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Research question

AbstractKeywords

Occupational sitting
Health outcomes
Physical activity
Commuter cycling
Urban design

What urban design is needed in the 
Brightlands to promote commuter 
cycling in order to improve employee 
health?

Background: The amount of time the contemporary society spends seated 
every day is shocking. On average, an individual spends about 12 hours 
of their time seated (Gaston et al., 2016). The workplace in particular is 
increasingly characterised by desk-bound jobs and work tasks. Sedentary 
behaviour, such as sitting behind a desk or reading a book, is associated with 
various deleterious health outcomes. For one it is a leading risk factor in 
chronic diseases such as cardiovascular diseases, obesity and type II diabetes, 
and even different types of cancer. Each year, sedentary behaviour accounts 
for 9% of all premature deaths (Dalkilinç, 2015). In order to battle sedentary 
behaviour, authorities recommend to be physically active for about half an 
hour each day. This activity should be of moderate intensity and ideally a 
part of habitual daily life activities. Yet the contemporary society also loves 
driving around in a car which further increases the time spent sedentary. 
Commuter cycling at a relatively low intensity, however, can increase physical 
performance (Hendriksen et al., 2000).

Methodology: This thesis aims at finding ways to increase commuter cycling in 
Heerlen. Starting with a literature review; sedentary behaviour and its effects 
on health are examined, but also the positive effects of cycling on health. In 
order gain a foothold for a design various aspects of cycling are highlighted. 
What makes cycling more attractive? Later, during a series of case studies, 
possible solutions are explored. Finally, Heerlen itself is examined on several 
themes such as infrastructure and health. Together, these three analyses will 
form a conclusion which will form the basis of a concept and ultimately, a final 
design.

Conclusion: for a commuter various aspects influence his or her modal 
choice. These are travel time, costs, effort needed and safety (Heinen et al., 
2010). Many of these are dependant on the urban environment. There is the 
possibility to influence a commuter’s modal choice by making one mode more 
attractive compared to another. Urban design can be used to decrease travel 
time, effort needed and increase safety which complement the bicycle. With 
this in mind, a design is made for Heerlen which promotes commuter cycling 
and leisure cycling. Leisure cycling encourages cyclists to try commuter cycling, 
so it is recommended to include characteristics evident in the environment of 
leisure cycling journeys in commuter journeys (Gardner, 1998).
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This thesis is the result of the graduation studio 
Smart Going, as well as the final chapter of my Master 
Architecture, Building and Planning at the department 
of Built Environment at the Eindhoven University of 
Technology.

At the start of the studio in september 2017 we were 
introduced to the topic, smart mobility and were asked 
to come up with ideas to create better connections 
between the Brightland campuses in Limburg. We started 
off as a group, largely focussing on analysing the three 
main cities Sittard-Geleen, Heerlen and Maastricht and 
their respective campuses the Chemelot Campus, the 
Smart Services Campus and the Health Campus. When 
the group had finished the analysis it was time for each 
member to continue individually, every student with his 
or her own topic.

I wanted to include my personal interests in the research: 
quality of life, public health and landscape. Already 
during the analyses we had concluded that Heerlen was 
an important commuter city, but also faced major public 
health issues. I therefore chose to look into commuter 
cycling as a means to increase public health. Which has 
resulted in the thesis which lies in front of you now, and 
has taken over eight months to finish. During these eight 
months I have learned a great many things and was I able 
to further develop myself as a designer and as a person.



Image 1. Source: Leaf Acadamy (2016)
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The province of Limburg is currently investing in four 
existing campuses: the Greenport Campus in Venlo, 
Chemelot Campus in Sittard-Geleen, the Health Campus 
in Maastricht and the Smart Services Campus in Heerlen. 
Altogether, these campuses are known as the Brightlands, 
a community for open innovation in sustainability and 
health. A strong knowledge-based economy (Equator 
Research, 2017). Mainly located in South-Limburg, the 
Brightlands is located at the heart of the technological 
triangle of Eindhoven-Aachen-Liege. At the four campuses 
new solutions are developed in the fields of food, health, 
materials and smart services by researchers, students 
and entrepreneurs. As is often stated by the Brightlands: 
‘the Brightlands is making the Netherlands stronger’ 
(Brightlands, 2017).

