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Foreword by Magda Kopczynska, European Commission, Directorate-
General for Mobility and Transport, Head of Unit, 'Clean transport, urban 

transport and Intelligent Transport Systems (ITS)' 

June 2011 

 

Foreword 
A large majority of European citizens live in an urban environment, with over 
60% living in built-up areas of over 10,000 inhabitants. Congestion, poor air 
quality and noise exposure principally affect urban areas. Urban mobility 
accounts for about a quarter of CO2 emissions from transport, and almost 70% 
of road accidents take place in cities. 
 
The question of how to enhance mobility, while at the same time reducing 
congestion, accidents and pollution, remains a common challenge for all major 
cities in Europe. I trust that some solutions are forthcoming through the 
adoption on 28 March 2011 of the White Paper: Roadmap to a Single 
European Transport Area ï Towards a competitive and resource efficient 
transport system.  
 
The ITACA project's aim of contributing to the reduction of CO2 emissions 
related to urban transport is fully in line with the recent White Paper, and the 
examples of best practice that it offers are extremely welcome as a useful 
resource for policy-makers.  
 
Besides the target of a 60% reduction in CO2 emissions from transport by 2050, 
the new White Paper calls for halving the use of conventional - diesel and 
gasoline - cars by 2030, and for phasing them out by 2050. This is a very tough 
challenge bearing in mind that transport today relies almost entirely on oil, and 
that peak oil production is forecast in the next decade. The combustion of oil 
from vehicles is one of the main causes for CO2 emissions and climate change; 
and emissions from transport are on the increase ï which is clearly an 
unsustainable situation. 
  
Looking back at the overall political framework, the Commission presented in 
March 2010 its 'Europe 2020' Strategy for smart, sustainable and inclusive 
growth in Europe. This strategy paper stresses the importance of a modernised 
transport system for the future development of the EU and outlines three very 
important and mutually reinforcing priorities:  
 
Smart growth, developing an economy based on knowledge and innovation;  
Sustainable growth, promoting a more resource efficient, greener and more 
competitive economy;  
Inclusive growth, fostering a high-employment economy delivering social and 
territorial cohesion. 
 
Therefore, we need to develop a range of measures to allow us to reach a near-
zero carbon transport system by 2050. These measures must take into 
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consideration all aspects of technology, infrastructure, regulatory issues and 
incentives. We will look more closely at how the upcoming research framework 
programme ï HORIZON 2020 ï as well as specific policy measures can help us 
achieve our ambitious targets of making European transport more sustainable, 
better adapted to societal challenges, and also more competitive. 
 
We also need the political will to strengthen support for the necessary research 
and technological development, to help achieve market readiness and to secure 
a leading place for Europe with regard to global competition. And finally, we 
must remember that our personal mobility choices directly impact on how clean 
and green our cities remain! 
 
 

  
Magda Kopczynska 
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Project background 
 

ITACA is a POWER INTERREG IV C Programme subproject which aims to 
reduce carbon emissions in metropolitan areas by identification, assessment 
and exchange of innovative technologies and management plans for public and 
private transport. This entails the development of public sector strategies for 
optimising the design and delivery of sustainable transport solutions, comprising 
several approaches like the identification of innovative and eco-friendly 
technologies suitable to be used in urban areas both in public and private 
transport, realistic assessment of impacts, benefits, costs and requirements for 
infrastructure and supply chains, barriers and gaps, R&D and Innovation 
priorities, etc. 
 
ITACA partners are: 
Å Regione Emilia-Romagna (Emilia-Romagna, Italy) 
Å Instituto Nacional de T®cnica Aeroespacial (INTA) (Andaluc²a, Spain) 
Å Provincia di Rimini (Emilia-Romagna, Italy) 
Å Comune di Ferrara (Emilia-Romagna, Italy) 
Å Stichting Brabantse Milieufederatie (Noord-Brabant, The Netherlands) 
Å Diputaci·n Provincial de Huelva (Andaluc²a, Spain) 
Å City of Lidingº (Stockholm Region, Sweden) 
 
ITACA sister project: TraCit (Transport Carbon IntenCities),  
http://www.tracit.org.uk/ 
 
About POWER and ITERREG IV C: 
POWER is a ú5.8m inter-regional programme aimed at driving Low Carbon 
Economies partly funded through INTERREG IVC in seven European regions: 
Å Andalucia (Spain) 
Å Emilia-Romagna (Italy) 
Å Malopolska (Poland) 
Å Noord-Brabant (The Netherlands) 
Å South East England (England) 
Å Stockholm (Sweden) 
Å Tallinn (Estonia) 
The INTERREG IVC Programme is part of the European Territorial Cooperation 
objective of the Structural Fund policies for the period 2007-2013. It aims, by 
means of interregional cooperation, to improve the effectiveness of regional 
development policies and contribute to economic modernisation and increased 
competitiveness of Europe, by: 
 
Å Enabling local and regional actors across the EU to exchange their 
experiences and knowledge; 
Å Matching regions less experienced in a certain policy field with more 
advanced regions; 
Å Ensuring the transfer of good practices into Structural Funds mainstream 
programmes. 
 
 
 Nine projects are funded under POWER in the following areas of joint co-operation:  

http://www.tracit.org.uk/
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ü Energy Efficiency  

ü Renewable Energies  

ü Eco-innovation and environmental technologies  

ü Sustainable transport  

ü Behaviour Change  
 

Results from the projects will inform the network of regional policy experts in 
their field and be used to ensure a more integrated policy framework with a 
greater awareness and ownership at ground level.  
 
More information about POWER PROGRAMME and INTERREG IV C: 
http://www.powerprogramme.eu/index.php 
www.interreg4c.eu 
http://ec.europa.eu/regional_policy/index_en.htm  
 
ITACA contacts and information: 
 
Lead Partner: 
Regione Emilia-Romagna ï Emilia-Romagna Region 
Luca Buzzoni 
Tel: ++ 39 051 5273441 
Email: lbuzzoni@regione.emilia-romagna.it 
Website: 
http://www.mobiliter.eu/wcm/mobiliter/pagine/approfondimenti/progetti_europei/i 
taca.htm 
 
Partnership: 
 
Instituto Nacional de Técnica Aeroespacial (INTA) 
Eduardo López 
Tel: Tel: ++ 34 959 208848 
Email: lopezge@inta.es 
Website : http://www.inta.es/NoticiaActualidad.aspx?Id=2114 
 
Provincia di Rimini - Province of Rimini 
Alberto Rossini 
Tel: ++39 0541 716224 
Email: A.Rossini@provincia.rimini.it 
Website www.provincia.rimini.it 
 
Comune di Ferrara - Municipality of Ferrara 
Monica Zanarini 
Tel: ++39 0532 418838 
Email: m.zanarini@comune.fe.it 
Website www.ferrara.comune.fe.it 
 
