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Executive Summary
This report includes a description of a software solution that acknowledges and empowers
electro-Mobility as a Service (eMaaS). It is the outcome of task T2.4, and constitutes the
deliverable D2.5.
These days, travellers are being more encouraged and motivated into abandoning car
ownership in favour of sustainable mobility services. Hence, the demand for an eMaaS
solution that provides travellers with ready-to-hand access to nearby transport options,
where they can evaluate, select, and possibly pay a trip.
EU/EEA promotes interoperable Intelligent Transport Systems (ITS) and issued EU Directive
2010/40/EU to accelerate the provision of multimodal travel information services, and
Delegated Regulation 2017/1926 that defines types of multimodal travel information
required from transport providers. An eMaaS solution must adhere to the regulations, and
interact with existing solutions. Regulations and organisational structure of transport
authorities in Norway and Ireland have been investigated, and existing transport and ITS
service providers, in Trondheim and Limerick, surveyed. This is to help understand what
data to expect, how to design for it, and where to find it, whether static or real-time.
A functional proof-of-concept eMaaS system has been developed. It includes a backend
system, named FourC Total Traffic Control (FourC TTC). FourC TTC retrieves, stores, and
provides transport data. It collects data from various data providers and makes it available
in a normalized and standardized format. The TTC API delivers data as GeoJSON objects
(RFC 7946), which allows developers to easily take the data output as a standardized object
format and display it on a map. It is based on GraphQL, which allows for dynamic queries
and reduces broadband requirements.
A demonstration end-user Android app has also been developed. It connects to the TTC
backend and shows the mobility options that are available for the user near a chosen
position on the map. Mobility objects on the map are interactive, and can show further
information about the chosen object. Each mobility object is graded according to its
environmental “friendliness”. The user can choose the types of mobility modes they would
like to see, create location favorites, and “auto-jump” to the nearest favourite. As the
mobility modes have very different payment schemes, the app will redirect the user to the
mobility provider's own app or webpage to reserve or order each type of mobility option.
Ideally and to conform to the task description, payment would have been done through
IOTA distributed ledger technology, with IOTA digital assets. Since a full integration was not
possible, instead, as a proof-of-concept, a digital asset payment system was developed,
where users can book and pay for a multi-modal journey, offered by different transport
providers, seamlessly in one step.
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Finally, for integration with task T2.5 (for developing a platform for local trade of energy and
flexibility), and since no actual chargers nor electric vehicles (EVs) have been deployed
during the course of T2.4, a simulator has been created. It represents a proof-of-concept
on how an API for accessing “temporarily available” EV batteries as flexibilities for use in
Positive Energy Blocks (PEBs) could be achieved. Additionally, the development of the
simulator gives some first insights into which data that has to be present in order to exploit
EV batteries as temporary power sources. The simulator is used by Powel’s trading platform
for the PEBs in Trondheim.
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1 Introduction
The current traditional model of mobility, that is dominated by personally-owned cars and
traditional Public Transport (PT), is being challenged. Largely, by the ambitions to improve
air quality and reduce carbon emissions. Thus, mobility is consistently being valued as a
service, especially in urban areas. This, combined with rapid growth in the adoption of
Electric Vehicles (EVs), form the concept of electro-Mobility as a Service (eMaaS). eMaaS has
to be offered through an online gateway that allows travellers to access, evaluate, and
choose transport modes, and eventually book and pay for the transport service.
Creating the technical software solution for the eMaaS is assigned to task T2.4 in the
+CityxChange project, and it is meant to be demonstrated in tasks T4.8 and T5.8 on
Seamless eMobility, in the Lighthouse Cities (LHCs) Limerick in Ireland and Trondheim in
Norway, consecutively.
This document describes the outcome of task T2.4, and constitutes the deliverable D2.5.
The next two sections discuss the eMaaS scenario in view of the ICT ecosystem developed
in task T1.1, and deviations in response to challenges in the course of the task,
consecutively. The next chapter will provide an overview of transport-related regulations
and authorities, which shape the transport sector. Subsequent chapters will be dedicated
to elaborating the technical solutions developed within this task, as described in section 1.1.

1.1 eMaaS Scenario in the ICT Ecosystem
eMaaS has to make use of an extensive infrastructure of transport and mobility. This
includes public and private scheduled transport, demand-responsive (e.g. car-sharing)
transport, and personal transport. In addition to EV chargers, local grid, and data
infrastructure. Relying on this infrastructure, whether existing or planned, and in
collaboration with all stakeholders, the eMaaS system consumes large sets of data from the
+CityxChange Data Space, and contributes back to it, as illustrated in the model below,
which was developed in task T1.1
The eMaaS solution developed in task T2.4 belongs mainly to the Application and Data
Processing layer. This includes providing a “one-stop-shop” API interface for all
eMobility-related data for use by the trading platform developed in task T2.5, and for city
simulation/planning tools in other WPs and tasks, in addition to a consumer-oriented
eMaaS application. In order to accomplish the delivery of this task, the following have been
fulfilled:
●
●

A functional proof-of-concept backend system, productified as FourC Total Traffic
Control (FourC TTC), see chapter 3 for details.
A limited TTC frontend eMaaS app for demonstration, described in chapter 4.
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●
●

A proof-of-concept digital asset payment system, using IOTA Distributed Ledger
Technology (DLT), described in chapter 5.
EV battery simulator, described in chapter 6.