Campuses, like cities, are important breeding grounds 
for education, development and economic growth. 
Connecting these campuses is an interesting quest. For 
infrastructural connectivity between different campuses 
is not always achieved so easily. Especially because its 
long term effects, on for example climate change and 
healthy lifestyles, are significant (Equator Research, 
2017). Equator Research (2017) pleads for a sustainable 
transportation system which focuses on smart energy, 
climate adaptation and public health.

Transportation is an important part of our daily activities. 
So important even that the average person in the 
Netherlands travels up to 11.000 kilometres each year. 
People spend around 63 minutes each day travelling 
from one place to another in which the median distance 
reached is 32 kilometres. Most of this distance is travelled 
to get to work (CBS, 2016). The act of travelling to work 
is known as commuting, and it is such large part of an 
employee’s daily activities that it could easily influence his 
or her health. But how?

Introduction



 *quote used in Vina et al. (2012)

Lack of activity destroys the good condition of every human being while 

movement and methodical physical exercise save it and preserve it

Plato, 427-347 B.C.* 

“ “
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al., 2000). This could ultimately save on sick leave costs 
varying from €230,- to €410,- a day, or a decrease in social 
costs of around €126,- each year (Equator Research, 
2017). Investing in better cycling connections pays off. The 
Flemish Institute for Technological Research concluded 
that every euro spent on cycle highways will be repaid 
double on health benefits. “The benefit:cost ratio for 
health impact and infrastructure construction costs was 
mainly positive. When reduced congestion was added 
to the model, benefit:cost ratios largely exceeded one’’ 
(Buekers et al., 2015, p1).

Unfortunately, commuting accounts for a large part 
of sedentary behaviour among the workforce. In the 
Netherlands, 77% of all commute journey-distance is 
travelled by car, whereas the bicycle accounts for a mere 
6% (CBS, 2016). However, even over shorter distances the 
car is still the preferred commuter mode, for one out of 
three journeys up to five kilometres is still by car (Engbers 
& Hendriksen, 2010). 

If the Province wishes to create a sustainable transportation 
system, promoting commuter cycling is an important goal. 
This thesis explores what design could possibly increase 
commuter cycling in Limburg and uses the case of Heerlen 
as search area for this design. Here, the transformation of 
the physical appearance of the traditional transportation 
system is central to answering the research question.

It happens to be that the most popular vehicle in the 
Netherlands is not the bicycle, but the car. On average, 
every Dutch citizen travels about 8.000 kilometres each 
year in a car, that is three quarters of the total distance 
travelled. The bicycle accounts for a mere 1.000 kilometres 
each year. 

Limburg, for example, is the province with the fewest 
cyclists. Here people prefer to drive a car instead. Around 
52% of their daily journeys is by car, whereas the bicycle 
accounts for only 19%. The Dutch average is 32% and 28% 
(CBS, 2016; CBS, 2017b). The car is considered to be a 
passive mode of transportation; a mode where physical 
activity is largely absent. Due to the sedentary nature 
of this mode, frequent use of it could have deleterious 
effects on health (World Health Organisation, 2018).

The contemporary society spends a substantial amount of 
time on sedentary behaviours, most of these behaviours 
are exhibited in three domains: work, leisure and 
transport (Chau et al., 2010). The workplace in particular 
is increasingly characterised by desk-bound jobs and work 
tasks (Proper et al, 2011; Pronk & Kottke, 2009). Recent 
studies on occupational sitting conclude that prolonged 
sitting at work is associated with harmful health effects 
and may lead to decreased levels of work performance 
and productivity (Chau et al., 2010; Pronk & Kottke, 2009). 
Therefore, authorities recommend to be physically active 
for at least half an hour on most days. This activity should 
be of moderate intensity and ideally a part of habitual 
daily life activities (Hendriksen et al., 2000). 

Since the commute is such an important part of an 
employee’s daily routine, commuter cycling would be 
a perfect opportunity to get some exercise. Commuter 
cycling at a relatively low intensity can increase physical 
performance, if repeated at least three times a week with 
a minimal daily distance of six kilometres (Hendriksen et 
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Methodology

This thesis focuses on answering the question ‘What urban design is needed in the Brightlands to promote commuter 
cycling in order to improve employee health?’