Stichting Brabantse Milieufederatie 14 
Michiel Visser 
Tel: ++ +31 (0)13 5356 225 
Email: michiel.visser@brabantsemilieufederatie.nl 
Website http://www.brabantsemilieufederatie.nl/POWER_ITACA 
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Diputación Provincial de Huelva 
Manuel B. Acevedo Pérez, 
Tel: ++ 34 959494649 
Email: macevedo@diphuelva.org 
Website www.diphuelva.org 
Projects www.laccc.es/proyectos.php 
 
City of Lidingö 
Helena Nybom 
Tel: ++46 70 6376099 
Email: helena.nybom@lidingo.se 
Website www.lidingo.se 
 
Technical Assistance: 
 
University of Bologna  
Jason N. Meggs and Joerg Schweizer 
DICAM-Transport Engineering Group 
Viale Risorgimento, 2 
40136 Bologna, Italy 
Tel: +39 051 209 3338 
Fax: +39 051 209 3337 
E-mail: jason.meggs@unibo.it 
E-mail: joerg.schweizer@unibo.it 
Website: http://www.eng.dicam.unibo.it/ 
 
 
ITACA Webpage: http://www.powerprogramme.eu/projects.php?project=ITACA 

tel:%2B39%20051%20209%203338
tel:%2B39%20051%20209%203337
mailto:jason.meggs@unibo.it
mailto:joerg.schweizer@unibo.it
http://www.eng.dicam.unibo.it/
http://www.powerprogramme.eu/projects.php?project=ITACA
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Chapter 1: Introduction 
 
Balancing mobility with its costs and harms has become a paramount challenge 
of this century. The EU Green Paper (2007) brings it to a point: ñThe challenge 
facing urban areas in the context of sustainable development is immense: that 
of reconciling the economic development of towns and cities and accessibility 
with growth, the quality of life and with environmental protection, on the other.ò 
 
ñOld challenges remain but new have comeò, declares the EU White Paper 
Transport 2050  Roadmap to a Single European Transport Area ï Towards a 
competitive and resource efficient transport system. The following are cited as 
ñnew challengesò: 
 

 The transport systems of the eastern and western parts of Europe must 
be united to fully reflect the transport needs of almost the whole continent 
and our 500 million citizens. 
 

 Oil will become scarcer in future decades, sourced increasingly from 
uncertain supplies. As the IEA has recently pointed out, the less 
successful the world is in decarbonising, the greater will be the oil price 
increase. In 2010, the oil import bill was around ú 210 billion for the EU 
 

 The EU needs to reduce carbon emissions by 80-95% below 1990 levels 
by 2050 (and 60% reduction in CO2 emissions from transport), in the 
context of the necessary reductions of the developed countries as a 
group, in order to reach this goal. 
 

In the EU, transport depends on oil and oil products for more than 96% of its 
energy needs. Europe imports around 84% of its crude oil from abroad.  
 
Despite the efforts to increase transport efficiency, transport greenhouse gas 
emissions, including those from international aviation and maritime transport, 
increased by around 34% between 1990 and 2008 (see Figure 1.1).  
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Figure 1.1: Source EEA. 

For comparison, over the same period, energy industries reduced their 
emissions by about 9%. Transport is responsible for about a quarter of the EU's 
greenhouse gas emissions. 71.3% of overall emissions are generated by road 
transport (2008).  
 
One major reason for the failure to curb transport emissions and related 
negative effects is that transport demand increase is stronger than transport 
energy efficiency improvements. Most transport improvements were actually 
targeted at increasing existing transport capacities, removing bottlenecks as 
well as increasing transport speed which in turn generated new demand. 
 
So far, EU policy has been very successful in developing and improving the 
supply side of transport: in particular, infrastructure, transport systems and 
logistics. But if the transport CO2 emission reduction of 60% reduction is to be 
met by 2050 then it is inevitable to work on both sides: making transport supply 
more energy-efficient while decreasing transport demand, thus making the 
entire system more energy efficient and thus closer to carbon-neutral.  
 
That latter point is not undisputed, as there is an association between economic 
growth and the growth in transport activity. However, at least in the case of 
person transport, it is not obvious that a higher number of passenger km is 
required to sustain economic growth: while a person is driving a car, he/she 
neither produces goods and services, nor does she/he buy or consume, except 
for petrol.  Further, driving in urban environments is stressful. Employees 
arriving stressed at their work places have a lower productivity  
 
In Economic terms, transport is well known as a derived demand, meaning that 
people travel for a certain purpose, such as work, study, shopping or recreation, 
but it is unusual to travel solely for the purpose of traveling.  
 
If transport is not the primary goal but is responsible for many negative impacts, 
then travelling should be minimized where possible, and further, wherever 
traveling takes place, its impacts should be minimized. Identifying opportunities 
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for improvements and evaluating best practice applications that respect the 
socio-economic diversity of European regions is at the heart of the ITACA 
project.  
 
One of the most prominent examples from ITACA partner countries Spain and 
Sweden should be cited here: Spain is Europeôs most sun-rich country, while 
Sweden has its highest Biomass resources. For Sweden bio-fuels is the 
preferred way to de-carbonized transport while Spain would produce electricity 
from concentrated solar power or photovoltaic plants. 
 
Section 1.1 describes the overall goals of the project and shows in a systematic 
scheme how the ITACA project does contribute to increase energy efficiency 
and to reduce carbon emissions in transport.  
 
ITACAôs activities are split in two types of projects Transport demand 
management and Transport technologies. Section 1.2 introduces the concept 
and need for Transport Demand Management models while section 1.3 explains 
the need for new propulsion technologies and highlights European initiatives 
and regulations in this field. 

1.1 The ITACA project and its goals 

ITACA aims at lowering carbon output of urban transport through the use of 
innovative sustainable technologies coupled with demand management. The 
ITACA goal is to identify, assess and share effective methods. ITACA hopes to 
thus foster public sector strategies for optimising the effectiveness of 
sustainable transport solution adoption. This broad goal is comprised of 
numerous approaches. 
 
As cited above, there has been a strong European focus on improving the 
supply side of transport which has shown negative effects over the past decade. 
Despite the great potentials of future propulsion technologies, it needs to be 
recognized that transport is more than efficiency, capacity and speed. Transport 
is a part of everyoneôs daily experience, and people organize their lives around 
the transport options being offered. The interaction between supply and demand 
results in the overall usage of transport systems. The focus of the EU on 
developing new transport technologies is justified as to increase Europeôs 
industrial competitiveness, a strategic sector. On the other hand, in terms of 
CO2 reduction, it may turn out to be equally important to export European low 
carbon lifestyles, especially to those countries who cannot afford the latest 
technologies but are in an urgent need for solutions for their fast growing 
economies and populations. 
 
This is why ITACA is examining the whole spectrum of options, which include 
both, the transport supply side as well as transport demand side. 
 
In this sense, the 4-stage demand model, as used in classic transport planning, 
offers an appropriate scientific framework under which the different ITACA best 
practices and showcases can be classified.  The 4-stage demand model is 
based on the hypothesis that a trip made by an individual generally starts with a 
series of decisions: 
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1. Trip generation: For which purpose do I travel?  
2. Trip distribution: Which destination do I choose for my purpose? 
3. Modal choice: Which transport mode do I choose to get to the 

destination? 
4. Route choice: Which route do I take to get to my destination with the 

chosen mode? 
 
