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Introduction

Abstract
As a result of continued urbanization and population growth, cities continue to grow. As available 
land area is limited, cities opt to densify, rather than sprawl out further. In Eindhoven, the Nether-
lands, the municipality aims to add more than 35000 dwellings within the city before 2040. The 
addition of these new dwellings will stress the existing transport infrastructure. In dense environ-
ments, maintaining private vehicle ownership levels causes problems. However, the ambition to 
densify can provide an opportunity to revise the mobility system in the city. In densely populated 
areas, many facilities and amenities can be concentrated strategically, reducing overall distances 
that needs to be travelled.
Through a literature review, a list of neighborhood characteristics that contribute to car-reduced 
potential is created. Additionally, interventions which can possibly be taken in the neighborhoods 
are collected into an additional overview. A city-scale strategy is formed, based on the found inter-
ventions and an overview of the most important locations for a car-reducing mobility strategy. In the 
�nal phase of the project, the discovered interventions are applied on neighborhood scale, resulting 
in a redesign of the Gildebuurt and Woenselse Watermolen, both neighborhoods in central Eind-
hoven. The redevelopment proposal aims to densify the city by intervening in existing infrastructure 
in an attempt to reduce car-dependency through design. 

Urban densi�cation | Car-reduced | Accessibility | Car dependency | Land use

Due to continued population growth and urbanization, cities continue 
to grow (Bibri et al., 2020). Over the last 40 years, the global popula-
tion share that lives in cities has risen from 39%, up to 56% (UNHab-
itat, 2022). This increase is projected to continue, with the expected 
world population share living in cities to reach 68% by the year 2050. 
As governments and municipalities have come to conclude that end-
lessly sprawling outwards is not sustainable, cities opt to apply a den-
si�cation strategy (Gemeente Eindhoven, 2020b). Densi�cation results 
in more people and services in smaller areas, affecting the demand 
for mobility. A densi�cation strategy is important, as it helps to miti-
gate further urban sprawl, but also to appropriately adjust the systems 
functioning within a city. The interaction between population density 
and mobility demand has been studied extensively, as demonstrat-
ed by (Levinson et al., 1963). Sixty years ago, Levinson et al. already 
stated the necessity of shifting transportation modes in case of den-
si�cation. 

The car is a beacon of individual mobility and comfort, and has shaped 
the last century in terms of transport. It is a very important element of 
our current way of living as the human race. In addition to other ad-
vantages, the car has brought increased employment, technological 
advances and economic prosperity (M. J. Nieuwenhuijsen & Khreis, 
2016b). A city reliant on cars for citizens� mobility needs increases dif-
�culty in case of densi�cation, since personal vehicles take up a large 
amount of space. Increasing the amount of people will also increase 
the amount of vehicles if similar ownership levels are maintained (Ge-
meente Eindhoven, 2020a). This limits the potential of the densi�ca-
tion strategy. However, it is argued a dense city can help with reducing 
the necessity of the personal vehicle, as amenities can be in close 
proximity of living locations. This can reduce the necessity to travel 
large distances. (Cervero & Kockelman, 1997)

In any case, a city is only livable if the people remain able to access 
their desired destinations. Due to spatial constraints, providing a high 
level of accessibility is perhaps more dif�cult in a densely populated 

1.1 PROBLEM STATEMENT



3DEPAVING THE WAY TOWARDS THE DENSIFIED CITY

environment. Additionally, with a higher population density comes the 
increased amount of travel demand by all individuals. The city of Eind-
hoven is, by Dutch standards, a car-centric city (Gemeente Eindhoven, 
2020b). If the city of Eindhoven wants to successfully commit to their 
proposed densi�cation strategy, it is of value to determine in which 
parts of the city the personal vehicle can be limited, which in turn can 
affect the densi�cation strategy of the municipality. 

Furthermore, reducing personal vehicles also helps contribute to sus-
tainability goals, as the transportation sector is responsible for a large 
portion of the greenhouse gas emissions (M. J. Nieuwenhuijsen & Kh-
reis, 2016b).

Densi�cation offers the opportunity to revise mobility structure of a 
city. In this research, a method to determine the extent to which vari-
ous neighborhoods are able to adapt a car-reducing mobility strategy. 
This helps cities with aspirations to densify determine where strategies 
for car use reduction have the most potential. 

1.2 STATE-OF-THE-ART

Citizens experience dif�culty to let go of their vehicles, as it is the 
mode of transport they have grown accustomed to for decades (M. 
Nieuwenhuijsen et al., 2018). The urban environment can also leave 
the citizens without other feasible options, for instance access to re-
motely located stores, made attractive by large parking lots or drive-
throughs is designed for car use. There are however recent develop-
ments that break this trend, as can be seen from car-free initiatives in 
Helsinki, Oslo or Paris (M. J. Nieuwenhuijsen & Khreis, 2016b).

New developments, like mobility as a service or vehicle sharing, at-
tempt to �ll the gap for people who do not own a private vehicle, but 
still need one to get to their destination. Creating inaccessibility to cer-
tain transport modes can disrupt the modal choice of many travelers 
(M. Nieuwenhuijsen et al., 2018). Car-free neighborhoods are known to 
function if the right conditions apply, and are desirable for high density 
urban environments (Hofstad, 2012).

2050

2020

1980

Figure 1 Figure 2 Urbanization trends & predictions Diagramatic overview of the sprawling effect of urbanization on the city of Eindhoven
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Newly built neighborhoods at edges of cities offer the freedom of in-
troducing car-reduced design, but often lack the density of services 
to justify a car-reduced design. Physically modifying inner city neigh-
borhoods, where services are in closer proximity, is a substantial chal-
lenge as pre-existing buildings and infrastructure have to be taken into 
account.

Next, applying car-reduced strategies to individual neighborhoods 
is not feasible. Neighborhoods are part of the city as a whole, thus 
a strategy per neighborhood also requires a city-wide strategy. The 
city of Eindhoven consists of a variety of neighborhoods with different 
densities and structures. Different conclusions might apply per neigh-
borhood type. It is therefore important to �nd out how different neigh-
borhoods �t into a city strategy. The necessity to transition towards a 
more sustainable form of transportation has been well-documented 
(Bibri et al., 2020; M. J. Nieuwenhuijsen & Khreis, 2016b; Rode, 2013). 
However, detailed conclusions focused on design of the city, in this 
case the city of Eindhoven, are often missing.

Determining the locations within the city where interventions have the 
most potential can be of great value. There is plenty of research con-
ducted on the functioning of car-reduced neighborhoods, but feasible 
approaches for speci�c contexts are hardly described.

The �rst objective will be to determine the factors that address acces-
sibility and livability through literature and policy reviews, by looking 
for the characteristics which are included in a neighborhood suitable 
for car-reduced transportation.
 
Then, the discovered neighborhood characteristics are compared to 
the presence within the various neighborhoods of Eindhoven, pro-
viding an indication to where the reduction of car-dependency has 
the most potential. This will give an overview of the neighborhoods of 
Eindhoven, ranked on their adaptability towards a car-reduced mobil-
ity system. 

However, feasible approaches should be investigated that are tai-
lor-made to a speci�c context, in the case of this research the city of 
Eindhoven. It is proven dif�cult to change the public opinion on car-
free, or car-reduced neighborhoods, as citizens tend to prefer to hold 
on to their personal vehicles (Alameri, 2011; Lagrell et al., 2018). This 
creates a mismatch between citizens and city planners. 

To further underpin the problems, the municipality of Eindhoven has 
conducted a mobility stress test. This was done with the intention to 
test the current mobility system and what would happen when the 
envisioned densi�cation is applied. The results can be seen in Figures 
3 and 4 (Gemeente Eindhoven, 2020a). An enormous area in parking 
space, equal to the entire neighborhoods of Strijp-S and the Univer-
sity campus, would be needed to suf�ciently supply the population 
growth and their mobility demands. Additionally, roads within the city 
ring road would suffer heavy congestion increases, locking the sys-
tem. The current mobility system is insuf�ciently prepared for the en-
visioned densi�cation. Thus, there is a demand for a mobility system 
that can handle the increase in density.