Sub-questions are:
1) What evidence is available that links commuter cycling and workplace productivity?
2) What are the aspects that influence a commuter mode choice? And can urban design anticipate on these aspects?
3) How is commuter cycling made attractive for potential cyclists through urban design?
4) What is the connection between leisure cycling and commuter cycling?
5) What are the best urban design practices of cities with high active transportation use?

In order to find the answer, various different methods are used: a literature review, two case studies and different analyses 
focused on the city of Heerlen with regard to urban characteristics, health statistics and commuter statistics.

A literature review is used to further explain the problem statement: the effect of sedentary behaviour during work-times 
and during transportation on health. Various physiological journals are reviewed to highlight the effects of (prolonged) 
sitting on the human body. Also studies which have already focussed on promoting PA and cycling. The literature review 
is also used to explain the effects of moderate-to-vigorous intensity physical commuter cycling has on the human body 
and how commuter cycling can be promoted through policy-making and urban design. Finally the profits of cycling for the 
city are highlighted.

Case studies will further explore possible opportunities to increase commuter cycling. The first case study is that of 
Groningen. This city has constructed a bicycle network throughout the city, connecting various neighbourhoods with the 
city centre in order to promote cycling by which the city hopes to increase public health. The second case study is that of 
Copenhagen in Denmark which created a bicycle highway. Also for Copenhagen was public health an important motive.  
Both cities achieved an increase in (commuter) cyclists. What can we learn from these cities? An what were their motives 
and results regarding health?

The city of Heerlen is known for its mining history. The city flourished and the car revolution added to the growth, which 
shaped the city as we know it today. But what effect did this have on the urban form and what happened to the economy 
when the mining industry collapsed? By examining the themes of urban characteristics, job opportunities, commuter 
statistics and public health an image is created of how Heerlen functions and what consequences this has.

These three analyses form a conclusion which forms the basis of the design concept, which ultimately will end in an design 
proposal which can hopefully assist the municipality and the Province in creating a sustainable transportation system. A 
system which decreases car use, increases bicycle use and ultimately creates a more healthier environment and healthier 
lifestyle for Heerlen’s employers and employees.
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Literature and theory

Commuter cycling and its benefits

Case study of Groningen and 
Copenhagen

Sedentary lifestyle and its 
consequences

Urban analysis of Heerlen

Concept

Strategy

Design

What urban design is needed in the Brightlands to promote 
commuter cycling in order to improve employee health?

Figure 1. A schematic overview of the research.
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Image 3. Source: Afanasyev (2017)
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Throughout human history, physical exertion was based 
on environmental demands and played a significant role 
in how the human body evolved. Hunting and gathering, 
wood chopping and carrying water, all these daily activities 
demanded prodigious amounts of energy expenditure 
and the human body evolved in order to cope with the 
amount of movement needed to survive (Archer & Blair, 
2011).

Our evolutional environment offered little time for 
sedentariness. The only purpose of sitting was to recover 
from stress or to recuperate from vigorous PA and only 
for brief periods of time (Levine, 2015). This changed 
when technology started playing a more prominent role 
in human progression. Before the industrial revolution 
about 90% of the world population lived in agricultural 
communities where shelter, nutrition and production all 
required physical exertion (Levine, 2015). The Machine, 
however, gave us a predilection for labour-saving devices 
and over the past century we have immersed ourselves 
in an environment designed to eliminate most (if not all) 
physical labour (Archer & Blair, 2011). Try to compare 
hunting stag in the woods to ordering a pizza online. 
Thanks to technology, we do not have to worry about 
survival. Which is, of course, a good thing. We evolved 
into a sophisticated species which is able to engineer 
its surroundings to its needs. However, there are some 
downsides to this. The society has immersed itself in 
lifestyles which force us to sit down more and move 
around less, and our bodies are simply not built for such 
an sedentary existence.