These 4 decisions are made at some stage before the trip starts, although not 
always in this precise order. In any case, these decisions should be of 
paramount importance when it comes to encouraging decision-making in favor 
of the most sustainable options. For this reason, the 4-step decision tree is used 
as a guideline to identify transport impact reduction potentials in a systematic 
way. We thus discuss these each in turn, below, and these concepts will be 
further developed and exemplified in subsequent chapters. 
 

1.1.1 How to reduce trip generation?  

The avoidance of trip generation is very effective, as a trip that does not take 
place has zero impact and requires zero resources. In order to reduce trip 
generation these questions need to be addressed: For which activities do we 
actually need to leave home or workplace? Are there possibilities to work and 
study, or to do recreation at home? To attend meetings without leaving the 
office? Is it more effective to go out for shopping or to order the items via 
Internet, so the goods will be delivered instead? What measures can be taken 
on the government side to avoid trip generation? Internet access and the 
knowledge on how to use it should thus be a top priority, given the advanced 
opportunities for remote collaboration that now exist.  
 
There are many other ways to increase home-based autonomy of citizens, such 
as the use of water catchment; gardening in yards, windows, and balconies; 
improving home delivery services; etc. Avoidance of trip generation also has a 
social benefit, in particular for elderly people and those with disabilities, who 
may have problems traveling. Time not spent traveling has potential to be 
invested in more useful ways, from social involvement to economic productivity. 
There has been a series of activities and improvements over time, yet 
systematic trip generation avoidance has not been the focus of EU research, 
despite its potential. ITACA has studied a scheme where citizens are 
incentivized not to make a trip, at least not during peak hours (See Demand 
Management Models, Chapter 2, Section 2.2, Behavioural Changes). 

1.1.2 How to ensure people choose close destinations  

The citizen will choose the destination which is most opportune for his/her trip 
purpose. The choice of the destination does of course depend on their vicinity to 
the origin, but also on the availability of transport modes at that origin. In order 
to shorten trip distances, the destination should be close to the origin and 
accessible. Reducing trip distances by moving potential destinations closer to 
residential origins has two major effects:  
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(i) The negative impacts (energy use, emissions and congestions, 
accidents) decrease proportionally with a decreasing trip 
distance.  

(ii) Short distances favor walking and cycling, the most accessible, 
affordable and environmental friendly mode choices. 
Destinations should thus be accessible by bike and by foot. 
Remote destinations should in turn be accessible by efficient 
public transport, though this is often a major challenge as 
collective transport has problems to cover wider areas.  

 
Minimizing distances is very much a land use issue. Transit-oriented 
development, mixed land use, densification of centers near transit hubs, 
prioritizing a balanced mix of services, and corridor-oriented development are 
key strategies for addressing land use. Developing or transforming urban areas 
is generally regarded as a long term plan, still the effectiveness can be 
significant, arguably essential. Even smaller and short-term changes in land-use 
can produce excellent results as shown in an ITACA showcase (See Demand 
Management Models, Chapter 2, Section 2.3, Land Use Planning Policies). 
Simply focusing the options for commercial use permit in order to foster more 
local access to goods and services, particularly essentials and high demand 
destinations, can rather quickly have a positive effect on destination choice and 
thus reduce trip distances. 

1.1.3 How to choose and provide environmentally friendly modes?  

Mode choice has two concrete potentials for reducing transport impact: 
 

1. Behavioural change of citizens in favor of more sustainable transport 
modes, such as walking and cycling for short distance and public 
transport or car-sharing for longer distances. Behavioural changes may 
appear difficult and slow to realize, but once they are accomplished, they 
will have an immediate and potentially long-lasting effect ï if the 
alternative sustainable modes are made available (for example footpath, 
safe cycle-way, or quality public transport). True behavioural changes 
can be achieved if the citizen can see an immediate advantage of the 
new choice (For further details, see Demand Management Models, 
Chapter 2, Section 2.2, Behavioural Changes). 
Information and communication technologies have the potential to 
increase the attractiveness of public transport and thus convince more 
people to use public transport instead of the private car: Passenger 
information systems can help users to navigate through complex 
networks which is a great help in particular for new commuters (see 
Chapter 3, Intelligent Transportation Systems (ICT, ITS)). 
 

2. Reduction of negative impacts of existing modes. This is the main subject 
of new propulsion and fuel technologies such as electric, gas or 
Hydrogen (see Chapter 3, Innovative Technologies). Technological 
innovations have a great potential to reduce emissions. But they need to 
become affordable, more supported, and in many cases, more effective 
through further research and development. Electric cars could contribute 
to savings of 5 Mt CO2/year if the national and regional objectives of 
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putting 5 million electric vehicles on the market by 2020 are met. 
However, fossil fuels combine low costs and high energy densities and it 
will be difficult to find a cost-efficient one-to-one replacement for internal 
combustion engines. As for example, todayôs electric car would need a 
battery pack weighing 2 500 kilos to provide the same energy as a diesel 
car with a 50-litre tank. 
It will further take years for a new propulsion technology and new 
infrastructure to substitute the present motors and gasoline stations. 
However, an increasing oil price will accelerate both development of 
alternatives as well as their market penetration. There is already a rapid 
development of new battery types with performances and costs that 
surpass expectations year by year. When evaluating new technologies it 
is very important to assess their speed of development and the duration 
of their introduction phase. This has been done in great detail in Chapter 
2, Innovative Technologies, Electric and Fuel Cell Vehicles, and its 
accompanying background section, Annex III.  
Linked to the propulsion technology is the question of energy production 
because only if electricity and hydrogen is produced from renewable 
sources there is a significant net benefit in CO2 emission reduction. More 
details in the Technology chapter, Renewable Energies section. 

 
In some cases the above approaches are not clearly separable, as new 
technologies do also require a change of habits. For example small, light-weight 
electric cars, sometimes called micro-cars, are already becoming competitive. 
Their low weight, limited range and limited speed do dramatically reduce battery 
weight and costs (100-200kg of batteries is sufficient for a micro-car). Their 
speed and range are appropriate for an average urban trip. However, micro-
cars would require some changes of habits, and acceptance of the new limits; 
for example, adjusting to charge the car at night, and to be more flexible about 
choosing destinations spontaneously.  Electric Car-sharing is another example 
where behavioural changes and technological innovation gain from 
synchronous introduction.  

1.1.4 How to optimize route choice? 

Most traffic participants, independent of transport mode (car, bike, public 
transport or walking), would choose the quickest route from origin to destination 
(although occasionally fare costs or comfort may play a role in choosing the 
best route). A common problem is that the traveler is not always informed about 
the quickest way through a transport network. The potential for revolutionary 
new information and communication technologies to provide traffic participants 
with dynamic travel option information is tremendous, thus allowing individuals 
to know and choose not only their best possible route, but even their mode. 
There is no reason why such a service couldnôt also communicate the most 
sustainable methods of travel; overcoming lack of awareness of more 
sustainable travel options is one of the biggest barriers to their adoption. 
 
