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Abstract  
Air pollution in Sofia goes way back and despite recent positive developments, the city is still struggling 

and exceeding the minimum thresholds. While some factors are beyond human control, other causes 

are linked to human activity. The city is growing fast in terms of population and new residential and 

office districts. The number of vehicles registered in Sofia raises daily. Traffic in Sofia has the highest 

impact in terms of pollution of ambient air. 

Sofia is taking ambitious steps to electrify and expand public transport options. In the framework of 

the project the city will launch “On-demand green public transport”, which will shift the way public 

transport works. Instead of driving on pre-defined routes, new e-buses will create route map based on 

citizen demand submitted via mobile application. The app will leverage machine learning and advanced 

data analytics to create the most efficient path for each ride, collecting as much passengers as possible. 

This innovative public transport service will be implemented together with a wide array of initiatives: 

low emission zones, green corridors, congestion charge and promotion of active mobility. This 

coordinated effort of Sofia aims at reducing air pollution, while also modernizing and innovating the 

public transport. 

INNOAIR overall objective is to improve air quality in the city of Sofia by introducing holistic set of tools 

and a novel paradigm of public transportation - “Green on-demand public transportation" shifting the 

way people travel in the cities and dramatically reducing single use vehicles, which are the major 

contributor to air pollution. The project will result in significant behavioural change and broader use 

of public and active transport. PM and CO2 emissions will be reduced, contributing to the improved 

quality of air and citizen health.  

INNOAIR is the first Bulgarian project co-funded by the European Regional Development Plan under 

the Urban Innovative Action initiative. Its design was a collaborative effort of 8 partners and many 

stakeholders. BPA serves to enhance PPs knowledge on other common initiative for on-demand 

transportation, focusing on the experience and lessons learned already.  
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About the Document 
 

This document is the deliverable “D7.4.1 – Best practice analysis on common global initiatives” of the 

project INNOAIR: Innovative demand responsive green public transportation for cleaner air in urban 

environment (hereinafter also referred to as INNOAIR).  

On-demand transport or demand responsive transport is a fairly new concept explored in the past two 

years primarily by commercial but also by public-private partnerships. Researches show that there are 

currently around 40 cities that have tested or are currently piloting ODT solutions. The projections 

show that the idea is evolving and more local authorities turn to ODT in their efforts to improve public 

transportation, ensuring flexible, cost-efficient service, which also contributes for cleaner 

environment. 

As one of the building block of MaaS, ODT has huge potential to drive the transformation of mobility 

concept ahead and lead the way to a user cеntered services that complements the efforts of urban 

authorities to cope with traffic congestion and consequently improve air quality. 

This document contains a brief review of the main trends in mobility solutions, related to the main 

innovation of INNOAIR, namely: 1) On-demand transport (with electric minibuses); 2) combined with 

MaaS like technologies; 3) Low emission zones and 4) Congestion charging model. 

Although the integrated approach of INNOAIR is being tested for the very first time, the experience 

and lessons learned of other local authorities in projects covering the abovementioned topics, can 

serve as a basis for avoiding mistakes or reconsidering some actions during INNOAIR implementation 

phase.  

The document provides guidance for tested solutions, the challenges they address, main findings and 

results. That way PPs can avoid replicating mistakes made by others and use the information provided 

for further guidance and fine-tuning INNOAIR model as foreseen in D.7.4.2. INNOAIR model 

enhancement based on best practice analysis. 

 

 



  

INNOAIR © 9 

   

  

1 Context  
Air pollution is the main environmental health risk in Europe, especially in densely populated urban 
areas. Exposure to high levels of air pollution, such as fine particulate matter (PM2,5), nitrogen dioxide 
(NO2) and ozone (O3) leads to some 400 000 premature deaths annually in the EU. To this end the EU 
has developed policies and legislation at various levels of governance to improve air quality and while 
improvement is observed in recent decades, concentrations of air pollutants in many cities still exceed 
both EU standards and the levels recommended by the World Health Organization.  

Cities around the world are increasing in size, resulting in greater congestion and rising demand for 
transport services. Improvements in air quality depend on effective action to address the major 
sources of air pollution. Transport accounts for a quarter of the EU’s GHG emissions and these continue 
to grow. Road transport alone accounts for 71.7% of this share. It is also the main cause of air pollution 
in cities.  

With the European Green Deal adopted in December 2019, the EU aims to address emissions, urban 
congestion, and improve public transport. As part of the “green package” sustainable and smart 
mobility can play a significant role to reduce the GHG emission and pollution, thus contributing to 
achieving the EU wide goals by 2050. 

The global shift towards a low-carbon, circular economy is already underway, the Europe's answer to 
the emission reduction challenge in the transport sector is an irreversible shift to low-emission 
mobility, thus responding to the increasing mobility needs of people and to make the EU's economy 
sustainable, climate and environmental responsive. 

Cities play an important role in improving air quality. They are also best positioned to target the main 
contributors of pollution in an urban setting. Cities and LAs are actively involved in activities related to 
the green transition through concrete projects and incentives for low-emission alternative energies 
and vehicles, encouraging active travel (cycling and walking), low-emission public transport and bicycle 
and car-sharing /pooling schemes to reduce congestion and pollution.  

There is a wide array of measures to be considered in the efforts to achieve the goals. Increasing the 
efficiency of transport systems by making the most of digital technologies, smart pricing and further 
encouraging the shift to lower emission transport modes and coping with congestion are among the 
priorities in this direction.  

Sofia Municipality as many other urban authorities implements a comprehensive package of short-
term, medium-term and long-term measures to mitigate air pollution and ensure ambient air quality. 
Despite the efforts it still occasionally exceeds the toxic substances in the atmosphere in breach of 
Directive 2008/50/EC. This is a reality in many other LAs in EU and clearly indicates the need of 
exploring and introducing innovative solutions and improvements in the approach to tackle these 
challenges. INNOAIR project integrated approach and solutions serve to supplement Sofia city efforts 
towards safeguarding better air quality, tackling the problem at its source and fulfilling its obligations 
in legal and more importantly in terms of peoples’ health and wellbeing. 
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2 Trends overview 
There is a global process of transformation in the automotive, transport and mobility markets. 
Challenges in the social, economic, environment and technological sphere are pushing for significant 
shift in the way we see and think of mobility and there is no doubt that mobility will change 
dramatically in the years to come. 

On one hand population growth is a major factor, on the other challenges of urbanization and 
environmental concerns lead urban authorities to seek alternative and innovative mobility modes and 
solutions, coping with congestion, transport inefficiency, impact on environment or high prices.  

Another key driver for mobility evolution lies in the combination of the following trends: electric 
vehicles shift, growth in sharing economy, Mobility‑as‑a‑Service (MaaS) utilization. These tendencies 
have the potential to drive the change to dynamic and a radically more efficient, data‑enabled PT 
systems with consumers at its core. 

This is especially true in urban settings where new forms of mobility are concentrated and where 
investment in supporting infrastructure is needed to accommodate the expectations of the population 
and to address the environment and social challenges. These coincide with the evolution towards 
cleaner, more decentralized and digitalized energy systems and services, and increasing electrification. 

The specific set up, timing, scope and launch of new mobility modes depends on the degree of 
urbanization, existing options, infrastructure, and most importantly on local policies.  

2.1 On-Demand Transportation 

There is no universally accepted definition for ODT or DRT. However, the following main characteristics 
apply in general to the concept: 1) flexible transportation that serves multiple passengers within a 
defined area, taking them from one place to another on a next-available or pre-book basis; 2) typically, 
the service provides travel to or from a transport hub or point of interest; 3) often used in cases of 
insufficient demand for a frequent and direct mass transport solutions; 4) increasingly, such modes of 
transportation use internet connections; via web browser or apps, to enable bookings.  

From historical point of view ODT has existed around the world for many years in various forms starting 
in North America followed by Europe. At first it developed in the USA low density areas as a common 
solution to cover the citizens’ need of mobility at a sensible price. Early experience in Europe with ODT 
also includes community-based transport for people with special needs - people with limited mobility, 
elderly and people with disabilities. These forms of transportation are normally supported by central 
and/or local government, as a form of social benefit, although they can also operate on a subscription 
and fare-based models.  

ODT concept has evolved, mainly thanks to the technological development that enhance 
communication and data collection. Today more and more local authorities turn to it with the aim to 
provide green and convenient transportation to its citizens, using modern technologies, thus 
addressing the social, health or environmental concerns. 
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Although the benefits of ODT are recognized, this type of transportation remains underutilised. The 
expectations are that this will change with the uptake of new intelligent transport systems and ICT, as 
well as the need to optimize budgets of LAs and the current environment related challenges. According 
to several researches over 40 cities globally are currently piloting ODT projects, while others are 
considering some version of ODT to be used to deliver improved public transport services. Still the on-
demand market is in its very early stages, with relatively few scale deployments.  