Fig. 1 eMaaS scenario, developed in task T1.1 (Development of the ICT Ecosystem Architecture and Roadmap)

1.2 Deviations
Task T2.4 has been faced with some difficulties that resulted in appropriating alternative
approaches, in order to fulfill the requirements of this deliverable.
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First, deployment of an eMaaS hub and EVs by ABG/AVIS, and installation of chargers by
ABB have not started yet. Neither, access to APIs for EV battery status and charger locations
have been made available. Subsequently, a simulator for EVs and EV battery status was
created for use in the trading platform (see chapter 6), where EV batteries are flexibilities in
Positive Energy Blocks (PEBs). For the TTC backend and the eMaaS app, public sources of
EV and charger locations were used. Nonetheless, charging schedules and prediction,
including static and dynamic charge point predictions, and possible analysis of historic data,
will be handled in the demonstration tasks T4.8/T5.8 with the mobility provider backends
Secondly, adoption of DLT micropayment was challenged by current regulations regarding
cryptocurrencies, lack of motivation to alter payment solutions or expose payment APIs,
and the lack of possibilities to integrate it into car systems. Integration of IOTA wallet into
the cars’ hardware would be kind of a ‘hacking’ and not feasible for general replication.
Therefore, a direct payment of the energy usage by the car turned out to be challenging for
organisational and technical reasons. Also, due to the fact that the eMaaS hubs have not
been deployed yet. As an alternative prototype showcasing the potential of DLT
micropayment in eMaaS, IOTA developed an innovative digital asset payment system as an
independent proof-of-concept, see chapter 5 for details.
Finally, there was a shortage of data access, whether due to unavailability or access
restrictions. For example, many transport-related APIs in Limerick are planned to be made
available or completed within 2020. That is why most of the data available in the TTC and
the eMaaS at present app come from Trondheim (see section 3.2 on input sources). Also,
integration of PT in Trondheim into the eMaaS app is not optimal, as access to real-time
bus positions from AtB and access to their payment solution to purchase tickets are yet to
be made available, after clarifications of whether sales would be possible. Such restrictions
would limit the public interest in the eMaaS solution. On the other hand, factors of energy
use and greenhouse gas emissions are unavailable. The eMaaS app had to use its own
simple heuristics for providing such factors.
Some of these issues will still be worked on in the eMaaS demonstration tasks of T4.8/T5.8,
and by using in-kind resources.
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2 Background: Transport System Organization
Facilitating eMobility takes place within a woven structure of local and regional regulations
and aspirations, and a variety of authorities and organisational bodies. An eMaaS solution
must adhere to the regulations, and interact with existing solutions. This chapter discusses
Intelligent Transport Systems (ITS) from the legal perspective, in the EU/EEA, and specifically
Ireland (LHC Limerick) and Norway (LHC Trondheim). Then it studies the organisational
structure of transport authorities in Norway, and partly in Ireland. Finally, it surveys the
existing transport and ITS service providers in Trondheim and Limerick.

2.1 ITS in Legislation and Regulations
This section describes the overall background of mobility systems, organisation, and
common regulations, and then examines the situation in the LHCs Trondheim and Limerick.
EU Directive 2010/40/EU1 (aka ITS Directive, 2010) lays the framework for all deployments
of ITS systems in EU/EEA. This directive was adopted to accelerate the provision of
multimodal travel information services and to address compatibility and interoperability
across Europe. The implementation of the ITS directive is the responsibility of each member
state (for latest status reports on the various member states’ implementation efforts see
Intelligent transport systems - European Commission, 2019). In Norway it was implemented
as a law in 2015 (ITS-loven2, 2015), in which the Ministry of Transport and Communications
is given authority to declare further rules and regulations to support the law’s intentions.
Based on these regulations, responsibility for provision of “multimodal travel information
services” and “real-time traffic information services” (as requested in the ITS directive) has
been handed over to the newly reorganized Railway Directorate as of January 1, 2017 (see
section 2.3.1).
EU has issued Delegated Regulation 2017/19263 (ITS Regulation, 2017), which defines to a
quite detailed level, which types of multimodal travel information a provider of transport
must provide to a National Access Point (NAP), and in which format - A NAP is a nationally
defined point where the public can acquire multimodal transport related information. This
directly affects any public and private provider of scheduled (e.g. tram, bus, metro),
demand-responsive (e.g. taxis, car-sharing, car-pooling, car-hire, bike-hire) and personal
(car, motorcycle, cycle) transport, and also defines from which date this information needs
to be made available to the NAP. The following static information (If available in a
machine-readable format) is required to be delivered to and made available to the public
through the NAP:

https://eur-lex.europa.eu/eli/dir/2010/40/oj
https://lovdata.no/dokument/NL/lov/2015-12-11-101
3
https://eur-lex.europa.eu/eli/reg_del/2017/1926/oj
1
2
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●
●
●
●
●
●
●

location of service (stations)
operational calendar
charging stations
vehicles facilities
information on how to pay tolls
how to book the service (incl. e.g. payment methods)
whether the service is included in trip plans: environmental data such as carbon per
vehicle type, and parameters like fuel consumption needed to calculate costs

Additionally, each member state can define that dynamic information on these transport
modes should be made available. If so, the following information must be continuously
submitted:
●
●
●

Service disruptions
Real-time information status - delays, cancellations, guaranteed condition
monitoring
Car-sharing and bike-sharing availability

The regulations define the standards to be used to submit these types of data.
As these are EU “regulations”, they are immediately applicable and enforceable by law in all
member states and EEA. For more information on EU legislations and national regulations,
and their influence on innovation in PEBs and e-mobility, see Bertelsen et al., 2019.

