processing times, and capital intensive but 
also complex (public) investments of the often required infrastructural constructions such 
as roads, tunnels, bridges or railways. In addition, policy makers face significant challenges 
related to the management of future (disruptive) technological solutions and services (e.g. 
Uber). As such the greatest challenge that policy makers face is to create a public mobility 
system that meets today’s demands but fits with citizens’ and city’s needs in 20-50 years.

TO-09 Public mobility services

 Fig 1. Heathrow Podcars

SMART MOBILITY

Deloitte. (2015). Reducing congestion and fostering faster, greener, and cheaper transportation options. Smart Mobility, p. 1-48

Deloitte. (2015 Transport in the Digital Age: Disruptive Trends for Smart Mobility. Smart Mobility, p. 1-24

Intertraffic world (2016). Intertraffic World: 2016 Showcase. p. 1-272

https://www.accenture.com/lv-en/insight-acn-public-transport-survey 

http://www.spacex.com/hyperloop 

https://www.uber.com/ 

https://en.wikipedia.org/wiki/Public_transport#Environmental 

http://www.nextbike.net/products/public-bike-sharing/ 

http://www.gizmodo.com.au/2015/05/crossrail-to-hyperloop-the-worlds-most-innovative-public-transport-systems/ 

http://www.nber.org/papers/w22083 

https://en.wikipedia.org/wiki/Personal_rapid_transit 
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Personalized route recommendation, planning, and mobility package includes all aspects that are related to mobility a la carte. This technology outlook sheet is closely related with TO-07 
Dynamic pricing, and multimodal ticketing and billing since the digitalization of payments will enable innovative ways to charge mobility users on a combination of the type of journey, 
mobility solutions used and other factors such as for instance time of day, previous travel patterns and urgency to travel. Personalized recommendation of satisfactory routes for driving 
requires, in turn, suitable data about the road network (TO-03) and an individual’s relative weighting of available factors.

Today most transport operators don’t know the personal information of their customers 
in the conventional system, but this will change as we move towards online and mobile 
ticketing since customers will provide their identity when purchasing tickets to make 
the reservation and payment process easier. This data, in turn, will provide a rich set of 
information allowing mobility operators to personalize mobility options and to provide 
special mobility packages. In addition, the data can be used by municipalities to redirect 
travellers to cheaper routes or to charge travellers for what it really costs to maintain the 
urban infrastructural system. In addition, information from local intelligent transportation 
system (TO-03) can provide real time information of the (urban) traffic situation. This 
information can, in turn, be used by the application or car system to recommend the best 
mode of transport based on personal preferences (TO-10). Furthermore, multimodal ticketing 
and billing integrated in a mobile service enables citizens to manager their entire journey 
from their electronic device. Universal information and payment systems can offer travel 
planning, route optimization, options for alternative transport services in case of delays, and 
a well-considered choice between different mobility solutions in order to create a suitable 
personalized mobility package. Finally, user centricity and automation will come together to 
offer a more enjoyable travel experience with. 

• The ultimate solution provides an application and system in which travellers don’t have 
to book each mobility solution from A to B separately. Instead, citizens, or the smart 
systems itself, have to interpret the journey as a whole and then optimize it according 
personalized preferences. Cross-provider ticket can be booked immediately, including 
personal reservation preferences if required. A corresponding mobile application then 
shows what seats are reserved or still available – while the operator is informed of the 
remaining capacity in real time. During the entire journey, customers are actively informed 
about any disruptions, changes or alternative services according to their location, 
preferences and chosen destination. Changes can be made to reservations and plannings 
with just a few clicks. As with TO-07, integrated billing process allows all the mobility 
services used to be calculated together. Mobile ticketing (e.g. Siemens eTicketing) register 

http://smartcities.media.mit.edu/pdf/Mobility_on_Demand_Introduction.pdf 

http://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetailDoc&id=5783&no=3 

https://en.wikipedia.org/wiki/Congestion_pricing 

https://www.mobility.siemens.com/mobility/global/SiteCollectionDocuments/en/integrated-mobility/integrated-mobility-platform/urban-

transport-2-0-en.pdf 

https://www.hsl.fi/sites/default/files/uploads/kutsuplus_slides.pdf 

http://www.transportnewsbrief.co.uk/bus-and-coach/autonomous-buses-trial-helsinki/ 

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Policy makers should seek to create a platform that enables data sharing among 
mobility providers and other stakeholders that allow for seamlessly connected 
mobility networks allowing for personalized advice.   

• An environment that is favourable to providing services that meet travellers’ need 
for information would allow them to make well-informed choices for door to door 
multimodal trips, while facilitating a level playing field for all market participants.

• Policy makers should take the relevance and completeness of multimodal travel 
and traffic data into account during new tenders so that multimodal travel 
information and planning services can be developed.

Today Near future challenges

TO-10 Personalized route recommendation, planning, and 
mobility packageSMART MOBILITY

the various transport services used, routes traveled and changes of class. Travellers are 
only charged the cheapest fare option for the services they have actually used. In the end, 
travellers receive a single invoice. Today many multimodal ticketing and personalized 
route recommendation applications (e.g. google maps or Apple’s navigation) have been 
developed by a wide range of software developers. The challenge is however, to register 
and integrate all ticketing, billing and travelling information into one central system. An 
important issue throughout the personalized route recommendation, integrated billing, 
and mobility package process is data security. Nowadays, high security standards are 
applied to solutions with real-time data processing of travel routes and route based billing. 
The route data is often kept separate from the personal data for a very long time, and only 
brought together when calculating service provider’s invoice. 

• The Kutsuplus trial (Helsinki) was a real life demand-responsive transport service. More 
concrete, Kutsuplus is an intelligent bus service, whose route as determined by the 
customers. In practice, it was a comfortable mini-bus vehicle that took customer from 
the bus stop nearest to his/her location, to the bus stop nearest to the destination point. 
The service could be booked online or via mobile phone. The main advantage was that 
Kutsuplus buses don’t follow the routes of the regular buses, but take the customer to 
the destination via the shortest route. Kutsuplus had a flexible system of fares: “normal”, 
“economy” and “express” which could be aligned with personal preferences. Finally, it 
turned out that operating the mobility on demand bus system has proven difficult. The 
smart municipal bus service, Kutsuplus, which integrated a system similar to Uber and 
other app-based ride hailing services, was shut down after a year due to costs and the low 
volume of passengers.

Many journey planners exist in Europe. Each of it covering one or more transport modes 
and one or more countries. However, today’s market availability is still a long way from 
providing travellers with the information needed to plan a door-to-door trip or book a ticket 
for a journey in Europe, regardless of the number of countries or modes of transport involved. 
Moreover, it is not possible to book an integrated (digital) ticket that connects personal 
favoured mobility modes and collectively shared business models integrated for urban areas, 
regions and cross borders journeys. To overcome the current fragmentation, interoperability 
of existing services would need to be encouraged in a coordinated and effective way. In 
addition it is necessary to maximise the availability of data for developing multimodal 
travel information and planning services that contribute to an optimal personalized route 
recommendation and planning system that allow to create your own personal mobility 
package. The challenge here is to maximise the availability of quality multimodal travel and 
traffic data while increasing its accessibility. From another perspective, it remains a challenge 
to centralize billing processes that collects the data related to all mobility services used. 
Thereby it will also a challenge to integrate services such as (e) car sharing, car-pooling or 
demand-responsive mobility, which are more environmentally friendly. 