For example on the road network, congestions emerge if too many car drivers 
choose the same route. Congestions mean not only a time loss for the traffic 
participants. Stop and go traffic does increase air pollution, noise levels and fuel 
consumption, and thus carbon emissions. Information and communication 
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technologies can help drivers to avoid traffic jams by providing news about the 
traffic density of the roads ahead. See a more detailed description of Intelligent 
Transportation Systems (ICT, ITS) in Chapter 3, Innovative Technologies. 
 

1.2 Demand Management Models 

Demand management and land-use planning has recently been recognized as 
a tool and research area for sustainable urban development. 
The previously mentioned 2011 EU White Paper says: ñ...Demand management 
and land-use planning can lower traffic volumes. Facilitating walking and cycling 
should become an integral part of urban mobility and infrastructure design.ò 
Demand management has become a research topic of the EUôs 7th Framework 
Programme, the major scientific funding framework of the EU. In the 
Workprogramme, which describes all projects to be funded, area 7.2.3.3 
(Demand management) says:  

ñThe objective is to promote a more rational use of the private vehicle 

and the use of non-polluting modes of transport through advanced 

approaches for demand management. Activities will include the real life 

testing of traffic restraint measures, parking management, the use of 

financial (dis)incentives and research on innovative mobility 

management, marketing and behavioural change schemes. Research 

will also cover the organisation and quality of urban transport, non-

motorised modes and the efficient use of urban transport networks 

through intelligent information and communication strategies, services 

and infrastructures.ò 

Demand management models have excellent short-term potential as they 
intend to shift transport demand to sustainable modes that are already widely 
available (for example, the bicycle, electric bikes and micro-cars). Demand 
management can help to avoid trips in the first place. 
Demand management is generally implemented by local governments (cities or 
regions) with primarily local effects. The European-added value is that there is 
mutual-learning among European institutions and governments, and so 
successes are made transparent such that they can be transferred and 
repeated if appropriate, as is the goal of the ITACA effort. Many demand 
management methods can also be implemented in developing countries with 
lower financial resources, due to their potentially low implementation cost and 
high potential for effectiveness. 
Within the 7th Framework Programme, the USEmobility project 
(www.usemobility.eu) sets out to study in-depth mobility behaviour. It particularly 
aims to find out why people decided to switch from pure car use to public 
transport within the past 5 years. USEmobility is an ongoing project. ITACA can 
already use and build on the first results being developed by USEmobility. 
Concerning land use, one interesting Central European project, which is 
partially funded by the ERDF, is called ñUrban spacesò 
(http://www.urbanspaces.eu). It has the goal to give universal guidelines on how 
to improve urban spaces and make them more sustainable. A part of the 
guidelines is concerned with connectivity and how to reduce the reliance on 
motorized transport. 

../../Application%20Data/Microsoft/Word/www.usemobility.eu
http://www.urbanspaces.eu/
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Theoretical basics and best cases of demand management are described in 
Chapter 2. This chapter covers also ITACA approaches to transport demand 
management such as changing behaviour; changing land use; and changing 
supply ï and thus demand. Pricing is another method of changing demand; 
presently the very large externalised costs of car dependency, including the 
potential future disasters to be borne of generations to come, are left 
unaccounted for. In this sense the ITACA efforts address pandemic market 
failures. 
 

1.3 The Need for New Propulsion Technologies 

Cleaner vehicles and alternative fuels are fundamental pillars in the European 
policy to decarbonise urban and regional transport and reduce local emissions. 
This assumption is being supported by several EU initiatives:  

 In its EU 2020 strategy, the Commission proposes the Flagship Initiative 
ñResource efficient Europeò. This initiative includes proposals aiming at 
cleaner and more sustainable transport. 

 

 The Framework Programmes for Research and Technological 
Development have financed projects for developing clean technologies 
for all transport modes. In order to facilitate applied research,  different 
regulations have established Joint Undertakings for accelerating 
development of i) clean aircraft, and ii) fuel cell and hydrogen 
technologies including for transport. 

 
Despite this legal and policy support, an insufficient market up-take of clean 
transport technologies has been observed to-date. New technologies, which 
have been developed over the past decades, have difficulties bridging the gap 
between demonstration and market uptake due to initial high costs of 
infrastructure and equipment which result from the lack of critical mass, 
fragmented markets, and a lack of internalisation of external costs in the 
present system of prevalence. Moreover, adoption of new technologies is not 
without direct and hidden environmental costs including carbon emissions, so 
great care must be considered when promoting new technologies. 
 
The market uptake of clean technologies is supported in the European context 
by the following legislative acts: 

Clean road transport vehicles: The Directive on the promotion of clean and 
energy efficient road transport vehicles (2009/33/EC), the CO2/cars 
Regulation ((EC) No 443/2009), setting standards for CO2 emissions 
from cars, and EU legislation on type approval of vehicles to gradually 
reduce pollutant emissions. 

Greenhouse gas intensity of transport fuels: The Fuel Quality Directive 
(2009/30/EC) requires a reduction of the life cycle greenhouse gas 
intensity of fuels, by 6% by 2020, and sets out conditions for additional 
indicative 4% reductions. 

Use of alternative fuels: The Renewable Energy Directive (2009/28/EC), 
requiring a 10% share of renewable energy in transport by 2020, and the 
Directive on the taxation of energy products (2003/96/EC), enabling 
favourable treatment of alternative fuels substituting oil. 
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European strategy on clean and energy efficient vehicles: The Commission 
Communication COM(2009)186 lays out an action plan on green 
vehicles, referring to the Commission intention to propose a long term 
strategy in 2011 in a Strategic Transport Technology Plan and in a 
Communication on Clean Transport Systems. 