2.2 PT Common Organization
The most common organization of public transport in Europe is structured into a Public
Transport Authority (PTA), and a Public Transport Operator (PTO). The PTA has the
responsibility to provide transport services in a region (e.g. Trøndelag county in Norway) or
within a specific mode of transport (e.g. railways). The PTO, on the other hand, provides the
actual transport service to the public by using own or rented vehicles/equipment. Usually,
the PTO also employs the field personnel, such as drivers, service personnel, ticket
inspectors and salesmen. In some cases, the PTA and the PTO are the same organization. It
is also quite common that the region take the PTA role, with responsibility for that region’s
internal public transport system. Such regions might for example be counties (then there is
only one PTA in the county), or municipalities. A region might also cooperate with
neighbouring regions to provide a total package for public transport for the cooperating
regions. Formally, the authorities in a region might organize this responsibility either as a
part of the region's own transport department, or as a fully owned company outside the
region organization.
Regardless of the type of organization, the PTA usually procures transportation services
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from transportation companies, i.e. the PTOs. The actual ownership of these PTOs vary. In
Norway for instance, the PTO Tide ASA is privately owned, while its competitor Nettbuss AS
is fully owned by NSB AS, which again is fully owned by the Ministry of Transport and
Communications.

2.3 Transport in Norway and Trondheim
This section provides an overview of the authorities and entities that shape the transport
sector in Norway at the national level. Then, it provides a survey of all the players in the
transport sector in Trondheim, a LHC in the +CityxChange project.

2.3.1 Transport authority in Norway
Transport related-issues in Norway are managed by the Ministry of Transport and
Communications (Samferdselsdepartementet4). Based on various laws (e.g. ITS-loven, as
mentioned earlier), the Ministry has extensive rights to issue and enforce regulations that
influence the transport sector.
As of January 1, 2017, the transport ministry has been reorganized into the structure shown
in the figure below (Railway directorate, 2018):

Fig. 2 Ministry of Transport and Communications in Norway

In spite of the misleading name, the authority of the Railway Directorate
(Jernbanedirektoratet5) extends beyond the railway into other modes of transport. It also
undertakes the management of issues related to the public use of transport.

4
5

https://www.regjeringen.no/en/dep/sd/id791/
https://www.jernbanedirektoratet.no/en/
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2.3.1.1 Entur AS
Entur AS6 a transportation company that is fully owned by the Ministry of Transport and
Communications, and it gets its missions and assignments both from the Ministry and from
the Railway Directorate. These assignments include:
●

●
●
●
●

●

Providing a national journey planner, which includes travel planner services (APIs)
and an app/web solution. The planner includes all types of public transport (as long
as the public transport provider has delivered the data correctly), in addition to
from/to guiding for bikes, private cars, and taxis.
Providing an API for multimodal ticketing for all public transport companies, and to
be implemented in Entur’s journey planner app.
Providing the ticketing solution for all railway PTOs.
Running the customer sales and support centers and ticket sales on manned
stations for the railway services.
Collecting all timetable data and real-time information data from all public transport
companies (PTAs and PTOs, etc.), and sharing this publicly in standard formats like
NeTEx and SIRI (see section 3.1 about the Transmodel). This is the NAP role as
defined in EU directives and regulations.
Providing knowhow on public transport issues to public authorities.

2.3.2 Transport modes in Trondheim
2.3.2.1 Railway
Most rail transport is managed on the nationwide level. The Railway Directorate has the PTA
role, given to them by the Ministry of Transport and Communications. With some very rare
exceptions, until recently, the PTO had always been NSB AS, a company fully owned by the
Ministry of Transport and Communications. As of 2019, railway transport services are
procured in the common PTA-PTO setup, where NSB AS has to compete with other PTOs.
All PTOs for railway transport are obliged to use Entur’s ticketing solution for rail. This
includes both privately and publicly owned PTOs.
The specific airport express service from Oslo Airport is managed by Flytoget AS which is
fully owned by the Ministry of Trade, Industry and Fisheries. The airport express line runs
on its own exclusive tracks to Oslo, and now competes with NSB for passengers to and
from Oslo Airport.
In Trondheim, the railway tracks are owned and managed by Bane NOR SF7, also a Ministry
of Transport and Communication-owned company. Currently, transport services on these
6
7

https://www.entur.org/about-entur
https://www.banenor.no/en/startpage1/
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tracks are provided by NSB (but this might change after the upcoming procurement
process).

2.3.2.2 Light rail/tram
Trondheim has one tram line, Gråkallbanen. Insofar, the PTO Boreal has an exclusive
contract to provide transport on this line. The tram line is part of the public transport
network in Trondheim and is AtB’s responsibility with regards to the timetables, ticketing,
real-time information, etc.

2.3.2.3 Buses
Trøndelag county is responsible for providing a well-functioning public transport system
within Trondheim city and the rest of the county. The responsibility is mostly exercised by
AtB AS, a limited company fully owned by Trøndelag county. AtB is then the PTA for most
public transport services in Trøndelag.
AtB procures bus services from various PTOs. In Trondheim, Tide and Nettbuss are the
PTOs for all bus transport in Trondheim as of August 2019.
In addition to public transport buses under the AtB umbrella, there are some other
commercial lines. These include:
●
●

Airport express buses from Unibuss (“Værnesekspressen”)
Airport buses to Åre (Sweden) on selected arrivals named “Åre flygtransfer” and
managed by Flygtaxi Sverige AB.

2.3.2.4 Taxis
The county is also responsible for granting taxi permits for taxi driving. The current active
ones in Trondheim are:
●
●
●

Trøndertaxi
Norgestaxi
Christiania Taxi

2.3.2.5 Car-hire
Various car-hire businesses operate in Trondheim. These include:
●
●
●

AVIS/Budget
Allways
Sixt
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●
●
●

Hertz
Europcar
Rent-A-Wreck

2.3.2.6 Car-sharing
At least two commercial cost-sharing car-sharing systems exist in Trondheim. These
include:
●
●

Nabobil
Trondheim bilkollektiv

2.3.2.7 Bikes
Clear Channel AS currently has an exclusive contract with Trondheim municipality to
provide city bikes for short term rental in central public places in Trondheim. Clear Channel
uses UIP Trondheim Bysykkel AS (UIP Trondheim City Bike Ltd) as the actual supplier of the
bikes and the management system. UIP Trondheim Bysykkel AS is owned by Urban
Infrastructure Partner (UIP), and the costs for operating and managing the city bike system
is fully covered by Clear Channel using a user subscription model and advertisements as
income channels.