2.2 MaaS 

Whilst the typical form of ODT uses buses and call centres, new technologies and business models are 
introducing new solutions. The sharing economy principles which are gaining popularity, as well as ICT 
solutions uptake move the current trends towards Mobility as a Service.  

MaaS is an evolving concept related to the behavioural change of consumers and businesses to shift 
from vehicle ownership towards service-based transport. In this sense, MaaS includes multi-modal 
aggregation of transport modes as well as on-demand mobility.  

As defined by the European Mobility-as-a-Service Alliance, the key concept behind MaaS is to “put the 
users, both travellers and goods, at the core of transport services, offering them tailored mobility 
solutions based on their individual needs. This means that, for the first time, easy access to the most 
appropriate transport mode or service will be included in a bundle of flexible travel service options for 
end users”. 

It involves a combination of cashless payment systems, mobile applications, and integrated transport 
networks. ODT would form only a part of a MaaS system, being integrated with public transport, 
vehicle sharing and taxi systems, but can fill a gap in this emerging set-up.  

The concept of MaaS is developing itself rapidly and has been deployed with various business models 
and approaches. However, in general efforts are still fragmented and no overall framework that 
facilitates an open, collaborative and flexible ecosystem exists yet. 

So far, there are very few examples of fully operational MaaS systems (such as Whim, in Helsinki), but 
the possibilities are emerging thanks to the widespread use of smartphones networks. It can be 
expected that within a few years, full platform solutions will be available for purchase by public 
transport authorities to link with their existing PT and other transportation modes fleets, enabling 
them to easily adapt to the demand with help of smartphone apps, providing online booking services 
and algorithms that can determine the optimal route to answer demand.  

In response to the increasing demand for environment friendly shared mobility services, beside MaaS 
mobility concept, the concept of electric Mobility as a Service (eMaaS) is also becoming commonplace.  

2.3 TMaaS 
Traffic management is one of the building pillars in urban authorities’ efforts to reduce congestion, 
subsequently air pollution. Despite the fact that European cities have been facing growing problems 
caused by transport and traffic, traditionally, road network and traffic management were focused on 
optimising the mobility of private cars. It was only over recent years this focus has begun to change, 
as the needs for alternative modes such as public transport, cycling and walking have become 
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increasingly significant, and mobility policies have been more and more designed to give greater 
relevance to these modes. Building upon its Sustainable Mobility Plans the city of Ghent recently 
introduced an innovative concept of Traffic Management as a Service (TMaaS). 

TMaaS concept is worthwhile exploring, not only for learning from their experience but also 
considering its potential for integrating with INNOAIR. As described in the AF INNOAIR project foresees 
an open source platform leveraging open APIs that can easily be integrated with existing MaaS 
solutions such as TMaaS. The overall concept of TMaaS is to offer traffic management capabilities 
through a cloud-based platform that needs no heavy investments in hardware. The platform provides 
access to all available data (multimodal and real-time – mobility-related data for the respective 
territory) only through subscription to the platform. It offers the tools to not only visualize data and 
manage traffic, but also to communicate with citizens. TMaaS concept was designed in a way to allow 
every urban authority to make use of the solutions provided and integrate it with one or more of the 
relevant data sources of a given city. In addition TMaaS project partners have already ran a set of 
targeted activities to test the operability of replicating the mobility management tool in other cities or 
partial integration with for online traffic management or upgrading the existing one: Southwark 
(London), Antwerp (Belgium) and Duran (Ecuador). 

A brief explanation of TMaaS concept is presented in the Common Global Solutions Chapter, with the 
aim to raise the awareness of INNOAIR PPs about its core elements, challenges and opportunities for 
scaling up and integration.  

2.4 Congestion Charging 
Transport congestion is an urgent and growing problem in many urban areas. Congestion contributes 
to urban and regional air pollution, costly delays for drivers, national energy security concerns and 
global climate change. Congestion charging addresses these issues by charging drivers for operating 
vehicles at highly congested times and locations to reduce travel times, improve air quality and 
decrease greenhouse gas emissions. The term congestion charging is not limited to dealing exclusively 
with congestion, it is a policy measure which can be introduced with the goal of reducing various types 
of negative impacts of transport traffic.  

Following the basic economic principle that consumers should pay directly for the costs they impose 
as an incentive to use resources efficiently, urban traffic congestion represent an excellent example. 
For years economists have recommended road congestion pricing as a way to encourage more efficient 
use of the transport system, and address congestion and pollution problems, providing net benefits to 
society.  

Although well-researched as a policy in theory, congestion charging work completely different in 
practice and optimal pricing scheme cannot practically be implemented. The geographical conditions, 
legal frameworks and political constraints in cities and regions put limits on the degrees of freedom in 
system design.  

Most congestion charging schemes, have had to stand at least some public critique and political 
opposition. Public opposition is not the same everywhere and the level of negation typically varies over 
time. Congestion charging although not yet a tool eagerly utilized by LAs is gaining ground in the 
process of traffic management. Success of applying such systems are not guaranteed, but the effects 
on congestion are proven. 
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2.5 Low Emission Zones 

The EU Air Quality Directive legally demands that cities exceeding the allowed limits for air pollution, 
develop action plans and implement necessary measures to reach the limit values. A Low Emission 
Zone is a measure many cities implement to reduce the number of highly polluting vehicles and it has 
recently been gaining popularity in Europe where more than 250 municipalities have taken such 
measures.  

LEZ has also been recognised at EU level by its inclusion in the guidelines for “Sustainable Urban 
Mobility Plans”, which is not only a widely used planning tool but also a precondition for access to 
certain EU funding programmes.  

LEZ is an administrative measure, often initiated by a municipality that is meant to regulate, often 
restrict, entry of polluting motorised vehicles into central city areas and thus improve quality of life. 
Most of the LEZs only affect diesel busses and trucks but increasingly they affect regular cars too, 
especially diesels. Zero Emission Zones (ZEZ) go further by excluding all internal combustion engine 
vehicles. ZEZs thus only allow electric vehicles and are increasingly relevant for several major cities 
(e.g. London and Paris) that have carbon neutral ambitions for the future.  

In all EU countries, it is politically up to the municipality, mostly major cities, to introduce a LEZ. Still in 
many cases it also depends on national legislation regulation.   
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3 Common Global Solutions 

3.1 Topic: On-Demand Transport 

3.1.1 UK/ Sutton Borough (London) 

Overview: Sutton Borough is known to have high car use and has been difficult to serve with traditional 
public transport due to its relatively low housing density and its historic development planned around 
people using private transport. Thus, it has not always been practical to run a dedicated bus service in 
certain areas. The service sought to provide more convenient, affordable, and eco-friendly way for 
residents to get around or to connections to transit. The organization of work was in close coordination 
between Transport of London (TfL) and the company ViaVan - from launch and operation of the 
service, to fleet procurement and driver recruitment. The service was operated by GoAhead, a local 
partner.  

The pilot project GoSutton, which was launched in May 2019 and ran for 12 months was based on the 
following solution: 

- Using a mobile app or dial-in number, passengers indicated their pick-up and drop-off locations 
to book a ride in a uniform fleet.  

- Advanced technology directed passengers to nearby virtual bus stops for pickup and drop-off, 
and dynamically routed the vehicle in real-time, allowing for quick and efficient shared trips 
without lengthy detours, or inconvenient schedules.  

- The service offered a compelling alternative for those who would otherwise drive, and 
increased mobility and autonomy options to those who cannot.  

- Reflecting TfL’s interest in the integration of demand-responsive transport solutions into its 
larger network, an integration of the system with local Freedom Pass was made, which allowed 
senior citizens to ride for free.  

- The service was accessible to riders of all means and abilities: it accepted bookings by phone; 
allowed a variety of payment forms; and accommodated wheelchairs on all vehicles. 

- Service zone: 9 km2 . 

- Hours of service: 6.30 am - 9.30 pm (weekdays).  

- Fleet size: 8 vehicles (Euro 4, 14-passenger Mercedes-Benz). 

Results: 

- Quickly attracted thousands of local residents and grew steadily.  

- Riders rated the service an average of 4.9 out of 5 stars (convenience and affordability). 

- Supported Mayor’s initiative to reduce congestion in London and achieve 80% of all journeys 
by public transport, cycling or walking by 2041. 

- Main users: residents, commuters, students, seniors. 

