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EXECUTIVE SUMMARY 
 

This deliverable aims to build a rich knowledge bank to be used as a basis for the discussion of key 

topics with stakeholders and the definition of the conceptual HARMONY MS architecture. Three 

different areas of analysis are covered: i) the new mobility t echnologies and services for 

passenger and freight , complemented by the analysis of strategic, tactical and operational models 

that are currently developed and used; ii) the policy appraisal methods, the KPIs, and SUMPs 

guidelines  that EU uses for regional spatial and transport planning has been conducted and iii) the 

SUMPs and the spatial and transport strategies of the six HARMONY areas  (Rotterdam, 

Oxfordshire county, Turin, Athens, Trikala and Upper Silesian-Zaglebe). 

The review the new mobility technologies and services for passenger and freight has been completed 

by conducting extensive desk research on documents regarding the European Unionôs strategies as 

well as publications from individual researchers and research groups. This analysis is reported in 

Section A, and it has been the basis to extrapolate the key input for the definition of baseline 

scenarios for regional and transport planning. Having in mind the projected timeline of the new 

services and technologies, different baseline scenarios have been defined for short-term (about 5 

years), mid-term (up to 15 years from today), and long-term (15 to 30) years regional and transport 

planning.  

To complement the analysis, an extensive and comprehensive review of the state-of-the-art of for 

multi-scale spatial and transport planning has been conducted. Considering that HARMONYôs 

ultimate objective is to deliver a fully operational integrated land-use and transport simulation 

platform, a few attempts to integrate and operationalize independent simulators have been presented. 

The analysis of the Sustainable Urban Mobility Plans (SUMPs) guidelines is presented in Section B of 

the report, identifying gaps and evaluating the validity of the process in the light of new mobility 

services. An overview of policy appraisal methods used for regional spatial and transport planning is 

also included, together with the analysis of Key performance indicators used to measure sustainable 

mobility in urban areas. 

Following the overview on SUMP and appraisal methods, the final section of the deliverable provides 

a description of the status of spatial and transport strategies and SUMPs of the six HARMONY areas: 

Rotterdam, Oxfordshire county, Turin, Athens, Trikala and Upper Silesian-Zaglebe. The picture 

resulting from the analysis of the involved metropolitan areas is quite heterogeneous: in some cases a 

SUMP has been developed and it is planned to be updated or integrated with action programmes for 

specific aspects, in other cases it is under definition for the first time, while in some others similar 

planning documents (sharing most of the basic principles) are being developed. In the document, for 

each case study first a description of each metropolitan area is provided, then an overview of the 

status of urban planning is reported, and finally the focus is on the key elements of the SUMP or the 

similar planning document (depending case by case on the development stage). 
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Introduction  

Project Summary 

HARMONY envisages developing a new generation of harmonised spatial and multimodal transport 

planning tools which comprehensively model the dynamics of the changing transport sector and 

spatial organisation, enabling metropolitan area authorities to lead the transition to a low carbon new 

mobility era in a sustainable manner. Co-creation labs will be established in order for citizens, 

authorities and industry to design together new mobility and spatial organisation concepts. At the 

same time, demonstrations with electric AVs, and drones will take place to understand in real-life their 

requirements. The HARMONY model suite will be designed to assess the multidimensional impacts of 

the new mobility concepts and technologies, integrating land-use models (strategic/long-term), people 

and freight activity based models (tactical/mid-term), and multimodal network (operational/short-term) 

models allowing for vertical planning.  

This integrated approach is useful for authorities to understand if policies are sustainable, while also 

contribute to meeting COP22 targets, social equality and wellbeing. HARMONY's concepts and the 

model suite will be applied and validated on six EU metropolitan areas on six TEN-T corridors: 

Rotterdam (NL), Oxfordshire (UK), Turin (IT),  Athens (GR), Trikala (GR), Upper Silesian-Zaglebie 

Metropolis (PL).  

The concept of HARMONY is to assist metropolitan areas by providing a state-of-the-art model suite 

that quantifies the multidimensional impact of various concepts, soft and hard policies on citizensô 

quality of life, sustainability, economic growth, while identifying the most appropriate solutions and 

recommending ways to exploit advances in mobility concepts to achieve their goals. The concept will 

be achieved by disentangling and organizing the workload into 6 axes (A1-6) as presented in Figure 

1. 

 

Figure 1. The HARMONY conceptual architecture 
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This deliverable contributes to the fulfilment of HARMONY Axis A1. This axis aims at building 

consensus regarding the transport and spatial planning challenges that metropolitan areas face and 

identify new mobility services, technologies and spatial planning options that could contribute to their 

sustainability, economic growth liveability and citizenôs well-being.  

The rich knowledge bank of this deliverable will be used as a basis for the future activities of the 

project. More specifically, the outputs of this deliverable will be used to discuss with the stakeholders 

at the HARMONY co-creation labs, as well as to conceptualize the whole HARMONY MS modelling 

framework, architecture and design approach. 

Objectives of the deliverable 

The purpose of this deliverable D1.1 is to create a knowledge base of the future forms of mobility for 

passenger and freight, present the strategic, tactical and operational models that are currently 

developed and used, identify existing gaps and review the policy appraisal methods, the KPIs, and 

SUMPs guidelines that EU uses for regional spatial and transport planning.  

More specifically, this deliverable D1.1 aims to: 

¶ Identify the new mobility services and technologies for people and freight that are already or 

will become available for urban, suburban and regional transport up to 2050; 

¶ Review the models that currently exist for spatial and regional planning: agent-based 

simulation of passengers and freight, integrated land-use and transport modelling and 

multimodal network models; 

¶ Present the models that are currently available at the HARMONY metropolitan areas; 

¶ Identify the gaps regarding the current state-of-practice and develop baseline scenarios for 

regional and transport planning; 

¶ Review the KPIs and the policy appraisal methods that EU uses for regional spatial and 

transport planning; 

¶ Analyse the SUMPs guidelines and glossary based on the identified new mobility and freight 

distribution services, identifying gaps and checking the validity of the process; 

¶ Review the local SUMPs and the spatial and transport strategies of the six HARMONY areas. 

Structure of the deliverable 

This document is divided into three sections. Section A  is focused on new mobility services and 

technologies and is comprised of the following chapters: 

¶ Chapters A1 and A2 review the new mobility technologies and services for passenger and 

freight. These chapters have been completed by conducting extensive desk research on 

documents regarding the European Unionôs strategies (e.g. STRIA Roadmap; EC, 2017) as 

well as publications from individual researchers and research groups. 

¶ Chapter A3 provides input for the definition of baseline scenarios for regional and transport 

planning. 

¶ Chapter A4 presents state-of-the-art strategic, tactical and operational models for multi-scale 

spatial and transport planning. 

¶ Chapter A5 provides the main data of the Harmony metropolitan areas  

¶ Chapter A6 concludes Section A with the analysis of the main challenges. 

Section B  provides a review of policy appraisal methods, KPIs and SUMPs: 
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¶ Chapter B1 describes the SUMPs guidelines and glossary, identifying gaps and evaluating the 

validity of the process in the light of new mobility services. 

¶ Chapter B2 provides an overview of policy appraisal methods used for regional spatial and 

transport planning. 

¶ Chapter B3 analyse the role of Key performance indicators to measure sustainable mobility in 

urban areas. 

Section C  is related to the review of the SUMPs and the spatial and transport strategies of the six 

HARMONY areas. It is structured in 6 chapters, each related to a specific study area: Rotterdam, 

Oxfordshire county, Turin, Athens, Trikala and Upper Silesian-Zaglebe. 

Each section is complemented by a chapter devoted to the references. 

Annexes are the last component of the deliverable. 
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SECTION A: NEW MOBILITY SERVICES AND 
TECHNOLOGIES 

A1. New mobility technologies  
A1.1   Introduction 

The growing pressure on passenger and freight transport systems has increased the need for 

innovative, sustainable and more efficient mobility solutions. This section reviews the state-of-the art 

of these new mobility technologies for both freight and passenger transport. It also describes the data 

and infrastructural needs for their seamless integration in the transport systems.  

A1.2   New mobility technologies for passengers 
A1.2.1   Connected vehicles for passengers 

Connected cars can be defined as the vehicles equipped with several devices that enable the 

exchange of information between the car and its surroundings, either through local wireless networks 

or via the internet (Lengton et al., 2015). The interactions made possible by this connectivity can 

roughly be divided in three categories (Jadaan et al., 2017; Coppola and Morisio, 2016; Lengton et 

al., 2015): 

¶ Vehicle-to-vehicle (V2V) communications, i.e. cars interacting with other cars; 

¶ Vehicle-to-infrastructure (V2I) communications, i.e. cars interacting with (roadside) 

infrastructure and vice versa 

¶ Vehicle-to-device (V2X) communications, i.e. wireless communication to any device. 