2.4 Transport in Ireland and Limerick
Similar to the previous section, this one provides an overview of transport authorities in
Ireland, and surveys the transport sector in Limerick, a LHC in the +CityxChange project.

2.4.1 Transport authority in Ireland
The National Transport Authority (NTA) in Ireland is a statutory non-commercial body, which
operates under the Department of Transport, Tourism and Sport. The NTA includes the
provision of integrated information schemes for PT in the cities and counties of Dublin,
Cork, Galway, Limerick and Waterford, and the neighboring areas of those counties.

2.4.1.1 Ireland’s open data portal
Ireland’s open data portal8 is to become the NAP for Irish data under the Regulations of the
ITS Directive. Currently, it is a “yellow Pages” to access data, which is only available in GTFS
format. However, in Q4 2020 it will also be available in NeTEx format (see section 3.1 on
Transmodel). The NTA is currently working on the Ireland Profile for NeTEx, which is based
on the EU NeTEx model with additional support for Irish language alphabet, and the Irish
8

https://data.gov.ie
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Transverse Mercator geographic coordinate system. SIRI is partially supported, with further
support planned for 2020.

2.4.1.2 Transport for Ireland (TFI)
TFI9 is the single public transport brand, which the NTA has developed to promote and
integrate public transport in Ireland. It offers
●

●
●
●
●
●

the TFI Leap Card, which is a convenient way to pay for public transport across the
country, and it can be used on commuter and rural services within the TFI public
transport network.
TFI Leap Top-UP app to top-up the Leap Card, collect or buy a pre-paid ticket, and
check the balance.
door-to-door journey planner for PT
real-time information app for PT
driver check app
cycle planner app

2.4.2 Transport modes in Limerick
2.4.2.1 Railway
Limerick Colbert station caters for approximately 2,500 rail passengers a day travelling on
the following routes:
●
●
●
●
●

Dublin Heuston - Limerick and Ennis
Dublin Heuston - Limerick via Nenagh
Galway - Limerick
Galway - Limerick (Connections with Cork and Tralee)
Waterford - Clonmel - Limerick Junction (Connections with Dublin, Cork, Limerick
and Galway)

2.4.2.2 Buses
Bus Éireann operates a city bus service in Limerick that connects the community with
hospitals, schools, shopping and tourist attractions. The Routes are:
●
●
●
●
●
9

301 Fr Russell Rd – Regional Hospital – City Centre – Westbury
302 City Centre - LIT - Caherdavin
303 O'Malley Park - City Centre - Pineview
304 University - City Centre - Regional Hospital - Ballycummin
304 A Raheen - Colbert Station - University - Monaleen - Raheen

https://www.transportforireland.ie
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●
●
●
●

305 St. Mary's Park - City Centre - Lynwood Park
306 Ballynanty - City Centre - Edward St
307 City Centre - Ballysimon Rd - Groody Link Rd - UL
308 City Centre - Ballysimon Rd - UL - Dublin Rd

Shannon Airport is connected to the city via the following bus routes:
●
●
●

51 Cork - Limerick - Shannon Airport - Ennis - Galway and Return
X51 Limerick - Galway and Return express
343 Limerick - Shannon - Ennis

2.4.2.3 Taxi
Limerick has a large number of taxi operators which function under the regulatory
framework of the Commission for Taxi Regulation.
The Taxi companies operating currently in Limerick are:
●
●
●
●
●
●
●
●
●

Shannon Airport Taxis
Speedi Taxis
Supple Bernard Adare
Tower Cabs
Top Cabs
Treaty Cabs
Troy Chauffeurs
Unicabs
Well Cabs

FreeNow10 is Ireland’s leading taxi e-hailing app. It currently operates nationwide. This app
is part of the mobility joint venture between BMW and Daimler, formed in February 2019. It
is available in over 100 cities across Europe.

2.4.2.4 Car sharing and hire
There are three commercial car rental companies in Limerick City. They are:
●
●
●

Enterprise Car & Van Hire
Europcar Limerick
Limerick Car Rentals

Additionally, GoCar offers pay-as-you-go driving with hourly rates on a return to base
scheme.
10

https://free-now.com/ie/passenger/
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2.4.2.5 Bikes
Bikeshare.ie is a self-service bike rental service offered by Coca-Cola Zero® Bikes. It offers
city bikes in Limerick and other Irish cities. In Limerick there are 23 Stations and 215 Bikes.

D2.5: Seamless eMobility system including user interface, v.05

18

June 30, 2020

3 FourC Total Traffic Control (TTC)
FourC TTC is a backend system, which retrieves, stores, and provides transport data. It
collects data from various data providers (see section 3.2 for a list of data input sources),
and makes it available in a normalized and standardized format (see section 3.1 about
Transmodel). It can be viewed as a “one stop shop” for transport related data, both
historical and real-time.
TTC is based on FourC Cities in Motion Open Service Platform Central System (CiM OSP-CS),
which is a management tool for distributed computing devices, software and services,
mainly for use in public transport solutions. It has awareness and historical data on some
transport entities like bus positions, routes, stops, journeys, etc. CiM OSP-CS has been
extended to accommodate and include management/situation reports for new entities and
transport modes (and their attributes) which are relevant in this project. CiM OSP-CS has
been partially refactored and extended into TTC. The extensions to this backend as part of
+CityxChange include:
●
●

●
●

Data can be pushed to or pulled by TTC using standard communication protocols,
currently, MQTT and WebSocket are supported.
Input format can basically be in any format. Preferably, in a standard format, such as
GeoJSON or XML. Otherwise, a schema defining the input has to be provided, or a
transformer has to be created (this part is still under progress).
TTC can be queried using GraphQL, which allows dynamic queries and supports
subscriptions (see section 3.5). SIRI is also supported for real-time information.
Output format is standardised and uses the de-facto standard (GeoJSON) for
encoding geographic data structures.