Fig 1. Ford city driving on demand experiment in London
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A zero emission vehicle is a vehicle that produces no harmful emissions from its fuel system. Zero emission vehicles are the goal in green motoring, and fall in two distinct categories. The 
first are the most common battery-powered electric cars which produce no emissions of any kind. Electric vehicles can be recharged by plugging in to the already existing power grid of be 
recharged with locally generated renewable energy. The second category includes hydrogen fuel cell models which make use of a chemical reaction to produce electricity by combining 
hydrogen with oxygen. 

Today, mobility is a major consumer of energy. Besides the growing production and 
use of zero-emission vehicles, the new generation vehicles have the potential to be used 
for (local) energy storage. The increase in the number of zero-emission vehicles, mainly 
electric, requires a suitable charging infrastructure to charge and compensate the current 
(low range) battery capacity. The development of sustainable mobility solutions is 
therefore closely related to the charging infrastructure (TO-02), and Smart (public) mobility 
system and vehicles. Both electric vehicles as well as hydrogen vehicles require a suitable 
infrastructure for energy supply. The current lack of battery capacity for electric vehicles 
can be compensated by the construction of a suitable charging infrastructure. Hydrogen 
fuelling stations are rather expensive (approx. 1 million dollar) and easily take a one and half 
year to construct. As a result, very few of hydrogen fuel cells models are on the roads, due 
to both high development costs and a lack of hydrogen infrastructure. With regard to the 
development of a charging infrastructure for electric vehicles, both slow and fast chargers 
has become standardized. In addition, the costs are coming down as a result of growing 
economies of scale. When an extensive (local) network has been created a city can enable 
smart charging to balance energy demand and supply between vehicles, households and 
other energy consuming structures. The digitalization enables and leverages innovative 
and smart solutions, e.g. in the form of applications and smart charging. The charging 
infrastructure for zero emission vehicles deals with the supply of energy for zero emission 
vehicles. Below different solutions of zero emission vehicles are explained:

• Electric last mile delivery vehicle is a solution that is closely linked to TO-16 Multimodal 
(freight) transport and logistic solutions. The movement of goods between a transportation 
hub to the final delivery address is generally known as the ‘last mile’. The last mile is an 
important part of the supply chain where environmental and efficiency gains can be 
made. Besides, consolidating loads, the utilization of electric vehicles can improve the 
last mile in a more sustainable way. The electric last mile delivery vehicle has already 
been integrated by Post DHL for urban delivery. The use of electric vehicles in the delivery 
process would be an opportunity to decrease the use of diesel, which is not cost effective 
anymore for short journeys. In addition, electric last mile delivery vehicles decrease noises 
and reducing carbon emission in urban areas. Regarding the electrification of the driveline 
of trucks, the development is now in full swing. Concepts for fully electric trucks have been 
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in the making for several years. Some ‘smaller’ goods delivery solutions already exist. The 
first electric tractor is expected to be completed shortly, followed by 100% electric larger 
trucks in a later stage.

• Electric busses are powered by electricity which is either stored in an on board battery or 
supplied by overhead lines. Nowadays, electric buses are regularly used in urban areas. 
Similarly to electric vehicles, it is likely that the development of the battery technology 
will determine whether the technology will be adopted broadly by the transit industry. 
Also innovations regarding charging will determine the adoption rate of electric vehicles. 
Today, many innovative initiatives such as fast-charging, opportunity charging, inductive 
charging, or the use of conventional overhead lines result in a situation where there is never 
a range limitation. As a result, continuous operation of electric buses is already possible 
nowadays.

• The ‘normal’ electric vehicle is probably most well-known zero emission solution. An 
electric car is an automobile that is propelled by an electric driveline that uses electrical 
energy stored in rechargeable batteries. Fully electric vehicles are significantly quieter 
than conventional internal combustion engine automobiles. Because of the fact that 
they do not emit tailpipe pollutions, the electrical driveline gives a significant reduction 
of local air pollution contributing to a reduction in greenhouse gas or other emissions. 
Besides the fully electric vehicle, there are intermediate solutions such as the plug in 
hybrid electric vehicles (PHEVs) which is powered by both petrol and electricity. Stricter 
emission regulation by both national as well as local governments, decrease in battery 
costs, a widely available charging infrastructure, and increasing consumer acceptance will 
create support for penetration of electrified vehicles in the coming years. Important factors 
that determine the speed of adoption are the interaction of consumer pull (partly driven 
by total cost of ownership) and regulatory push, which varies strongly at the regional 
and local level. However, the total cost of ownership will be not a major issue in urban 
environments where e-car sharing is largely adopted.

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Local as well as national governments should encourage the very cleanest vehicles 
as much as possible to speed up the adoption of zero emission vehicles.

• Policy makers could adopt a regional perspective to decrease misalignments. 

• Successfully implementing investment in sustainable infrastructure for zero 
emission vehicles in a city requires an integrated, strategic approach that focuses 
on a city’s ultimate purpose and the role of its citizens and other stakeholders. 

• A wide range of infrastructural and energy related solutions already exist, policy 
makers should consider how they want to coop with technological solutions.  

• Policy makers should aim to set a responsible standard of sustainable design for 
zero emission vehicles in both the short and the long term.

• Sustainable design and zero emission vehicles need to balance social, economic 
and environmental issues. 

Nowadays several solutions exist that contribute to an emission free urban area. These 
solutions have the potential to shape the urban area according to cities’ visions, structure 
and desired state of the mobility system. Although there are still some challenges to 
overcome in the coming years, quite a lot sustainable technological solutions exist. The 
main challenge for policy makers is perhaps to encourage the adoption of the very cleanest 
vehicles as much as possible, e.g. by means of tax credits, subsidies, or other incentives. 
Depending on how policy makers envisage the city’s purpose and it’ alignment with the 
current state, it may be that the encouragements of the existing set of zero emission 
solutions and required infrastructure is more profitable than waiting on the next generation. 
The challenge of investing now versus waiting on better solutions is one of the major 
challenges for policy makers since today’s decisions should fit with citizens’ and city’s needs 
in 20-50 years. This also requires an intelligent approach and design of public transport 
tendering, i.e. should you choose for the conventional best-practices, invest in innovative 
(zero emission) technology, or leave space for sustainable solutions in future? In addition, if 
the metropolis expands, local policy makers will need either the cooperation of surrounding 
municipalities, regional service providers, or both. Without this, the result will likely be local 
competition and conflict, over- or underinvestment in (energy) infrastructure because of 
investment concerns and confusion over roles and responsibilities.