- Main reason to use: recreational activities, shopping, medical appointments, transit 
connections.  
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3.1.2 Germany/ Berlin 

Overview: Berlin has an extensive existing transit network, but the city still faces transportation 
challenges - a growing population has led to increased congestion, bringing into focus the need for 
reliable, affordable shared mobility. This is especially the case during service gaps on evenings and 
weekends or where existing transit is limited. The goal of the pilot BerlKönig is to reduce Berlin’s traffic 
congestion and increase access by providing a sustainable shared mobility option that complements 
the Berliner Verkehrsbetriebe (BVG) existing service. While large, dense cities certainly require robust 
fixed transit systems to move the millions of people who work and live in them, the BerlKönig 
demonstrates how public transit operators can enhance and streamline existing service by deploying 
dynamic mobility solutions. By offering a highly convenient service that pools riders seamlessly on 
demand, the BVG and the City of Berlin have positioned themselves as innovation leaders, paving the 
way for an efficient, clean and shared future. The BerlKönig services started in September 2018 and is 
currently running. 

The solution proposed by ViaVan on the request of BVG offers: 

- An affordable ridesharing option that primarily serves those traveling during times or to 
locations where existing fixed-route options are limited. 

- Users without a bank account have the opportunity to purchase ride credit in selected BVG 
customer centres using cash. Riders without smartphones can use the service by booking a 
ride at designated kiosks in certain BVG customer centres.  

- The service also integrates with the BVG trip planning app “FahrInfo” through an Application 
Programming Interface.  

- BerlKönig appears when the alternative BVG connections are significantly slower or 
inconvenient to access. Users are redirected to the BerlKönig app through a deep link, and 
their request is processed without further action required.  

- By mid-2019, BerlKönig was fully integrated (booking and payment) with the BVG’s multimodal 
app “Jelbi”. 

- Service zone: 24 km2 (eastern part of inner-city Berlin). 

- Hours of service: 24/7. 

- Fleet size: 130 vehicles (Mercedes-Benz vehicles, half are fully electric B-Class minibuses and 
wheelchair-accessible V-Class vans). 

Results: 

- Over the course of the two-year pilot, the fleet expanded to 300 vehicles.  

- The service is already completing 25,000 rides per week with a customer satisfaction rate of 
97%.  

- Main users: late night, service workers, those going out later, students, commuters, seniors. 

- Main reason to use:  late night, weekend errands, shopping, dining out, medical appointments, 
commuting.  
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3.1.3 France/ Grenoble 

Overview: Saint-Pierre and Notre Dame-de-Mésage are two small mountain villages, each with fewer 
than 2,000 residents. The villages are part of the Grenoble metropolitan network, but lacked sufficient 
public transit stops due to their low population density. The towns were selected to pilot (1 year pilot 
launched in June 2018, extended via a public service contract) an on-demand service created by 
LEMON – a metropolitan laboratory for mobility experiments. The main goal was to meet the need 
expressed by residents and elected officials to connect the two villages south of Grenoble to a main 
route serving the metropolitan area. In addition, to test a fully-digital, reservation-based transit service 
in a sparsely populated area. 

The partnership between Grenoble-Alpes Métropole and SEMITAG (Transdev) resulted in providing 
the following solution under the project Chronopro TAG, Connected transportation on-demand: 

- Passengers can use Chronopro TAG to request a pick-up from one of the 23 stops covered by 
the service. They are then dropped off in Vizille, where they have access to services and a local 
shopping centre, or at one of the stops on the Express Route 3 – a direct bus service to 
downtown Grenoble. 

- The service makes 10 trips daily from Monday to Saturday: four in the morning, one round trip 
at midday, and four return trips to the villages in the evening. 

- The solution is fully integrated into the TAG network. The Chronopro TAG service can be used 
with any TAG network travel pass or ticket. Passengers can purchase tickets directly from the 
driver on board. 

- The transfer to Express Route 3 is guaranteed, and the €1.60 single journey fare allows riders 
to make multiple transfers on the network within the hour. 

- Passengers can book their trip on the Chronopro mobile app or via the website. Reservations 
can be made up to 40 minutes prior to the requested departure time. 

- The entire system, from reservation to trip creation, is backed by Optycall – a software 
platform developed by Cityway, Transdev’s digital technology subsidiary. Cityway provides 
solutions that simplify the passenger experience and optimize service delivery. 

- Fleet: One nine-seat shuttle equipped for mountain driving. 

- Staff: 2 drivers.  

Results: 

- Covered 90% of the population, which lives less than 330 meters from a stop 

- Up to 260 users and 150 trips each month 

- 25% of users complete more than two trips a week  
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3.1.4 The Netherlands/Arnhem-Nijmegen metropolitan area; Eindhoven and Helmond 
metropolitan area; Amsterdam metropolitan area; Noord-Holland-Noord province; Texel 
Island 

Overview: Shared rides are a key component of the Dutch province’s long-term mobility strategy, as a 
complement to the existing regular bus line network. Transdev initiated discussions with several public 
transit authorities (PTAs) in the Netherlands to integrate ridesharing services into transit networks, 
with the main goal of providing mobility services that fit better with the need with citizens' needs and 
the characteristics of the area. In 2016, Transdev launched BrengFlex, the first on-demand 
transportation solution in the Netherlands to be fully integrated with the public transit system. 
Following the success of BrengFlex, the concept was launched in several public transit concessions in 
the Netherlands, in different environments, from the Schiphol airport area to the rural borough of 
Texel Island. Most contracts started between 2017 and 2018, and are now part of a public transit 
concession. 

The solutions tailored to the local needs cover the following: 

- There is no fixed timetable for the PTFlex services. A small bus picks up passengers at a bus 
stop at the agreed time and will take them as quickly as possible to their selected bus stop. 

- Passengers share the vehicle with other passengers, but this never affects the arrival time.  

- All PTFlex services use routing technology, an app and a website developed by Transdev 
Netherlands. Most bookings are made through the purpose-built app.  

- Reservations can be made also by telephone via the call centre. The advantage of booking via 
the app is that passengers can see where drivers are in real-time, when they will be picked up 
and their expected arrival time. 

- All PTFlex operations are fully accessible: shuttles are equipped with an electric ramp and on-
board wheelchair space. Customers without smartphones and credit cards can contact the call 
centre to book, and can pay with the applicable public transit system’s smartcard. 

- Collection of advanced and segmented customer data, allowing to adjust the service to best 
meet passenger needs, and to market solutions to the most likely users.  

- Regular passenger feedback important for quick changes when necessary.  

- Tailoring the first- and last-mile to local needs: the technology can be easily adapted to 
complement local public transit networks.  

- Fleet: 60 vehicles, ranging from minivans to electric 4-door cars. 

Results: 

- 24,000 passengers per month on average and 5,300+ active users per month on average. 

- Consistent ridership growth since starting operations. BrengFlex has succeeded in winning 
over a large number of car drivers, who today account for 16% of its clients. 

- High levels of customer satisfaction with average ratings. 
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3.1.5 France/Beauvais, Vitrolles, Courtaboeuf and Mulhouse  

Overview: Chronopro was designed to respond to a recurring issue - how to connect residential and 
employment clusters to fixed-route transit? Many neighbourhoods and employment centres 
(especially industrial parks) include homes and workplaces which are too far to conveniently walk to 
transit, but are too spread out for fixed-route services to be efficient. To cope with this issue a 
partnership of four transit authorities in the cities of Beauvais, Vitrolles, Courtaboeuf and Mulhouse 
and Transdev took action to: 1) Deliver frequent and easy-to-use services between high-frequency 
transit lines and pick-up points in employment clusters and low-density neighbourhoods; 2) Improve 
access to low density areas, especially for people who do not have personal cars; 3) Reduce operating 
costs, compared to traditional fixed-route bus services. 

The pilot projects started mid-2016 and are currently ongoing, proposing the following solutions: 

- The on-demand service guarantees connections to and from transit hubs, providing frequent 
departures and flexible routing within pre-defined zones.  

- Each shuttle connects a major transit hub and pick-up points within a pre-defined zone. 

- It guarantees connections: arrival times at transit hubs are designed to coincide with fixed-
route departures, so customers never miss a connection. Whenever possible, shuttles will wait 
for delayed buses or trains. 

- Passengers can use the same payment methods accepted on the bus or tram. For most 
networks, this means that passengers can use their smart card or a mobile ticket. 

- Fleet: Small-to-medium size passenger vans, depending on demand. 

- The trip can be reserved via the Chronopro app or through the website weeks in advance, 
scheduled for regular pick-ups, or booked up to 30 minutes prior to the trip (space permitting, 
last-minute reservations are also possible). 

- For journeys originating at a transit hub, reservation is optional.  

Results: 

- The service has helped both employers and workers by: Improving access to thousands of jobs; 
invigorating industrial parks with a modern and convenient form of public transit, making 
employers outside of urban centres competitive once again. In Vitrolles and Beauvais alone, 
Chronopro improved access to more than 21,000 jobs. 