The connected vehicle concept is about supplying useful information to the driver (e.g. potentially 

dangerous situations to avoid) to help drive safer, avoid real-time hazards, drive more comfortably 

make more informed decisions (KPMG International, 2016; Jadaan et al., 2017). It is composed of the 

following distinct product categories (Lengton et al., 2015): (i) Safety, with the aim to protect driver, 

passenger and road user safety (e.g. avoid crashes, warning systems for traffic jams, or adverse 

weather conditions); (ii) Vehicle management, aiding the driver in reducing operating costs and 

improving ease of use (e.g. dynamic vehicle service reminders, vehicle condition information); (iii) 

Mobility management, aiming at improving traffic flow and allowing drivers travel quickly, safely and in 

a cost-efficient manner; (iv) Driverôs comfort, including applications that impact a driverôs comfort, 

ability and fitness to drive. The information can be provided to the driver either as light warnings in the 

instrument panel, dashboard messages or alerts, voice warnings, while drivers could even feel the 

signals through vibration of their seat (Jin and Orosz, 2014). Section A1.4  presents the data and 

infrastructural needs for the connected vehicles to operate. 

A1.2.2   Autonomous Vehicles for passengers 

Autonomous vehicles1 (AVs) are vehicles that are equipped with a variety of technologies (radars, 

global positioning systems, cameras, sensors, etc.) and can sense the road environment and 

navigating without driver effort (Howard and Dai, 2014; Zmud and Sener, 2017). They are 

independent vehicles meaning that can safely operate with the existing infrastructure using on-board 

sensors (such as the Google and Tesla trials). The Society of Automotive Engineers (SAE) 

                                                

1 The terms ñself-drivingò and ñdriverlessò vehicles have been also used to refer to driving automation systems. 
Based on SAE (2014), the terms Automated Driving Systems (ADS) and Driving Automation Systems are used 
to refer to the functional modules to be offered in modern vehicles at various levels of automation. 
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International has defined six levels of automation as follows: No-Automation (Level 0), Driver 

Assistance (Level 1), Partial automation (Level 2), Conditional automation (Level 3), High automation 

(Level 4) and Full automation (Level 5) (SAE, 2014). The above levels have different capabilities, 

levels of human intervention, as well as infrastructural requirements to deploy AVs in real road traffic 

conditions. Major distinctions draw between Levels 0-2 and 3-5, based on whether the human or the 

automated system is primarily responsible for conducting the driving task. 

AVs could be introduced in the mobility market in two different ways (Haboucha et al., 2017). The first 

option is a privately-owned AV, where the AV is purchased and owned by the household, similar to a 

regular car. However, due to the high production costs of the autonomous technology, it is expected 

that private AVs may not be affordable for the average consumer when first brought to market 

(Stocker and Shaheen, 2017). Thus, the second option is that AVs are introduced as part of a shared-

autonomous vehicle service (EC, 2018). This option involves the subscription to a shared AV system, 

in which the customer does not own the car but has access to a fleet of AVs. These shared AVs will 

pick the customers up and drop them off directly at their destination. In this way, the shared 

autonomous vehicles (SAVs) will bring together the benefits of autonomous driving and shared 

mobility. 

 

Figure 2. Examples of autonomous vehicles for passengers (From left to right: The Smart Electric Van of ARRIVAL; Waymo 
driver-less car, which began as the Google Self-Driving Car Project in 2009; Tesla Autopilot) 

Over the last years, a considerable number of new and conventional companies invested in 

autonomous technology and AVsô operations (see for examples Figure 2). Based on Chan (2017), the 

AV-related industry has reached a pivotal point in 2016, as various developments towards the 

realization of AVs took place. Audi/VW (Level 3 of autonomous driving), Bosch, Google (its self-

driving car is now branded as Waymo) and Tesla (Tesla Autopilot) are some of the companies that 

have delivered AVs and tested them in multiple sites, while the projections indicate that AVs might be 

fully deployed by 2020-2025. Other examples of autonomous vehicles for passengers include2: Volvo 

autonomous driving, Apollo 5.0, ARRIVAL, EasyMile, NAVYA. 

A1.2.3   Air taxis 

As electrical propulsion gets cheaper and the complexity of automated aerial vehicle development is 

manageable much easier, Unmanned Aircraft (UA) or drones are being brought into market by 

aviation companies. Various UAsô demonstrations have been carried out by traditional companies, 

start-ups as well as research projects to test flight capability and reliability of the technology. The 

market analysis forecasts a huge business potential for future automated aerial services. Different 

kind of missions (e.g. farming video analysis, cargo delivery, video taking, heavy lift facilitation, 

passenger transfer) are under consideration by many stakeholders. However, this section focuses on 

the operation of air taxis for passenger transfer. 

                                                

2 More information can be found in the following links: https://www.tesla.com/en_EU/autopilot?redirect=no; 
https://waymo.com/; https://www.audi.com/en.html; http://apollo.auto/; https://arrival.com/; 
https://www.volvocars.com/en-kw/own/own-and-enjoy/autonomous-driving; http://www.easymile.com/; 
https://navya.tech/en/ 

https://www.tesla.com/en_EU/autopilot?redirect=no
https://waymo.com/
https://www.audi.com/en.html
http://apollo.auto/
https://arrival.com/
https://www.volvocars.com/en-kw/own/own-and-enjoy/autonomous-driving
http://www.easymile.com/
https://navya.tech/en/
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In the perspective of this vision, industry is developing different types of UAs to enable future aerial 

mobility services. A vertical take-off and land (VTOL) air taxi for one person (Vahanna) has been 

developed and tested for flight by Airbus, also one by Volocopter and several others like Ehang 104 

(from China) or Lillium (from Germany). Also, a 2-tonne heavy air taxi for 4 persons named City 

Airbus is under development as a prototype (see Figure 3). Finally, Uber is working towards enabling 

shared VTOL aircraft as one leg of the usersô journey, riding between conveniently located Skyports, 

from ground to air to ground. 

 

Figure 3: Air taxis for passenger transfer (from left to right: Vahanna, City Airbus, Volocopte, Uber Air) 

Several projects are currently under way founded by SJU (SESAR3 Joint Undertaking) in order to 

drive the evolution of technical, procedural and regulating aspects of unmanned traffic management 

and urban air mobility. Examples for those projects are: i) CORUS (Concept of Operation for 

EuRopean UTM Systems), a reference CONOPS (Concept of Operation) for U-Space4; ii) PercEvite, 

a project to develop a sensor, communication, and processing suite for small drones for 

autonomously detecting and avoiding ñground-basedò obstacles and flying vehicles such as manned 

aircraft and other drones; iii) GOF USPACE, a project to prepare a plan for the demonstration 

activities that have a specific emphasis on urban area, access to controlled airspace and automation; 

and iv) SAFIR, a project to demonstrate multiple U-space service providers can operate in a same 

urban geographical area. Interfaces with ATC, dynamic geofencing and tactical deconfliction will be 

implemented. 

Table 1. Overview of air taxisô services 

U-Space services  
eRegistration for UA; Booking service; Weather service; Flight planning service; Payment service; 
Deconfliction service (strategic); Flight clearance service; Flight information service; Tracking; Monitoring; 
Coordination service with ATM (at airports); Coordination with urban traffic (for timing and scheduling); 
Deconfliction service (real-time). 

 

Besides the described targets other projects have been launched, in order to gain experience on 

related fields of knowledge, like communication, ground support to unmanned vehicles, traffic and 

airspace coordination for automated flights beyond visual line of sight (BVLOS), strategic de-

confliction, sense and avoid technology, collision detection, etc. However, the timeframe for rules and 

regulations to come into place plus global coordination between authorities (ICAO, FAA, EASA, 

Eurocontrol, Eurocae, GUTMA, JARUS, and further) will be years from now. It seems logical that that 

aerial services will start with small projects and initial flights for testing and trials, on the path to 

passenger transport over cities around 2050. The vision is to have urban air mobility brought to the 

customer on request. Just by a click in the smart phone app, the future air taxi could be ordered to the 

nearest suitable landing position. After identification of the passenger and processing of the booking 

                                                

3 SESAR is the abbreviation of Single European Sky ATM (Air Traffic Management) Research 
4 U-Space is the name for a set of new services and specific procedures designed to support safe, efficient and 
secure access to airspace for large numbers of drones. (See SJU U-Space Blueprint) 
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request, the air taxi will take off and fly on a pre-planned route to the destination. Aerial ports for air 

taxis for passenger pick up would be one way to bring mobility service to the end users, but also 

landing on secure locations like soccer fields, big empty places, flat house roofs, etc. are foreseen to 

expand urban mobility to the spot from where the flight has been requested. Section A1.4  presents 

further infrastructural and data requirements for air taxis to operate. 