TO-11 Zero emission vehicles

Fig 1. Electric bus developed by VDL
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Autonomous and fully connected mobility solutions have recently become hot topics. Autonomous vehicles or driverless vehicles are vehicles that are capable of sensing its environment 
and can guide itself without human conduction. Connected mobility solutions or vehicle to vehicle communication can be seen as a precondition for autonomous vehicles. Connected 
mobility solutions allow vehicles to broadcast their position, speed, steering-wheel position, brake status, and other data to other vehicles. Other vehicle can use such information to create a 
sophisticated picture of what is happening around them. Both connected mobility solutions and autonomous vehicles are likely to improve (urban) traffic flows and safety, and decrease air 
pollution and traffic congestion. 

Today, the developments of autonomous vehicles and advanced driver assistance systems 
(ADAS) are in progress. Fully autonomous vehicles are likely to be commercially available 
by 2020. The autonomous technology increasingly allow the vehicles to become a platform 
that allows the users to use their transit time for work or personal activities. Transport 
systems in the autonomous age have the ability to continuously be connected and learn, 
take decisions in real time based on extensive quantities of information, and to predict and 
anticipate ahead. The interconnection of technology and data allows for the creation of 
intelligent transport systems (TO-03). Such a system will respond in real time to traveller 
demand, preferences and external conditions. This results in a mobility system that start to 
predict and avoid disruption for passengers. All in all it (digitally) connects transport networks 
so that the transition from one mode to the next is smooth and seamless (TO-06 and 
TO-07). Transportation of goods and public transport in future has also be the potential to 
become fully autonomous, intelligent and fitted to citizens’ needs. The further digitalization 
will facilitate city citizens to plan their travels and supplies by mobile devices. Unlike most 
mass modes of (public) transport that have already adopted a certain degree of automation 
to increase safety, vehicles have the most potential to gain from automation. This is because 
automotive is the most likely to suffer from human failure. Altogether, the emergence of 
autonomous vehicles may be accompanied by a shift towards electric vehicles and mobility 
as a services. Digital security regarding a fully connected autonomous transport system, 
including autonomous vehicles, signalling systems and infrastructure gets a pivotal role in 
the success of connectivity, robotising, and safety. Below a set of autonomous as well as 
connected mobility solutions are explained. 

• Existing technologies already enable ADAS functionality we rely on today. From cruise 
control, anti-lock brakes, and lane departure warning systems through to automatic 
steering and braking intervention, interconnected sensor data is making the car ever 

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Policy makers should aim to set a responsible standard of safe, sustainable and 
legally approved design for autonomous vehicles in both the short and the long 
term.

• Successfully implementing investment autonomous vehicles in a city requires an 
integrated, strategic approach that focuses on a city’s ultimate purpose and the 
role of its citizens and other stakeholders. 

• Policy makers could adopt a regional perspective to decrease misalignments 
during the implantation and testing

• Policy makers should seek to create a (autonomous) mobility system that 
overcomes today’s challenges but fits with citizens’ and city’s needs in 20-
50 years. Key is to ensure that existing mobility system is aligned with new 
investments and technologies. 

Today

Near future challenges

TO-12 Autonomous and connected mobility solutionsSMART MOBILITY

safer for road users. The shift from ADAS towards self-driving vehicles is technology 
enabled. Moreover, sensing the car’s environment is a key ingredient of effective ADAS 
and autonomous vehicle. Nowadays securely connected both internally within the car and 
externally to transport infrastructure (TO-03) is helping to make self-driving cars reality. 
Wireless communication with the wider environment and infrastructure via intelligent 
transport systems (TO-03) allows connected cars to adapt to changing road conditions 
to keep journeys as safe and efficient as possible. By having cars ‘talk’ to each other, i.e. 
vehicle to vehicle communication, one can reduce the risk of accidents and streamline road 
traffic, reducing costs and emissions. Automotive radar systems can constantly sense 
the distance between vehicles in real-time, improving driving efficiency and safety with 
enhanced collision-avoidance and emergency braking systems. Finally, vision systems 
such as cameras make manoeuvring easier and safer. In addition, vision systems can 
also enable features such as traffic sign recognition. Today, aforementioned solutions are 
available and in some cases have already been integrated by major car manufactures. 

• Connectivity, and later autonomous technology, will increasingly allow the car to become 
a platform for drivers and passengers to use their transit time for personal activities, 
which could include the use of novel forms of media and services. The increasing speed 
of innovation, especially in software-based systems, will require cars to be upgradable. 
As shared mobility solutions will become more common, customers will be constantly 
aware of technological advances, which will further increase demand for upgradability 
in privately used cars as well. Similarly, penetration of autonomous technology and 
electric powertrains would most likely be led in dense high-income cities which have 
a well-established car base, increasing regulatory pressure against vehicle emissions, 
and where the cost of technology features represents a lower proportion of income. 
Automated vehicles are currently being developed for consumers accompanied by the 
emergence of new mobility modes. Most concrete example is the Tesla Model S autopilot 
kitt. It is expected that consumers begin to adopt self-driving vehicles around 2030. 
Important aspects are the reshape of the after-sales services, insurance shift from covering 
individuals to covering technical failures, and redefinition of the supply chain and logistics. 
The adoption of automatic vehicles will increase over time and consequently automatic 
vehicles will become the primary means of transport. 

Autonomous technology accompanied by electric vehicles have much potential. However, 
the extent of diffusion over the next decades will depend on overcoming challenges. Firstly, 
ADAS plays a crucial role in shaping and preparing policy makers, consumers, regulators 
and other stakeholders for the reality of autonomous mobility solutions. More concrete, 
consumer acceptance will potentially represent a hurdle for the diffusion of autonomous 
vehicles. Moreover, the technological developments are evolving rapidly. However, the 
implementation of automatic vehicles remains a challenge due to current (inter)national 
legislation and regulations and safety challenges. The biggest implementation challenge is 
perhaps the complexity of mixed operation with ‘traditional’ and autonomous vehicles, and 
all other road users who are all sharing the same (urban) road network.

Deloitte. (2015). Reducing congestion and fostering faster, greener, and cheaper transportation options. Smart Mobility, p. 1-48

Deloitte. (2015). Transport in the Digital Age: Disruptive Trends for Smart Mobility. Smart Mobility, p. 1-24

McKinsey&Company. (2016). Automotive revolution – perspective towards 2030: How the convergence of disruptive technology-driven trends could 

transform the auto industry. Advanced Industries, p. 8-20
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 Fig 1. A Tesla sensing its environment
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Virtual reality and mobility covers solutions that can be used to reduce the urgency to travel and therefore may have a significant influence on cities’ mobility systems. Virtual reality in this 
sense applies to technological solutions that create, or communicate via a digital environment. 

Today many different, computer technology enabled, solutions exist that can contribute 
to the city’s ultimate purpose and the role of mobility, its citizens and other stakeholders. 
Moreover, computer technology has already radically change the world. But new 
technological solutions such as virtual reality have the potential to impact the business 
world in the near future, for example by reducing the urgency to travel by creating a digital 
working environment. Although the real impact of technological developments such as the 
VR glass and Holograph solutions on daily life are still a bit vague due to the novelty of 
the solutions, their potential impact in future is rather high. Below Skype, VR glass, and the 
Microsoft HoloLens are explained.