- Cheaper transit, lower congestion: For the same price as a fixed-route bus, Chronopro can 
deliver more convenient services over a larger area. By encouraging people in low-density 
areas to use public transit, and by making suburban employment centres newly accessible, 
Chronopro can contribute to lowering traffic congestion. 

- Growing ridership: Ridership has grown quickly for Chronopro operations. In Vitrolles, after 
only 16 months of service, the total number of trips rose by 33%  

- Faster trips, guaranteed. In Vitrolles, passenger trips take 50% less time than before the service 
started. For those looking to connect from trains to nearby Marseille, Chronopro is flexible. 
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3.2 MaaS 

3.2.1 MaaS Global  

Considering that Whim solution is the first and one of the few examples of fully operational MaaS 
systems, it is worth mentioning its business model for future reference by the PPs. The information 
below is an abstract of the main findings in the report on Whim’s first year of operation.  

Overview: MaaS Global was founded in 2015, starting investment activities as early as 2016. First 
commercial ride with Whim was back in October 2016 and the launch in Helsinki was in November 
2017. First million trips wере reached in June 2018, the second million in October 2018 and the third 
million in January 2019. Whim is based on an open ecosystem, fuelled by open APIs. The aim is to 
provide better service to its user but also societal good. Whim uses accumulated and live data to 
predict and provide its customers the most ecological way to get where they are going. As main 
building pillars behind the solution are trust and cooperation.  

 

 
Figure 1: Whim Ecosystem Concept 

Whim in Helsinki, started in late 2016, followed by a full commercial launch in November 2017. In late 
2018, the service had over 70 000 registered users. The MaaS operator interconnected many of the 
existing city’s mobility options under one subscription and within a single app (Whim app), which allow 
the users to combine, plan, and pay for public transport, taxi, car rental, car sharing and city bike trips. 

Three different service tiers exist:  

Whim to Go: does not require a monthly subscription fee; it provides a pay-as-you go access to 
available modes via the Whim App. 
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Whim Urban: a subscription package that includes an unlimited number of single tickets for public 
transportation at a slightly lower price than a monthly comparable travel card. Additionally, Helsinki 
City Bikes are included in the package during the summer season and taxi fares are capped at 10 € 
when the trip distance is less than 5 km. Standard monthly public transport ticket is 55 € vs. Whim 
Urban at 49 € (+city bikes and capped taxi fares). The standard price for access to the city bike system 
is 30 € for the whole season.  

Whim Unlimited: a subscription package that includes public transportation, city bikes, taxis, and rental 
cars on an unlimited basis with few limitations. As an unprecedented mobility package it is difficult to 
compare to any known transportation system - the subscription is 499 € per month — priced as an 
alternative to car ownership 

Initial findings: 

- MaaS users ride public transportation more than their Helsinki metropolitan area 
counterparts: PT share with Whim 63%; PT share in Helsinki area without MaaS 48%. 

- MaaS users are multimodalists: Whim users combine taxis 3x more often with public transport 
compared to the typical Helsinki resident. Typically in Helsinki, 3% of all taxi trips are made in 
combination with public transportation trips. With Whim, 9% of all taxi trips are made either 
20 minutes before or within 30 minutes after a public transportation trip. In addition, there is 
a clear rise in density of bike trips before and after the public transportation trip.  

- MaaS helps solve the first/last mile: Bicycle trip density increases just before and after public 
transportation trips, suggesting that Whim users know how to solve the last mile problem with 
alternative modes. 12% of bike trips are taken within 30 minutes before PT trip and 30% of 
bike trips happen within 90 minutes after PT trip 

- Taxis are a welcome option to MaaS users: Whim users use 2.1 times more taxis than the 
typical Helsinki resident. 

- MaaS users make shorter city bike trips: The average trip distance for Whim users by city bike 
is 1.9 km. This is about 10% shorter than the 2.1 km distance for city bike users overall. This 
could be because Whim users are predominantly users in city centres, where distances 
between stations are shorter.  

- Public transportation is the backbone of MaaS: 95% of Whim-trips are made by public 
transportation, as such it is fundamental to a successful MaaS system. 

- MaaS grows along public transport corridors: 68% of all Whim trips occur in areas with the 
highest public transport access. 

- New transportation solutions can replace 38% of daily car trip. 

- Rental cars are part of MaaS daily trips. 
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3.3 Topic: TMaaS 

3.3.1 City of Ghent 

Overview: The main ideas behind TMaaS concept was to monitor and manage the traffic and provide 
improved multimodal transport solutions to the citizens. Several challenges had to be considered in 
this respect: what kind of traffic centre to establish, since the traditional ones were not an option, 
considering the high level of costs, need of hiring additional staff and the fact that the majority of the 
trips were not made by car; how to encourage walking and cycling as part of the mobility plans; how 
to integrate all existing solutions collecting data through advanced technologies. To accomplish its 
objectives Ghent decided to establish a multimodal traffic centre or the TMaaS concept. It needed no 
precarious and time-consuming investments in hardware installations. The platform is cloud-based 
and processes multi-modal mobility information. It collects data that goes beyond information on 
private vehicles on the roads. It collects, process and centralise real-time information about public 
transport, social media messages, weather data, traffic light status, etc. The platform can be configured 
to the needs of the city and local mobility practices. Personalised information is also provided to each 
citizen depending on their specific user needs recommending the most sustainable and time-efficient 
way to travel. 

One of the main objectives of the TMaaS concept was to ensure that it will be interoperable with other 
systems. To this end, a particularly relevant aspect was the compliance with all standards currently in 
use by the ITS community. Once the TMaaS.eu platform has been established, the goal was that every 
small- to medium-sized city can subscribe and immediately get insights on mobility, manage traffic and 
communicate with citizens. 

The main elements of TMaaS solution are: 

- TMaaS Dashboard: mobility data in one single location. Provides an overall picture of the 
mobility in the city, configured using the locally available data and allowing to make smarter 
decisions.  

- TMaaS Traffic information: shows the common operational picture of real-time traffic events 
(incidents, accidents, roadworks, etc.) based on data provided by parties within and outside 
the TMaaS partnership (TomTom, Be-Mobile, Waze). 

- TMaaS Map Viewer: an autonomous option for viewing maps; zooming in on map details; 
switch layers; additional pieces of information about different elements on the map; find 
locations, etc. It can be used as a stand-alone feature or be integrated into the TMaaS 
Dashboard. 

- TMaaS Fleet Viewer: tracks and visualises real-time position of PT vehicles, shuttle buses, etc. 
Data supplied by in-vehicle GPS trackers. 

- TMaaS Trigger Activator: whenever the combination of traffic information and user 
preferences requires a calculation of alternative routes and means of transport, the TMaaS 
engine sends a trigger to the ‘Alternatives Calculator’ to request useful travel alternatives for 
this user. 

- TMaaS Alternatives Calculator: calculates relevant travel alternatives for drivers, users of 
public transport (allowing for timetables and location of public transport points), pedestrians 
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and cyclists based on real-time traffic conditions. When determining suitable travel 
alternatives, user preferences are accounted for. 

- TMaaS Route Monitor: operators can monitor multiple road segments over longer (indefinite) 
periods of time, including historical analyses. 

- TMaaS Notifier: uses TMaaS Trigger Activator and TMaaS Alternatives Calculator to act as a 
pre-trip alert system to make journeys through the city smarter and speedier. Alerts are sent 
to users by email, text or in-browser notifications and are tailored to the users’ own personal 
travel preferences. 

- TMaaS Data Editor: when operators receive information on traffic events from citizens (2-way 
communication) or from other sources, they can insert this information into the dashboard.  

Results: 

- A mobility management tool for traffic managers, city decision makers and local authorities 
overall to visualise and better manage the local urban mobility system. 

- Citizens’ dashboard that aims at providing information to the population and notify its users 
of disruptions and accidents. 

- The platform automatically monitors traffic and mobility, giving traffic operators and end-
users insight in mobility and notify them on relevant events. 

- User research conducted aimed at better understanding potential future users of TMaaS 
outputs. Three different user groups were targeted: 1) Cities - investigating how traffic data is 
being used by different LAs; 2) Residents and regular visitors - better understanding travel 
behaviour and information needs of this type of end users, and to identify and prioritise the 
features and functionalities of the citizens-faced part of the dashboard; 3) Other stakeholders 
with specific needs such as students, people with reduced mobility, local shopkeepers, IT-
professionals, transport service providers, help services, among others. 

- Open call for the TMaaS Replicator City Programme and selection of three LAs to test the 
solution. 