1.3 RESEARCH GAP

1.4 AIMS AND OBJECTIVES

Figure 4 

Figure 3 

Mobility stress test Eindhoven: congestion increases

Mobility stress test Eindhoven: expected extra parking requirements

Introduction
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The issues faced by Eindhoven are not exclusive, more cities with am-
bitions to densify will be able to apply �ndings to different neighbor-
hoods. It is thus useful to set up a set of guidelines, linked to �ndings 
from literature, that can be adjusted to a variety of contexts. Further-
more, this research can provide insights in how parts of the city func-
tion within a city strategy. How car-reduced neighborhoods function 
from within, and with other neighborhoods is an essential part of this 
research. Additionally, this research can provide new insights in the 
spatial characteristics of reducing car-dependency, which can be in-

Sub question Methods Result

What does the historical development of reducing car depen-
dence look like?

�	 Systematic literature review �	 Background information on historical mea-
sures and implementation viability

What neighborhood characteristics are favorable for car-re-
duced mobility systems?

�	 Systematic literature review
�	 Case studies

�	 Classi�cation of neighborhood characteristics

Which car dependency-reducing interventions or policies are 
there, and have proven to be successful?

�	 Policy review �	 Policy feasibility
�	 Policy recommendations

Which stakeholders are involved, and what is their role in the 
interventions proven successful?

�	 Systematic literature review
�	 Policy review

�	 Stakeholder overview

In terms of car dependency, what types of neighborhoods and 
what characteristics are present in the city of Eindhoven?

�	 Mapping analysis
�	 GIS analysis

�	 Neighborhood classi�cation

How can the car-reduced interventions be applied in the con-
text of neighborhoods?

�	 Design �	 Designing for reducing car-dependency in den-
sifying cities

1.5 RELEVANCE

To what extent can the 
various neighborhoods of 

Eindhoven become car-
reduced, and how can

 car-reducing interventions 
be applied within the 

context of densi�cation?

In addition to forming an overview of the city neighborhoods, a city 
scale strategy is developed. The different neighborhoods work to-
gether, and form the basis of the city strategy. This includes the rela-
tionship between the built environment and modal choice of various 
transport modes. This also includes how different modes of transport 
co-exist, forming a base for guidelines.

After determining the neighborhoods with the most potential, the 
found interventions will be applied in the context of the various neigh-
borhoods of Eindhoven. These steps will form an elaborate answer to 
the research question:

To what extent can the various neighborhoods of Eindhoven be-
come car-reduced, and how can car-reducing interventions be 
applied within the context of densi�cation?

The subquestions answered throughout the report can be found in 
Table 1.

cluded in further research towards the potential outcomes of the mo-
bility transition with other themes, like sustainability or health. Finally, 
the �nal design can provide insight into the similar situations in other 
cities and act as a case study.

In the forthcoming sections of this report, the theoretical framework 
will be established, followed by the methodology of the research 
methods used. Thereafter, a short historical context of car-free de-
velopment is provided, after which the results of the various research 
methods are discussed.

Table 1 Sub questions in table overview
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There is extensive evidence on the in�uence of the built environment 
on travel behavior (Litman, 2022). However, to clear up the relations 
explored in this research, an overview is provided in three steps. First-
ly, the relationship between urban densi�cation and the urban environ-
ment will be established. This is followed by the relationship between 
the urban environment and activities. This section is concluded by how 
these two steps link the relationship between urban densi�cation and 
mobility behavior, resulting in a conceptual model. Table 2 provides an 
overview of the most important concepts related to mobility behavior 
in the densifying city, within the context of reducing car-dependency.

Density, design, diversity of land use, distance to transit and destina-
tion accessibility concern the �ve categories that make up the 5 D�s of 
the built environment. These categories aid in explaining the effect of 
the built environment on transportation. Additionally, these categories 
aid in indicating how a transportation system can integrate better into 
the surrounding city. Each category describes a distinctive part of the 
built environment. In this research, the effect of densi�cation is applied 
to the built environment. Densi�cation will disrupt the subtopics within 
the �ve categories, which in turn will affect travel behavior.

The second thing to consider is the activities of people that take 
place within the urban environment. The decisionmaking can be de-
scribed by the Land-use transport feedback cycle �rst developed by 
Michael Wegener and Franz Fuerst (2004), seen in Figure 6. The the-
ory is based on the need for transportation as a result of the spatial 
separation of activities. The theory argues that the distribution of land 
uses, for instance residential or commercial, determines the locations 
of activities performed by citizens, for instance working, shopping or 
leisure. As mentioned before, the spatial separation of activities cre-
ates a demand for transportation. This demand is �lled by the possi-
bilities of the existing transport system. The availability of transport 
modes determines how accessible a location is. Lastly, differences in 
accessibility determine changes in land-use. These interactions create 
a feedback cycle of constant development (Wegener & Fuerst, 2004).
Merging the established urban environment with the feedback cycle 
results in the diagram as seen in Figure 7. This forms the base for the 
conceptual model used throughout the project.

Theoretical framework

2.1 URBAN DENSIFICATION AND THE URBAN ENVIRONMENT

2.2 THE URBAN ENVIRONMENT AND ACTIVITIES

Figure 5 

Figure 7 

Figure 6 

Schematic effect of densi�cation on the urban environment

Schematic overview of the interaction of the urban environment and activities

The Land-Use feedback cycle by Wegener and Fuerst (2004)

Theoretical framework
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Firstly, the effect of densi�cation on the built 
environment was explored and summarized 
by the 5D�s of the built environment. Then, 
the interaction between the built environment 
and activities was explored and summarized 
by the land-use feedback cycle. These two 
theoretical approaches can be combined to 
extract the effect on mode choice in a den-
sifying context.

Destination accessibility and Diversity of land 
use are both part of the 5D�s of the urban en-
vironment and the land-use feedback cycle. 
As a result of densi�cation, the �ve catego-
ries will change, resulting in a change in ac-
tivities, and subsequent changes in the trans-
port system. The change in activities and 
transport system results in more changes to 
the 5D�s. Placing this conceptual model into 
the context of the car-reduced city allows for 
the exploration of the effect of urban densi�-
cation on mode choice.

However, it should be mentioned that mode 
choice is only a part of the decisionmaking 
process. Other desicions also apply, but the 
most relevant decision throughout this proj-
ect is the mode choice. 

Within the context of the car-reduced city, the 
interactions between densi�cation, the 5D�s, 
the feedback cycle, and mode choice have 
been summarized in a conceptual model, 
which can be seen in Figure 8. Additionally, 
the key concepts used thoughout the project 
are brie�y explained and collected in Table 2.

2.3 URBAN DENSIFICATION AND BEHAVIOR

Key concept De�nition

Urban densi�cation The process of increasing the ratio of housing units or people per unit of land area (Bibri et al., 2020).

Built environment The space in which people live, work and recreate on a day-to-day basis, made by humans. This 
includes buildings, parks and transportation systems (Litman, 2022; Zhang et al., 2014).

Car-reduced An environment where living and traveling is possible without using a car. A place where car owner-
ship and usage is discouraged, but not made impossible (Crawford, 2009).

Travel behavior An accumulation of complex decisions which in�uence the eventual path from point A to point B. 
This includes travel mode choice, destination selection, routing and many more factors (Litman, 
2022).

Mobility mode 
choice

The type of transport that is chosen to travel between point A and B. Usually either the cheapest, 
fastest or most comfortable mode is dominant (Ewing & Cervero, 2010).

Design Street network characteristics within an area, for instance the sizes of city blocks, proportions and 
amounts of intersections (Cervero & Kockelman, 1997; Ewing & Cervero, 2010; Litman, 2022; Zhang 
et al., 2014).

Density The amount of people, jobs or houses per unit of land area, for in a square kilometer of land area 
(Cervero & Kockelman, 1997; Ewing & Cervero, 2010; Litman, 2022; Zhang et al., 2014).

Diversity of land 
use

The number of different land uses in a given area and the degree to which they are represented, 
for instance ratios comparing working locations to housing locations (Cervero & Kockelman, 1997; 
Ewing & Cervero, 2010; Litman, 2022; Zhang et al., 2014).