• Skype is an application that provides voice call as well as video chat. Users are also able to 
exchange digital documents such as text, videos or images. Skype allows the creation of 
video conference calls. Skype can be used for all purposes, and as such also for business 
purposes. Skype for business contributes to work more effectively, but generally also 
reduce the need to travel. Regarding the latter, digitally communicating with clients or 
colleagues wherever you are in the city, country is in first place key for business, but also 
reduces business travelling. Using Skype enable users to cut down non-essential business 
travel. A Skype video call is a suitable replacement or a face to face meeting and enables 
users to conduct meetings, project collaboration discussions, or group discussions which 
otherwise required travelling. Nowadays Skype, or maybe solutions as FaceTime or 
Whatsapp, are maybe seen as a relatively straightforward solution to reduce (business) 
travelling. But all in all it has been reducing the need to travel over time.

• VR Glass uses virtual reality which is a computer technology that uses software generated 
images, sounds and other aspects to replicate or generate a real environment and 
simulating the presence of the user in the environment to enable the user to interact with 
this space. Sony, Samsung and HTC are just a set of companies that have been working 
on VR Glasses. VR Glasses have the potential to change the entire way of working and 
living in future. The developments related to VR Glasses are therefore also of interest 
for the mobility system, specifically since VR Glasses can reduce the need to travel. For 
instance, PowerPoints are now already embed in VR meaning that central meetings, 
travel and related mobility demands become insignificant. In addition, VR can be used for 
infrastructural, architectural or urban design which eliminates the need to make physical 
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miniatures to demonstrate a design to clients or the public or to experience the designs 
they are working on before they are built. VR can also be used for healthcare or retail. VR 
allows retailers’ products to be seen in virtual reality. Thereby, it gives consumers a better 
idea of how the product will fit into their home, or to allow the consumer to get a better 
look at the product from home. This in turn, decrease the need for customers to travel.

•  The HoloLens from Microsoft is probably best known and most relevant holographical 
solution Holography is the science and practice of making holograms. A hologram is a 
photographic recording or a light field instead of an image formed by a lens. Holograms 
are used to display a full three dimensional image of the subject of choice. As with 
VR Glasses, holography and the HoloLens have many applications that may reduce 
the need to travel. Just a few of the applications are, implementation of the Skype 
telecommunications application by Microsoft, a full scale 3D modelling application, and 
security holograms which are difficult to forge.

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Virtual reality and mobility covers solutions that can be used to reduce the urgency 
to travel and therefore may have a significant influence on cities’ mobility systems. 
The implications for mobility are, however, not yet clear today. For policy makers it 
is therefore challenging to define and 

• Nevertheless, policy makers could track the developments around virtual reality, 
related implications and the possibilities that virtual reality offers to overcomes 
today’s challenges but fits with citizens’ and city’s needs in 20-50 years.  

Virtual reality and the purposes for mobility are rather new. Besides the technological 
challenges virtual reality has been facing, the implications for mobility are not yet clear. This 
makes it quite difficult to provide concrete challenges and implications for urban mobility.

TO-13 Virtual reality and mobility

Fig 1. Microsoft HoloLens
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Safe and embedded system design covers and summarizes a wide range of solutions and examples that have been explained on previous technology outlook sheets. In this sense, a safe 
and embedded system design means a safe IT and data infrastructure that respects privacy, applying to all embedded systems that collectively build the intelligent transportation system 
(TO-03) and connected mobility solutions (TO-12). In addition, transport safety management has been using a safe and embedded system design as input. 

Robustly interconnected systems and the increasing availability and importance of big data 
will play a significant role in enabling urban mobility systems in the years ahead. These 
technological developments will allow transformative advancements in transit resilience and 
responsiveness, while simultaneously raising critical questions around security and privacy. 
As such, the digital age in the urban mobility sector requires a suitable digital security 
system in different ways. Moreover, digital security regarding a fully connected autonomous 
mobility system, including autonomous vehicles, signalling systems and infrastructure gets 
a crucial role in the success of connectivity, robotising, and safety. With regard to connected 
vehicles the following risks and issues can be identified: vehicle theft because of a digital 
attack, motor management manipulation because of unauthorized remote control, data 
loss causing privacy issues, software updates that are unreliable and unauthorized, and 
finally one can question the reliability of the sensor data of the smart mobility and intelligent 
transportation system. From a human perspective, it can be expected that for a generation 
who has been used to owning vehicles, emerging services in the sharing economy may seem 
strange, despite their ability to provide access to transportation meeting their individual 
needs. Altogether, public safety, accessibility and efficiency are key factors determining 
travellers’ mobility journey. Applications that are able to monitor and anticipate travellers’ 
needs, while providing them with secure data and real-time guidance make travellers’ 
mobility experience virtually anxiety free. In addition, seamless payments based on 
biometrics identification may also make travelers less susceptible to security threats such as 
fraud or theft. 

• Today a number of original equipment manufacturers (OEM), including Tesla, Fiat Chrysler 
and GM, have established so called ‘bug bounty’ programs to reward individuals that find 
and report security flaws in their vehicles’ software. This is an effort to further strengthen 
their systems against (cyber) vulnerabilities. More importantly, Auto-ISAC, an industry 
group of car manufacturers and suppliers, recently released a comprehensive set of best 
practices for automotive cybersecurity. The automakers plan for these guidelines to serve 
as the foundation for industry wide cybersecurity standards.

ARUP (2015). Intelligent Connectivity for Seamless Urban Mobility. P.1-60
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Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Car manufacturers, startups and government regulators should continue with 
focusing on the issue of data privacy and cybersecurity and take action to address 
it.

• Policy makers should collaborate with private organizations aimed at designing 
and implementing a framework in which clear mobility rules exist that protect 
vehicles from hackers.

• Policy makers and regulators should adopt a more hands-off stance and allow 
private organizations to take the lead in formulating solutions and setting 
standards.

• Policy makers and regulators across Europe should propose legislation to establish 
mandatory standards for vehicle cybersecurity.

• Successfully implementing a suitable, up to date, connected and intelligent 
transportation system requires an integrated, strategic approach that focuses on a 
city’s ultimate purpose and the role of its citizens.

• Policy makers should aim to set a responsible standard of safe, sustainable and 
legally approved design for autonomous vehicles in both the short and the long 
term.

Today

Near future challenges

TO-14 Safe and embedded system designSMART MOBILITY

Robustly interconnected systems and the increasing availability and importance of big 
data will play a significant role in enabling urban mobility systems in the years ahead. 
The increase in the use of communication networks introduce both data privacy as well 
as security concerns in the increasingly automated and connected world. The aspect 
of protecting collected data requires safety and security protocols which have to be 
implemented in parallel with technological development. This, however, the technology is 
moving so fast that regulators are, potentially, not being able to keep up. In addition, society 
is often reactive rather than proactive with security issues. This implies that society adopting 
serious preventive measures only after a major incident has occurred. On the other hand this 
is not strange since, currently, there are more unknowns than knowns when it comes to the 
imminence and severity of automotive cyberattacks. Because a major malicious attack has 
not taken place yet, it is difficult to know who is most likely to perpetuate such an attack, 
how it might happen and how much damage it might cause. 