  

INNOAIR © 23 

   

  

3.4 Topic: Congestion Charging 
3.4.1 Singapore  

Overview: The world’s first implemented congestion charging scheme was in the Central Business 
District of Singapore in 1975 in the form of a paper-based system of daily licenses for vehicles entering 
the central zone during peak traffic periods. In 1998, Singapore shifted to an electronic scheme, called 
Electronic Road Pricing, using Radio Frequency Identification (RFID), which made it possible to vary the 
charge over the course of the day. 

The purpose of varying the charge is to maintain speeds of 45 to 65 km/h for expressways and 20 to 
30 km/h on other roads. In the first years of the evolved scheme, the charge changed at half-hour 
intervals, but since 2003 the charge has the ability to change in five-minute intervals.  

Three complementary transport policies were initiated with the launch of the scheme. These included 
doubling of downtown parking rates, introduction of a Park-and-Ride scheme and improvement of the 
commuter bus service. However, the Park-and-Ride scheme was shut down within the first few months 
of operation due to low usage.  

In 1998, 680,000 in‐vehicle units (IUs) were permanently installed at no charge to the user. The units 
communicate with overhead frameworks at charging points and deduct the appropriate charge from 
a smart card inserted into the IU. The transaction occurs on-board as a debit on the smart card rather 
than through a central processing system. As long as the vehicle has a valid IU and smart card, no 
information collection is needed at the charging point, avoiding privacy concerns. If a vehicle does not 
have an IU installed or the smart card does not have an adequate balance, enforcement cameras on 
overhead gantries photograph the vehicle in order to issues a fine. The peak fee for passenger cars was 
dropped with ERP, but a flat daily rate was eliminated in favour of a charge imposed for each entry 
into the charging zone. Motorcycles and heavy vehicles were also added to the system (with different 
tolling rates). Traffic levels are reviewed every three months to determine appropriate toll levels. Since 
2008, it is official policy to adjust fee rates at each of the 70 charging points as needed to ensure traffic 
moves at uncongested target speeds 85 % of the time or more.  

Operating costs are 10% or less of the revenue collected through the system. Initial capital expenses 
were approximately 40% of initial annual revenue (as presented during the European Conference of 
Transport Ministers, 2006).  

Results:  

- When first implemented, the effects of the charge showed a 44% decrease in the traffic 
volume, while travel speeds increased from 18 km/h to 34 km/h. 

- In 1988 traffic levels remained 31% below original levels even as employment in the city had 
increased by a third and vehicle ownership by 77%.   

- Bus ridership increased about 20 % due to congestion charging, transit improvement and 
related policies.  

- When the electronic scheme was introduced, the level of traffic decreased by an additional 
10% to 15%; this could be explained by fewer repeated trips as every entry had a cost 
compared with fixed cost of the paper-based license scheme. 
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3.4.2 Sweden/ Stockholm 

Overview: The City of Stockholm is the largest of all 25 municipalities within Stockholm County. It was 
built on a harbour, bordered on all sides by lakes, which meant that most commuters into the city had 
to cross very congested bridges. Despite a good public transportation system and a relatively small 
population, Stockholm's traffic congestion was similar with that of London or Paris. Prior to the 
congestion charges, the cordon around the inner city was crossed by 530,000 vehicles and 800,000 
transit passengers each day. Congestion charging had been debated in Sweden many years before the 
actual introduction. Despite public and political opposition, a trial period was demanded by Sweden's 
Green Party during the 2002 federal election, which paved the way for its implementation on ground. 

The primary objectives of the system for congestion charging was to test whether the overall efficiency 
of the city's traffic system could be enhanced by congestion charges. Before introducing the system, a 
research was made, supporting its design and planning: multiple traffic forecasting models were tested 
to determine how such charges would impact, among other things, public transit, traffic congestion 
and air quality. Most models predicted a traffic decrease of about 16%. 

The system design was simple. It consists of a single charging cordon around the inner city with various 
control points. The same amount of money would be charged at all points of entry, in both directions, 
and for both morning and afternoon peak periods. For lack of space on any of the city's bridges to build 
toll booths, individual vehicle transponders linked directly to bank accounts was proposed. 

The objectives of the trial period were to: reduce traffic volumes on the busiest roads by 10-15%; 
improve traffic flow on streets and roads; reduce emissions harmful to human health; improve the 
urban environment; provide more resources for public transport. 

A partnership of different partners - the Swedish Road Administration, Stockholm County Council 
regional planning and traffic unit, Stockholm Transport, various research institutes and experts from 
other bodies, organizations and companies took part in the design, testing and implementation of the 
pilot. The system was tested from January to July 2006. The year before, public transport was enhanced 
to accommodate an expected increase in public transit use. Once the trial was completed, the charges 
were temporarily abolished and traffic congestion returned to almost pre-trial levels. Referenda to 
keep or abolish the charges were held in Stockholm, resulting in a narrow majority (53%) in favour of 
keeping the charges. The permanent system was restarted in August 2007: it consists of a toll cordon 
around the inner city, with 18 unmanned electronic control points at the entry/exit points, thereby 
reducing traffic through the bottlenecks located at the arterials leading into the inner city. Tax was 
applied on both the entry and exit of the area. 

The cost differed according to hours (highest for peaks, less for the rest). Also a cap of around 10 
euro/day was introduced. No charge for evenings, weekends or holidays, and exemptions were given 
for emergency, transit and other government vehicles, as well as for those with disabled parking 
permits.  

A tag and beacon system was initially used. For vehicles without a transponder, license plates were 
photographed using automatic number plate recognition (ANPR) technology and cross-referenced 
with Sweden's National Vehicle Registry to record the charge. 
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Results: 

- 20% decrease in Stockholm's innercity traffic already on the first day. 

- People switched their travel habits—either choosing different times, destinations or modes, 
or opting not to make those trips at all.  

- Social benefits: 1) Shorter and more reliable travel times; 2) Lower GHG emissions; 3) Improved 
health and environmental impacts; 4) Increased traffic safety, and 5) Increased public transit 
revenues. 

- It was anticipated that the ANPR identification rate would be about 50-60%, but after making 
some improvements to the system, the identification rate was actually about 97%. Due to this 
high degree of efficiency, the transponder system was abolished in 2008. 

- Lower income people were not disproportionately affected; in fact, wealthier people living in 
the inner city paid more in congestion charges than residents in any other geographic area. 

- Thanks to the successful trial period public support for the charges increased, eventually 
reaching about 70% support in 2011. 

- The system costs for installation and operation were paid back in 2 years from the revenues. 
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3.3.3 London/UK 

Overview: Transiting Central London is a significant challenge due to its limited road capacity (the 
streets network in the core area are hardly expanded since the medieval ages) and heavy travel 
demand result in severe congestion. On the other hand, London has a relatively good travel 
alternatives, including walking, taxi, bus and subway services, which are used by most travellers. For 
decades transport planners have recommended congestion pricing in central London. In 2000, 
London’s political system was restructured that gave the powers to the Mayor to manage the city’s 
transport system and raise taxes to fund transport improvements. This plan was criticized by various 
interest groups, including politicians, motorist groups and some labour organizations. Despite that 
since February 2003 the city of London started charging a fee for driving private automobiles in its 
central area during weekdays as a way to reduce traffic congestion and raise revenues to fund 
transport improvements.  

The fee for driving in central London between 7:00 am and 10:00 pm (24/7) is flat rate for the day 
(£15). There are exemptions for motorcycles, licensed taxis, vehicles used by disabled people, some 
alternative fuel vehicles, buses and emergency vehicles, and area residents receive. Payments can be 
made by phone, online through the website of TfL and by an app (AutoPay) in advance, on the day or 
by midnight on the third day of the transit. Drivers can purchase weekly, monthly and annual passes 
with discounts. The congestion pricing system uses a network of video cameras to record license plate 
numbers, and optical character recognition technology to read this information, identify “unpaid” 
vehicles, and generate citations for violators. The owners of vehicles that have not paid as required 
are sent a fine. In addition, in 2013 the Ultra Low Emission Discount introduced more stringent 
emission standards that limit the free access to the congestion charge zone to all-electric cars, some 
plug-in hybrids, and any vehicle that emits 75 g/km or less of CO2 and meets the Euro 5 standards for 
air quality. In case the standards are not covered, additional fee should be paid for transit. With the 
introduction of Ultra Low Emission Zone (ULEZ) in 2019 (applies 24/7) all vehicles which do not meet 
Euro 4 standards for petrol vehicles, and Euro 6 for diesel and large vehicles are also not allowed freely 
in the congestion zone. From October 2021, the ULEZ will be expanded to cover the Inner London area 
within the North and South Circular Roads. From 2021, the congestion charge exemption will apply 
only to pure electric vehicles and from 2025 there will be no discounts for electric vehicles. 

This system is not considered optimal because: 

- The fee is not based on how many miles a vehicle is driven within the charging area. 