Distance to transit The level of transit service at the residences or workplaces, for instance the distance to the nearest 
railway station or distance between public transit stops (Ewing & Cervero, 2010; Litman, 2022; 
Zhang et al., 2014).

Destination acces-
sibility

Ease of access to trip attractions, for instance the distance towards a vibrant city center with many 
amenities or workplaces (Ewing & Cervero, 2010; Litman, 2022; Zhang et al., 2014).

Activities Activities can be described as a series of events, consisting of trips. A trip from point A to point 
B can also be seen as an activity (Litman, 2022). The patial separation of activities creates travel 
demand (Wegener & Fuerst, 2004).

Transport system An accumulation of tailored modes of transport used by people to reach their activities. Different 
transport modes within the system can coexist, or even cooperate. A varied transport system offers 
the highest level of mode choice freedom (Wegener & Fuerst, 2004).

Figure 8 Conceptual model

Table 2 Overview of key concepts used throughout the project
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In this section of the report, the processes and different research 
methods are outlined. The general progression will follow a research 
phase, followed by preliminary results. These preliminary results will 
be used to work towards a �nal design.

The research phase will provide various types of information, focus-
ing on creating a theoretical basis in understanding neighborhoods 
and car-dependency. The various types of research methods aim to 
provide speci�c information regarding neighborhood characteristics, 
policies, city networks and car-dependency indicators.

With this information as foundation, a neighborhood classi�cation is 
created, accompanied by a city scale strategy. These two preliminary 
results form the basis for the eventual (re-)design of neighborhoods in 
Eindhoven, based on the car-reducing characteristics and interven-
tions found in literature. A visual overview of the used research meth-
ods and the results can be seen on the next page, in Figure 9.

The �rst research method used is a systematic literature review. The 
main goal of this review is to �nd characteristics of neighborhoods that 
support a car-reduced mobility system and in�uence modal choice in 
a densifying context. In addition to the neighborhood characteristics, 
car-reduced developments over time have been evaluated to provide 
historical context to contemporary developments. The literature re-
view consisted of two parts; selecting and collecting the data, and 
reviewing the data.

The literature review is followed up by a mapping analysis. The main 
objective of the mapping analysis is to test the found characteristics 
of the literature review within the context of Eindhoven. The mapping 
analysis can be used to determine areas within the city that have po-
tential to become car-reduced. Apart from neighborhood character-
istics found in literature, travel patterns, modal splits and neighbor-
hood typologies will be included to draw further conclusions on city 
structures. The �ndings of the mapping analysis determine the most 
suitable neighborhoods for intervention. Additionally, the mapping 
analysis forms the basis for the city scale strategy.

After concluding the mapping analysis, a regional and city scale strat-
egy is formed, combining the �ndings of the literature review and the 
mapping analysis. The regional scale strategy and city scale strategy 
work together, as a system of mobility is connected through the vari-
ous scales of urban design. It is also important to �t the neighborhood 
design within both the regional scale strategy and the city scale strat-
egy.

The report ends with a neighborhood design, based on the �ndings 
of the literature review, the results of the mapping analysis, and in 
close connection to both the regional and city scale strategies. Within 
the neighborhood design, all previous steps of the project return and 
result in design decisions on neighborhood scale level.

Methodology

3.1 SYSTEMATIC LITERATURE REVIEW

3.2 MAPPING ANALYSIS WITHIN THE CONTEXT OF EINDHOVEN

3.3 REGIONAL AND CITY SCALE STRATEGY

3.4 NEIGHBORHOOD DESIGN

Methodology
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Background

Figure 10 The Katy Freeway in Houston, Texas,  
North-America, a dramatic result of adding more 
infrastructure in an attempt to solve congestion
Photo: Getty Images
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The systematic literature review is one of the research methods used 
to form an answer to the research question. Before the research ques-
tion can be answered adequately, it is important to �rst answer a se-
ries of speci�c sub questions closely related to the main question.

Each neighborhood is different and contains different characteristics. 
This can be caused by the time period the neighborhood was built 
up, by the attitudes of people that live in the neighborhood or can be 
caused by in�uences from outside the neighborhood. An enumera-
tion of neighborhood characteristics is a �rst step towards �nding out 
which neighborhoods can become car-free. Each neighborhood char-
acteristic has a certain in�uence on the potential of a car-free mobility 
system. It is not only about a car-free system explicitly, but also about 
the potential of altering user behavior to favor car-free mobility. 
This leads to the �rst sub question:
1.	 Which existing neighborhood characteristics affect re-
liance on cars, and are favorable for car-reduced mobility sys-
tems?

After the neighborhood characteristics are determined, it is import-
ant to know what interventions are possible, and which interventions 
have proven to be successful. The interventions can be linked to the 
different neighborhood characteristics. In this way, an approach can 
be formed by knowing where to start, and what interventions to apply. 
This leads to the second sub question:
2.	 Which car dependency-reducing interventions or poli-
cies from literature have proven to be successful?

Lastly, there are the stakeholders. Every intervention will affect stake-
holders, it is important to know their roles. The cooperation between 
the various stakeholders is important because it can ease or worsen 
the potential of a successful implementation. Identifying the stake-
holders, their positions and demands, can provide the �nal piece of 
insight to form a detailed city and neighborhood approach. 

This leads to the third, and �nal sub question:
3.	 Which stakeholders are involved, and what is their role 
in the interventions proven successful?

The literature review consisted of two parts; selecting and collecting 
the data, and reviewing the data.

After determining the research question and relevant keywords, a 
search string was developed and used to search within the SCOPUS 
database. The following search string was used:

TITLE-ABS-KEY ( ( car AND free ) OR ( car-free ) OR ( (reduce OR low-
er) AND car AND dominance ) AND ( city OR urban OR neighborhood 
OR neighb*rhood) AND ( planning OR design) AND ( mobility OR trans-
port ) AND ( policy OR legislation OR strategy OR system ) )

This search string resulted in 164 papers. These papers were reduced 
to 33 useful papers after multiple rounds of exclusion. These 33 pa-
pers can be seen in Table 3. The process of exclusion can be seen in 
Figure 11.

The results are presented in different tables containing data overviews. 
Additionally, graphs and schemes will be provided to elaborate on 
conclusions which were drawn from the tables. The �rst table will con-
cern the neighborhood characteristics, from which the most important 
characteristics can be concluded. The second table will include all 
policies found in literature, with additional information to which neigh-
borhood characteristic they apply. The third and last table will show 
the involved stakeholders and in which relationships they are involved.

4.1 SYSTEMATIC LITERATURE REVIEW 4.2 LITERATURE REVIEW METHODOLOGY

Results

Results
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Cat. Characteristic De�nition Neighborhood Characteristic Characteristic Group

U
rb

an
 fo

rm

Density Population density
Amount of dwellings Amount of dwellings

Amount of inhabitants per area 
unit

Amount of inhabitants per 
area unit

Diversity Land-use mix

Amount of different services and 
residences

Amount of different services 
and residences

Total amount of services and 
residences

Total amount of services and 
residences

Different housing typologies Different housing typologies

Design Street network 
characteristics

Amount of parking spaces Amount of parking spaces
Parking demand Parking demand

Parking norms Parking norms

Speed limits Speed limits

Traf�c signs & lights

Car infrastructure

One way roads & measurements

Intersections
Roundabouts

Highway access ramps
�Woonerven�

Safe crossings
Charging stations

Fuel stations
Car restricted areas Car restricted areas

Destination 
accessibility

The ease by which 
destinations can be 

reached

Distance to services
Distance to services

Location of service clusters

Neigborhood accessibility from 
outside

Neigborhood accessibility 
from outside

Distance to 
transit

Factors that 
increase the con-
venience of public 

transport

Public transit proximity Public transit proximity
Bike lanes Bike lanes
Sidewalks Sidewalks

Bike parking Bike parking

M
ob

ilit
y Costs

The amount of 
money needed 
to commute, for 

both individual and 
society

Parking costs Parking costs
Public transport costs

Car ownership and public tran-
sit use costs

Vehicle taxes
Fuel costs

Car purchase costs
Insurance

Road infrastructure spending Road infrastructure spending

Travel times
The time it takes to 
travel from origin to 

destination

Commuting distances Commuting distances

Car ownership rates Car ownership rates

So
ci

od
em

og
ra

ph
ic

Individual needs Different life stages
Age Age

Income Income
Employment Employment

Health
Transport dif�culties 
as a result of health 

conditions

Obesity
Impairments

Disabilities
Air pollution levels Air pollution levels

Noise pollution levels Noise pollution levels
Urban heat island effect Urban heat island effect

Perceived safety
Feeling safe in 

the surrounding 
environment

Level & frequency of main-
tenence

Level & frequency of main-
tenence

Street lighting levels
Greenery & Street ornaments

Sightlines

4.3 NEIGHBORHOOD CHARACTERISTICS

Firstly, the neighborhood characteristics are dis-
cussed. Throughout the literature, neighborhood 
characteristics were found and categorized in 
three main categories. This was done in line with 
categorizational recommendations found in var-
ious papers underpinning the necessity of cate-
gorization (Melia et al., 2013; M. Nieuwenhuijsen 
et al., 2018; van Wee & van Bleek, 1998). 