Fig 1. Data protection and cyber security
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Additive manufacturing, also known as 3D printing, refers to processed used to synthesize a three dimensional object. TO-05 has already explained that 3D printing can be applied to the 
construction of infrastructural object in future. For this technology outlook sheet 3D printing should be interpret as a solution that could decrease the need to travel. The same applies to the 
developments of circular economy, which is a term used for an industrial economy that is producing no waste and pollution. 

Additive manufacturing on a local scale and circular economy have not directly been 
associated with mobility. However, as with TO-13 Virtual reality and mobility, additive 
manufacturing and circular economy have the potential to impact the business world in 
the near future, for example by reducing the urgency to travel by creating a circular self-
sufficient environment. Although the real impact of developments related to additive 
manufacturing and circular economy on daily life are still a bit vague due to their novelty, 
their potential impact in future is rather high. Below, circular economy and 3D printing are 
elaborated as part of solutions that potentially reduce the urgency to travel in and between 
urban areas. 

• Circular economy is a generic term for an industrial economy that is producing no waste 
and pollution, by design or intention, and in which material flows are of two types: 
biological nutrients, designed to reenter the biosphere safely, and technical nutrients, 
which are designed to circulate at high quality in the production system without entering 
the biosphere as well as being restorative and regenerative by design. The automotive 
industry itself is also pursuing a circular economy approach. Hence, manufacturers 
have significantly improved the resource efficiency of their production processes and 
products, and want to reduce their environmental impact even more in the future. The 
automobile industry does not only contribute to the circular economy by remanufacturing 
components or reducing waste, but also by prolonging the service life of the vehicles it 
produces. Finally, manufacturers remain dedicated to further improving fuel efficiency and 
reducing emissions (perhaps also under the pressure of the European Union), as the use 
phase of a vehicle still accounts for a large part of the total environmental impact that cars 
have. Besides the automotive industry, circular economy can lead to significant changes. 
As a final point, a circular mobility system would offer more choices and be shared, 
electrified, autonomous, multimodal, and looped (please refer to previous TOs for more 
information). Personalized mobility would be provided as a service and system integration 
would make most trips multimodal. Combined, these changes would mean fewer, better 
utilised vehicles. Altogether this has positive side effects as less congestion, less land and 
investment committed to parking and roads, and less air pollution. The last part on circular 
economy is about food, a circular (urban) food system would encourage the rehabilitation 
of land and food system would be regenerative, healthy and non-wasteful. Citizens would 
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receive high quality, non-toxic food for a healthier lifestyle. Digital solutions would match 
supply and demand, creating a less wasteful, on demand system. This in turn, decrease 
the need to travel, but also decrease the supply of goods in urban areas.

• 3D printing has already been explained in the context of infrastructure (TO-05). In 
addition, 3D printing has many applications for industry but in future also more and more 
consumers. The wide range of manufacturing applications and the large potential use 
by industry, healthcare, retail, automotive, sports and consumers can result in a game 
changer for the conventional mobility system and urban logistics. More concrete, when 
citizens can print spare parts for vehicles, or home repair at home they don’t have to 
order it on the internet or go to the shop. The same applies to, for instance, the creation of 
custom toys, games, home decorations, or other products. One of the main challenges for 
market growth is the continuing development of 3D printers in the middle price segment 
in order to achieve advances in performance, multi-material capability, and complete 
systems.

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Mobility specific solutions based on additive manufacturing and the circular 
economy concept have been identified by different stakeholders. However the 
contributions for mobility are rather new. Besides the technological challenges 3D 
printing and circular economy face, the real value of their implications for mobility 
are not yet clear. This makes it quite difficult to provide concrete challenges and 
implications for urban mobility. 

• The shift to circular economy starts with acknowledging the systemic nature of 
the change. Policy makers and stakeholders should understand that all sectors 
and policy domains will be affected. This requires aligned actions which can be 
supported by a shared agenda.

• Although the investments for the shift to a circular economy are high and it is 
challenging to find an appropriate cost comparable economy wide projects.  Pilot 
projects could shed light on parts of the needed transition.

• Initiatives at the European, national, and city levels can enable inherently 
profitable circular-business opportunities to materialize at scale development of 
a new governance system to steer the (local) economy toward greater resource 
productivity, employment, and competitiveness.

Additive manufacturing and circular economy are broad solutions that can be applied to 
many applications. Within the mobility domain, both solutions affect the logistic stream in 
the cities, production and the collection of products and materials for reuse in the long term. 
Building such kind of (urban) economy will, however, require change in consumer behaviour, 
governmental policies and business practices.Although the real impact of developments 
related to additive manufacturing and circular economy on daily life are still a bit vague due 
to their novelty, their potential impact in future is rather high. In addition, building a circular 
economy would require a large and complex effort to address the hurdles and transition 
costs associated with all of the major opportunities. The effort would require different actions 
at the local, national, regional, and global level. From a financial perspective the transition 
to circular economy would be rather costly. Investments related to research & development, 
and asset are expected to be high. In addition, a circular economy requires subsidy 
payments to promote market penetration of new products, and public expenditure for digital 
infrastructure. 

TO-15 Additive manufacturing and circular economy

 Fig 1. Urban farming
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Multimodal transport and logistic solutions are closely linked to smart city logistics. Multimodal transport of goods and the interconnectedness between the different types of transport 
allows for easily transfer between different types of mobility. Transferring can be at local, regional and (inter)national consolidation centres located at strategic positions throughout the city 
and region. Logistic solutions are solutions that contribute to the logistic system of the future. 

City logistics can be divided in 80% ‘large flows’ such as construction, catering and 
municipal waste and 20% consumer related flows such as small packages. Several solutions 
already exist to optimize the space for different logistic flows but further development is 
required in the efficient use of transport and to create an integral transportation system. 
The developments and solutions related to multimodal (freight) transport and logistics are 
technology-enabled. Hence, interconnectivity with assets in a logistic network that can 
communicate, respond to, and shape demand and economic behaviour is key for smart 
city logistics. A wide range of Innovative and sustainable technological solutions to increase 
the efficiency for logistic streams between city regions, and city logistics have already been 
developed. Below a set of solutions is explained in more detail. 

• Amazon Prime Air is a future delivery system from Amazon designed to safely get 
packages to customers in 30 minutes or less using small unmanned aerial vehicles, also 
called drones. Amazons its Prime Air has great potential to enhance the services Amazon 
already provide to millions of customers by providing rapid parcel delivery that will also 
increase the overall safety and efficiency of the transportation system. Putting Prime Air 
into service will take some time, but Amazon will deploy when we have the regulatory 
support needed to realize our vision. The drone solution of Amazon is an example of a 
futuristic postie replacement, which can also be applied by other retailers and electronic 
commerce and cloud computing companies.