Fig. 3 shows the system view of TTC, where TTC backend retrieves data from external data
providers using different communication protocols. Data is then transformed and stored.
Finally, frontend applications and/or other systems can query the data.
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Fig. 3 TTC system overview

The architectural diagram of TTC in Fig. 4, on the other hand, shows the internal
components of the TTC backend. It explains the core functionality and technologies that are
used, and that are available between the system layers and actors.

Fig. 4 TTC architecture
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3.1 Transmodel
TTC is built on EU CEN TC278 standards11 for public transport (WG 3 Public transport12),
popularly named Transmodel. Transmodel is a family of standards, in which also data
exchange formats like NeTEx13 and SIRI (Standard Interface for Real-Time Information) are
included. In short, NeTEx is a standard which provides a format to describe route networks
for public transport, and SIRI is a collection of standards for exchanging real-time
information in public transport.
Traditionally, Transmodel specifies a model for use with ordinary public transport using
traditional transport modes like buses, trams, trains, etc. CEN TC278 standards, however,
are being extended to include new entities in newer versions of the model. FourC keeps its
implementation of data types, formats, methods and architecture aligned with TC278’s
current and planned representation of these new objects.
Likewise, FourC will align the implementation with possible plans on national levels for
these issues. This involves meeting national stakeholders in Norway like Entur and the
Railway Directorate.

3.2 Data Providers
A summary of various interfaces and APIs that are used as data providers to add mobility
information into the TTC eMaaS backend. Input sources are mainly from Trondheim (see
section 2.3 on transport in Norway and Trondheim), as attempts to get other sources from
Limerick were not successful, whether to the restricted access or unavailability (see section
2.4 on transport in Ireland and Limerick).
●

●

●

Trondheim City Bikes14: provides bikes for rent at 55 locations around Trondheim,
allowing ease of travel around the city. Information about the City Bikes in
Trondheim are available through two REST APIs. The first provides information
about the stations, and the other provides real-time data about how the stations are
operating.
Nobil15: a Norwegian national registry of charging stations for electric vehicles, which
allows electric car owners to easily locate the nearest charging station. Nobil
Delivers this data through two methods, a REST API and a WebSocket Stream.
Entur16: Entur is a national registry for all things involving public transport; bus, train,
boat, etc. They provide static information about stops and routes, as well as

https://www.itsstandards.eu/
https://www.itsstandards.eu/pt
13
http://netex-cen.eu
14
https://trondheimbysykkel.no/apne-data/sanntid
15
https://info.nobil.no/api
16
https://developer.entur.org
11
12
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●

●
●
●

●
●

●

●

real-time information about vehicle locations, delays etc. The quality of information
depends on the source data from the operator that provides it to Entur.
Rent-Centric: a Canada based mobility solution provider for AVIS Budget Group’s
“Zipcar” initiative. Their APIs provide information about parking locations and the
vehicles there. The API is not publicly available.
National Road Database (NVDB)17: for taxi ranks.
AVINOR18: handles and owns most Norwegian Airports. They offer an API which
provides information about incoming and outgoing flights.
Adbshub.org19: a community driven service that provides real-time aircraft positions.
In order to get data, you need to contribute by providing air traffic data, which FourC
currently does. FourC will use this API to match flight info from AVINOR to real-time
aircraft positions. This mapping is not obvious, and a specifically crafted interface for
this is being made.
Trøndertaxi: Major taxi service in Trondheim.
AtB public transport authority: In order to have good, updated, accurate and correct
bus positions, we need to subscribe to SIRI VM from AtB’s own services, and not
Entur, as it is currently the case.
Trondheim Airport Express Buses (Værnesekspressen): Real-time positions of
Værnesekspressen airport express buses. FourC hosts the fleet management
solution for this bus service and is providing a SIRI VM interface.
IOTA wallet status

3.3 TTC API
FourC TTC offers API, which will deliver the data described in the list below.
●

●
●
●
●
●
●
●

SIRI VM interface for vehicle position. Currently, only PT vehicles are available. Other
modes of transport can be added when standardized in a newer SIRI/transmodel
version.
NeTEx - route network data. Currently, supported for PT routes only.
Bus stop position - TTC offers an export of bus stops, using concepts like Quay and
StopPlace, as defined by Transmodel. Currently supports all stops defined in NVDB.
Charger data - Positions and status/attributes, historical and real-time
EV data - Core data like positions and status/attributes, historical and real-time
Vehicle availability
Journey description
Road closures and status

All data are stored historically. This means that the current status of an object and its
attributes for a specific moment back in time can also be queried for.

https://api.vegdata.no
https://avinor.no/konsern/tjenester/flydata/flydata-i-xml-format
19
http://www.adsbhub.org/howtogetdata.php
17
18
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See chapter 6 on battery simulator for an example output, in response to querying battery
status.