This has resulted in the categories Urban form, 
Transportation, and Sociodemographic neigh-
borhood characteristics. Nieuwenhuijsen et al. 
(2018) state this categorization is required be-
cause neighborhoods have very different char-
acteristics which cannot be compared without 
categorization. The characteristics found within 
each category require different approaches when 
intervening. Within each category, different neigh-
borhood characteristics were found as shown in 
Table 4. The neighborhood characteristics found 
are context dependent and in some occasions 
very speci�c. Due to this, some characteristics 
are grouped into groups which were found to be 
of similar origin. An example of this is grouping 
obesity levels and disability levels into the cate-
gory �impairments�.

Table 4 Categorization of neighborhood characteristics

Results
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There are also many characteristics which were mentioned 3 or less 
times in the literature, these can be observed in Figure 13. All these 
characteristics were mentioned at least once, so they have some 
form of impact, it is however unclear if they can be approached as 
decisive characteristics. �Different housing typologies�, �Car restricted 
areas�, �Road infrastructure spending�, and �Obesity/Health� all were 
mentioned in only one paper, while their relevance is disputed. For in-
stance, different housing typologies can make a difference if a parking 
spot is included in the housing typology (Selzer, 2021).

Likewise, car restricted areas are mentioned to not function optimally 
if they are in isolation. Topp & Pharoah (1994) suggest a widespread 
approach to combat the shift of congestion to another location (Topp 
& Pharoah, 1994).

In short, the amount of times a characteristic appeared in literature 
gives an indication which characteristics are the most impactful in 
changing modal choice behavior. However, it is not a comprehensive 
measurement, since lower mentioned characteristics can also provide 
valuable perspectives.

4.4 INTERVENTIONS

By �rst determining importance of neighborhood characteristics and 
their hypothesized impact on mode choice behavior, an opportuni-
ty arises to apply policies and interventions to these characteristics. 
To know which policies and interventions are available, and how suc-
cessful they are, a list of interventions is set up, which is then linked to 
�tting neighborhood characteristics. 

The interventions were categorized into four main groups, which can 
be seen in Table 6. Firstly, they were categorized by urban scale appli-
cability. Secondly, a conceptual model by Stead (2022) distinguished 
between substantive policies, which directly impact plan goals, and 
procedural policies, which affect planning processes (Stead, 2022). 
Further classi�cation involved policy instruments and approach types. 
Kuss & Nicholas (2022) adopted the IPCC classi�cation, including 
Regulatory instruments, Economic instruments, Information & Educa-
tion policies, and Public goods & Services. Lastly, interventions were 
categorized as push, pull, or push & pull approaches, where push dis-
courages private car use, pull incentivizes alternative transportation, 
and a combination of both is often most effective (Kuss & Nicholas, 
2022).

Scale levels:

National scale Nationally controlled or funded interventions

Regional scale Regionally controlled or funded interventions

City scale City controlled or funded interventions which need to be involved in city-wide networks

City center scale City controlled or funded interventions which can be applied within the city center, without interacting with other areas

Neighborhood scale City controlled or funded interventions which can be applied within the neighborhood, without interacting with other areas

Street scale City or privately controlled or funded interventions which can be applied within a street

Building scale City or privately controlled or funded interventions which can be applied within a building plot

Policy instruments:

Regulatory instruments Rules, standards, prohibitions

Economic instruments Taxes, subsidies, charges

Information & Education policies Information campaigns, marketing, persuasion, feedback

Public goods & Services Physical infrastructure, planning, provision of services

Approach types:

Push-approach Discourage private car use by regulating accessibility, fees, parking costs etc.

Pull-approach Presenting alternatives to prevent the usage of the private car, for instance by improving public- or active transport

Push & pull approach A combination of push and pull approaches, an example could be the narrowing of roads

Policy types:

Substantive policies Direct effect on the goals of a plan

Procedural policies Affect the process of developing, reviewing or enforcing a plan

Table 6 Categorization of interventions
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Considering interventions, a distinction can be made between strate-
gy and measures. In terms of strategy, it is advised to combine push 
and pull policies, as this provides the affected stakeholders who are 
pushed away with a place to adapt their behavior. An example is to 
promote public transport simultaneously with reducing car use. Re-
ducing car use can come in various forms, and interventions can have 
multiple scales of impact. Traf�c calming measures will have a more 
modest impact compared to the rerouting of through traf�c. In any 
case, it is advised to introduce policies gradually, as this gives the 
stakeholders time to adapt to the changes (Bonnel, 1995). In terms 
of individual measures, each measure will have a varying effect de-
pendent on context. In general, it is advised to combine interventions 
where possible.

After identifying the successful interventions, 9 categories were set 
up concerning different strategies. Plenty of categories have been 
subdivided into two intervention types. Per intervention type, differ-
ent measures are suggested to affect the intervention type. An over-
view of these categories, intervention types, and measures can be 
observed in Table 7. These measures provide different approaches to 
affect each intervention type within the intervention categories, and 
thus can provide different approaches to affect neighborhood charac-
teristics if the measure and characteristic match. The 9 categories of 
successful interventions can further be assigned to the neighborhood 
characteristics, and are color coded to match the similar category in 
neighborhood characteristics.

Over the course of these two analyses, various stakeholders were 
identi�ed. It is important to state their roles and responsibilities, so 
that they can be accounted for when applying the interventions to the 
neighborhoods. The most important stakeholder is the municipality, 
as it does not only execute interventions, it also is the stakeholder 
who informs other stakeholders, and organizes further implementation 
steps. The stakeholders and their interrelationships are visualized in 
Figure 14.

In general, four main groups of stakeholders can be distinguished. 
There is the group of stakeholders in the form of governmental bodies. 
This group is concerned with the bigger picture of transitioning society 
to car-free mobility, driven by optimization of society, but hindered by 
car lobbyists. Then, there are the local planners, who mostly act as 
designers of plans within boundaries set by the governmental bodies. 
The neighborhood collectives and Trade & Service industry stakehold-
er groups are mostly the recipients of the implementations. These two 
groups are the groups that need to be convinced the measures are 
for the better. The most important stakeholder relationships are the 
relationship between municipalities and public transport providers, 
and the relationship between municipalities and citizens. The citizens 
because they are the group which has to change behavior the most, 
and the public transport providers because they need to be able to 
facilitate the behavioral change of the citizens.

Figure 14 Stakeholder overview

Results

4.5 STAKEHOLDERS
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4.6 CONCLUSION

Urban density and car-free implementations are strongly related. High-
er density levels make for higher success rates with implementation of 
the interventions. In terms of interventions, push and pull measures 
should always be implemented together. This is to make sure the 
stakeholders affected by the push method have somewhere to go, in 
this case the pull intervention. Only using push methods will cause re-
sistance from stakeholders. Finally, interventions should be introduced 
gradually, as people do not like sudden change. Gradual change al-
lows stakeholders to adapt.