A1.3   New mobility technologies for freight 
A1.3.1   Autonomous Vehicles for freight 

Table 2. Main characteristics of Autonomous Vehicles for freight 

Description of the technology  
Automated Guided Vehicles (AGVs) are already popular for in-house transport in warehouses and distribution 
centers for picking and palletizing products. AGVs are also applied in container terminals to move containers 
between craned and stacking areas (ECT, 2018). Freight Automation is moving to a next step via the 
development of fully and semi-autonomous long-haul trucks manufacturers. Driverless trucks and vans operate 
without the intervention of a driver while in semi-autonomous trucks the driver is alerted and ready to take 
control of the vehicle in case an incident happens. 
Business ï Ways the technology is provided to end users  
Arrival has already created autonomous vans (Arrival, 2019). These vans have been used by UPS (Ong, 2018) 
and UK Royal Mail (Lambert, 2017) to deliver mail.  For the moment, companies mostly benefit from the 
electrification of the vans as it enables them to reduce their emissions. TuSimple, a US start-up has developed 
the first automated truck that transfers products from depot to depot (Figure 4) (TuSimple, 2019). Autonomous 
trucks from Embark have already been transporting Frigidaireôs refrigerated goods from a warehouse in Texas 
to a distribution center in Palm Springs, California (Davies, 2017). UPS has already invested in this company in 
order to use the autonomous trucks to deliver mail (Boudway, 2019) Car manufacturer Tesla has developed 
Semi, a semi-autonomous electric truck with autopilot that is able to maintain an average speed of 105km/hour 
(Figure 4). 

 

Figure 4. Semi-autonomous and autonomous vans and trucks (From left to right: Arrival, TU Simple, Semi-Tesla, Vera-
Volvo, Embark truck) 

Volvo, on the other hand, has a fully autonomous self-driving truck Vera. Vera is designed for regular and 
repetitive tasks, over short distances, where large volumes of goods need to be delivered on time, such as in 
ports, factory areas and mega-logistics centers (Figure 4). Veraôs first pilot assignment was to deliver goods 
from a logistics center to a port terminal in Gothenburg, Sweden (Vera, 2019). To enable the application of 
semi-automated trucks for long-haul trips, the technique of truck platooning has been developed which 
wirelessly connects a convoy of trucks to the leading truck allowing them to cruise safely together and ensure 
higher fuel efficiency. The first European Truck Platooning Challenge has already been carried out in 2016 by 
the Dutch Ministry of Transport with the participation of large truck manufacturers such as Volvo and Scania 
(Rijkswaterstaat, 2016). 

 

 

 

 

 



 

D1.1 Review of new forms of mobility, freight distribution and their business 
models; gaps identification in KPIs and SUMPs 

 

 

17 

A1.3.2   Delivery bots 

Table 3. Main characteristics of delivery bots 

Description of technology  
Large companies and startups have already started to experiment with the development of short-range delivery 
robots (bots) which aim to make the last-mile deliveries from a local depot to the final recipient. These bots offer 
a quick and efficient solution for moving mail, parcels, groceries, pharmacy and food within a limited range. 
Business ï Ways the technology is provided to end users  
Some examples include (Figure 5):  1) Starship Robots: they look like a basket on wheels and can be 
summoned with a phone app, travel to the pick-up location and then drive to the drop-off destination. Starship 
robots are already operational in many U.S. college campuses such as George Mason University and Northern 
Arizona University (Diaz, 2019); 2) Kiwibots are already operating in UC Berkeley campus and are specialized 
in food deliveries. They have an average delivery time of 27 minutes. An automated kiwi bike picks up 
deliveries from restaurants, delivers them to a specific location where an employee loads the kiwibots for the 
last mile trip to the recipient (Kiwicampus, 2019); 3) Amazon Scout: Amazon has already tested Scout for 
deliveries to its prime customers in Washington state neighborhoods (Amazon robotics, 2019); 4) FedEx 
SameDay robot is now being tested in deliveries from local and distribution centers to their consumers (Vincent, 
2019).  

 

Figure 5. Examples of delivery bots from left to right: Starship Robots, Kiwibot, FedEx SameDay bot, Amazon Scout 

Some companies went a step further and tried to find solution to the limited rage problem of these robots. 
Continental together with Anymal have developed a two-part solution: They combine an autonomous delivery 
van developed by Continental with robotic dogs developed by Anymal (Diaz, 2019). When the van gets to a 
particular area, it opens its doors and the dogs emerge, carrying packages and delivering them to their 
destinations with the help of AI algorithms. By deploying them from a larger vehicle, robots can easily reach 
their destination, get back to the mothership to ride to another destination while recharging. This solution has 
not been tested yet. An additional autonomous van is Nuro (Nuro, 2019) which is equipped with both 
refrigerated and heated compartments and it can deliver groceries, refrigerated products and hot food. When it 
arrives at its destination the recipient needs to head out to the van to pick up the packages. Nuro is already 
delivering groceries in Arizona US.  

 

Figure 6. Examples of automated delivery vans (Continental and Anymal- left, Nuro-right) 
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A1.3.3   Drones for freight 

Table 4. Main characteristics of drones for freight  

Description of technology  
Drones for freight are designed to transport cargo. Drones flight automatically with the aid of radio and GPS 
signals. The flight is plotted into a computer and the data are uploaded to the air drone. The flight is monitored 
by the operator via GPS signals and video monitors. 
Business ï Ways the technology provided to end users  
Examples of businesses providing drones to users are: Griff135  can deliver up to 30kgs cargo to up to 10-
15kms (Griff Aviation, 2019); Amazon air drone  will service Amazonôs prime customers and can make 
deliveries within 30 minutes after the order is placed. (Amazon, 2019); DHLôs air delivery drone is already 
operational and covers approximately 8 km between the customer premises and the DHL service center in 
Liaobu, Dongguan, Guangdong Province in China (DP-DHL, 2019). 

 

Figure 7 UAVs for freight (From left to right: Griff135, Amazon Prime, DP DHL) 

Operational requirements  
To operate drones, training and proper license issued by the authorities are required.  For flights in populated 
areas extra permissions are necessary. 

 

A1.4   Data and Infrastructure needs for new mobility technologies 
A1.4.1   Data needs for new mobility technologies 

New mobility technologies rely on significant volumes of information which describe various aspects 

of the transport network and its conditions, as well as relevant contextual information such as the 

weather, events etc. More specifically, they require the handling, processing, fusing and harmonizing 

huge amounts of data coming from numerous sources, such as GPS, car-floating, traffic operator, 

weather, GIS and road network, in-car sensor, road sensor or fleet operator data, just to name a few. 

In order to efficiently manage and use the required data for new mobility technologies, the adoption of 

existing Big Data technologies in the Transportation sector is a requirement that needs to be met. 

However, to the best of our knowledge only a minority of scientific literature related to Big Data 

technologies in transportation currently exists. On a European wide-level, the most notable effort is 

the Infrastructure for Spatial Information in the European Community (INSPIRE) which is essentially a 

geoportal for storing data of a number of thematic areas, including land cover / land use, population 

related data and transport network data. The importance of transport data management and statistical 

analysis as well as the increased opportunities emerging from big data in transport modelling and 

planning approaches that incorporate the dynamics and requirements of new mobility technologies 

are highlighted in recent work (Milne and Watling, 2018).  

Big data allow analyses at a more órawô level, free of assumptions sometimes made in converting raw 

data to a manageable form (e.g. ómechanismsô to convert inductive loop data to vehicle counts) 

whereas, continuous monitoring allows the study of new kinds of variation (time-of-day, day-to-day, 

time-of-year, scenario-specific) to correlate with data on events/weather or unexpected events. The 

use of big data allows for a more widespread monitoring which leads to finer disaggregation of effects 

and more opportunity to study small and/or disadvantaged groups. It also provides the potential to 

develop transferable behavioural models with more explanatory factors, due to much larger sample 
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sizes which may be applicable to a wider range of policy contexts, socio-political backdrops and 

locales, rather than just marginal changes from the present, as is often the case in current studies. 

The deployment of big data warehouses which aggregate the required data for transport modeling, 

while providing the necessary data operations for data management is still at its infancy and novel 

solutions are required to render data accessible, usable and interoperable for transport modelling 

incorporating the dynamics and requirements of new mobility technologies.  

Table 5 presents the data needs for the operation of the new mobility technologies for passenger and 

freight described in the previous sections. 

Table 5. Data needs for new mobility technologies 

Technology  Data needs  

Passenger transpor t 
Connected 
Vehicles 

Traffic data, GPS data, road network (road profiles, curbs and sidewalks, lane markers, 
crosswalks, traffic lights, stop signs), information on the road network status (road works 
information, data on incidents, etc.), weather data (Carreras et al., 2018). 

Autonomous 
vehicles 

The above data are needed for the AVs to provide optimal routing. Otherwise, sensors 
data will suffice.  