3.3.1 TTC Geo API - eMaaS API
The TTC Geo API is designed to allow for the best possible integration with different map
solutions. The API is mainly designed to output geographical data, which can be displayed
and interacted with on maps. The objects themselves are data rich, but it’s up to each
individual user of the API to utilize the information that is made available. It is used by the
eMaaS app (see next section), and can also be used by other +CityxChange partners.
This API delivers data as GeoJSON objects (RFC 7946). The GeoJSON specification allows
developers to easily take the data output as a standardized object format and display it on
a map. GeoJSON is very often natively supported by map solutions to display the objects.
The API is based on GraphQL, a modern alternative to the more traditional REST. GraphQL,
unlike REST, allows for dynamic queries, where fields can be specified, which can reduce
broadband requirements of the frontend application. GraphQL standard also supports
subscription based requests over Websockets. It is very focused on utilizing this concept, as
data is dynamic and changes over time.
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4 TTC Frontend - eMaaS Frontend
The end-user eMaaS app is an Android app with a functionality at a demonstration level. It
connects to the TTC backend and shows whatever mobility options are available for the
user near a chosen position on the map. Mobility objects on the map are interactive, and
can show further information about the chosen object. These can for instance be:
●
●
●
●
●
●
●
●
●
●

Buses and their positions
Bus stops with timetable and possibly Real-Time Passenger Information (RTPI)
Railway stations and trains
Air traffic arrivals and departures (airplanes and airports)
City bikes and their availability
Taxi ranks and taxis
Electrical scooters
Rental cars
Shared mobility vehicles
Chargers and charging locations

Each mobility object is graded according to its environmental “friendliness”, based on
simple heuristics and common sense, since factors of energy use and greenhouse gas
emissions are unavailable. For example, a bike is given a high grade, while airtraffc is given a
low grade.
The user can choose the types of mobility modes they would like to see, create location
favorites, and “auto-jump” to the nearest favourite.
As the mobility modes have very different payment schemes, the app will redirect the user
to the mobility provider's own app or webpage to reserve or order a mobility option. The
scope of the app was limited to the features aforementioned, as agreed in the “shared
understanding” document at the start of the task. This is due to the limited time and
resources that were assigned to task T2.4. In addition to other technical challenges that
cannot be solved in the course of this task, see section 1.2 on deviations.
The app is published on Google Play as a private app, as it is yet to be developed further.
Access, however, can be granted upon request. Requests can be sent to info@fourc.eu.
The screenshots below show some of the activities that users can perform using the app.
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Fig. 5 Default view when starting up the app, showing the map with transport modes nearby, as interactive objects.
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Fig. 6 A Web view of departures from Trondheim airport
appears when the airport object is clicked.

Fig. 7 Extended Web view of the selected airport object. It
shows the environment-friendly indicator, and a
provider-custom button (e.g., to forward the user to the
ticketing app).
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Fig. 8 A selected object can be added to the list of
favourites.

Fig. 9 Favourites screen, where the user can view, edit,
select a favourite, or simply go to the nearest favourite.
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Fig. 10 settings menu allowing the user to personalize
his experience, by choosing transport modes and service
providers of interest.

Fig. 11 Providers screen shows information about
available transport providers.
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5 Proof-of-concept Digital Asset Payment System
Based on the agreed description of work, IOTA contribution for Task 2.4 was focused on the
integration into the developed infrastructure of the IOTA Token, as a digital asset payment
system. This would allow customers using the eMaaS app to be able to directly book and
pay third party eMaaS solutions, or if being redirected to third party booking platforms, to
be able to pay with IOTA’s native digital asset, the IOTA token.

5.1 Rationale
In a multi-modal transport scenario, a service provider (like the eMaaS app) offers users the
possibility to discover, book and split their journey into different segments, each one
provided by a different transport means. Different transport means are usually offered by
different transport providers. To allow a seamless experience, a service provider offers a
dedicated app or web portal that allows users to book a multi-modal journey in just one
step. At the same time the service provider needs to collect payments for each completed
leg of a journey and distribute them among the different transport providers involved, in a
way proportional to their offered services. To avoid integration of user accounts with
different payment systems and to request authorization for the payment of each leg of the
journey, which will represent a bad customer experience, the service provider needs to
manage internally the complexity of the different transport providers payment systems.
To maintain transport providers and users' trust, the service provider should maintain a
trusted, immutable, cross-stakeholder audit trail, which logs all the different relevant
transport information. Logged information can safely be used by the service provider to
split payments among involved transport providers, using each provider's payment system.
The IOTA ledger can be used to build such a trusted audit trail, for service providers to
maintain a log of payments collected and payments distributed to transport providers.

5.2 Functionalities
The IOTA transport app was fully developed as part of the +CityxChange project based on
the requirements initially derived from the discussed use cases. The initial concept built on
the assumption that in a multi-modal eMaaS scenario a number of green transport means,
including e-vehicles, e-bikes etc would be available. However such data was not available at
the time that the development of the app took place. For this reason for demonstration
purposes the app used data based on local transport information available in Germany,
where the IOTA developers are based. Nevertheless the demo uses standard interfaces
and data models and allows easily to connect different transport providers and their data
all over Europe.
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Building on APIs that allow to store and read data in the IOTA Tangle and to manage an
IOTA Wallet to send and receive payments, this proof-of-concept provides a dedicated app,
through which a city traveller can plan an eMaaS multimodal journey. The multimodal
journey is composed of different legs, each one performed using a transport mode
provided by a different transport provider. Once planned, the same app provides the user
with a list of transport means, and a location where to find them to start its respective
journey leg. For each leg of the journey the app provides functionality to record the
beginning and end of the given leg. When all the legs of a given journey are completed or
the user triggers an early journey termination event, the service provider collects due
payments from user IOTA Wallet and distributes them to the respective transport provider
according to the logged information and using the dedicated payment system registered by
the transport provider.
The following functionalities are offered:
User
●
●
●
●
●
●
●
●
●
●