Recently, the EU White Paper, Transport 2050, ñRoadmap to a Single European 
Transport Area ï Towards a competitive and resource efficient transport 
system,ò sets for urban transport, among others goals, a big shift to cleaner cars 
and cleaner fuels, halving the use of óconventionally-fuelledô cars in urban 
transport by 2030; phasing them out of cities by 2050 with a shift instead to 
electric cars, hydrogen cars, hybrid cars, public transport, and to walking and 
cycling in cities; to achieve essentially CO2-free city logistics in major urban 
centres by 2030. 
These goals will be achieved, among other measures, by the development of an 
EU Strategic Transport Technology Plan (STTP) to cover the research and the 
effective deployment of new technologies. This Plan will be a major initiative to 
regroup/refocus transport research and development efforts in Europe, including 
the key areas of alternative fuels, new materials, new propulsion systems, and 
more, as well as specific measures to incentivise and facilitate the introduction 
of cleaner vehicles.  
Obviously, for technological solutions for cleaner cars, no city can act alone. 
Here, the EU will focus EU research efforts, introduce EU-wide deployment 
strategies and the right market conditions to facilitate the take-up of new cleaner 
vehicles in cities. 
In this context, there are several European programmes, projects and initiatives 
to promote sustainable mobility through the deployment of innovative transport 
solutions: CIVITAS, POLIS (European Cities and Regions networking for 
Innovative Transport solutions), CATCH (Carbon Aware Travel CHoice), 
CITEAIR II (Common Information on European Air), CITYMOVE, ERTRAC (The 
European Road Transport Research Advisory Committee) NICHES+, OSMOSE 
(Open Source for MObile and Sustainable city), and more. 
ITACA is another step at both the regional and local level to contribute to the EU 
priority to reduce CO2 emissions associated with road transport in urban and 
metropolitan areas by identification, assessment and exchange of innovative 
technologies and more eco-friendly fuels, taking into account realistic 
assessment of impacts, benefits, costs and requirements for supply chains, 
barriers and gaps, R&D and Innovation priorities, and more. 
ITACA partners have identified, analyzed and shared information and 
experiences about these issues, not only at a policy level, but also with practical 
applications and showcases related with the scope of the project. The ITACA 
project offers the opportunity to compare different visions and approaches for 
common mobility needs, adapted to the particular characteristics of each region. 
Details on new propulsion technologies and renewable energy concepts can be 
found in Chapter 3 and its related resource, Annex III. 

1.4 Launchpad to ITACA  

In the chapters and annexes that follow, a collection of best practices, theories 
of approach, and innovative programmes are described. 
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Chapter 2: Demand Management 
Models  
 

Demand management, or mobility management, has the objective of promoting 
a more rational use of the private vehicle and the use of non-polluting modes of 
transport. Demand management is about changing peopleôs behaviour and 
habits by providing information, incentives, disincentives, and more sustainable 
alternatives. 

Facilitating a modal shift away from combustion vehicles, and in particular 
private combustion vehicles, in order to meet goals for improving health, 
access, mobility, and sustainability, has been a long-term challenge for cities 
around the world. Today with the mounting crisis of climate change, realizing 
this shift is an imperative.  

In the pursuit of reducing carbon emissions and increasing energy efficiency, 
ITACA partners have pursued a variety of innovative programmes and projects 
from a mobility management perspective.  

Of paramount importance and a specific goal of this project, is to analyze the 
true carbon reductions and related benefits of each project. A cost-benefit 
analysis can then be conducted, and strategic policy goals can be generated. 
The most successful projects can then be most reliably programmed for 
replication elsewhere. An accounting of best practices will help all bodies 
concerned to know where they stand on meeting critical goals such as carbon 
reduction targets. 

Unfortunately, this level of analysis can be challenging and has not been 
conducted yet for most ITACA projects. Key to this analysis is knowledge of 
behaviour with and without the project, along with reliable, preferably validated, 
benchmarks for the carbon generation and other implications of each scenario.   

 

Three general categories of management types are described here: Behaviour 
Change, Land Use Planning, and Transport Supply/Demand Management. 

Behaviour Change 
 
Any initiative seeking to directly change individual behaviour, in order to achieve 
ITACA goals. Changes in the use of transportation systems can come from the 
individuals themselves, through their choice of behaviour. Incentives are one 
means of encouraging new behaviour. True, actions which change supply, or 
which change land use, certainly change behaviour by their nature, but are not 
included here in this first of three sections; rather, they are included in their own 
sections, as follows. 

Land Use Planning Policies 

Any action changing the future of land use in an area, which by its nature and 
analysis, is projected to achieve ITACA goals. Shifting potential destinations 
closer to peopleôs origins is surely a means of increasing their attractiveness. 
Proximity leads to much different choices in travel, and even if the worst choices 
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are made within that new framework, because of the benefit of physical/spatial 
proximity, the shorter distance greatly limits energy expenditure and emissions, 
amongst other harms. As we see in the APEA Canteen project below, the 
biggest gains are to be made at short distances where walking and cycling 
become most viable, but only if most people are in fact close enough to do so.  

Transport Supply/Demand Management 

A third category is of course that of providing a new mix of options from the 
ñsupplyò side (as in economics); this leads to an equal and opposite shift in 
demand, and thus again a shift in travel behaviour is realized. Thus here we 
discuss any action which affects supply, and therefore demand, in a way 
favorable to achieving ITACA goals.   

Note that many projects use ITS/ICT technologies and management methods in 
combination. Some of the projects with a predominantly technological approach 
will be discussed in Chapter 3, but will also be mentioned in this chapter from a 
Demand Management perspective. 

The successive Section 2.1 shall give a scientific background on the potential of 
behavioural changes in transport. It further links theoretical findings with the 
showcases and best practices examined in the ITACA project. As each 
showcase is different and has its own socio-culturally adapted approach, it has 
been decided to present them in detail in separate sections, classified by the 
categories in which they fit best. These are ñDirect behavioural changesò (Sec 
2.2) ñLand Use Planningò (Sec 2.3), and ñTransport Supply/Demand 
Managementò (Sec 2.4). Conclusions and key findings of this chapter can be 
found in Sec 2.5. 

2.1 How manageable is transport demand? 

This section shall summarize theoretical and experimental findings on the 
capability and readiness of humans to change transport behaviour and under 
which conditions behavioural  changes can be expected. ITACA showcases and 
best practices, as detailed in Section 2.2, are cited.  

Changing the conditions under which people travel is the essence of transport 
management. As mentioned above, a change of conditions can be monetary 
incentives/disincentives (direct behavioural change), an offer of alternative 
destinations (land use planning), or an offer of new options in alternative 
transport modes (transport supply management), or any combination of it. The 
findings of this section are an attempt to quantify the potential of the different 
demand management approaches examined by the ITACA project. 

2.1.1 Theoretical modeling frameworks 

Transport is a multi-disciplinary field, including (among others) engineering, 
economics, and psychology. Each science developed their own theoretical 
framework to model, explain and predict transport demand and changes in 
transport demand. It is beyond the scope of this section to explain all variants 
and details of existing models. The theories explained in this subsection are in 
part a summary from the state of the art report of the USEmobility project 
(www.usemobility.eu). Aspects that appear to be relevant to understand demand 
management methods have been expanded and related to ITACA showcases.  

../../Application%20Data/Microsoft/Word/www.usemobility.eu
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2.1.1.1 Utility maximization models 

The maximum utility theory stems from economic science and is by far the 
dominant theory applied in transport planning [1]. The basic hypothesis is that 
each transport user will always choose the one alternative from which he 
believes has the highest utility for him. In other words, while planning a trip, 
each traffic participant tries to maximize the transport utility for himself. The 
theory is based on the assumption that all users make rational decisions. This is 
why it is sometimes called the Rational-Choice-Paradigm of conventional 
planning.  

Applied to the problem of how many transport users would choose a certain 
mode, it is assumed that users associate with each mode a utility and then 
choose the mode with the highest utility. 