To conclude this literature review, this brief section will start with an-
swers to the sub questions and end with design takeaways for the 
remainder of this graduation project. The neighborhood characteris-
tics found in literature were categorized and ranked on their frequency 
of appearance. This provided an indication to which characteristics 
are the most important in creating a neighborhood environment where 
car-free mode choice is favored. Not only does this provide an over-
view on which characteristics to apply interventions, it also provides 
a starting point to determine where to start a city strategy since an 
isolated car-free district hardly functions on its own. The large amount 
of neighborhood characteristics should be plenty of data to collect 
and rank neighborhoods on �readiness� to transform to car-reduced or 
car-free mobility patterns.

Next to the neighborhood characteristics, the policies and interven-
tions were summarized. This summary provides an overview of mea-
sures which can be taken to improve neighborhood conditions towards 
car-free transportation. In combination with the neighborhood charac-
teristics, the interventions provide an overview where to intervene, and 
what should be done to intervene. This provides a strong base for the 
design phase of the graduation project. As far as measures go, all 9 
categories provide different options to apply to different neighborhood 
characteristics. Since unsuccessful measures have been left out, the 
table of measures should contain only viable options which will result 
in positive change. Again, this should be done through combination of 
push and pull measures.

Lastly, the various stakeholders are examined. Four groups of stake-
holders have been identi�ed, with the municipality being the most 
prominent stakeholder. The groups ful�ll different roles. It is very im-
portant that receiving stakeholders, like for instance residents or busi-
ness holders, do not feel threatened because they have to change 
their mobility behavior. This is why, in every step of redevelopment, it 
should be carefully considered which parties are involved.

The combination of characteristics, measures and stakeholders can 
be used to form a solid (re)design during the design phase of the proj-
ect. Most interesting will be �nding out if the found characteristics 
are equally well applicable to the neighborhoods of Eindhoven, and if 
characteristics are found which have not been revealed in the analysis. 
The focal points will be transit proximity and parking spaces. Addi-
tionally, car ownership rates, accessibility to the neighborhood and 
diversity within the neighborhood will play the most prominent roles. 
To intervene in these categories, measures from all categories can be 
used, however some align better than others. In any case, interven-
tions stay context dependent.

As a result of the literature review, the focal points of neighborhood 
characteristics are now known. To assess neighborhoods on these 
characteristics quantitative data of each characteristic is to be collect-
ed. After using case studies to de�ne the desired amount of a certain 
category, the data of Eindhoven can be compared to the benchmarks 
and conclusions can be drawn. Should neighborhood characteristics 
come short, the measures and stakeholder analysis can provide con-
text on improving the situation and aid in the design phase.

4.7 OUTTAKES FOR DESIGN AND PLANNING

The �ndings from the literature review form a foundation for recognis-
ing neighborhood typologies and what interventions to apply. Speci�c 
interventions are listed in table x, which can be used when a neigh-
borhood needs a speci�c approach. For instance, a neighborhood can 
be examined which has adequate urban form characteristics, but is 
lacking in mobility characteristics. In this case, the interventions in the 
categories concerning mobility can be applied.

In addition to this speci�c approach, a synthesized set of design prin-
ciples is created. The set consists of 5 principles, which can be brie�y 
explained as follows:

1)  the region functions as a whole system. Introducing changes af-
fects the whole system. Therefore, a comprehensive system at the 
regional scale must be provided. 

2)  Within the system there is a hierarchy of transport modes. Active 
transport at the top, public & shared mobility second, and the car third.

3)  Changes to the system should be favorable for the mobility transi-
tion, and aim to rebalance the usage of transport modes.

4) The strategy and design should aim to achieve a modal & mental 

Conclusion & Discussion
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4.8 DISCUSSION

Reducing car use in cities is a topic gaining increasingly more atten-
tion, although literature prior to the year 2000 also already has exten-
sive �ndings on car-free neighborhoods. Most articles mentioned an 
interaction between infrastructure and land use. In context of redevel-
oping and densifying Eindhoven, it is most interesting to know how 
urban planning can be used to in�uence modal choice behavior. 

Since the city of Eindhoven is aiming to ambitiously densify in the fore-
seeable future, opting for a car-free approach might seem favorable. It 
is however important to know which neighborhood characteristics and 
measures are available, to determine the most optimal starting point. 
In terms of interventions, it will be valuable to see what policies and in-
terventions are already adopted by the municipality of Eindhoven and 
see where they can improve or expand to increase impact.

4.9 LIMITATIONS

The recognition of the value of a car-free neighborhood is widespread 
in literature. However, the relationship between neighborhood char-
acteristics and mode choice was not always present in the literature. 
Policy or interventions are more focused on infrastructure and land 
use, but information on pre-existing conditions was more dif�cult to 
�nd. Next, articles about electric vehicle �eets and car sharing �eets 
were mostly excluded. These interventions provide solutions for some 
problems, but in the end fail to reach the goal of a car-free neighbor-
hood. 

In the end, included neighborhood characteristics which were not 
encountered in literature were removed from the results table. Addi-
tionally, some characteristics had some overlap, for instance distance 
to services/shops and the characteristics concerning density. These 

Comprehensive system 
at all scale levels

Rebalancing of 
transport modes

Design hierarchy

Modal & Mental shift

The mobility HUB

shift. To make these two shifts succeed, the strategy and design need: 
�	 changes in parking strategy, 
�	 a strategy to facilitate behavioral change,
�	 changes to infrastructure & public space. 

5) The importance of mobility hubs. Mobility hubs are the key element 
of the mobility strategy, serving as points where users can change 
transport modes swiftly, and form an important pillar for urban den-
si�cation.

This set of 5 principles can be observed in Figure 15. The principles 
serve the purpose of incorporating the conclusions of the literature 
review into instructions to follow during the design phase.

�ndings have been kept separated if enough distinction between the 
characteristics remained.

By excluding based on amount of mentions in literature, some rel-
evant topics might be excluded while the actual relevance remains 
unknown. An important topic might only be covered by one paper, and 
thus have been excluded. Similarly, more general topics can appear 
more often in literature and are therefore more likely to be included. 

The built environment covers a great number of topics, and thus it is 
dif�cult to incorporate all topics in a literature review. It might also be 
possible that the articles which were found in Scopus covered similar 
topics, skewing the results of the analysis.

Figure 15 Design principles derived from the literature review
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This chapter covers the spatial mapping analysis of relevant topics 
regarding densi�cation and car-reduced mobility, as discovered by 
the literature review. The mapping analysis consists of 14 indicators 
in total.

The indicators are categorized along the same categorization as used 
in the literature review; urban form, mobility and sociodemographics. 
By mapping these categories, a visual overview is established which 
provides a basis for the city scale strategy. Each category is assigned 
a score based on the indicators that contribute towards the category.

The scores per category are combined into a map which represents 
the potential of car-reduced mobility in different neighborhoods of 
Eindhoven. This map is a crucial contribution towards determining 
which neighborhoods can be further developed in the design phase of 
the studio. The indicators that will be mapped can be seen in Table 8.

5.1 INDICATORS FOR ANALYSIS

5.2 MAPPING THE CATEGORIES

The most important indicators for the urban form category have been 
determined in the literature review. The overall urban form score was 
determined by the weights assigned to each indicator. 

The following equation was used:

Mapping analysis

5.2.1 URBAN FORM

Table 8 Overview of mapped characteristics, matching data indicators,  assigned weights and sources

Category Characteristic Indicator Count Weight Map data source

Urban form

Neighborhood density Floor Space Index 3 1 Rudifun

Amount of different services and residences
Mixed Use Index 5 3 Rudifun

Average distance to amenities 5 3 Eindhoven in cijfers

Total amount of services Total amenities 3 1 OpenStreetMap

Sociodemographic Age Young people population share 4 2 Eindhoven in cijfers

Mobility

Amount of parking spaces Parking place coverage 8 6 Eindhoven open data & OpenStreetMap

Parking norms Parking norm 5 3 Parkeernota Eindhoven

Parking costs Parking costs 3 1 Eindhoven in cijfers & Eindhoven open data

Fuel & Charging stations
Distance to fuel station 3 1 Eindhoven open data & OpenStreetMap

Charging station capacity 3 1 Eindhoven open data & OpenStreetMap

Neighborhood accessibility from outside Perceived accessibility 5 3 Eindhoven in cijfers

Public transport proximity
Distance to train station 8 6 Eindhoven in cijfers & OpenStreetMap

Distance to bus stop 8 6 Eindhoven in cijfers & OpenStreetMap

Car ownership rates Cars per household 5 3 Eindhoven in cijfers

Each indicator is assigned a weight, based on the frequency of men-
tions in the systematic literature review. These weights were then 
used to calculate the impact of each category towards car-reduced 
potential. The combined map depicting the car-reduced potential is 
used as a basis to form a city scale strategy, together with modal split, 
work-related car travel and neighborhood types, which have been ad-
ditionally mapped.