Air taxis Take-Off and landing area position data; No Fly Zones (geofencing); Routes and corridors 
(airspace management); Waypoint data; Flight route data; Operating times; 
Communication channels 

Freight transport  

Automated 
Guided 
Vehicles 

GPS data, sound and motion sensor data, road network data (from 3D maps), LIght 
Detection And Ranging (LIDAR) data, speed data, video image data, road network status 
data (traffic conditions, incidents etc.) (Viscelli, 2018). 

Delivery bots GPS data, sound and motion sensor data, road network data (taken from 3D maps), 
LIDAR data, speed data, video image data, road and pedestrian traffic data. Data on the 
transported goods (weight, origin, destination, handling conditions). Recipientôs 
authentication data. Data on location of docking and charging stations 

Drones Drones use preloaded offline flight data that include route, origin and destination, etc.  
They require real time position, weather and wind speed data. 

 

A1.4.2   Infrastructure needs for new mobility technologies 

Infrastructure for air passenger and freight traffic : Air vehicles require the creation of secure 

locations for landing and taking off in areas such as soccer fields, big empty places, flat house roofs, 

etc. Drones used for the cargo deliveries are electric and need access to a power outlets or charging 

stations. For air urban traffic, it is important to submit and receive radio links and signals that require 

free line of sight. 

Infrastructure needs for passenger and freight vehicles : Depending on their level of automation 

and their size, connected vehicles and autonomous vehicles require different levels of investment and 

changes in the existing infrastructure. Table 6 summarizes the infrastructural needs for the operation 

of the new mobility technologies for passenger and freight. 

Table 6. Infrastructural needs for new mobility technologies 

Technology  Infrastructural needs  

Passenger transport  
Connected 
Vehicles 

The operation of connected vehicles would require investments, e.g. roads being equipped 
with sensors, cameras, detectors and other infrastructure (roadside units to transmit data 
to the vehicles, traffic signal controllers, speed limit beacons) to enable Vehicle-to-
infrastructure (V2I) communication (Sobanjo, 2019; Zhang, 2013; Kockelman et al., 2017; 
Lyon et al., 2017; Johnson, 2017).  
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Technology  Infrastructural needs  

Passenger transport  
Autonomous 
vehicles 

AVs would require some degree of upgrade or investment in existing infrastructure, which 
may range from modest changes to make signage or lane markings recognizable by the 
AVs to much more expensive investments where CAVs are in constant contact with the 
infrastructure network (Lyon et al., 2017). For example, a particular type of lane marking 
could be needed to enable AVsô operation on particular sections of the network. In 
addition, signs should be standardized and designed to be óreadableô, as AVs enter the 
road system. In any way, having the road infrastructure maintained at a high standard (i.e. 
line markings, road signs, traffic lights, etc. maintained in good conditions) is a prerequisite 
for the successful implementation of AVs (Muritala, 2018). In addition, based on Zhang 
(2013), dedicated lanes to enable platooning of vehicles might be needed for AVs in 
Levels 3 and 4. In addition, electric vehicle charging stations will be required, partly as 
most AVs are likely to be EVs (KPMG International, 2018). Finally, based on Duvall et al. 
(2019) and Lyon et al. (2017), AVs (and especially SAVs) could also change city planning 
and existing infrastructure since other structures may be needed, such as parking areas, 
drop-off zones, staging areas, to allow AVs idle when picking up or discharging 
passengers. 

Air taxis Take-Off and Landing places will be needed. Providing safe and secure entry and exit for 
the end users. Together with equipment for the vehicles, like power supply, highly precise 
and reliable navigation aids, continuous stable communication, video surveillance of the 
area, lighting, Wifi, etc. Emergency landing places will be also needed. 

Freight transport  

Automated 
Guided 
Vehicles 

Semi-autonomous/autonomous trucks are expected to travel in convoys so they will 
require the use of a dedicated innermost lanes in highways (Kulmala et al., 2019). 
Automated freight traffic should be able to communicate with the infrastructure (V2I 
communication) and get information on incidents and maintenance works in the highways, 
time and space lane restrictions, etc. Dedicated areas should be designed in the end of 
the corridors to enable the driver take over the control of the truck as well as automated 
bays for the transfer of loads from one vehicle to another. Roads should have clear and 
visible marking in order for the trucks to detect the dedicated lanes. Adequate signaling 
and real time information on incidents and events is necessary.  

Delivery bots Delivery robots are able to navigate on pavements and streets together with vehicle and 
pedestrian traffic. Most of them are not able to climb stairs and they require recipients to 
pick up their products from the street. For the moment their applications have been limited 
to low dense and low height urban environments such as college campuses. They also 
require docking and charging infrastructure.  

Drones The drones are electric and need access to a power outlet or charging station. For 
submitting and receiving radio links and signals they require free line of sight. 

 

A1.5   Final considerations 

The rapid development of autonomous and air passenger and freight vehicles are expected to shape 

the design of urban mobility plans in a way that accommodates their physical and data infrastructural 

needs. Taking advantage of the more sustainable and reliable mobility solutions offered by the 

technologies described in these chapter, urban plans should be modified in order to include charging 

stations for freight and passenger AVs, loading and unloading areas for urban freight and landing and 

taking off areas for air vehicles. At first AVs will share the existing road network with traditional means 

of transport, hence the secure interaction between vehicles and pedestrians should be reassured. 

High quality network maintenance combined with real time transmission of V2I information is essential 

for the operation of these technologies. At the moment, the development of regulatory frameworks 

that will permit an unhindered and safe air and autonomous traffic remains one of the biggest 

challenges.  
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A2. New mobility services  
A2.1   Introduction 

The rapid advancement of Internet of Things and their introduction in the transportation sector have 

resulted in the emergence of various new mobility services which aim at addressing the issues of 

traffic congestion, accessibility, air pollution, energy use and social inclusion (EC, 2017; Sprei, 2018). 

In addition, the rise of sharing economy has unrevealed new opportunities for products and services 

in the transport sector both for passengers and for freight. This chapter concerns the review of new 

mobility services that are brought about by the sharing economy and are deployed in the passenger 

and freight transport. The operation of these services is based on the sharing of a vehicle instead of 

ownership, and the use of technology to connect users and providers. For the passenger transport, 

the review is focused on three types of new services: (i) Vehicle-sharing services, where end users 

can have short-term access to shared vehicles according to their needs and convenience (Machado 

et al., 2018); ii) Ride-sharing services, where users arrange one-time shared rides on very short 

notice, usually arranged through a mobile app and; iii) Mobility as a Service, which constitutes a 

recent mobility concept integrating shared mobility with traditional mobility options under the umbrella 

of a single platform. Regarding freight transport, the following services are reviewed: i) Innovative 

freight delivery services, which encompass the use of online applications or platforms to connect 

couriers with freight, and ii) Cargo bikes, used as a last-mile solution for parcel delivery. 

A2.2   New mobility services for passengers 
A2.2.1   Vehicle-Sharing services 

The rationale of vehicle-sharing services is the provision of access to cars, bicycles and scooters 

respectively for short periods of time (i.e. couple of minutes or hours), thus, providing complementary 

transport services to the major mass transit facilities. This section reviews vehicle-sharing services 

and distinguishes them in car sharing, bike sharing and scooters (mainly electric scooters).  

 

Figure 8. Car sharing services in North America (left) and Europe (middle) (based on CSA, 2019) and bike sharing schemes 
worldwide as of December 2017(right) (Roland Berger, 2018) 

Although both car and bike sharing schemes have existed since 1960s, their growth has exploded 

worldwide in the latest two decades (ITDP, 2013). Today, carsharing is operated by 236 

companies/organizations in approximately 3,128 cities worldwide, in 59 countries (Phillips, 2019). In 

the past three years, car sharing was implemented in about 1,000 cities. The highest number of 

providers are in the United States (33 on total) followed by Italy (27 operators) and Russia (21 

operators). The leading car sharing companies are Zipcar and ShareNow. Zipcar operates more than 

16,000 vehicles and serves more than 1 million members in 384 cities most of which are in the United 
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States or Canada (Phillips, 2019). ShareNow is the joint venture between Daimlerôs and BMWôs suite 

of mobility services (car2go, Mytaxi, DriveNow, etc.). Figure 8 presents the geographical coverage of 

car sharing providers in Europe and North America. Regarding bike sharing, recent statistics indicate 

that more than 1,600 bike-sharing programs are in operation worldwide, providing more than 18 

million bicycles for public use (as of May 2018 based on Richter, 2018). The leading bike share 

providers are Mobike and Lime. MoBike is based in Beijing, China and operates in more than 200 

cities globally, while Lime was founded in California, U.S. and operates in several cities of the U.S. 

and Europe (e.g. Bremen, Frankfurt, Paris, Zurich). Shared electric scooters (e-scooters) is a very 

recent mobility concept, which was launched in 2017 by Lime and Bird Rides Inc. in the United States 

(PBOT, 2018). Table 7 provides the main characteristics of the vehicle-sharing services. 