This sounds like common sense, but a major problem is to determine or 
estimate the utilities that users actually associate with each mode. And in 
particular: how are the different characteristics (or attributes) of a transport 
mode associated with the utility? The most common approach is to quantify the 
attributes and to define the utility as a linear combination of the single attributes. 
Below is a very simple example to illustrate the approach (in practice utilities 
can be much more complex): 

If cartripT is the time of the car-trip to work, fuelC  are the fuel costs for the entire 

trip and carX is a variable that quantifies the convenience of the car, then the 

average utility of the car can be modeled as 

carfuelcartripcar XCTV 131211    

where 11, 12  and 13 are positive constants (parameters that can be calibrated 

by means of surveys). Note that an increasing trip-time and increasing costs will 
actually decrease the utility. The average utility function for a bus would be  

busticketbustripbus XCTV 232221  

where bustripT is the trip time with the bus, ticketC the price for the ticket and busX the 

convenience of the bus. Generally the convenience of the car is judged greater 

than the convenience of the bus, thus buscar XX .The betaôs are again 

constants to be calibrated by surveys.  Once the utilities of all modes are known 
(here only car and bus), then the share of users who take the car or the bus can 
be determined. One of the simplest ways to do this is the so-called binomial 

logit model. In this case the share of bus users busP and the share of car users 

carP can be determined by the equations: 
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It is apparent that the car share carP  increases with an increasing average utility 

for the car carV  and the bus share busP increases with an average utility of the 

bus, busV . In this way the model allows us to predict the mode share, dependent 

on the attributes of each mode. 

The maximum utility theory can be generalized not only to any number of 
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competing transport modes, but also any number of competing paths. The latter 
types of models are called path choice models. 

Getting back to the demand management problem, one could for example 

increase the bus share by decreasing the ticket price ticketC  in one or another 

form of subsidies. This would increase busV  and therefore increase its mode 

share busP . Alternatively, one could add costs to the car trip (for example with a 

road tax) in order to decrease the average utility carV  and the share of the car-

mode carP .  

Despite the possibilities offered by maximum utility models, there have been 
many critics [10] stating that these models are unreliable in making long-term 
predictions, and that they are of little use in practice. Nevertheless, the 
maximum utility model is de facto the only recognized method that allows us to 
quantitatively relate cause and effect in demand management. The maximum 
utility theory can also be used as a qualitative tool to understand some basic 
mechanisms behind rational reasoning.  

In summary, if we can quantify the increase/decrease of average utilities due to 
the demand management measure, then the maximum utility models could 
predict the change in mode share and ultimately the savings in energy 
consumption and reduction of carbon emissions.  

Some practical hints:  

 The utility function for each mode may have already been calibrated for 
your city during a recent planning process. These utility models could be 
used to estimate the effects of planned demand management 
interventions, for example road tax or parking fees. 

 The artificial increase of the costs (and decreasing utility) of car traffic (for 
example by a congestion charge for cars), does not automatically 
increase the share of all other modes. There are two reason for this 
desired effect may not happen: 

o The alternative modes have even a lower utility then the car. For 
example if the user does not find a direct train connection. 

o There is no alternative to the car for the userôs origin and 
destination. For example no bike, no foot path or no bus stop. 

o Moreover, through efficiencies and alternative solutions such as 
trip chaining, overall travel may decrease beneficially. 

2.1.1.2 Models and findings from transport psychology 

Transport psychology attempts to explain behaviours that do not fall under the 
Rational-Choice-Paradigm. A rational choice requires the knowledge of all 
objective information relative to a specific decision [2]. Often people do not 
make the efforts to collect all information on a particular trip. In other cases 
people simply act irrationally even though they have all relevant information. In 
marketing and advertisement it is well known that facts and figures are not the 
main drivers for decision making. 

Amongst many theories that have been used to explain and predict mode 



ITACA Handbook ï Realizing Sustainable Mobility ï Final Report  23 23 

Authored and Assembled by: Luca Buzzoni, Jason Meggs, Joerg Schweizer 

choice, [3] is the ñTheory of planned behaviourò, developed by Icek Ajzen in 
1985. Applied to transport demand, the theory could be summarized as follows: 

The intention to perform a particular behaviour, for example to change to a more 
sustainable transport mode, is a superposition of attitudes toward the 
behaviour, subjective norms, and perceived behavioural control.  

The first element in the equation is the attitude towards the behaviour. The 
attitude may be the personôs conviction that it is a good thing to use public 
transport or a bike. Attitudes are plastic and are influenced by the media, the 
social environment, and from oneôs own experience. Objective information like 
travel time, costs, etc., can also change attitudes.  

The second element is made of subjective norms. The person validates whether 
a change to public transport or cycling would be regarded positively or 
negatively in the social environment. This is a subjective validationðit is what 
the person believes the social environment would think. Dependent on the 
person, the social environment can be oneôs friends, teachers, colleagues, etc.  

The third component is the perceived behavioural control. This is the personôs 
own judgment on how much effort it will take to perform the mode change 
successfully. Or in the extreme, what is the risk of a failure? For example, a 
French study showed that 23% of all who suffered a bicycle stolen said they 
gave up cycling entirely as a result [6]. 

Even though there have been efforts to quantify psychological models like 
Ajzenôs [5], they give mostly qualitative information. But even such qualtitative 
results can give practical advice for a successful demand management plan: 

 Changing attitudes: Actions should be undertaken to raise awareness of 
climate and environmental problem and to make clear which transport 
modes are the cause of the problems. This information should reach a 
large part of the population; people should start talking about it. However, 
general knowledge of the climate change problem seems to be already 
recognized by the majority in some countries (62% of a UK survey 
believed that ñIndividuals should try to limit their car use for the sake of 
the environmentò.[4]). 

 Changing subjective norms: Officials, leaders and other opinion 
multipliers should provide a good example and be consistent with what 
they are saying and what they are doing. In the public eye, bike counters 
with a display have been installed in Copenhagen and other cities to 
show that cyclists are not alone. Bicycle events and festivals are more 
important for setting norms than changing attitudes (a person who will 
begin cycling is likely to already have a positive attitude).  

 Changing perceived behavioural control: For example training 
programmes to ride a bike in the traffic, how to lock a bike properly, and 
how to repair a bike, would be important measures. It would make 
potential bike users more confident with their own abilities to use the 
bike. Regarding public transport, good passenger information strategies 
should be employed so the unfamiliar passenger feels confident to 
navigate through the public transport network. Advanced traveler 
information systems (ATIS) are expected to have a positive effect, but 
even simple measures like a map with all public transport lines at each 
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stop and station and with the sticker ñYou are hereò would be of 
tremendous utility, but are not yet standard in many European cities. 