• An example of a delivery bot is that of the co-founders of Skype. Under the company 
name Starship Technologies, they have created robots which are autonomous rovers that 
drive along sidewalks to carry packages at an average speed of 4mph. Starship robots are 
advanced devices that can carry items within a 3-mile (5km) radius. The delivery platform 
will launch a new era of instant, unscheduled delivery as well as significantly lower the 
costs of shipments. Parcels and groceries are directly delivered from stores or specialised 
hubs, at the time that the client requests via a mobile app. It takes 5 to 30 minutes for 
the shipment to arrive and the robots’ entire journey can be monitored on a smartphone. 
Starship’s robots move at pedestrian speed and weigh no more than 40 pounds, 
fully loaded. They are inherently safe and can navigate around objects and people. 
Consequently, they cause no inconvenience whatsoever. For security, the cargo bay is 
locked throughout the journey and can be opened only by the recipient. The location of 
the robots is being tracked, so users know exactly the location of your order and the time 
of arrival.

https://www.mobility.siemens.com/mobility/global/SiteCollectionDocuments/en/integrated-mobility/future-of-hubs/hubs-of-the-future-en.pdf 

https://en.wikipedia.org/wiki/Mobility_as_a_service_(transport) 

http://www.inc.com/will-yakowicz/electric-truck-company-drone-delivery.html 

https://en.wikipedia.org/wiki/Amazon_Prime_Air

http://www.spacex.com/hyperloop 

http://www.gizmodo.com.au/2015/05/crossrail-to-hyperloop-the-worlds-most-innovative-public-transport-systems/ 

https://www.amazon.com/b?node=8037720011 

https://www.starship.xyz/ 

https://www.engadget.com/2015/11/02/starship-technologies-local-delivery-robot/ 

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• City policy decisions made today will determine how the transport system evolve 
in the next 10 to 20 years.  

• Successfully implementing resources in logistic solutions in a city requires an 
integrated, strategic approach that focuses on a city’s ultimate purpose and the 
role of its citizens and logistic service providers.

• A wide range of transport solutions already exist and is applicable to exploit current 
logistic (multimodal) system. However, policy makers should consider how they 
want to coop with future (disruptive) technological solutions and services (e.g. 
drones or delivery bots)

• Policy makers should seek to contribute to a public transport system that 
overcomes today’s challenges but fits with citizens’ and city’s needs in 20-50 
years. 

• Depending on how policy makers envisage the city’s purpose and it’ alignment 
with the current urban structure, it may be that the incremental improvement and 
management of current transportation system is more profitable than the use and 
construction of cutting-edge public transport solutions

Today

Near future challenges

TO-16 Multimodal transport and logistic solutionsSMART MOBILITY

• Logistics centres of the future are mostly aimed at improving the current existing system 
with new services or technologies. Logistic centres have been widely discussed by different 
logistic service providers, public organizations and other stakeholders. Siemens has also 
defined how logistic centres of the future may look like. In the future, cities will struggle 
even more to manage increased traffic. Siemens points to the fact average speed of 
city traffic will drop below 20km/h, making on-time deliveries nearly impossible. Future 
consolidation centres will therefore bundle distribution. Consolidation centres are logistics 
centres that bring together flows of goods for an entire city or region. These flows will 
then be consolidated, i.e. bundled, and distributed throughout the city. Solutions such as 
automated freight handling, along with flexible IT systems, will enable faster, customer 
specific movement of goods. Secondly, Siemens mentions that different suppliers will have 
to cooperate and ship their products together via a single shipment provider. A sensible 
consolidation will reduce transports, save money, and decrease the number of delivery 
vehicles in the city, along with the number of kilometres travelled. This will result a less 
congested inner city and residents who benefit from fewer vehicle emissions.

• The Hyperloop is one of the latest inventions of Elon Musk (inventor of SpaceX and Tesla). 
Hyperloop will be designed for the high speed transportation of goods and passengers in 
tubes over long distances. The network operates by sending capsules through a partial 
vacuum on ‘air-bearings’. This technique reduces drag and allows the capsule to travel 
at speeds of up to 1.200 km/h. Hyperloop technology has been explicitly open-sourced 
by Elon Musk and his company SpaceX. Hence, others have been encouraged to take 
the ideas and further develop them. As such, several companies have been formed, and 
dozens of interdisciplinary student-led teams are working to advance the technology. 
Today the project is still in progress and SpaceX is interested in helping to accelerate 
development of a functional Hyperloop prototype.

Reconciling existing technology, warehouses, resources and logistic solutions will optimize 
the use of it in the short term. Consolidation centres at the city’s periphery instead of urban 
areas, freeing space for sustainable transport, the use of open data are other important 
elements of the plan to increase efficiency and smart scheduling for transport (at off peak 
hours). Near future challenge is to create a consolidation that is more than a ‘simple’ 
centre. Instead, in line with Siemens future consolidation centre operators should aim for an 
integrative approach which ultimately contribute to a less congested inner city and residents 
who benefit from fewer vehicle emissions. Moreover, another core challenge is to connect and 
integrate mobility (including logistics) and other infrastructure into an interactive internet 
of things and services. Depending on how policy makers envisage the city’s purpose and it’ 
alignment with the current urban structure, it may be that the incremental improvement and 
management of current transport system is more profitable than the use and construction of 
cutting-edge public transport solutions. In addition, policy makers face significant challenges 
related to the management of future (disruptive) technological solutions and services (e.g. 
drones). As such the greatest challenge that policy makers face is to create a transportation 
system that meets today’s demands but fits with citizens’ and city’s needs in 20-50 years. 

 Fig 1. Amazon Prime Air Fig 2. Starship delivery bot
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Peoples’ preferences and behaviour are crucial in achieving a sustainable city. People take an active role in their change in 
behaviour, driven by different values and reasoning. The changes in behaviour could be financially driven, but more and more 
people also choose for healthy and sustainable mobility solutions. Technology and measures can guide people’s behaviour in the 
desired direction by understanding and accommodating the people’s behaviour. Smart mobility management measures are soft 
activities that influence the mobility behaviour of the people. 

Today, more and more European cities are turning to this type of soft measure to provide their citizens with information on all 
sustainable modes of transport (e.g. public transport, bicycle, car-sharing, etc.) and to remove physical and psychological barriers 
limiting their mobility choices. This and the reasons for not using public transport are often a lack of awareness of real options and 
the bad reputation of this transport mode has been found by the CIVITAS II initiative. The CIVITAS Initiative is a European action 
that supports cities in the implementation of an integrated sustainable, clean and energy efficient transport policy. Following 
measures were implemented during the CIVITAS program and can be used as input by cities during their own development of 
measures: 

• Development of integrated mobility plans (or commuter plans) for private companies, public institutions, specific areas with a 
number of enterprises, areas with temporary working sites which cause changes in routing and time schedules of public transport 
lines, and areas which are frequently used for big events. Special offers, such as car-sharing and car-pooling, bike sharing, 
special tickets for employees of a company (e.g. non-personal tickets or tickets paid directly from salaries to ensure an easy and 
subsidised handling for tax reasons) should be integrated. Also incentives can be provided, e.g. a prize for the employee who 
travelled in the most sustainable way in one month. 