Mapping analysis
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Criteria in�uence Mapped topic Source

The neighborhood needs to have an 
adequate score on car-reduced potential. 
Different potential scores will require 
different interventions.

Car-free degree Mapping analysis

Mismatches between modal split and 
car-reduced potential are explored, a 
higher mismatch provides an interesting 
challenge.

Modal split Eindhoven in Cijfers

Different neighborhood typologies require 
different approaches. 

Neighborhood 
typologies

Klimaateffectatlas

A high volume of work related travel pos-
es higher challenges for neigborhoods.

Work-related travel 
patterns

Urban Labs TU/e

In the remaining section of the mapping analysis, the results of the 
car-reduced potential map are compared to other relevant data. This 
is done to determine what neighborhoods are chosen for the following 
part of this research.

The car-reduced potential map is compared to the modal split per 
neighborhood, the various neighborhood typologies, and lastly the 
work-related travel patterns from surrounding municipalities.

Table 9 provides an overview of the in�uence the criteria have in decid-
ing the neighborhoods to (re-)develop, including sources.

5.3 CRITERIA FOR SELECTING NEIGHBORHOODS

To check whether the car-reduced potential of a neighborhood aligns 
with the mobility behavior of the inhabitants of a neighborhood, it is 
valuable to take a look at the modal split per neighborhood. The modal 
split contains transport mode data expressed in percentages of to-
tal trips. Neighborhoods with a higher share for car use, while having 
favorable conditions for a car-reduced mobility system need further 
evaluation. The same is true for the other way round, neighborhoods 
with lower share of car use, while having unfavorable conditions for 
car-reduced mobility systems.

In the modal split map, a small pie chart is provided per neighbor-
hood showing the individual splits of the different considered trans-
port modes. The modes include driving, using public transport, biking 
and walking. To make distinction between neighborhoods simple, the 
neighborhoods are assigned a color, where a darker color corresponds 
with a higher share of alternative modes to driving. Thus, the darkest 
neighborhoods have the lowest share of driving.

5.3.1 MODAL SPLIT

Figure 37 

Table 9 

Modal split per neighborhood

Criteria for selecting intervention neighborhoods

Mapping analysis
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After comparing the car-reduced potential to the maps of the modal 
split per neighborhood, the neighborhood typologies and the work-re-
lated travel patterns, several conclusions can be drawn. Firstly, the 
neighborhood typology �Hoogbouw�, together with the �Volkswijk� 
typology are the most favorable typologies for car-reduced densi�-
cation. Moderate potential can be found in the typologies �Tuinstad�, 
�Tuindorp� and �Bloemkoolwijk�. The �VINEX� and �Villa� typologies 
are the worst for car-reduced potential. The remaining typologies 
show varying, sub-optimal results. 

In terms of comparing modal split and the results of the car-reduced 
potential, a general overlap can be recognized, but there are some 
outliers.  The highest discrepancies can be found in the south-east-
ern part of the city, especially in �Oud stratum� neighborhoods. Other 
outliers appear mostly at the edges of the city, this can be explained 
by the functioning of other municipalities that could in�uence these 
neighborhoods.

In terms of work related travel patterns, the most challenges appear in 
the southern and western parts of the city. This can be explained by 
the presence of the many highway ramps and intersections in this part 
of the city. There are also large points of attraction in this area of the 
city, with the High Tech Campus and the ASML campus as important 
nodes. In conclusion, this forms a challenge for the neighborhoods in 
close proximity to these highway ramps.

In line with the conclusions and densi�cation potential, a neighbor-
hood is chosen to redevelop in the design phase of the project. The 
selection procedure is not a subtraction of all illegible locations. In-
stead, wider context is regarded in combiation with the �ndings of 
this chapter. 

As becomes evident from the work-related travel patterns, inner city 
neighborhoods and outer city neighborhoods require a different ap-
proach. To limit the scope of this project, only neighborhoods within 
the inner city are chosen. This is in line with the highest car-reduced 
potential. 

The neighborhood that was chosen is the neighborhood �Woenselse 
Watermolen�, in combination with �Gildebuurt�, both are llocated just 
north of the city center, as can be observed in Figure 40, and in Figure 
41 on the next page. The neighborhoods are located next to eachother 
and can be regarded as one bigger neighborhood.

Woenselse Watermolen scores high on car-reduced potential. Howev-
er, a below-average sociodemographic score can be observed. This 
indicates even higher potential if the right sociodemographic condi-
tions can arise. In terms of urban form and transportation, the neigh-
borhood scores very high. Further remarkable characteristics of the 
neighborhood are a low FSI and the complete lack of amenities. This 
can however be alleviated by the close proximity of the city center and 
the Woenselse markt.

The barrier to the Woenselse markt is the Gildebuurt. Combining both 
neighborhoods into one redevelopment project can potentially streng-
hten both neighborhoods. The Gildebuurt scores moderately high in 
all categories, making it a good candidate by default.

5.4 CONCLUSION & SELECTED NEIGHBORHOODS

Figure 40 Selected neighborhoods

Mapping analysis
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In the �rst part of the project, a series of neighborhood characteristics 
was de�ned, which applies to a car-reduced mobility system with-
in a densifying city. The characteristics were split into three different 
categories; urban form, sociodemographic, and mobility. This paper 
covers the case study of the city of Eindhoven. Therefore, a spatial 
analysis was conducted, with the purpose of determining the areas in 
which the contemporary situation could be improved. The area which 
was chosen is the combined area of Woenselse Watermolen and the 
Gildebuurt neighborhoods.

The following part of this paper elaborates on the proposed strategy 
of the city. In the city of the future, the car plays a role of lower sig-
ni�cance. With lower reliance on cars, the city can open up and �nd 
space to densify. Further increases in density can further reduce the 
need to rely on a car for everyday tasks.

This chapter contains the design phase of the project, and starts off 
with a city scale strategy, focusing on densi�cation in combination 
with the challenges of a car-reduced city. The strategy will be followed 
by neighborhood design. The redevelopment of this neighborhood is 
focused on taking advantage of the pre-existing conditions regarding 
urban form and transportation, while simultaneously attempting to im-
prove the sociodemographic aspects of the neighborhood.

Introduction

Starting the design phase
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The literature review and spatial analysis have resulted in a set of 
neighborhood characteristics, a set of interventions, and a set of loca-
tions with potential to intervene and introduce a car-reduced mobility 
system. The neighborhood characteristics were subdivided into three 
categories:
�	 Urban form
�	 Sociodemographic
�	 Transportation

In terms of interventions found, some are scale level speci�c, while 
some interventions can be applied across many scale levels. Since 
the topic of this graduation project is strongly connected to mobility, 
the system in the entire region has to be respected. This refers back to 
the �rst design principle established at the end of the research phase.

To provide a strategy covering the entire region, a regional scale strat-
egy was formed, which precedes the city scale strategy. After the re-
gional scale strategy, the city scale strategy will follow, which aligns 
with the regional scale strategy. 

The city scale strategy is split into two parts, speci�cly the parts of 
densi�cation and mobility. The neighborhood characteristics that ap-
pear under the category of transportation are met with interventions 
in the mobility section, while the neighborhood characteristics under 
urban form and sociodemographic are mostly met with interventions 
in the density section.

The city strategy is mainly focused on the following topics:
1.	 Creating a base for intervening on neighborhood level, where 

eventual interventions will have effect on the entire system, up to 
regional scale level.