Transport psychology has also identified other values that play a significant role 
in behavioural change: moral beliefs, self-identity, regret, affect, or habit; for a 
summary, see [5] and references herein. Transport psychologist Stradling made 
extensive surveys on travel behaviour in the UK [4] and found that people use 
traveling as a form of self-expression; it is affective. Transport mode choice is a 
part of their life-style, just as clothing styles. He further states that their values 
can vary over time and there are moments when people reconsider their 
choices. Stradling says that ñpeople are simultaneously adaptable and resistant 
to change. They can and do cope with changing circumstances or operating 
conditions (for example new car fitted with driver assistance); they value the 
comfort and convenience of habits and routines, having typically expended 
some search effort in acquiring them.ò His conclusion that there is a fair chance 
to make people change their travel behaviour, but they wonôt change instantly 
and they will only change permanently if they find the new choice convenient 
and develop an affective relation. 

Psychologists have identified situations in which people are more likely to 
change their behaviour: The hypothesis has been verified that context change 
enhances the likelihood that important values are considered and guide 
behaviour. The study described in [11] surveyed employees at the University of 
Bath, asking three questions: (1) ñAre you using the car for work-trips?ò; (2) ñDo 
you have environmental concerns?ò; and (3) ñHave you recently moved to 
Bath?ò The outcome is shown in the figure below. The result is striking as 
environmentally concerned employees already living in Bath use the car twice 
as much as their environmentally concerned colleagues who recently moved to 
Bath. The explanation given in this study is that employees who moved 
apartments (changed their context) are more likely to reconsider their attitudes 
and as a consequence change their behaviour (stop using cars). 

 

 

Table 2.1.: Share of car-users of the university employees in Bath, UK, from [11]. 

 

A practical recommendation for a city would be to provide newly arrived 
residents with information about the public transport network, the cycle path 
network, car-sharing opportunities, etc., in order to maximize the potential of the 
change in context, and to set the social norm that alternative transport is valued 
and supported in the new community. There may even be a chance that the 
new residents would choose an apartment with a location that is well served by 
public transport, or near a cycle track. Many cities already give such information 
to new residents, but again, no long-term studies are available as to whether 
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these measures have been effective. 

 

With regard to environmental concerns, there is the so-called ñlow-cost 
hypothesisò, stating that attitudes and moral beliefs are especially relevant when 
behaviour costs are low. In other words, if an environmental friendly option does 
only cost little more compared with the current choice (which is not 
environmental-friendly), then the user will accept the more environmentally-
friendly option. In contrast, if the environmentally-friendly option costs much 
more (in terms of monetary costs, time or physical effort) then the user will not 
change. There is some statistical support for the low-cost hypothesis. For 
example, studies in Germany showed that students would prefer public 
transport that is less convenient than a car, if the fare is essentially free. On the 
other hand if there is no incentive, only a few users would give up driving a car 
for environmental concerns [4]. Therefore, making environmentally-friendly 
choices more convenient/less-costly ï or nearly so ï as harmful ones, is 
essential to successfully achieving policy goals. 

2.1.2 The potential of direct behavioural change 

Direct behavioural change means incentives/disincentives are given directly to 
the transport user such that she/he changes his/her personal mobility. The 
theoretical framework for this management approach is clearly laid down in the 
utility maximization models and rational choice paradigm as explained in Sec. 
2.1.1.1. The increase/decrease of monetary costs or travel time, and the 
subsequent change in utility is expected to decrease/increase the share of the 
respective mode. Incentive/disincentive schemes that are implemented by local 
governments may also influence the subjective normative values, but there is 
no scientific evidence for this hypothesis. 
 
The literature on congestion pricing, a leading example of such a scheme, is 
vast; see [7] for a recent review. In this subsection we raise the key relevant 
issues and experiences within the ITACA project. 
 
The principle forms of incentives are: 

 Subsidies for the use of public transport. For example reduced ticket 
prices. 

 Premiums for not using a road. This can be interpreted as negative 
congestion pricing. 

There are also non-monetary incentives like free access, or free parking, for low 
emission and/or car-pooling vehicles. In the United States, the High Occupancy 
Vehicle (HOV) lanes have received considerable attention and major 
investment. Such measures can reduce the travel/access time and/or cost for 
certain transport modes, which means again an increase in utility. 
 
It is important to name also the ñunintendedò incentives for car-use: 

 High fixed costs and low variable costs per km can be considered an 
incentive to use the car whenever possible. 

 Free or low cost road parking on public spaces or free company parking 
spaces is an invitation to arrive by car. 
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The principle forms of disincentives are: 

 Road tax (permanent fees for road usage).  

 Congestion toll (temporary fees for road usage). 

 Parking fees. 
As non-monetary disincentives, access restrictions are a major category; e.g., 
limitations for when and how cars and motor bikes may enter a certain zone of 
the city. Access restrictions will result in an increase in average access time, 
which decreases the utility for the vehicle subject to the restriction.  
 
Apart from the incentives/disincentives scheme it is worth mentioning 
educational programmes which aim at teaching people how to cycle or how to 
walk. Also this measure can be classified as direct behaviour change. 
Educational programmes are particularly effective (and practiced) at schools. 
The ITACA showcase Pedibus (section 2.2.3) belongs to this category. 
However, long term studies on behavioural change due to educational 
programmes are time-consuming to conduct. Still, it is thought to be effective 
because they raise the confidence of the children to manage the trip to school 
by bike or on foot (generates positive perceived behavioural control). 

2.1.2.1 Incentive schemes versus disincentive schemes 

In general, incentive schemes use collective money (taxes) that is transferred to 
individuals, while disincentive schemes transfer money from individuals to the 
collectivity. From a maximum utility theoretical point of view, incentives and 
disincentives are symmetric measures, which means that incentivizing one 
mode or discouraging all other modes through charges will give the same result.  
 
However, this is in stark contrast with the realities experienced in Europe: The 
political and social acceptance for incentives and disincentives appears to be 
quite different from country to country:  Larger urban congestion charges have 
only been implemented in England and Scandinavia, not without some 
controversy, but with very successful outcomes. There appears to be a cultural 
resistance to congestion charges in continental Europe which has impeded the 
spread of this type of measure. It is important to make clear that there needs to 
be a fine line drawn between permanent road taxes, which should cover the 
construction and maintenance of the road (Marginal cost pricing) and 
congestion charges. Road taxes, in one form or another, are accepted and 
common in many continental European countries, whereas congestion charges 
are perceived as punitive measures and have often been turned down by the 
governments, see for example Paris [8]. On the other hand, car parking pricing 
as disincentive schemes can be found anywhere in Europe. 

2.1.2.2 Incentive schemes 

Incentive schemes are quite common in most European countries, mostly in 
form of fare reduction schemes of public transport. They have also been a basic 
instrument of the Regional Mobility Plan and the Regional Integrated Transport 
plan of the Emilia-Romagna Region (see showcase sections 2.2.1, 2.2.7).  
 
Schemes with reduced ticket prices for public transport have been in place 
since many years, but in most cases a strong social component: families, 
elderly or children receive ticket price reduction (Or travel for free on public 



ITACA Handbook ï Realizing Sustainable Mobility ï Final Report  27 27 

Authored and Assembled by: Luca Buzzoni, Jason Meggs, Joerg Schweizer 

transport such as pensioners in the UK, who have free access to busses (but 
not trains at present). The true innovation is to extend the reduced fare tariffs to 
ordinary employees and workers in order to increase the share of public 
transport. The number of employees making use of this scheme has increased 
significantly as shown in section 2.2.1.  
 