Register
Login
Book multi modal journey
Setup and fund IOTA wallet (devnet tokens)
Pay for journey
Application splits user payment and sends correct amounts to transport providers
Application will refund appropriate amount from appropriate transport provider if
user cancels journey early
Booked journeys are logged to the IOTA tangle
Payments made are logged to the IOTA tangle
Data logged to the tangle is private and only available for parties with the MAM
channel key

Transport provider
●
●
●
●
●

Register
Login
Set transport types available
Set transport types tariffs
Set receiving address for IOTA tokens

5.3 APIs
APIs described below expose the Data Integrity Infrastructure and Micropayment
Infrastructure functionalities identified in the eMaaS scenario and architecture identified in
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Task T1.1. APIs allow you to book and record a travel on the IOTA Tangle, thus providing an
audit trail and guarantee integrity of required payments to be distributed to a transport
provider. At the same time APIs allow to process micropayments for each trip from user to
transport aggregator, to transport provider.
Details for all APIs utilised in our application can be found here:
https://drive.google.com/open?id=1apfouCEYBR60StYjBeiiP69c68WB56i2

5.4 The Frontend
Application can be tested here: h
 ttps://poc-cxc-emaas-app.dag.sh
Transport provider portal can be tested here: https://poc-cxc-emaas-portal.dag.sh
Application guide here:
https://drive.google.com/open?id=1JZK6K8zJB0IjPAaZ7ZBw8fUAsCgpPCtFTl7OUVL1YSw

5.4.1 User app
The app allows travellers to plan a multi-leg journey.
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Fig. 12 Journey planner
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Fig. 14 Active journey

The user can select the different legs, decide how to pay (i.e., from what IOTA wallet) then
send a pre-payment for each leg.

5.4.2 Transport provider portal
The app allows a transport provider willing to receive payments from the aggregator service
providers to register an IOTA Wallet for receiving users payments.
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Fig. 15 Home screen
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Fig. 17 Wallet

The transport provider pushes information about the journey to the aggregator and
registers an IOTA wallet used for transferring the user payment once the travel has been
completed.

5.5 eMaaS Proof-of-Location
As mentioned before, despite our best efforts it was not possible to integrate to any actual
payment solution using IOTA due to political issues. However, in order to provide a real life
use case with IOTA in the public app, the focus on integrating IOTA has moved toward
exploiting another feature of the IOTA ledger, namely to guarantee the integrity of the
journey data. This is important especially when such data needs to be trusted by two
different parties, not directly connected to each other. A simple example that applies to the
transport scenario is the one of a delay claim. Such a process is usually quite slow, and
most of the time cumbersome for the user. This is mainly due to the need of verified data
that a transport provider requires in order to process a claim. The result is an inefficient
process that causes user frustration. To overcome this, IOTA and 4C, developed a new
easily integratable service that can be integrated into the eMaaS app, with the aim to
improve this aspect of any transport, and in particular multimodal journeys, like the one
considered by the eMaaS concept developed in +CityxChange. Hence, the team agreed to
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implement a “Proof-of-Location” based on IOTA feature to guarantee multi-parties data
integrity. The “Proof-of-location” procedure (which would need to be a part of a payment
and payment distribution implementation) is implemented with another use case. This
provides the project with a large scale test case for the core “Proof-of-location” functionality,
as needed on the path towards a full-fledged payment solution with payment distribution.
In turn, this can then with moderate effort be extended into an actual payment solution
further into the project if political conditions change to allow it at a later stage.
The use case shows how IOTA can be used to anonymously record immutable positions of
the journey. This immutable information then could be used also for obtaining a refund,
directly payable as credits represented by IOTA tokens and available to travelers for future
ticket payment.
To enable the above functionalities requested by the description of work, and following
requirements which became available during the project development, IOTA agreed to
develop a location logging API that will allow users of the eMaaS app to immutably store an
immutable (pseudonymously linked) hash of their device's location to the IOTA ledger.
Should there be a refund request from the customer in the future, then they will be able to
prove the location of their device at a certain time i.e. they were waiting for the bus at the
bus stop long after the bus was due and are therefore eligible for a refund. Authority
processing the claim can match the location information provided by the claimants from
their mobile phone application with that one stored and time stamped into the IOTA ledger
in order to detect fraud.
The system will expose two APIs: one to be called by the user mobile phone application and
store hashes of the recorded user location; another API to retrieve location hashes for the
specific user, in a specific time-frame.
A documentation including architecture and endpoints can be followed here:
https://docs.google.com/document/d/1pbUNU-sFlFvCMS8vA08GpS5UHe7ff_7O25oVITOacA/edit?usp=sharing