- The fee is not time-variable: not higher during the most congested periods and lower during 
less congested periods. 

- The fee does not vary by location: higher rates on more congested roads. 

- The system has relatively high overhead costs. 

Results: 

- During the first few months automobile traffic declined about 20% (a reduction of about 
20,000 vehicles per day), resulting in a 10% automobile mode share. 
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- Just over a million people enter central London during a typical weekday morning peak (7-
10am). Over 85% of these trips are by public transport. Prior to the congestion pricing program 
about 12% of peak-period trips were by private automobile.  

- Congestion over the first year declined with 30%. 

- The system is considered effective: approximately 110,000 motorists a day pay the charge 
(98,000 individual drivers and 12,000 fleet vehicles). 

- Most people who change their travel patterns due to the charge transfer to PT, particularly 
bus.  

- Others shift their route, travel time or destination. And some shift mode to taxis, motorcycles, 
bicycles, or to walking.  

- Significantly increased traffic speeds within the zone. Average traffic speed increased 37%, 
from 13 km/h prior to the charge up to 17 km/h after pricing was introduced. Peak period 
congestion delays declined about 30%, and bus congestion delays declined 50%. Bus ridership 
increased 14% and subway ridership about 1%. The annual reports indicates that these 
improvements are continuing over the years. 

- Taxi travel costs declined significantly (by 20-40%) due to reduced delays.  

- Increase in motorcycle, moped and bicycle travel, and vendors have promoted these modes. 

- The program’s net revenues were to improve public transit services, including more buses and 
major renovations to the subway system. 

- Although some diversion in traffic occurred on nearby roads, the effect appears to be too small 
to measure.  

- Although there is 10% more traffic on the peripheral roads, journey times on them have not 
increased, in part because traffic signal systems on these roads were adjusted in anticipation 
of these traffic shifts. 
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3.5 Topic: Low Emission Zones  

3.3.1 Sweden/ Stockholm, Gothenburg, Malmö, Lund, Helsingborg, Umeå, Uppsala and Mölndalen 

Overview: Sweden was the first country to implement LEZs, as a measure to reduce pollution from 
vehicles and to stimulate retrofitting diesel trucks and busses with exhaust emission control devices. 
From 1992 Swedish cities can legally ban heavy duty vehicles from entering “environmentally sensitive 
areas”. In 1996 Sweden started with LEZs in Stockholm, Gothenburg and Malmö. Retrofitted vehicles 
carried official vehicle inspection stickers required for LEZ entry. In 2006 the individual regulations of 
Environmental Zones in different municipalities in Sweden were replaced by a national regulation and 
incorporated in the existing traffic regulation. From 1 January 2020 municipalities are able to introduce 
three different kinds of LEZs:  

• The first type regulates heavy-duty vehicles;  

• The second type sets standards for regular cars. Initially Euro 5 and 6 diesel cars will be allowed 
access. After July 2022, only Euro 6 diesel cars will be allowed. The same applies to hybrid 
electric vehicles and plug-in hybrids with diesel engines. Petrol-driven cars will have access if 
they meet Euro 5, or better. This also applies to hybrid electric vehicles, plug-in hybrids, natural 
gas vehicles and E85 vehicles. Electric cars or with better environmental performance are also 
allowed. 

• The third type sets the highest standard and allows purely electric cars, fuel-cell cars and gas-
driven cars that meet Euro 6. Similarly, strict standards also apply for heavy vehicles. 

The LEZs in Sweden are enforced by random inspection by the traffic police by checking the license 
plate and thus the registration data of the vehicle (includes engine type and retrofitted emissions 
improving technology). Vehicles exempt from the LEZ regulations are: vehicles used for transport of 
disabled/sick persons; emergency vehicles; military vehicles; veteran vehicles; vehicles on gas/ethanol. 

Results:  

• Air quality in Stockholm is continuously improving (much of this is due to vehicle fleet renewal), 
but still not covering EU standards. 

• Heavy vehicles contribute to just over half the NOx emissions from transport in Stockholm.  

• Emission modelling gave an emission reduction for the heavy-duty vehicles fleet of 40% of the 
fine particle emissions and 10% reduction of the NOx emissions.  

• The average age of both busses and trucks have been reduced as a consequence of the LEZ.  

• A comparison of NOx reducing effects between the LEZ and congestion charging tax in 
Stockholm (Hornsgatan Street): 1.5% reduction by LEZ and 8% reduction by congestion charge. 
This is in line with the expectations since the congestion charging is not specific and affects 
considerably more vehicles.  

• The compliance ratio with the regulations in Swedish LEZ zones is high i.e. 90 – 95%   

• Regulations can impact the new and secondhand car market considerably.  
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3.3.2 The Netherlands/ Amsterdam, Arnhem, Utrecht and Eindhoven 
Overview: The first LEZs were introduced in Utrecht and Eindhoven (2007). These LEZs were focussed 
on keeping out older diesel trucks and busses. There are currently LEZs in operation in 13 cities (mostly 
bigger) in the Netherlands. Until 2020 there was no national policy towards LEZ in the Netherlands 
which resulted in a complex mixture of different regulations for each city. In 2015 Utrecht was the first 
city to ban regular diesel cars older than January 2001 (Euro 3 and lower). Besides diesel vehicles 
Rotterdam also banned entry of petrol cars registered prior to July 1992 (Euro 0) but relaxed this in 
July 2018. Currently (2020) only Utrecht, Amsterdam and Arnhem restrict diesel passenger cars and 
light commercial vehicles. As part of the total emissions reduction policy Amsterdam also limits central 
city entry of diesel taxis (registered before 1 January 2009) and older 50 cc mopeds (registered before 
2011). A further LEZ tightening in Amsterdam is effective from 1 November 2020 banning all diesel 
vehicles not complying with Euro 4 in city areas within the entire A10 ring-road area.  

To resolve the issue with different regulations across cities central government in The Hague 
implemented harmonised national regulations and signage with two LEZ regimes effective from 2020 
to 2025. Yellow LEZ which allows Euro 3 and higher norms for diesel vehicles and a stricter Green LEZ 
which only allows Euro 4 and higher norms diesel engines. Under these regimes there are no 
restrictions for petrol cars. Exemptions are available for campers (owner lives in the municipality), 
vehicles of 40+ years and vehicles of people with disabilities. In 2025 when emission regulations will 
tightened the yellow Euro 3 LEZ signage will be phased out and Euro 4 (green) Euro 5 (blue) and 6 
(purple) signage will apply.   

In Netherlands enforcement is carried out by means of ANPR cameras placed at all entry roads to the 
central city surrounded by the A10 ring. Licence plates of all vehicles entering the LEZ area are scanned, 
digitised and checked against the vehicle registration database for engine criteria. Images and other 
data of non-violating vehicles are deleted from cameras and servers within 48 hours. Fines for the 
owner of the violating vehicle are issued by the national violation processing centre of the ministry of 
justice.  

Results: 

- A year after the launch if LEZ (2008) the actual air quality improvements were slightly less than 
predicted, with improvements between 0 - 2μg/m 3. 

- The impact was limited by gradual enforcement and the fact that there were many exemptions 
for vehicles where diesel particulate filters were not available. 

- Both of these were expected to improve and to increase the air quality impact by a factor of 
1.5 - 2. The LEZ second phase will also have a greater impact. 

- The Dutch enforcement of the LEZ is stricter now. After the enforcement campaign: in Den 
Bosch 83% of lorries complied – up from 70%, in Eindhoven 91% of vehicles complied. Vehicles 
which did not comply and did not have exemptions must pay a €150 fine. This increased 
compliance will increase the impact of the LEZ on air quality. 
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3.3.3 Germany 
Overview: Based on a federal standard, LEZs were introduced in Germany in 2008. Still each 
municipality decides on implementation. The first cities with an LEZ were Berlin, Hannover and 
Cologne. More than 58 LEZs are currently in operation. With 13 mostly adjacent LEZ’s, the Ruhr-area 
has the largest concentration. Hamburg is the only major German city without an LEZ. However, two 
streets in Hamburg are off-limits to diesel vehicles without a Euro 6 qualification. LEZ’s entry criteria 
in many German cities have been tightened over the years moving from red, to yellow to green. 
Motorways are excluded from LEZ regulations. 

German LEZ zones are based on Euro engine classification: Euro 2 (red), Euro 3 (yellow) and Euro 4 
(green). Except for the city of Neu-Ulm in Bavaria, which allows entry with a yellow sticker, all LEZs in 
Germany can be entered provided a green sticker. No sticker is issued for Euro 1 or lower. There is no 
limit to the validity of the stickers provided the license plate does not change. The sticker merely 
displays the Euro emission standard of the engine of the vehicle in question. However, vehicles with 
Euro 5 or Euro 6 compliance also receive a green Euro 4 sticker due to an issue at federal level. 
Upgrading LEZs in Germany to Euro 5 or 6 thus becomes a huge issue since all cars need new stickers. 