Table 7. Main characteristics of car sharing, bike-sharing and e-scooters. 

Business : How is the service provided to end users?  
Car sharing : It can be offered as: i) Business-to-Consumer (B2C), where the organization (operating for-
profit or not-for-profit) owns a fleet of cars that the customers can use, ii) Business-to- Business (B2B), where 
the service is provided only to client organisations and client individuals (i.e. employees are given access to a 
car sharing service through their employer); and iii) Peer-to-Peer (P2P) where existing car owners make their 
vehicles available for others for hire or rental (Münzel et al., 2018; Sarasini and Langeland, 2017; Cohen and 
Kietzmann, 2014). The B2C business model is generally further divided into roundtrip and one-way models, 
as well as station-based and free-floating services (Vaskelainen, 2014; Shaheen et al., 2015). B2B and P2P 
models seem to mostly focus on station-based services.  
Bike sharing : It is generally regarded as being evolved through four different generations (Shaheen et al., 
2014). The latest (4th) generation schemes include the provision of real-time information to the users for any 
imbalances in demand and supply, fleet of electric bikes, as well as the adoption of the dockless bike-sharing 
model (Parkes et al., 2013; Shaheen at al. 2014). The dockless bike-sharing systems do not rely on street 
infrastructure for bicycle docking and allow users to find and rent bikes through a mobile app. Dockless 
systems are rapidly replacing the traditional docked model, while examples can be found in the U.S. (such as 
Social Bicycles), in Europe (such as Call-A-Bike, Nextbike) and worldwide (such as Mobike).  
E-scooters : Shared e-scooters operate in a similar way to car and bike sharing. They are generally dockless 
and are dropped off and picked up from arbitrary locations in the service area. 
Infrastructural  and Technological requirements for  the service to operate  
Platform (back-end) and front-end that facilitate the data integration, operations and service provision; 
Smartcard system to access the sharing vehicles; prepaid usage cards; widespread penetration of high-
speed mobile data networks; high levels of connectivity; dedicated parking spaces/docking stations (for the 
station-based sharing systems); on-street parking space (for the free-floating car sharing); electric vehicle 
charging stations (for e-scooters and shared electric vehicles). 
Data requirements  for the service to operate  
Information on the vehicle-sharing stations/docks (data on where customers can access the shared services), 
Real time information on vehicle position, road network information. 
Notable  services / demonstra tions / pilots  
Car sharing: ZipCar (https://www.zipcar.com/); SHARENOW (https://www.your-now.com/our-solutions/share-
now); Car2Go (https://www.car2go.com/US/en/); Enjoy (https://enjoy.eni.com/en); ubeeqo 
(https://global.ubeeqo.com/en/es); GoMove (http://www.gomoveusa.com/); ShareIT (http://shareit.fi/); Cambio 
Carsharing (https://www.cambio-carsharing.de/) 
Bike sharing: Mobike (https://www.mobike.com/uk/); Lime (https://v1.li.me); JUMP Bikes (https://jump.com/); 
Ofo (http://www.ofo.com/); Baywheels (https://help.baywheels.com/hc/en-us); Nextbike 
(https://www.nextbike.net/en/); Call a Bike (https://www.callabike-interaktiv.de/en) 
E-scooters: Lime (https://v1.li.me); Bird (https://www.bird.co/); Spin (https://www.spin.app/); Skip 
(https://skipscooters.com/); Ride (https://www.ride.com.br/); TIER (https://www.tier.app/) 

 

A2.2.2   Ride-sharing services (Carpooling, On-demand Ride Services, Microtransit) 

Over the last decade, there has been an increasing number of application-based shared mobility 

initiatives across both the developed and developing world. These initiatives have often been referred 

https://www.zipcar.com/
https://www.your-now.com/our-solutions/share-now
https://www.your-now.com/our-solutions/share-now
https://www.car2go.com/US/en/
https://enjoy.eni.com/en
https://global.ubeeqo.com/en/es
http://www.gomoveusa.com/
http://shareit.fi/
https://www.cambio-carsharing.de/
https://www.mobike.com/uk/
https://v1.li.me/
https://jump.com/
http://www.ofo.com/
https://help.baywheels.com/hc/en-us
https://www.nextbike.net/en/
https://www.callabike-interaktiv.de/en
https://v1.li.me/
https://www.bird.co/
https://www.spin.app/
https://skipscooters.com/
https://www.ride.com.br/
https://www.tier.app/
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to as ridesharing services, where the user arranges a ride on a privately-owned vehicle (peer-to-peer) 

through a smartphone application. Depending on the service offered, Shaheen and Chan (2016) 

classified ridesharing services in three categories: Carpooling, on-Demand ride services 

(ridesourcing, ridesplitting and e-hail) and Microtransit (fixed and flexible). Table 8 provides a 

summary of the most popular ridesharing initiatives around the world, along with the respective 

categories that they belong to. 

Carpooling services have been around for decades and were initially implemented to encourage 

individuals to commute to work together, splitting travel costs such as gas, toll and parking fees (Hahn 

and Metcalfe, 2017). Nowadays, and in the light of new advancements in information and 

communication, ridesourcing companies (such as UberCOMMUTE, Lyft Carpool, LiftShare and Waze 

carpool) have launched different services to target commuters looking for real-time carpooling 

services. In fact, some of these platforms have partnered with local governments or private employers 

to provide on-demand carpooling services. An example of this is LiftShare, which has partnered with 

different private companies in the UK to provide a carpooling interface for their employees.  In 

addition to these services, several internet-based matching companies have focused on providing 

carpooling for long distance trips. The demand for this type of services refer to travellers interested in 

long trips (inter-city, inter-country), and have more flexible travel schedules (Furuhata et al., 2013). A 

good example of this type of service is BlaBlaCar, one of the biggest long-distance carpooling 

providers in Europe. On-Demand Ride Services  refer to real-time demand responsive trips, where 

passengers request a ride through a mobile application. These services include ridesourcing (also 

known as Transportation Network Companies), ridesplitting and e-Hail services. Ridesourcing 

providers such as Uber, Ola and Lyft are amongst the most popular services across the world, 

offering smartphone applications to link users with community drivers (Ghoseiri et al., 2010). These 

applications charge a distance- and time-variable fare, and contrary to traditional Taxis, in periods of 

high demand, prices increase to incentivize drivers to complete rides (also known as surge pricing) 

(Jin et al., 2018). Ridesplitting can be considered as a type of ridesourcing, where a user can split a 

fare with another person on a similar route. Many ridesourcing companies include ridesplitting 

services, such as UberPool and LyftLine. Opposed to carpooling services, ridesplitting drivers do not 

share a destination with the passenger, but they offer the service in exchange for an income (Rayle et 

al., 2014). Due to the rising popularity of using mobile applications for ridesourcing/ridesplitting 

purposes, e-Hail applications have arisen as a way to electronically hail a taxi. These services are 

either maintained by a taxi company or a third-party provider. Some of the most popular e-Hail 

providers are Arro, Curb, TaxiApp and TaxiEU. While they provide similarities with existing 

ridesourcing applications, these applications hail licensed taxi drivers, rather than community drivers. 

Microtransit services  have recently emerged as a form of private transit which emulates public 

transportation by using privately owned large vehicles to pick up passengers along a route that may 

be either predetermined, or assembled on-demand (Schaller, 2018). While there are several potential 

configurations, the most popular models are those with fixed route and scheduling, and flexible routes 

and on-demand scheduling (Via, Bridj). The former operates similar to public transportation systems, 

where the arrival/departure time of the vehicle are fixed (Wong et al., 2018), while the latter operate 

similar to ridesplitting services, where a user can request a ride on-demand (Westervelt et al., 2018).  

The aforementioned services are provided to the users through a digital platform, in the form of a 

mobile application or webpage (in the case of most carpooling services). The infrastructure required 

to support these platforms are mobile data for connection, and an Application Programming Interface 

(API) for data handling. Depending on the specific characteristics offered by the service, there are 

different data requirements for their operation. The data requirements can be divided in two: supply 
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(drivers) and demand (riders). The first one, supply data, refers to information on the location of the 

driver (GPS), type of vehicle, model, number of seats, wheelchair access and seat allocation (for 

carpooling and ridesplitting services). The real-time tracking of the drivers, in conjunction with 

mapping applications, are important information needed to estimate the road conditions and the 

expected time of arrival. For demand, data is needed with regards of GPS location of the user, 

requirements of the ride (vehicle size, type of service, seats needed), date/time of the trip (carpooling 

services), and payment information.   