5.6 Challenges
IOTA experienced some issues during scoping, which led to standalone proof-of-concepts
being developed instead of fully integrated DLT services.
First, transport providers were not in the position to integrate third party payment systems
within the task timeline due to a mix of organisational, regulatory, and effort issues. Also,
partners were not fully convinced about the supported scalability of IOTA ledger with
respect to cloud environments and integration issues.
Secondly, unforeseen complexity of integrating IOTA into the multi-partner ecosystem of
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soft- and hardware systems, especially integration with payment solutions and integration
into cars. One ongoing IOTA project on this topic is with a car manufacturer (Jaguar), which
is very different from a rental company. ABG was not in a position to explore the innovation
potential of an integration of an IOTA wallet into the cars’ hardware or driver mobile phone
for energy trading, as it is not aligned with their business roadmap. Full transparent
integration was also not possible, as different transport modes, especially rental cars, have
specific user verification needs. For this reason IOTA Foundation work was shifted into
developing a new IOTA powered HW device (currently focused on chargers, meters, or
other immobile assets), bringing IOTA wallet capabilities to any connected asset and
allowing exploring different business models. The first case was to test the HW to connect
energy assets with the Powel backend.
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6 Battery Simulator
For integration with task T2.5 (for developing a platform for local trade of energy and
flexibility), and since no actual chargers nor EVs have been deployed during T2.4, a battery
simulator was created. Its purpose is to provide somewhat realistic data to the trading
platforms, so they can take EV batteries as a resource into account.
The simulator represents a proof-of-concept on how an API for accessing “temporarily
available” batteries as flexibilities for use in PEBs could be achieved. Additionally, the
development of the simulator gives some first insights into which data that will have to be
present in order to exploit EV batteries as temporary power sources.
A simulator for this purpose could be looked upon from two different viewpoints:
1) The “charger” is the asset one refers to in order to access the battery
2) The “EV” is the asset one refers to in order to access the battery
In the first case, it can be assumed that the battery that is connected to the charger is a
temporary asset and that the charger has no direct control over which car battery it will be
connected to, simply because one has limited possibilities to “force” a specific car to use a
specific charger. Hence, it is unlikely that the changer would know the status for the
batteries connected to it in the future, i.e. longer ahead than the actual car that is presently
connected.
In the latter case, the simulator could have “tighter” control over the battery, and if it also
knows the usage plan for the car, more detailed and longer term planning of the use of the
battery as a flexibility asset could be performed.
The current battery simulator refers to the charger as the asset, hence, no longer term
planning than the firstly upcoming battery target state (if known) is done.
The simulator is used by Powel’s trading platform for the PEBs in Trondheim. It is available
to the user as a REST API on a private IP address made available to Powel from which Powel
can query the status of all or a set of chargers, and status of the possible EV batteries
attached to them. It is meant, to some degree, to reflect a possible real life situation. The
optimal battery dispatcher combines data from the simulator and the local trading platform
to create an optimal trading strategy for each charger/battery or groups of
chargers/batteries in the current market situation. The optimal trading strategy is then
executed by Powel’s Algo Trader. See Dahlen et al., 2020 for more details on PEB,
e-mobility, and more information on the Powel’s optimal battery dispatcher.

D2.5: Seamless eMobility system including user interface, v.05

38

June 30, 2020

For each charger, on a GET request the REST API will return a JSON object containing the
following fields:
Field name

Description

Example

id

Unique ID of charger, usually UUID

2c14217b-f915-4c8385d7-84f6c9d10480

name

Charger name

“Charger #2 at
Sluppen”

occupied

Whether it is occupied

1

batterycapacity

Total battery capacity in kWh, null if
unknown or if battery is not present

“35”

stateofcharge

Current battery level, in percentage of
the battery's total capacity, null if
unknown or if battery is not present

“65”

currentcharging

Current battery charging (positive
number), or decharging (negative
number) in kW, null if unknown or if
battery is not present

“1.7”

efficiencycharging

EV battery efficiency of charging, in
percentage, null if unknown or if battery
is not present

“83”

efficiencydecharging

EV battery decharging efficiency, in
percentage, null if unknown or if battery
is not present

“86”

desiredstate

Battery's desired state at time given by
desiredtime, in percentage of total
battery capacity, null if not defined or if
battery is not present

“68”

desiredtime

Date and time at which the desiredstate
charge should be achieved, null if not
defined or if battery is not present

"2020-06-03
04:23:37"

A background process on the server changes charge status based on the data for each
charger. For instance, if an EV is charging its battery it will attract more charge over time,
and vise-versa. The change is applied once a minute. EVs (i.e., batteries) might come and go
at random. Battery status can also be changed or set directly using REST
POST/PATCH/DELETE methods. The change process described in the previous paragraph
works on all present chargers, including new ones that might have been added.
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An example JSON object in response to querying a charger’s connected battery status:
{
"@count": 10,
"result": [
{
"batterycapacity": "90",
"currentcharging": "3.7",
"desiredstate": "47",
"desiredtime": "2020-04-23 06:26:26",
"efficiencycharging": "92",
"efficiencydecharging": "77",
"id": "131d8d24-42a3-4756-af5c-549d1b9f52b1",
"name": "Charger #10 at Sluppen",
"occupied": 1,
"stateofcharge": "41.919"
}, …
As discussed previously in this chapter, the asset is the charger. If one would like to change
this to use the battery as the assed instead, the same format could be reused, but change
the “desiredstate” and “disiredtime” to be elements of an array based on the known usage
plan of the vehicle.
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7 Conclusion
This document presented the technical software solution for the eMaaS system in task T2.4
in the +CityxChange project. This included a functional proof-of-concept backend system
(FourC TTC), a limited TTC frontend application for demonstration, a proof-of-concept digital
asset payment system, and a battery simulator. The implementation of these technical
solutions had to adapt to deviations and limitations throughout the task.
FourC TTC retrieves, stores, and provides transport data. It collects data from various data
providers and makes it available in a normalized and standardized format. The end-user
eMaaS app connects to the TTC backend and shows the mobility options that are available
for the user near a chosen position on the map. Mobility objects on the map are interactive,
and can show further information about the chosen object. As the mobility modes have
very different payment schemes, the app will redirect the user to the mobility provider's
own app or webpage to reserve or order each type of mobility option. However, as a
proof-of-concept, a digital asset payment system was developed, where users can book and
pay for a multi-modal journey, offered by different transport providers, seamlessly in one
step.
Finally, a charger battery simulator was developed to be used by Powel’s trading platform
for the PEBs in Trondheim, in task T2.5. Since no actual chargers nor EVs were deployed,
this served as a proof-of-concept on how an API for accessing “temporarily available” car
batteries as flexibilities for use in the PEBs could be achieved.
The refinement of the developed general solution and adaptation to the cities, including
further data and service integration, will be done within the demonstration tasks T4.8 and
T5.8.
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