The appropriate sticker cost 5 euros and is issued with the license plate number after showing the 
vehicle registration certificate. Exemptions: motorcycles, scooters, agricultural vehicles and 
machinery, emergency vehicles, classic cars (certificate required). 

LEZ enforcement is a complex issue in Germany, since it can only be done manually by randomly 
checking the vehicle registration papers. The police do not have sufficient resources and there are 
proposals by Berlin police and the police labour union to use ANPR cameras for LEZ enforcement, but 
this is highly controversial in Germany due to its strict data protection and privacy regulations.  
Unlawful entry of a LEZ in Germany is fined.  

Results: 

• Despite the LEZ measures, more than 80 German municipalities still suffer from considerable 
air pollution.  

• Green emissions sticker no longer suffices. Provinces and cities push for introduction of higher 
emission stickers than the green Euro 4 - new blue emissions sticker for vehicles that meet 
emission standard Euro 5 or 6.  

• Politically, this issue is quite sensitive since it potentially affects millions of cars and thus the 
mobility of their owners.  

• Some cities are moving ahead despite the lack of decisions at federal level.  

• Cities with persistent air quality problems (Berlin, Hamburg, Stuttgart, Darmstadt) have set 
limitations to all diesel vehicles that do not comply with the Euro 6 norm.  
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3.3.4 France 

Overview: The first LEZ in France became effective in Paris in 2015. Initially, access was prohibited to 
diesel buses and trucks registered before October 2001. National legislation was finalised on 1 July 
2016 which introduced a sticker system and set off the creation of LEZ in Greater Paris, Lyon, Grenoble 
and Strasbourg. Nine more French cities plan to establish low emission zones: Rouen, Grand Reims, 
Saint-Étienne, Clermont Auvergne, Montpellier, Toulouse, Nice, Toulon and Aix-Marseille. 

In France there are two types of zones permanent and temporary. This means the traffic restrictions 
apply permanently (ZCF/ZFE) or are activated under specific conditions, such as extreme 
pollution/peak (ZPA). Apart from this there are also emergency schemes during times of high pollution. 
According to French law LEZ can be introduced in any city.  

France operates a sticker system for entry into LEZs: green for zero-emission vehicles, purple 1 for the 
cleanest vehicles, the grey sticker 5 the most polluting. See the whole classification https://www.lez-
france.fr/en/general-information/who-will-get-which-critair-colours.html  

From January 2021, the same LEZ rules will apply both in Paris and in the Grand Paris environmental 
zone inside the A86 motorway. Further strengthening of LEZ access rules to Paris will continue in the 
coming years. Eco-sticker 3 vehicles will be banned in July 2022 and eco-sticker 2 vehicles in January 
2024. 

LEZ enforcement is manual by police and expected to be camera enforced by July 2022. Any violation 
of the LEZ requirements, namely failure to display an appropriate sticker may result in fine issued by 
the police. Exemptions from LEZ: vehicles of people with disabilities, armed forces and emergency 
vehicles, school buses, etc.  

In addition, under the name ‘Breathing Paris’ every first Sunday of the month, from 10:00 to 18:00, 
travel on foot, by bicycle, (electric) scooter, roller skates, etc. is facilitated and anyone is able to better 
enjoy the centre of Paris. Only residents, delivery vehicles, public transport, taxis and hybrid bikes are 
allowed to enter through the filtering access points. 

Expected results: 

• Accelerating the renewal of the vehicle fleet. 

• Reducing emissions of air pollutants linked to road traffic (NOx, PM10, PM2.5 and volatile 
organic compounds). 

• Reducing the concentrations of air pollutants. 

• Reducing the number of people exposed to concentrations higher than the regulatory values 
or the recommendations of the World Health Organization. 

• Participating in the development of new mobility. 

• Slight drop in CO2 emissions. 

 

 

https://www.lez-france.fr/en/general-information/who-will-get-which-critair-colours.html
https://www.lez-france.fr/en/general-information/who-will-get-which-critair-colours.html
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4 Main findings and lessons learned 

4.1 On-Demand Transportation 

Getting ODT systems to operate at local level can be challenging. It requires excellent co-ordination 
between all stakeholders, ICT investments and a sustainable financial model. LAs already have 
experience with ODT for people with disabilities, however scaling up such systems to serve more users 
requires significant adaptations.  

A number of questions should be considered before designing and deploying ODT systems: 

 

Table 1: ODT main parameters 

ODT requires long-term behavioural and preferences change in the way users access transport 
services. To get people out of their cars, using PT or to attract them to accessing PT services in a 
different way poses real challenges before the LAs. Until recently ODT has been used primary for 
people with limited mobility. Adapting it to serve larger groups of people and to attract them to use it, 
ODT should be seen as efficient, environmentally friendly, and convenient option. Users should 
consider it as a transport choice, rather than a necessity. Competition with other transport options is 
also among the main things to be looked upon. 

Building a fully functional ODT system ultimately requires integration into MaaS systems. ODT often 
provides a link between travellers and existing infrastructure, and involves different stakeholders 
including regional mobility management players, telecommunications and payment companies, 

•Phone call, messaging/  Internet (website/app)How does the user book their 
journey? 

•Internet (website/app)/ In the veicle/ integrated with 
PT ticketing system

How does the user pay the trip?

•Only when requested/ Set number of journeys per 
day/ When required

How frequently should the service 
run?

•Fixed route/ Deviations possible within the set area/ 
Fully flexible, algorithm-generated route

How flexible is the route?

•On the day/ In advance/ Repeating bookingWhen is booking required?

• Free/  Paid (cheaper than other PT/ same as public 
transport)

What is the price for the user?

•Car/  Minibus/  BusWhat size of vehicle should be 
used?

•All public/ Disadvantaged groups/ Private groupsWho are the main users?

•Many-to-many/ One-to-many / Many-to-one/ One-
to-one

Where are users picked-up or 
dropped-off?

•Urban/Rural/ Suburb/ MixedWhat area is the service covering?
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transport providers and local authorities. Ensuring the coordination and involvement of all these sides 
raises also the issues of legal framework possibilities.  

ODT systems are adaptable to almost any case, with numerous parameters which can be changed to 
fit varying scenarios. They can bring numerous benefits to local transport networks, such as: 1) 
Reduced road congestion and emissions reductions, whilst also improving quality of life for citizens; 
2) Better meet the needs of underserved communities: many passengers are discouraged from 
accessing PT due to general inaccessibility, route or service frequency; 3) Address first mile / last mile 
problems: ODT can be a first mile / last mile solution, providing alternative transportation or filling the 
gaps of existing PT network. It could be more frequent, use an algorithm-generated route and delivers 
passengers near to their home/work place, convenient transport hub (railway station, bus stop); 4) 
Provide seamless interchanges and reduce travel costs: Using existing PT lines with multiple 
interconnections to reach a destination can result in a too costly solution, which leads people to prefer 
using private vehicles. ODT with algorithm-generated route that can be optimized according to user 
needs, ensures a seamless journey, also have the potential to reduce costs both for the transport 
operator and users; 5) Cost-efficient connectivity for rural areas: ODT can fill the gaps of existing PT 
networks in areas where full scale transportation would be too expensive, or where there is only 
limited or seasonal demand; 6) Demand-responsive transport service for persons with disabilities 

4.1.1 Lessons learned ODT: 

 
Table 2: Lessons Learned ODT 

•Learning from experiences of other systems is crucial but each ODT service should be customised to 
meet local needs. It is important to define the various parameters (why implementing; groups to be 
served; flexibility; time of service, accessible to all etc.)

•Carry out pilot schemes designed to inform and learn

•Target high-priority areas and routes 

•Changing customer behaviour can take time: Many pilots have a ‘slow start’. 

•Technology challenges to delivering on-demand are still significant (possibility to make adjustments 
during the trials are crucial)

•Integrating ODT services with the existing public transport ticketing system/ payment systems is a 
priority. At the same time attention is to be paid to those not having access to such technology

•SUMPs should be developed or altered to include ODT, considering linkages with other transport 
modes. The process should be overseen by a single transport authority, setting clear targets 

•ODT needs to be made attractive and convenient if it is to have a wide impact. Communication should 
focus on the multiple benefits of ODT, and ICT should be used as far as possible, to effectively 
integrate services into public transport information systems
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4.2 MaaS 

A fully fledged ODT systems needs well-designed and functional MaaS solution. A number of critical 
points should be addressed to ensure the concept of ODT can be implemented on the ground. A major 
factor for the success of MaaS solutions is to ensure trust among the different stakeholders and their 
willingness to share information with each other. Availability and sharing of data by all transport 
operators that will be part of the MaaS solution also remains challenging. Even if most PT operator 
have opened and share their data (including real-time), other operators are not willing to do so with 
third parties (competition, trust). The regulatory framework can also pose different obstacles for MaaS 
functioning (i.e. tickets can be sold only by the PT operator). 