Table 8. Overview of ridesharing initiatives around the world 
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Carpooling 
x x x x x 

x 
    x       x x x x         

Ridesourcing     x x           x             x       

Ridesplitting     x x                                 

E-Hailing                x       x         x x x   

Microtransit             x       x                 x 

Table Notes: 1 https://www.waze.com/carpool;  2 https://www.blablacar.co.uk/;  3 https://www.uber.com/; 
4https://www.lyft.com/; 5 https://liftshare.com/;  6 https://gocarshare.com/; 7 https://ridewithvia.com/; 8https://gocurb.com/; 9 
https://www.gocarma.com/; 10 https://gojuno.com/; 11 https://www.ridearro.com/; 12 https://gett.com/; 13 https://blancride.com/; 
14 https://www.erideshare.com/; 15 https://poolmyride.com/; 16 https://www.icarpool.com/; 17 https://www.olacabs.com/; 18 
https://www.taxiapp.com/; 19https://www.taxi.eu/; 20 https://www.bridj.com/.  

 

A2.2.3   Mobility as a Service 

Mobility as a Service (MaaS) is a relatively new mobility concept which relies on the integration of 

multiple mobility service providers under the umbrella of a unique digital interface (MaaSLab, 2018; 

Hietanen, 2014; Kamargianni and Matyas, 2017). This user-centric, intelligent mobility management 

and distribution system enables end users to seamlessly plan and pay their journeys, thus offering 

flexible, reliable and seamless mobility based on their travel needs (Hensher, 2017). Although the 

MaaS concept began just a few years ago in 2012 in Gothenburg of Sweden, where the real-life 

demonstration of UbiGo took place as part of the Go:Smart project (Karlsson et al., 2016), a number 

of MaaS demonstrations have arisen in Europe and worldwide. A successful example of MaaS 

implementation is the so-called ñHelsinki Modelò, which was ýrst proposed by Heikkilª (2014) and was 

subsequently commercialized as Whim application. Table 9 presents several MaaS applications that 

have been developed mainly in Europe as well as in the United States and Australia. Since MaaS is a 

promising concept, the European Commission is currently funding three projects on MaaS: i) 

MaaS4EU, ii) IMOVE and iii) MyCorridor5. Based on the current state of the art and practice, the main 

elements of MaaS are presented in Table 9. 

 

                                                

5 More information can be found in: i) http://www.maas4eu.eu/; ii)  https://www.imove-project.eu/; iii) 
http://www.mycorridor.eu/. 

https://www.waze.com/carpool
https://www.blablacar.co.uk/
https://www.uber.com/
https://www.lyft.com/
https://liftshare.com/
https://gocarshare.com/
https://ridewithvia.com/
https://gocurb.com/
https://www.gocarma.com/
https://gojuno.com/
https://www.ridearro.com/
https://gett.com/
https://blancride.com/
https://www.erideshare.com/
https://poolmyride.com/
https://www.icarpool.com/
https://www.olacabs.com/
https://www.taxiapp.com/
https://www.taxi.eu/
https://www.bridj.com/
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Table 9. Main elements of MaaS  

Business: How is the service provided to end users?  
The concept of MaaS relies on a digital platform that integrates journey planning, booking, electronic ticketing, 
and payment services for different mobility services provided by private or public entities. Thus, end users can 
plan and book their door-to-door trips using a single mobile application. To materialize MaaS the interactive 
contribution of several actors is needed: i) the customers, e.g. private or business customers, who are offered 
the MaaS products; ii) the transport operators, who provide the transport assets and services; iii) the MaaS 
operator, who integrates the MSPsô offerings and sells the MaaS products to end users; iv) the data providers, 
who offer the data and information sharing requirements and v) others, insurance companies, regulatory 
organisations, technical backend providers etc. (Jittrapirom, et al., 2017; Kamargianni and Matyas, 2017; 
Transport Systems Catapult, 2016; Polydoropoulou et al., 2019). The MaaS operator can be a public entity 
(such as a public transport authority), a private company (e.g. a private transport operator or a company 
dedicated to offer MaaS services) or a Public-Private-Partnership with the collaboration of private companies, 
municipalities, transport operators etc. 
Infrastructural and Technological requirements for the service to operate  
Widespread penetration of high-speed mobile data networks; common interface designs; open APIs 
(Application Programming-Interfaces); the participating MSPs should have developed electronic booking (where 
applicable) and ticketing; cashless payment systems (Goodall et al., 2017). In addition, integration of the 
physical infrastructure to enable the seamless transfer between transportation services could be also 
considered (e.g. bus and subway interchanges, or bike and carsharing spaces at stations) (Goodall et al., 
2017). 

Data requirements for  the service to operate  
The MaaS concept relies heavily on data availability. The data that are required to operate the service include: 
service route data from the involved MSPs, schedules, real time vehicle positioning, real-time network 
conditions and disruptions, ticketing, booking and payment data. Availability of other data, such places and 
weather data, could contribute to the design of MaaS products that further improve customersô experience 
(MaaSLab, 2018; König et al., 2017; Polis, 2017; Goodall et al., 2017). 

Critical Issues regarding  the implementation of MaaS  
Current research projects focus on setting up the applications, exploring customersô preferences towards 
MaaS, while addressing any regulatory, institutional and business-related issues (Polydoropoulou et al., 2018). 
Notable services / demonstrations  / pilots 6 
Whim (https://whimapp.com/); UbiGo (https://www.ubigo.me/); SKEDGO (https://skedgo.com/); Kyyti 
(https://www.kyyti.com/); Mobility Shop (https://shop.gvh.de/); Smile (http://smile-
einfachmobil.at/index_en.html); Moovel (https://www.moovel.com/en); CityMapper 
(https://citymapper.com/pass); Mobility Mixx (https://mobilitymixx.nl). 

 

A2.3   New mobility services for freight 
A2.3.1   Innovative freight delivery services 

 

Table 10. Main elements of Innovative freight delivery services 

Description of the service   
Innovative freight delivery services provide ñfor-hire delivery services for monetary compensation using an 
online application or platform (such as a website or smartphone app) to connect couriers using their personal 
vehicles, bicycles, or scooters with freight (e.g. packages, food)ò (Shaheen et al., 2015) and aim to improve last-
mile logistics. These services are divided in two categories:  1) Crowdshipping; and 2) Paired on demand 
passenger and courier services. The first category focuses only on the delivery of goods by citizens that travel 
from a point A to a point B and they can take with them and deliver a package. The second category concerns 
the services provided by existing for-hire ride companies that combine passenger ride sharing with freight 
delivery services either in separate trips or in mixed-purpose trips.  

                                                

6 Based on the review of: Ho et al. (2018); Veerapanane et al., 2018; Ebrahimi et al., 2018; Goodall et al., 2017; 
Hensher, 2017; Jittrapirom et al., 2017; Nikitas et al., 2017; Kogut and Rapacz, 2015; König et al., 2016; 
Kamargianni et al. 2016; Lane and McGuire, 2014, MaaS4EU D2.1 

https://whimapp.com/
https://www.ubigo.me/
https://skedgo.com/
https://www.kyyti.com/
https://shop.gvh.de/
http://smile-einfachmobil.at/index_en.html
http://smile-einfachmobil.at/index_en.html
https://www.moovel.com/en
https://citymapper.com/pass
https://mobilitymixx.nl/
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Business: Ways the service  provided to end users  
In their majority, innovative freight delivery services are provided by startup companies that offer online 
platforms. Users can access the services via a smartphone app, insert the information and pick-up and delivery 
requirements of their package and then an algorithm matches shipments with transporter. Every citizen with a 
smartphone and a private vehicle or in some cases, a bike is able to become a transporter. Crowdshipping 
companies operate under a variety of business models (Shaheen et al., 2015). Some companies use only 
motorized vehicles (cars, motorbikes) while others only bikes (UberEats, DelivCo). A variety of products can be 
transported ranging from food (UberEats, DelivCo, Postmates) and groceries (Roadie, Postmates), to library 
books (PiggyBaggy). Crowdshipping operates with various ranges from long haul where companies focus on 
packages that can be transported in a passengerôs luggage (Filmy luggage) to city-range last mile deliveries. 
Finally, some platforms permit transporters to deviate from their predefined route to deliver a shipment 
(McKinnon, 2016).  
The majority of companies offering crowdshipping services face various issues related startup operations such 
as experimental business models, under-capitalization, high failure rates and many mergers (McKinnon, 2016). 
However, larger players have already started entering the market with Amazon introducing AmazonFlex in 
2016. AmazonFlex is a crowdshipping service aiming to increase the cost efficiency of last-mile deliveries. DHL 
has introduced a similar service in Norway (DHL MyWay) 
Regarding the paired-on demand passenger and courier services, existing ride-hailing companies such as Uber 
(UberRush) and Sidecar (Sidecar Deliveries) had unsuccessfully tried to create services that combine 
passenger transport with last mile deliveries.  