2.	 Respecting the hierarchy of transport modes established in the 
conclusion of principles of the literature review.

3.	 A strong public transport system, accompanied by a bike lane 
network, which aims to reduce the dependency on cars.

4.	 A mobility strategy based on multimodal hubs spread strategical-
ly throughout the city, connected via high quality public transit for 
swift transitions between mobility modes.

5.	 Densi�cation of the city in appropriate areas, supported by the 
results of reducing car dependency, enabling and strengthening 
denser environments.

City scale strategy

Comprehensive system 
at all scale levels

Rebalancing of transport 
modes

Design hierarchy

Modal & Mental shift

The mobility HUB

Figure 42 Design principles derived from the literature review
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6.1 THE HUB

The mobility hub is a physical structure with the purpose of ensuring 
integration of private and shared modes of transportation. Mobility 
hubs are a relatively recent trend in urban development, but are know 
to function better at higher densities. A goal of implementing mobility 
hubs is to eliminate private car dependency. Mobility hubs offer travel-
ers a range of alternatives by providing a location where switching be-
tween travel modes is easy. This promotes eco-mobility and provides 
alternatives to private cars. 

A mobility hub requires the right conditions to be successful in prac-
tice. A successful mobility hub needs to comply with four indicators 
of success: Mobility supply, services, orientation, and spatial integra-
tion. The most important aspect is providing mobility, but scale and 
diversity may differ depending on the context of the hub. In terms of 
services, hubs can add to the mixed use factor of an area by providing 
services for nearby citizens. This category has an important connec-
tion to density, as density provides the requirements for the services 
that can be provided at the hub. Furthermore, a hub should be easy 
to use and navigate. Lastly, a hub should be integrated well into the 
direct surroundings. This concerns the connectivity to the hub, as well 
as the offering the appropriate services. Again, a high density and mix 
of functions create a better base for the functioning of the hub (Evers 
et al., 2023). 

A distinction between four types of hubs can be made. The types of 
hubs, and their characteristics can be seen in Table 10. Depending on 
context, different types of hubs can be applied. An indication of the 
application of different types of hubs can be seen in Figure 43.

The studied impact of hubs varies slightly. On average, a successful 
mobility hub can replace 13 to 16 personal vehicles with shared mobil-
ity. In any case, a mobility hub helps citizens transition towards more 
sustainable modes of transport.

Within the city strategy, the various hub typologies are applied to the 
context of Eindhoven. The city has two train stations which function 
as large urban hubs. If opportunities arise, these large urban hubs can 
cover the mobility needs of a large area, but are more dif�cult to im-
plement in existing urban fabric. Nevertheless, potential locations for 
large urban hubs would be along the railway in the east of the city, as 
well as a hub at the High Tech Campus. The regional hubs do not ap-
ply directly to the city of Eindhoven, and are better suited for important 
locations in surrounding municipalities. 

Then, there are two types of hubs that are simpler to apply in existing 
urban fabric. First is the city edge hub, mostly applicable to city visi-
tors from outside. These hubs are  preferably located strategically at 
exits of the arteries of the city. This ensures a swift entry and depart 
from the city.  These hubs function similarly to current P+R hubs, of-
fering a large amount of transport options into the city, leaving the car 
on the outskirts. To determine potential usage rates of these hubs, 
�ndings by Kim Raijmakers� in her thesis are used. This research rec-
ommends the following: In order to optimize the usage of the hubs, 
location matters only slightly. It is most important that these hubs do 
not signi�cantly increase travel times, thus frequent bus connections 
to the city center are mandatory. Furthermore, there should be a small 
cost to using the hubs, as these hubs will attract inner city users oth-
erwise. Lastly, the main contributor to hub usage is increasing prices 
in city center parking, this push measurement was found to be most 
effective (Raijmakers, 2019).

Lastly, there are the local hubs, which are located within the city. The 
function of these hubs is to primarily provide inhabitants with a way 
to travel to locations outside the city, and back to their homes. These 
hubs focus on shared mobility, since providing parking places for all 
inhabitants is not feasible, nor sustainable in case of further densi�-
cation. 

Type Location Scale Description

Urban hub Central 
orientation

Regional / 
National

Large scale HOV points, where �rst and last 
mile complement the connections to far 
destinations.

Local hub Urban neigh-
borhood

City or Neigh-
borhood

Small location to transfer between various 
modes of shared mobility, can offer places 
to store private vehicles.

City edge 
hub

City edge Regional Transfer locations and places to carpool. 
Locations where mostly car users switch to 
HOV or railway travel.

Regional 
hub

Outside city 
boundary

Regional Location to switch from car or bike towards 
public transport. There is also room for �ex-
ible transport options.Figure 43 

Table 10 

Application of various hub typologies

Hub typologies overview

City scale strategy
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6.2 REGIONAL SCALE STRATEGY

The main goal of the regional scale strategy is 
to limit the volume of car traf�c into the city. 
This is done by facilitating alternative ef�cient 
transport modes, which are accessible via 
the regional hubs. In Figure 45, the regional 
scale strategy is visible, and the envisioned 
locations of these regional hubs can be ob-
served. 

The regional hubs are located strategically in 
or around bigger villages, close to the border 

of the municipality of Eindhoven. In this way, 
these hubs can be connected to HOV lines 
of the city, maximizing ef�cient public transit. 
Additionally, the location of these hubs allows 
for the creation of funnels, where residents of 
villages located further away from the city of 
Eindhoven are encouraged to use the region-
al hub of their funnel. These hubs are targeted 
towards residents of the rural villages around 
Eindhoven, and offers them a way to remain 
connected to the city via a place where they 
can switch from car to public transit. This bal-
ances �ows of people, while also servicing all 
villages in the region. 

Figure 45 Regional scale strategy

City scale strategy
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6.3.4 CAR TRAFFIC REGULATION6.3 MOBILITY STRATEGY

Besides providing hubs to change modes of transport, reducing avail-
able roads for private vehicles is a way to reduce the share of car use. 
Currently, it is faster, and even encouraged, to drive directly through 
the city center of Eindhoven, rather than utilizing the ring road. Deny-
ing through traf�c is important in ensuring the ring road functions as 
intended. 

The Professor Doctor Dorgelolaan, Fellenoord, Vonderweg, PSV-laan, 
�nal stretches of the John F. Kennedylaan, Veldmaarschalk Mont-
gomerylaan and Boschdijk will all be reduced in size, or closed. The 
existance and size of these streets are the main causes for through 
traf�c. Besides the large road infrastructure, the parking garages in the 
city center also form a large contributor to car-use. These garages can 
unfortunately not be closed on short-term due to long contracts with 
the municipality (Gemeente Eindhoven, 2020a).

After reducing the through traf�c, the ring road needs interventions 
to improve �ow. The proposition is to reduce the total amount of ring 
road crossings from 23 to 10. These 10 crossings limit access to the 
ring road to larger city arteries, connecting to outer parts of the city. 
Some former crossings are transformed to public transport and cy-
cling only. A lower amount of crossings means that car traf�c does not 
have to stop as often.

6.3.1 ACTIVE TRANSPORT

6.3.2 PUBLIC TRANSPORT

6.3.5 TOTAL MOBLITY STRATEGY

6.3.3 HUBS

In terms of public transport, the most signi�cant change is the pro-
posal to introduce a fast Hoogwaardig Openbaar Vervoer (HOV) line 
towards the High Tech Campus. This line can either be an expansion 
of the bus network, or can be done by reintroducing the former rail-
way line connecting Eindhoven with the Belgian city of Hasselt. In the 
Toekomstbeeld OV vision document of the Dutch government, a train 
line between Weert and Hamont is proposed (Ministerie van Infrastruc-
tuur en Waterstaat, 2021). While this is a good proposition to further 
connect the Dutch and Belgian railway networks, adding this railway 
line would introduce the possibility to add train stations at the High 
Tech Campus, a now car-dominated area, and reconnect the village of 
Valkenswaard to Eindhoven by train. The area within the ring road will 
be ruled by bus lanes and cycling highways. 