Another type of incentive scheme is to pay a reward to people for not travelling 
during rush hours. The reward is approximately 4ú per day and a maximum of 
100ú per month. But it seems to be enough to convince many automobilists not 
to drive during rush hours (reductions between 20% and 60% of traffic flow on 
different sections of the highway). For implementation details, see Sec. 2.2.5 
Avoiding rush hour (Spitsmijden). The high acceptance for this scheme cannot 
be fully explained by the reward of 4ú per day. It is more likely that the effect of 
the low-cost hypothesis is an additional if small motivation, and partially 
compensated extra efforts to do something good to the environment may 
compound or magnify. The report on Spitsmijden mentions that many people 
liked actually the off-peak driving and would continue to do so even without 
being rewarded. But no numbers are available yet. Despite the success of the 
scheme, where applied, it remains to be seen whether it can be extended to all 
urban areas or if the costs could not be spend better in sustainable alternatives. 

2.1.2.3 Disincentive schemes 

Congestion charges and parking pricing are the most prominent forms of 
disincentives to use the car, or to use the car during peak hours. The goal of 
congestion charging is to lower traffic flows during peak hours. Parking pricing 
is to discourage people from entering the city by car. Following the maximum 
utility theory, one could bring the car traffic to zero by charging high enough 
fees. However, in practice there are a number of severe limitations [7]: 
 

 Fairness issues: There are numerous stakeholders involved with urban 
transportation. Any change that is viewed as adding costs to 
transportation will be viewed by some as punitive and unfair, and these 
groups may then appear as vigorous opponents to any plan that raises 
prices. 

 Equity issues:  If citizens perceive congestion charges or high parking 
fees as a discriminatory policy against the poor or the elderly or other 
disadvantaged groups, then the public -- including PT commuters -- may 
reject the scheme. This is why handicapped are usually excluded from 
charges. Still the decision how many low-income persons can no longer 
afford to use the car is a delicate political compromise. 

 Low cost, sustainable alternatives: congestion charges and parking fees 
are acceptable if there are low cost alternatives, such as public transport 
or safe bike paths. Without sustainable alternatives, the charging system 
is perceived as money-generator for the municipality and is likely to be 
rejected. 

 Zero cost road alternatives: If there are alternative roads available that 
are free of charge, then the price of the congestion charging scheme is 
very limited, as drivers would start using smaller roads (in the worst case 
residential roads) to reach their destination without being charged. This is 
counterproductive to the original goal of congestion charging. Congestion 
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charging requires that there is a strong external to internal traffic and the 
main access roads are without alternatives. As for example in Tokyo, the 
congestion charging scheme has been turned down because the 
uncontrollable internal ïto-- internal traffic has been significantly high [7]. 
Also in Paris the effectiveness of congestion charge is limited due to zero 
cost alternative roads [8]. 
 
 

London has introduced its congestion charging system in 2003, see signpost 
and zone in Figure 2.1: 
 

  
 
 

 

Figure 2.1: Congestion charge sign and area with congestion charge in London, UK. 

 
The traffic volume is monitored on representative roads on a continuous bases 
[9]. The figure below shows how volumes of traffic entering the charging zone 
are distributed across the day. Noting that the ócounting dayô extends either side 
of the charging hours (from 06.00 to 20.00 hours) and that the four lines 
represent óannualisedô counts for 2002, 2003 and 2004 and 2005 (comparable 
Spring and Autumn counts only), the sustained effect of charging in reducing 
traffic levels is clear, as is the continuing trend of small year-on-year reductions 
in traffic entering the charging zone. Similar profiles can be observed for traffic 
leaving the charging zone. During the day a decrease due to the congestion 
charge of approximately 10%-20% in traffic flows is observable. 
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Figure 2.2: Traffic entering Londonôs  charging zone by time of day. Annualised 
weekdays for 2002 (pre-charging), and 2003-2005 (post-charging), all vehicles. 

 
 
The estimated overall annual vehicles kilometers driven within the charging 
zones shrunk from 1.64 Million km before the introduction to 1.45 Million km 
after the introduction in 2003.  
 
This is a reduction of vehicle km by approximately 15%. Note that the reduction 
of private (chargeable) vehicles has decreased by 30%, but there has been a 
sharp increase of non-chargeable vehicles such as taxis, buses and coaches 
which partially compensated the reduction in vehicle km of private vehicles [9].  
 
The congestion levels within the charging zone, measured in excess delay time 
per km, reduced by approximately 26% with respect to pre-charging levels (see 
Fig. 2.3, below).  
 
Another positive effect is that the bicycle share on roads jumped from 4% to 
7%, post-congestion charge.  
 
Turning to the ITACA best practice case in Stockholm, Sweden, traffic flow 
reductions could be observed (around 20%), which is consistent with the case 
in London, see section 2.2.4. Technically, Stockholm has ideal conditions for 
congestion charging as the access roads are easily controllable (bridges!) and 
there are no alternative uncharged roads. Instead, there is a quality and dense 
public transport network as alternative, which should guarantee that there is a 
net reduction in CO2 emissions-- as many of those who stopped using the car 
to enter Stockholm start using public transport. 
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Figure 2.3: Excess delay time in minutes in Londonôs charging zone before and after 
the introduction of the congestion charge 

 
Another ITACA disincentive scheme is the showcase from the traffic restricted 
zone in Bologna, where only certain vehicles are allowed to enter (residents, 
handicapped, etc). The access can be controlled by ITS systems at a 100%, for 
details see Sec. 2.2.6. Such restrictive measures are very effective, and their 
success depends on the applied rules on who is allowed to enter the zone. In 
the most restricted zones the traffic volumes have been reduced by 70%.  
 
Such-rule based access systems, instead of monetary based access systems 
have a higher acceptance in Italy because they are felt to respect equity. The 
primary resistance to implementing such rules comes from retailers, who fear 
clients would be put off because not being able to arrive by car. Also many 
residents disagree with a too restrictive policy. It would be valuable to have a 
better understanding of the changes for the citizens who live in the car-
restricted zone in support of its further expansion and to encourage other cities 
to follow. 

2.1.3 Potential of land-use and planning policies 

Land use planning can have a tremendous effect on travel behaviour. It is 
imperative that we plan transit-oriented for new developments. But there are 
also examples where land use of existing urban areas can change and adapt to 
a given transport infrastructure. The theoretical framework that allows to 
estimate quantitatively the interaction between land-use and transport are called 
Land-UseTransport Interaction Models (LUTI).  
 
LUTI models enhance the classical 4 stage transport demand modeling, as 
outlined in Section 1.1,  by a component that allows us to predict how a change 
of the transport offer influences land use and vice versa. Thus, LUTI models 
could be used to validate the future impact of different transport scenarios on 