Infrastructural requirements  for the service to operate  

There are not specific infrastructural requirements for these services to operate.  

Data requirements for the service to operate  
All services offer an online platform where the customer inserts information on: pick up location, delivery 
information, details of the parcel (weight, dimensions, handling/delivery requirements) and in some cases the 
maximum amount of money they are willing to pay. The transporter accesses the platform, inserts the route he 
is following, and an optimization algorithm matches the sender with the transporter. Transporters can also 
provide data on availability and the distance they are willing to deviate from their route. Additional data involve 
the rating of transporters and customers.  
Other requirements  
No other requirements.  
Notable services / demonstrations / pilots  
Crowdshipping services: 1) PiggyBaggy , where local people can transport library books for a fee of 2-5 euros 
(Transport Reduction by Crowdsourced Deliveries: a Library Case in Finaland, 2016); 2) Roadie  offers 
companies a safe, affordable and reliable solution to make same day deliveries. Roadie specializes in home 
décor, furniture, pharmacy products, prescriptions and groceries (www.roadie.com); 3) Trunkrs : A Dutch 
crowdshipping company focusing on delivery time by offering same day, next day and evening delivery options 
(https://www.trunkrs.nl); 4) Postmates specialized in food, drinks and groceries deliveries in USA cities 
(https://postmates.com); 5) DelivCo  uses only bikes for deliveries (https://www.deliv.co/courier-service/nyc/); 6) 
FilmyLuggage  connects people who want to move goods with travelers that can transport them in the luggage; 
7) ShipBid  is a shipping service that connects everyday commuters with individuals seeking couriers 
(https://shipbird.com/); 8) DoorDash  is a service where transported are paid a fee to go to a restaurant and 
deliver to customerôs home or office (https://www.doordash.com); 9) Uber Eats : Delivers foods from restaurants 
to customers (https://www.ubereats.com/nl-NL/); 10) Amazon Flex  (https://flex.amazon.com); 11) DHL 
MyWays  
(https://www.dhl.com/en/press/releases/releases_2013/logistics/dhl_crowd_sources_deliveries_in_stockholm_w
ith_myways.html#.XXZCti2B2qQ) 
Paired on demand passenger and courier services: There are two such services, UberRush  (by Uber) and 
Sidecar Deliveries  (by Sidecar), which have already gone out of business. 

 

A2.3.2   Cargo bikes 

In recent years, human-powered bikes, or cargo bikes, have gained popularity as an environmentally 

friendly mode for the movement of local goods in European and North American cities. Cargo bikes 

are specifically designed for transporting load, with a cargo area consisting of an open or enclosed 

box and are often enhanced by electrically assisted drivetrains. They are especially suitable for 

courier logistics with a high amount of small short-distance shipments in metropolitan centres (Gruber 

http://www.roadie.com/
https://www.trunkrs.nl/
https://postmates.com/
https://www.deliv.co/courier-service/nyc/
https://shipbird.com/
https://www.doordash.com/
https://www.ubereats.com/nl-NL/
https://flex.amazon.com/
https://www.dhl.com/en/press/releases/releases_2013/logistics/dhl_crowd_sources_deliveries_in_stockholm_with_myways.html#.XXZCti2B2qQ
https://www.dhl.com/en/press/releases/releases_2013/logistics/dhl_crowd_sources_deliveries_in_stockholm_with_myways.html#.XXZCti2B2qQ
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and Kihm, 2016), due to their advantages with regards to low operational cost, less driver fatigue, 

higher payload and environmental benefits (TFL, 2009). In addition to their application for the 

movements of food, pharmaceutical and other products, these bikes are also used as a last-mile 

solution for parcel delivery in very congested urban centres.  

E-cargo bike fleets usually operate through a bike monitoring platform where is possible to track the 

cargo bike location, obtain routing assistance and provide real-time information on the condition of the 

bike. The data needed for this service to operate is related to the location (GPS), altitude, existing 

cycle infrastructure (for routing), and current state of the fleet. In terms of technical infrastructure, the 

bike monitoring system requires an embedded mobile platform, and an Application Programming 

Interface (APIs) to operate (Kiefer and Behrendt, 2016). In addition, physical infrastructure 

requirements that supports the use of e-cargo bikes include designated loading areas, charging 

facilities, microdistribution hubs and dedicated cycle lanes (DfT, 2019).  

Studies have examined the potential of cargo bikes for goods delivery in different European and North 

American cities, with the most popular implementations in cities such London, Paris and Berlin (Lenz 

and Riehle, 2013; Schliwa et al., 2015). Table 11 provides an overview of the different studies and 

current implementations of cargo bikes in Europe, by private firms and publicly funded projects. The 

general conclusion from these studies is that cargo bikes have proven to be a viable solution for 

urban freight transport, as they are less expensive to purchase, maintain and power, more reliable 

and offer more parking flexibility in comparison with motorised vehicles. However, their limited 

capacities and service ranges require more space for transloading, as well as more vehicles and 

drivers than comparable services (Koning and Conway, 2016).  

Table 11. Overview of cargo bike implementation in Europe 

Company  Cities  Sourc e/Link  

Private firms  
United Parcel Service Hamburg, Bremen, Hanover and 

Bochum 
https://www.ups.com/ 

Dynamic Parcel Distribution Hamburg https://www.dpd.com/ 

Zedify Cambridge https://www.zedify.co.uk/ 

Gnewt Cargo London https://www.gnewt.co.uk/ 

E-cargo Bikes London https://e-cargobikes.com/ 

Royal mail e-trike London https://www.royalmail.com/ 

Bikes for business London https://www.teamlondonbridge.co.uk/ 

Publicly funded  projects  

I substitute a car Berlin https://www.dlr.de/vf/  

CycleLogistics 
Berlin, Budapest, Cambridge, 
Graz, Mechelen, Milan, Prague, 
San Sebastian 

http://www.cyclelogistics.eu/ 

Cycle freight 
London http://content.tfl.gov.uk/cycle-freight-

study.pdf 

Pro E-bike 
Valencia, Genova, Zadar, 
Heerhugowaard, Lisboa, Vedra, 
Moravske Toplice, Motala, Torres 

http://www.pro-e-bike.org/ 

 

A2.4   Final considerations 

This chapter identified the mobility services that have already become available in the passenger and 

freight mobility sector. Based on the review, these services have mainly emerged from the rise of 

sharing economy, while the introduction of information technology and digitalization in the transport 



 

D1.1 Review of new forms of mobility, freight distribution and their business 
models; gaps identification in KPIs and SUMPs 

 

 

28 

industry, the continuous development of mobile applications and the use of smart phones have 

significantly contributed to their emergence. 

The deployment of the reviewed mobility services may affect spatial and transportation planning in 

different ways, since changes in location choices, modal choices, land use organization and 

infrastructure design are expected. For example, shared mobility schemes could lead to the decrease 

of personal automobile use (Shaheen et al., 2015). In addition, the new mobility services require 

several infrastructural changes and/or improvements for their successful implementation. Dedicated 

parking spaces, docking stations, electric vehicle charging stations are some of the physical 

infrastructure needs for the deployment of these services. Besides, widespread penetration of high-

speed mobile data networks, open APIs and other technological advancements (e.g. electronic 

booking and ticketing, cashless payment systems) are required. Authorities should consider the 

impact from the new mobility services on cities and the future challenges for transport planning. 

Collection and exchange of data about mobility is another important component to achieve the 

successful integration of these mobility services in the spatial and transport planning. Road network 

data, real time information on vehicle position and characteristics, real-time network conditions and 

disruptions, ticketing, booking and payment data are some of the data needs. Combining large 

datasets from mobility service providers, infrastructure operators (road, parking, etc.), authorities, in-

car systems and mobile telephones is essential to this. Finally, regulatory/legal, institutional and social 

acceptance challenges should be addressed and considered by the corresponding authorities to 

promote the materialization the new mobility services. 
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A3. Inputs for the baseline scenarios for regional and 
transport planning  

A3.1   New opportunities for urban mobility of the future  

Nowadays, we are witnessing a revolution in the world of transport. Technological drivers such as 

automation, connectivity, and low-carbon technologies, coupled with new sharing trends are 

completely redefining the way people and goods move around. In addition, mobility is being strongly 

affected by a series of external trends including population growth and ageing, changing attitudes and 

behavior among younger people (e.g. changing environmental norms), and the growth of the sharing 

economy and of connectivity and digital services (e.g. e-commerce, home working). Such trends are 

not under the direct responsibility of governments, organizations, or firms, but it is fundamental to 

consider their impacts when planning the transport systems of the future and when forecasting 

regional and transport planning scenarios (Government Office for Science, 2019). 