• Personalised information campaigns for well-defined target groups (e.g. through individualized marketing activities). This 
measure includes face-to-face consultation proposing sustainable mobility solutions to individuals and companies, distributing 
information in mailboxes, e.g. public transport timetables and maps as well as bicycle maps for free, providing free tickets for 
public transport to induce people to try this transport mode, spreading information at public events (e.g. car Free Day). Setting up 
a phone number for free personal travel planning aid, offering free tickets for bike carriage in public transport vehicles

McKinsey&Company. (2016). Automotive revolution – perspective towards 2030: How the convergence of disruptive 

technology-driven trends could transform the auto industry. Advanced Industries, p. 8-20

EY (2016). All change, please: How shifting behavior can improve mobility in cities. P. 1-32

http://urbanaccessregulations.eu/low-emission-zones-main/what-else-is-being-done-to-reduce-air-pollution 

http://www.ey.com/GL/en/Industries/Government---Public-Sector/ey-how-passenger-behavior-can-improve-city-

mobility

http://www.civitas.eu/sites/default/files/civitas_ii_policy_advice_notes_06_mobility_management.pdf 

http://www.newcitiesfoundation.org/peer-to-peer-urban-mobility-fine-line-sharing-deregulation/

https://en.wikipedia.org/wiki/Technology_adoption_life_cycle

http://www.drivenbyhelmond.nl/business-portal/helmond-living-lab/

http://djump.in/

Following takeaways includes key issues and insights related to this Technology Outlook:

• Behavior is critical to mobility. New policies need to capture citizens’ changing transit behaviour and social norms. By giving people information on alternatives to private car use, mobility 
behaviour can be influenced and a modal shift towards sustainable transport modes can be stimulated. Uber has proven that a good back-up option before using private vehicles works. It takes 
the anxiety away from public transit, i.e. Uber is simple, customer service focused and cheaper. 

• Riders, passengers and drivers should be the starting point for any decision making process. As such, mobility must meet the expectations of citizens. However, younger generations and other 
household formations are making different decisions, this could have a significant impact in the future.

• The competence and engagement of the project team and good cooperation between all local partners as well as all stakeholders involved (e.g. public transport operator, site owners, 
representative of the target group), is necessary for an efficient and successful implementation of mobility management measures

• Senior level political interest is necessary in order to make principle decisions at an early stage of the project. It is advisable to appoint a full-time mobility manager who is responsible for the 
overall coordination of the measures and who works on this issue on a day-to-day basis.

• A good communication strategy, including local media providing informative and personal description of the measure, supports the implementation process. Whenever possible, an independent 
facilitator should be engaged, e.g. for meetings or workshops.

• The availability of good framework conditions (access management, suitable bike network, existing car-sharing or car-pooling services and high quality public transport system) enables the 
target group to be offered real alternatives to the individual motorised transport mode

• For the development of area-wide mobility plans it is advisable to use commuter plans at company level as a basis. Exchange of experiences with other municipalities or city regions, which have 
already achieved positive effects with the help of such measures.

TO-17 Measures and incentives

Fig 1. Caption. 

SMART MOBILITY TO-18 Sharing initiatives and collective solutions
Sharing initiatives and collective solutions refer to solutions or initiatives that have been collectively initiated by local citizens, 
public organizations, private organizations or other stakeholders. 

Behaviour is critical to mobility. Citizens expect technology to provide them more convenient and cheaper ways to travel around in their city. 
As with other technological solutions, the adoption or acceptance of a new product, service of innovation can be defined according to the 
demographic and psychological characteristics of defined adopter groups (i.e. innovators, early adopters, early majority, and laggards). One 
way to model the adoption of new smart mobility products, services or innovations is to understand that citizens’ behaviours are influenced 
by their (local) peers and how widespread they think a particular action is. For many format-dependent technologies, people have a non-
zero payoff for adopting the same technology as their closest friends or colleagues. On other words if two users both adopt product A, they 
might get a payoff A>0. If they both adopt product B, they get B>0. But if one adopts A and the other adopts B, they both get a payoff of 
0. In other words, local initiatives and collective solutions initiated by innovative peers or small innovative communities can contribute to 
the further adoption of smart mobility related products, services or innovations. Some simple solutions are the use of Whatsapp (instant 
messaging client for smartphone) groups to arrange and schedule the use of public charging points for electric vehicles, ridesharing or car 
sharing. Below two examples have been described.

• Helmond Smart mobility living lab Helmond is a living lab for smart mobility solutions, driven by the Dutch municipality Helmond and 
associated automotive campus. As such, this example can be seen as a local initiative enabling smart mobility solutions. More concrete, 
the main road between the cities Eindhoven and Helmond acted on several occasions as test road for Intelligent Transportation Systems 
and more and more also for automated driving tests. To monitor and manage the traffic during pilots and testing a control centre is 
situated on the nearby Automotive Campus. Moreover, this example is also closely linked to TO-19, and shows a nice example of a local 
cooperation among public organizations, industry and knowledge institutes, all aimed to speed up the developments related to a smart 
mobility system.

• Peer to Peer urban mobility encourages individual mobility users to transact with each other. Enthusiasts claim that initiatives similar to 
AirBnB are able to connect citizens directly to what they need or want and thus ensure a more efficient use of resources. Skeptics, however, 
are concerned that such a rewiring of economic transactions will result in unregulated markets and less job security. Djump, a mobile 
transport application based in Brussels and Paris, is a user-friendly mobile app allows drivers to register, passengers to request a ride and 
drivers to answer the call. Djump, works as follows: anyone with a vehicle can register and once screened by the community management 
team, he or she can start offering rides to fellow users. Besides offering a ride, Djump is about moving around town while meeting and 
sharing with the local community. No formal costs are charged as passengers are simply invited to give a donation. Mediated by profiles 
and ratings, travellers decide who they ride with and how much they donate. On the other hand, drivers are flexible with when and with 
whom they share rides. This sharing community thus prunes itself as tardy or dangerous drivers and stingy unpleasant passengers are 
penalised with negative ratings and filtered out. The result is a voluntary and revolutionary user-driven inter-personal mobility network in 
urban transport; reclaiming the car as a resource to be shared rather than an emblem of individualism.

Technological solutions, sharing initiatives, collective solutions as well as measures are crucial for the success of smart mobility. 
There has to be certain forms of psychology that applies to Smart Mobility. Although the main question is: How can the government 
respond to these different forms? In other words: what are the differences between men and woman? What is the reason that one is 
more inclined to buy a self-driving car? What are the differences among the different cities in Europe? Creating an environment that 
supports sustainable behaviour to be second nature for everyone is as such one of the major challenges to create a smart (urban) 
mobility system. In order to do so, some argue that modifying citizens’ behaviour is not the solution. Instead the solution lies with 
the city specific (mobility) system that should be able to accommodate and determines mobility behaviour. As such it is quite 
obvious that the success of (sustainable) technological mobility solutions goes along with the change in mobility behaviour. 
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The success of Smart Mobility solutions depends to a large extent on the legislative framework. In addition, many (local) governments have traditionally operated in close consultation 
with society. Governmental authorities could play a new role in a participation society by facilitating and stimulating new initiatives. Hence, the role of the government is critical in both 
stimulating as well as enabling new types of mobility services and solutions. Together this requires sustainable tenders and innovative precondition that enable smart mobility. Moreover, 
creating a smart mobility system requires both public as well as private innovations. 