Below a highlight of the main conditions for operating MaaS are presented: 

 

Figure 2: Pre-condition for successful MaaS deployment 

Looking at the benefits of MaaS, a short list of most common ones are described below: 

Benefits for users: Developed, personalised and smart mobility services reflecting users’ diverse 
needs. Seamless, transport services that function well and provide easy access to mobility, strong user 
orientation, high-quality services and competitive pricing. 

Benefits for public sector: Information and communications technology improves the effectiveness of 
the whole transport system. Benefits include being able to allocate resources efficiently (based on a 
user’s real needs), creating new businesses and jobs, improving the management of traffic incidents, 
and having a more reliable transport system through advanced data. 

Benefits for businesses: MaaS is a profitable market for new transport services. Renewed 
opportunities for the traditional transport and infrastructure business sectors are part of innovative 
service concepts and cooperation. 

Transport operators 
allow a third party 
to sell their service

Availability of open 
data of transport 

providers including 
real-time data to a 

third party

A wide range of 
transport modes 

are available in the 
city

PT offers e-ticketing 
or e-payment to 

access their 
services

MaaS 
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4.2.1 Lessons learned MaaS: 

Considering the currently available MaaS solutions on the market and experience of public authorities, 
some common recommendation and advice are listed below: 

 

Table 3: Lessons Learned MaaS 
  

•It can be foreseen that if MaaS becomes main stream travellers’ choice, more transport operators 
would be willing to share their data with MaaS developers

•Implementing and operating a MaaS service requires a single identity for a user, open data and 
open payment methods from various transport modes

•All business partners should be treated with non-discriminatory manners and the access 
conditions to join the MaaS platform should be fair. Mobility service operators also need to have 
full trust that the MaaS provider will give a quality service to their clients

•Data management is not among the core activity of local authorities. In order to make MaaS 
happen, public authorities need to facilitate the access and availability of high-quality data and 
have to set the framework to ensure that they get an access to data from various sources

•Data is lacking common structure or format; similarly the lack of standardisation of data, both 
static and dynamic, is still an issue.  Solutions for this need to be determined at early stages of the 
MaaS development

• PT is at the heart of MaaS, so the city transport network and services should be well-developed 
and offer abundant choices of transport modes. MaaS should be seen as an alternative choice to 
using a car while enjoying equally convenient transport services

•Fragmentation in the service offer is a real risk for all stakeholders. The experience of open MaaS 
ecosystems, such as Whim can mitigate this risk. 

•Avoid thinking of MaaS only as an app. The concept involves much more

•A one size fits all MaaS model is not feasible, considering the different circumstances in different 
cities and regions 

•Urban authorities that plan to engage with the MaaS need to have a clear strategic vision of how 
they intend to develop - guide MaaS system development; guarantee cooperation between 
transport operators and private MaaS organisations; MaaS system fits policies and wider goals. 

•A strong public-private partnership is a key

•Risks of unfavourable mode shift i.e. substitute walking or riding bicycle with PT. to prevent such 
scenarios Las need to ensure that MaaS is contributing to their policy goals.
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4.3 Congestion Charging 

Local authorities often face multiple challenges in their endeavour to introduce congestion charging in 
the cities. The most important precondition is its acceptance. Technical implementation and design of 
the payment scheme are also of key importance.  

Acceptance needs to be actively planned and public perception has to be managed. To cope with public 
drawbacks, LAs need consistent efforts in showcasing congestion charging beneficial sides, such as: 1) 
CC can often play an important role in reducing the negative effective of congestion while providing 
environmental and other additional benefits; 2) Reduced travel times and improved reliability for 
drivers, buses, taxis and deliveries; 3) Potential source of funds to improve infrastructure, transit 
frequency and coverage or other improvements; and to increase road safety and maintenance 4) 
Reduced GHG emissions and local air pollutants; 5) Public health benefits due to increased 
cycling/walking and potentially lower accident risk due to decreased private vehicle use. 

The choice of technology is one important aspect of the technical system. Although congestion 
charging technologies are well-known the concrete urban environment has its own specificities that 
need consideration: 1) urban surroundings (geographical, architecture), where many design 
constraints apply; 2) enforcing compliance of all users; 3) handling of occasional users 

Payment schemes type are another important aspect: whether to apply a flat rate, a distance-based 
fee, entry/exit fee or a combination of different principles. 

4.3.1 Lessons Learned CC: 

 

Table 4: Lessons Learned Congestion Charging 

•Congestion charging systems require careful design, planning and public outreach

•Model a variety of system designs: try out many different forecasting models to predict how traffic 
flows would change. The design needs time

•Ensure a transparent and understandable system and careful treatment of the user’s privacy

•Establish clear objectives: have clear and measurable objectives, weighted against the positive 
effects of the charges on the environment and accessibility, and the possibility to use the revenues 
for necessary investments

•Analyse the PT network and if necessary improve public transport possibilities before deploying a 
congestion system. That way the citizens not willing to pay the fee can easily shift to alternative 
mobility options, without complaining

• Ensure a robust technical system: the technical system should work seamlessly from the start. It 
should also be more customer-friendly

•Keep people informed: educate the public about all aspects of the new system, thus people will 
know how to operate on the very first day of the trial

•Conduct rigorous evaluations: supply media with hard figures about the reduction of traffic volumes 
and congestion. Have professional, independent researchers and experts, from different backgrounds 
and organizations able to explain and evaluate what was happening

•The fairness or equity issue is always important: initially, the dominating perspective is often before 
and after in sense of payment
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4.4 Low Emission Zones 

Research shows that LEZ policies can contribute to reducing traffic generated emissions of fine 
particles and to a lesser degree NOx. If well-designed LEZ can deliver significant air quality 
improvements. In addition ,strong health and environment argument for introducing LEZ exist. Citizens 
do understand this and a majority of them supports LEZ.  

Similarly, to Congestion charging schemes, LEZs are necessary, they are however not sufficient given 
the magnitude of air quality and climate challenges. A gradual transition towards zero emissions seems 
the logical next step and a number of cities lead by example. However, the costs for vehicle owners 
and businesses and visitors can be substantial and need to be weighed against the benefits.  

4.4.1 Lessons learned LEZ: 

 

Table 5: Lessons Learned LEZ 

•No universal solution to build a successful LEZ: Always particular case inspection

•The municipal government should set clear and strong objectives before implementing the LEZ 
scheme

•Local government should conduct comprehensive studies focusing on implementation details, such 
as charging fees and targets

•Enforcement is a key: some LEZ became effective only after vehnicles’ owners were getting fined. 
ANPR based camera systems are more effective, however regulations in some countries on data 
protection limit a Pan-Euroean system introduction 

•The allocation of revenues should be dedicated to transportation system improvements and the 
process should be transparent

• Field-proven technologies that are appropriate to local circumstances offer the greatest chance of 
successful implementation

•Plan a well-designed PR campaign and to involve stakeholders and potential negatively affected 
citizens early on. Public communication strategies should be effective, and updated to take account 
of public feedback and enable public communication to serve its purpose of improving policy 
acceptability

•Differentiated charge levels encourage uptake of clean vehicles among regular visitors to the zone, 
but also among other vehicle buyers via higher anticipated second-hand values for compliant vehicles

•Charges discourage trips that are least valuable to travellers, and they provide a pay option to 
others who want more time to change vehicles or who make infrequent visits that are especially 
difficult to avoid

•The availability of alternative transport modes such as public transport, car sharing, cycling, walking, 
taxis and micro-mobility options and the success of policies to direct citizens to use them instead of 
cars is obviously also of key importance

•Avoid too many exceptions: the more exemptions the lower the effect of a local LEZ and its 
framework
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5 Conclusions 
This document presents a collection of various practices, related to the main innovations on INNOAIR 
project. It provides an overview of the main tendencies in the development of the mobility sphere, as 
well as the experience of other urban authorities in this regard, including concrete case studies. 

The major challenges and lessons learned by other public authorities in the respective countries can 
serve the PPs in their activities to test INNOAIR concept of on-demand public transportation realized 
by electric mini busses and a smart platform in real environment. In addition, building on the 
experience in introducing and running LEZ and CC concepts at local level, the document aims at giving 
PPs guidance of possible drawbacks and opportunities in planning and realizing these accompanying 
innovations, which are part of the integrated concept of INNOAIR project.  
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