In the combined mobility strategy, the topics discussed in the �rst part 
of this chapter are combined. The vision can be observed in Figure 
46. This is a vision concentrated on the challenges around mobility in 
a city with aspirations to densify. How subsequent densi�cation will 
progress is discussed in the next part of this chapter. For this densi�-
cation strategy, the literature review, mapping analysis and this part of 
the city strategy are all considered. 

To provide places where people can swiftly change transport modes, 
various hub typologies are implemented. Most notably, the city edge 
hubs located around the highway partly surrounding Eindhoven. With-
in the city center, there is room for the local hubs, these can come in 
various sizes, depending on context. Examples of these hubs will be 
detailed in the neighborhood design section.

The mobility strategy consists out of three parts, brie�y explained in 
order of signi�cance. First, the implementation of active transport net-
works is discussed, followed by the implementation of hubs and pub-
lic transit networks. The strategy is �nalized with the implementations 
regarding car use.

In terms of active transport infrastructure, the focus is on providing 
cycling networks, where people can use the bicycle to travel the en-
tire city. While the quality of cycling infrastructure is already high in 
the Netherlands, there is always room for improvement. The proposed 
network can be seen as a series of cycling highways. 

Cycling highways are bike lanes with hardly any crossings with oth-
er modes of transport. These cycling highways form an intricate web 
within the ring, allowing swift movement. A trip from east to west 
within the ring only takes slightly more than 10 minutes by bike. The 
cycling highways will connect to outer villages and provide a network 
where citizens are encouraged to travel in an active way.

City scale strategy:
Mobility

City scale strategy
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6.4.2 PARKING

6.4.3 DENSIFICATION

6.4.1 RESTRICTIONS

With the introduction of the hub system, further reductions in private 
vehicle parking can be made. In terms of densi�cation, a signi�cant 
portion of former parking can be used to densify. There are a few types 
of parking spaces which offer different opportunities. On street park-
ing is dif�cult to transform towards higher density, as this type of park-
ing follows street structures. This type of parking can perhaps better 
be repurposed to greenery, or shared mobility spaces. In any case, 
prices for parking should be introduced, or increased, to increase the 
functioning of the proposed hubs.

Secondly, there are parking garages. These buildings are mostly lo-
cated in the city center, and act as a magnet for car traf�c. Raising the 
price of parking here substantially, or perhaps closing these buildings, 
is vital to ensure the usage of the hubs. The low parking price in the 
city center is already a problem with the P+R locations currently in use.
 
Lastly, there are the ground �oor parking lots. These large plots of land 
can easily be repurposed by densifying. Neighborhoods with a larger 
share of ground �oor parking lots have a larger potential to densify in 
this way. The spatial analysis included parking place coverage. This 
information can be used to determine areas with potential for densi-
�cation.

There are limits to the area that can be densi�ed and area restric-
tions also need to be determined. There are (parts of) neighborhoods 
in Eindhoven with protected status, or valued highly in terms of urban 
planning or architecture. These neighborhoods are dif�cult to densi-
fy, as this will harm their status. Three distinctions are made. First-
ly, there are the protected city structures, which cannot be touched 
(Rijksdienst voor het Cultureel Erfgoed, 2023). Secondly, there are 
the highly valued city structures, which can only be transformed with 
high exception. And thirdly are the old village structures of Eindhoven, 
which can be touched, but under careful considerations (Gemeente 
Eindhoven, n.d.).

After discussing the mobility system, hubs, parking and restrictions, 
the areas of densi�cation can be determined. The locations of the 
hubs throughout the city offer opportunities for densi�cation, but it is 
also important to look at city hotspots, and the level of car-free poten-
tial. Additionally, the (new) train stations offer more densi�cation op-
portunities. Besides the areas in proximity of hubs and train stations, 
areas with a large share of parking availability offer good densi�cation 
opportunities. The areas with restricted zones are hardly considered 
for densi�cation. However, in some cases, restricted areas can still be 
used to densify if the right conditions apply.

The densi�cation potential is higher within the ring road, especially 
around the northern part of the ring road. There are a few locations 
outside of the ring road that stand out. This includes the neighbor-
hoods of Winkelcentrum Woensel, Hanevoet, Doornakkers-Oost and 
the area around the High Tech Campus.

The total densi�cation strategy, where all parts are combined, can be 
observed in Figure 47.

6.4 DENSIFICATION STRATEGY

Similar to the mobility strategy, the densi�cation strategy consists out 
of three parts. First, the the restrictions for densi�cation are discussed. 
This is followed by the signi�cance of car-reduced potential and the 
locations of parking spots throughout the city. Finally, the densi�cation 
is discussed, based on the previously discussed topics, in addition to 
the in�uence of the mobility strategy.

City scale strategy:
Densi�cation

City scale strategy
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6.5 CONCLUSION - CITY SCALE STRATEGY

To conclude the city scale strategy, both the mobility strategy and 
densi�cation strategy are combined in one overview. This overview 
establishes many different systems which can form the base for de-
tailed design, not only in the chosen redevelopment neighborhood, 
but many more parts of the city.  The combined city-scale strategy can 
be observed in Figure 48.

The proposed mobility system lays a foundation for car reduced den-
si�cation throughout the entire city, and to municipalities beyond the 
boundaries of Eindhoven. It is important to keep in mind that, by in-
troducing changes to the infrastructure, a seed is planted for the nec-
essary shift in mentality of inhabitants and city visitors. By providing 
an attractive network, more people will opt for a choice of mobility 
that does not only favor the environment, but allows space-ef�cient 
transport within the city.

City scale strategy

City scale strategy
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Neighborhood design

1590 dwellings 3910 inhabintantsWoenselse Watermolen + Gildebuurt

Visual overview and statistics of project siteFigure 49 

Gildebuurt & Woenselse Watermolen
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The neighborhoods Woenselse Watermolen and Gildebuurt are situat-
ed in the old part of Woensel, and both have a rich history. While this 
is still visible in the Gildebuurt, Woenselse Watermolen has undergone 
a signi�cant change throughout history. 

Most important is the presence of the Kruisstraat and Woenselse 
markt in the western part of the ensemble, home to plenty of facili-
ties. In addition, the eastern part of the ensemble borders the Dommel 
river, giving a strong green quality to the area. In the south, the neigh-
borhoods are located very close to the central station of Eindhoven, 
leading to high levels of public transit connectivity. In the north, the 
neighborhoods are bodered by the city ring, and the Fontys campus.

Gildebuurt
The Gildebuurt is a residential neighborhood mostly formed by 1950�s 
and 1960�s city expansion around the Kruisstraat. A large portion of 
the neighborhood is social housing. Before the expansions, the neigh-
borhood consisted of some streets which formed the connection be-
tween the Kruisstraat and the Dommel river (Gemeente Eindhoven, 
2024). 

Woenselse Watermolen
The neighborhood of Woenselse Watermolen is home to both residen-
tial functions, as well as the Fontys campus. This divides the neighbor-

hood. In early history, the neigbhorhood consisted of only one street, 
connecting the center of Eindhoven towards farms in the north-east 
lands around the small city. The neighborhood is named after the for-
mer largest watermill of Noord -Brabant, which was located on the 
Dommel, approximately where the Auditorium building of the TU/e 
currently is located. The watermill was demolished illegally in 1956 to 
expand the Technische Hogeschool Eindhoven (Buijks, 2021). Beside 
the single street, a few perpendicular streets connecting the watermill 
to the Kruisstraat completed the neighborhood. This street, named the 
Broekseweg, has since disappeared in the neighborhood renovations 
of the 1980�s.

During the renovations, all of the neighborhood was bulldozed, except 
for one building, the Bunker. New row housing was constructed, as 
well as a campus for what nowadays is the Fontys. In more recent de-
velopments, the (at the moment of writing) highest tower of Eindhoven 
is part of the neighborhood, the Bunkertoren.

7.1 INTRODUCTION

7.1.1 HISTORICAL BACKGROUND

2022 (Topotijdreis, Kadaster, 2024)1982 (Topotijdreis, Kadaster, 2024)1942 (Topotijdreis, Kadaster, 2024)
Historical overviewFigure 50 






















	Abstract
	Introduction