Current legislation and regulation does not necessarily fit (smart) mobility solutions that 
are already in place, in development, or still need to be invented. In addition, nowadays 
governmental authorities could play a new role in a participation society by facilitating and 
stimulating new initiatives. Hence, the role of the government is critical in both stimulating 
as well as enabling new types of mobility services and solutions. Together this requires 
sustainable tenders and innovative precondition that enable a smart mobility system. Below 
two solutions have been described, each of them enabling the next step towards a smart 
mobility system. 

• A framework with favourable preconditions contributes to the success of smart mobility. The 
opportunity of responding to the relationship between urban planning, transport and parking 
policies is an example of a precondition for implementing mobility management measures .In 
addition, such an integrated policymaking approach supports the development of integrated 
mobility policies, mobility management measures that cover all relevant sectors. Ultimately an 
integrative approach aims to optimize the coordination between the new and existing mobility 
related initiatives. Integrated policy making also enables and contributes to intermodal mobility 
systems and a stronger coordination with other sectors. As a result, policy makers become more 
familiar with other sectors, interests, difficulties and opportunities which can contribute to an 
effective approach and decision making process of sustainable tenders (within the legal framework) 
allowing (innovative) solutions for smart mobility. Moreover, centralized government allows for 
choosing the projects that suit best with the existing mobility system, level of government, and 
social and market readiness. Another example of a condition that can contribute to smart mobility 
in a given city is the current taxation, which has to favour the measures and should address the 
commuters. For example, if commuting expenses are tax-deductible, all transport modes have 
to be treated equally. Finally, the existence of different high quality mobility systems such as a 
well-developed bicycle path network, car-pooling platforms, car-sharing, or reliable public transport 
services, in a city is a good starting point for implementing mobility management activities. 

• The use of living labs and pilot projects in a certain city or urban area also serves as smart mobility 
enabling precondition. A clear example of a living lab has been given in TO-17 and TO-18, i.e.  
Helmond Smart mobility living lab for smart mobility solutions. A living lab is a user-centred open 
innovation ecosystem that often operates in a specific context, e.g. a city, region, or a specific 

McKinsey&Company. (2016). Automotive revolution – perspective towards 2030: How the convergence of disruptive technology-driven trends could 

transform the auto industry. Advanced Industries, p. 8-20

Deloitte. (2015). Transport in the Digital Age: Disruptive Trends for Smart Mobility. Smart Mobility, p. 1-24

EY. (2016). Routes to prosperity: How smart transport infrastructure can help cities to thrive. Government & Public Sector Insights, p. 1-16.

EY. (2016). Connecting the cities of the future: smart transport infrastructure. Performance, Volume 8, p. 56-65

Deloitte. (2015). Reducing congestion and fostering faster, greener, and cheaper transportation options. Smart Mobility, p. 1-48

https://eu-smartcities.eu/sites/all/files/Multimodal%20personal%20mobility%20january.pdf

http://transitcenter.org/wp-content/uploads/2016/09/TC-Private-Mobility-Public-Interest-20160909.pdf

http://www.civitas.eu/sites/default/files/civitas_ii_policy_advice_notes_06_mobility_management.pdf 

http://www.connectingmobility.nl/en+home/living+lab/default.aspx 

https://en.wikipedia.org/wiki/Living_lab

https://en.wikipedia.org/wiki/Pilot_experiment 

urban area. A living lab integrates research and innovation processes within a public-private 
partnership. The processes are integrated through the co-creation, exploration, experimentation and 
evaluation of innovative ideas, scenarios, concepts and related technological artefacts in real life 
use cases. Such use cases involve user communities that not only serves as observed subjects but 
also serves as a source of creation. This approach allows all involved stakeholders to concurrently 
consider both the global performance of a product or service and its potential adoption by users. 
In addition, a pilot project is a small scale preliminary study which is conducted by a specific set of 
organizations in order to evaluate feasibility, time, cost, adverse events, and effect size in an attempt 
to predict an appropriate sample size and improve upon the study design prior to performance of 
a full-scale research project. As such, both living labs as well as pilot projects can contribute to the 
implementation and experimentation of smart mobility solutions. 

Following takeaways includes key issues and insights related to this 
Technology Outlook:

• Successfully implementing investments and optimizing smart mobility (solutions) 
in a given city requires an integrated, strategic approach that focuses on a city’s 
ultimate purpose and the role of its citizens. 

• Decision-making on smart mobility investments should be carefully coordinated 
by (local) governments and (local) stakeholders. Moreover, local governments need 
to collaborate with (local) stakeholders to build integrated mobility networks to 
prepare urban areas for the growth in population and business investment in the 
upcoming decades. 

• New organizational programs can to accommodate (private) investments in 
technology to ensure effective developments of new systems, to build intelligence, 
but also to offer the best quality of life to the cities’ citizens.

• Extensive research can ensure that agency concerns are thoroughly addressed 
before moving forward, but have a bias toward action. Some uncertainty is 
inevitable during the creation and implementation of a smart mobility system.

• Plan for robust community outreach. Adding new mobility options requires up-
front work to ensure citizens are familiar with the existence of these options and 
also know how to use them.

• Make use of emerging mobility subsidies to maximize operational efficiency, cost 
efficiency and meet regional goals. 

• Keep refining the project design over the course of a pilot or living lab program. 

Current legislative framework is not necessarily an incentive for new (innovative) mobility 
solutions. In addition, the effects of new mobility solutions are not always foreseeable. As 
such, a thoughtful environment with an enabling legislative framework respects the current 
legislative framework on the one hand, and could reveal desired as well as undesired effects 
of the mobility solution on the other hand. As such, an experimentation and learning 
environment with suitable legislative conditions supports the success and encourage the 
development of new mobility solution. After having determined the lessons learned (i.e. 
what works and what does not works) of the implementation of the mobility solution, the 
logical next step will be to scale up the solution and to adjust the legislative framework. This, 
however, remains difficult due to the fact that each pilot project and / or living lab has its 
own specific conditions and one has to go beyond the ‘safe’ conditions and framework. As 
such, upscaling pilot projects and livings labs remains a challenge for both public as well as 
private organizations. From another perspective, local governments need to collaborate with 
(local) organisations to build integrated mobility networks to prepare urban areas for the 
growth in population and business investment in the upcoming decades. New organizational 
programs will therefore need to accommodate (private) investments in technology to 
ensure effective developments of new systems, to build intelligence, but also to offer the 
best quality of life to the governments’ citizens. This all to get most out of the new mobility 
solutions and services and guiding the developments towards the desired visions.

TO-19 Sustainable tenders and (innovative) preconditions

Fig 1. Smart Highway concept (by Daan Roosegaarde) to be realized in Helmond
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