It can be observed that there are mainly four fast-moving trends that are currently shaping mobility 

and have a disruptive potential to transform transport in the way we are used to know it: automation, 

connectivity, decarbonisation, and sharing. The combination of these four elements can lead to a 

radical transformation of transport as the interplay and integration between them could have a 

reinforcing effect. For example, AVs could accelerate the adoption of shared mobility, while vehicle 

electrification could be accelerated by shared, automated mobility (Rupprecht et al., 2019).  

The overall result of these trends is that the transport system is changing and evolving at a pace that 

has never been that fast before, thus making extremely difficult to carefully predict how mobility will 

look like in the future. It could be forecasted that in place of cars powered by fossil fuels and internal 

combustion engines, we will have electric and autonomous vehicles. Sharing mobility services might 

escape from their niche status. High speed rail could transform journeys between our major cities, 

and hugely enhance freight capacity. Drones might deliver goods to peopleôs houses (Government 

Office for Science, 2019).  

Also, people would continue to play an active role by using and producing more data than ever before 

as ICT will be fully integrated in the daily life of travelers, with massive implications for transport 

system management. Traffic and travel information could then support the implementation of 

advanced mobility demand management systems. People might have available a greater chose of 

mobility solutions and new information services that will become readily available to the consumer. 

Access to services could be made easier, allowing travelers to move seamlessly from door-to-door. 

Multimodal hubs could provide easy transfer between modes and collective transport could become 

more diversified and efficient than ever, while sustainable and active modes of transportation might be 

encouraged. The urban logistics strategies might lead to a greater efficiency in freight delivery, with 

greater integration of urban freight challenges into urban planning (ERTRAC, 2009).  

A huge role in understanding how the future of transportation will be shaped, is played by the 

development path that new technologies and services will follow. In the first two chapters, the 

HARMONY project thoroughly described some of these technologies and services. The potential role 

that each of them might have in the future is briefly presented in the following lines.  

In terms of new mobility technologies for passengers, Autonomous Vehicles (AVs)  are currently at 

the forefront of both public and private consciousness.  At this stage, it is highly uncertain what will be 

their adoption rate and their future market penetration as they depend on a variety of factors, 

including take-up of autonomous vehicles by manufacturers and public attitudes. Potential impact of 

autonomous vehicles is also a hot topic of discussion among researchers. What is certain is that a 
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hellish scenario might happen if AVs will be individually-owned and gasoline-powered. On the other 

hand, if they will be electrically-powered and used for shared trips in shared cars, they have the 

potential to make cities more livable, sustainable, and equitable: sharing cars will reduce the need for 

parking, sharing trips will reduce congestion, and people will have the chance to get door-to-door 

transport with an individualised service comparable to private car travel, for the cost of a subway 

ticket.  

Beyond AVs, the market analysis forecasts a huge business potential for future automated aerial 

services, such as Air Taxis . Different kind of missions are under consideration by many stakeholders. 

In the perspective of this vision, industry is developing different types of unmanned aircrafts to enable 

future aerial mobility services, also interconnected with those of other transport modes. The vision for 

the future is to have urban air mobility brought to the customer on request. 

In addition to the new technologies available, the development of innovative services and new 

paradigms of mobility is going to shape the future of how people will move around in the future. These 

paradigms include the concept of both vehicle and ride sharing . Travel behaviors are expected to 

change and services such as car-sharing, bike-sharing, and ride-sharing are expected to grow. 

However, they are unlikely to be transformative without clear incentives and stimulus from 

government or industry to boost their uptake. Even if people are counting more and more on sharing 

options, these alternatives are currently constrained by their low ease of use, cost, social norms, and 

potential risks of travelling with strangers. In addition, the success of shared car travel will highly 

depend on an effective public transport system that can fill the gaps. This is because sharing 

alternatives alone wonôt be able to satisfy all of a householdôs travel needs. It is safe to say that 

vehicle sharing and ride sharing will bring changes in urban driving and driverôs behavior. However, 

they are not a true game changer as they wonôt redirect a stream of revenues to a disruptive upstart, 

and they wonôt spark a widespread change in consumption. 

Finally, Mobility as a Service  will bring the opportunity to provide flexible, tailored mobility with 

minimal costs. The ultimate scope of MaaS is to integrate multiple modes of transport in order to 

provide a single mobility solution, through ride-sourcing, route-planning and ticketing apps. Central to 

the concept is that the overall journey is more important than the mode used, placing the user at the 

heart. There are indications that it can have positive impacts on public transport services and active 

modes, removing private vehicles from roads (see chapter A2.2.3  ). Even if it is technologically 

feasible, it will require altering well-established financial and organizational structures and systems, 

and coordination across public and private transport operators, as well as differing regulations.  

New technologies and service will be pivotal in defining the future of urban logistics as well. Freight 

delivery is already being asked to respond to a challenging twofold task. On one hand, it must satisfy 

the demand of globalized trade in which customerôs expectations grow daily (by 2025, the online retail 

sector will have risen to nearly 20% of total retailing), on the other, it has to take into account the 

overall sustainability of the city environment.  

Among the new technologies that will affect logistics, automation will be at the centerpiece. As cyclists 

are todayôs symbol of alternative delivery options, the future will see automation playing a central role, 

with electric robots and drones increasingly occupying pavements and the urban sky. Autonomous 

Vehicles for freights  are already moving from an in-house transport in warehouse and distribution 

centres to a next step via the development of fully and semi-autonomous long-haul truck 

manufacturers. Similarly, large companies and startups have already started to experiment with the 

development of short-range delivery robots (bots)  to fulfill the last-mile deliveries from a local depot 

to the final recipient. Finally, a lot of efforts are put into drones for freights , considering their 
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capability to avoid surface congestions and delays, to offer a faster a customized delivery, and to 

improve the market access for remote places. At the moment, they are still at a very experimental 

ground, however they are definitely more than a mere concept and not that far from real life scenario.  

Beside the new technologies, a lot on innovative fre ight delivery services  are constantly being 

tested and implemented in order to keep up with the growing demand for the delivery of goods and 

services. Crowdshipping, a platform that employs technology to marshal a large group of people to 

accomplish deliveries, is now a rising paradigm that could provide some help towards the challenges 

posed by increasing urbanization and e-commerce. Currently, most of crowdshippers are startups, but 

some big companies are arriving.  

Finally, in order to limit air and noise pollution linked to the increasing volume of traditional freight 

vehicles, many urban areas are witnessing an increase in the employing alternative vehicle types for 

delivery. Cargo bikes  represent the main one, as it can be a more cost-effective method when 

compared to delivery trucks within dense urban areas, and holds the great potential to tackle some of 

the detrimental effects associated with heavily polluting vehicles for last mile deliveries, especially in 

cities with an already well-established cycling infrastructure.    

A3.2   Future scenarios and projected timeline  

Having in mind the projected timeline of the new services and technologies mentioned above, 

different baseline scenarios can be defined for short-term, mid-term, and long-term regional and 

transport planning. 

For the purpose of this deliverable, it is assumed that a short-term scenario describes the mobility in 

the near future, i.e. with a time horizon of maximum 5 years, basically considering services already 

available. A medium-term scenario is assumed to take into account forecasts up to 15 years from 

today, including technological aspects which are almost ready. A long-term scenario is assumed to 

look further into the future, i.e. with a time horizon from about 15 to 30 years, up to 2050. 

In the short-term, the time seems not ripe yet to expect the diffusion of disruptive technologies such 

as AVs, air taxis, robots and drones. It is therefore assumed that within the next 3 years urban 

mobility will mainly be supported by the further development of sharing services and MaaS for 

passengers and crowdshipping and cargo bikes for freight. 

The following Figure 9 provides an overview of the projected timeline of the new services and 

technologies. 

Looking over the next decade, in the medium term some of the new services and technologies are 

assumed to appear in the urban mobility context. Autonomous vehicles nowadays still face many 

technological challenges as well as issues with regulatory constraints, customer trust and affordability 

and it will take several years before this technology is widely deployed. Nevertheless, it can be 

assumed that over the next decade AVs will likely gain more traction, and adoption rates will start to 

grow first for freight and then for passenger. Over time, as the technology advances and public 

acceptance increases, also delivery robots will likely become more popular and their commercial 

rollouts can be expected on the market. Finally, the use of drones will likely grow once new 

regulations are issued and as the economics continue to improve, likely at the beginning with a 

primarily use by large retailers, such as Amazon and Walmart. 
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Figure 9. Projected timeline of the new services and technologies 

In the long term, over 15 years from today, it is assumed that all these technologies and services will 

be mature to contribute to achieve a greater sustainability of urban mobility patterns for passenger 

and freight. Regardless of the way in which the future of mobility will look like, the collective hope is 

that we will be dealing with a more complex, but integrated mobility system, managed with greater 

efficiency in order to answer the challenges of reducing environmental impact and minimizing urban 

congestion, while providing comfortable mobility solutions for both the travel and the movement of 

people and freights.  

  






















































































































































































































