What is sedentary behaviour
The word sedentary is derived from the Latin ‘sedere’ 
(to sit). Sedentary behaviour is a term which is used to 
describe any sitting or lying behaviour with low energy 
expenditure (Wilmot et al., 2012). To get a grip on this 
energy expenditure physiologists use the metabolic 

equivalent (of task), or MET. One metabolic equivalent 
(1,0 MET) is defined as the amount of oxygen an individual 
consumes while sitting at rest. This is approximately 3,5 
ml O2/kg/min. As the intensity of the tasks increases, so 
does the metabolic equivalent. Activities with an intensity 
of 1,0 – 4,0 METS are generally considered to be of low 
intensity. Activities with an intensity 5,0 – 8,0 METS range 
are considered to be of moderate intensity and activities 
with an intensity 8,0 METS and above are considered to 
be of high intensity (Jetté et al., 1990). 

Some examples of non-occupational sedentary behaviours 
are watching television (1,0 MET) and reading a book 
while sitting in a chair (1,3 METS). Occupational sedentary 
behaviour is sitting behind a desk typing (1,5 METS). 
Transport related sedentary behaviour is riding a bus (1,0 
MET) and driving a car (2,0 METS). Taking a walk during a 
break is 3,5 METS and moderate cycling is 8,0 METS, and 
are therefore interesting opportunities for employees to 
get some PA (Ainsworth et al., 2000).

Church et al. (2011) defines sedentary behaviours as all 
behaviours with an energy expenditure below 2,0 METS. 
Activities with an energy expenditure varying between 
2,0 and 2,9 METS are ranked as light intensity physical 
activity, and activities with an energy expenditure varying 
between 3,0 and 5,9 METS are ranked as moderate 
intensity physical activity. This slightly differs from what 
Jetté et al. (1990) defined as light, moderate and vigorous.

Consequences of sedentary behaviour
In 1953, Morrison et al. were among the first to conduct 
an epidemiological study in order to relate occupational 
activity to health implications.

‘’It has previously been shown that the drivers of London’s 
double-decker buses are more likely to die suddenly from 
“coronary thrombosis” than the conductors, and that 

Literature review
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Government clerks suffer more often from rapidly fatal 
cardiac infarction than do postmen’’ (Morrison et al., 
1958, p1).

The most common way of sitting is with a curved back and 
slumped shoulders. It is highly possible that you are sitting 
like this right now. This position puts uneven pressure on 
your spine. The human spine is a long structure of bones 
and cartilage disks, held together by joints, muscles and 
ligaments. Uneven pressure overworks certain ligaments 
and joints and puts strain on muscles that stretch to 
accommodate the curved position, it also causes wear 
and tear in the spinal disks. Seated positions can also block 
nerves, arteries and veins which limit nerve signalling. This 
causes numbness and reduces blood flow. The hunched 
position also shrinks chest capacity, which means that the 
lungs have less space to expand while breathing. Meaning 
that the amount of oxygen that fills the lungs and filters 
into the blood is temporary limited (Dalkilinç, 2015).

The brain is most often used while seated. Sitting is 
increasingly characteristic for the workplace or leisure 

activities (such as television watching, reading a book 
or playing video games). Ironically, prolonged sitting 
actually counters brain activity. Being stationary reduces 
the amount of blood that filters into the blood, but also 
reduces blood flow and the brain needs both of these 
to remain alert. So while seated, concentration levels 
decrease as brain activity slows (Dalkilinç, 2015).

Unfortunately, the ill effects of being seated (or sedentary) 
do not exist solely in the short term. Recent studies have 
found that sedentary behaviours are leading risk factors 
for premature deaths from chronic diseases such as 
cardiovascular diseases, cancer and diabetes (World 
Health Organisation, 2018). In 2008, physical inactivity 
accounted for about 9% of premature deaths. To put this 
in perspective: of all 57 million deaths worldwide, 5.3 
million people died due to insufficient amounts of PA (Lee 
et al., 2012).

Why do so many people die of such a seemingly harmless 
habit? To put it simply: the human body is built to move. 
Blood depends on movement in order to circulate properly 

Image 4. According to Dalkilinç (2015) One of the short term effects of prolonged sitting is decreased brain activity. Source: Hill Country (n.d.)
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and nerve cells benefit from movement (Dalkilinç, 2015). 
Then what happens when an individual does not move?

The reason why so many people die of insufficient amounts 
of PA is because people who are physically inactive have 
a 49% increased risk of all-cause mortality. They also have 
a 147% increase in the risk of cardiovascular disease and 
a 90% increase in the risk of cardiovascular mortality, a 
112% increase in the risk of diabetes (Wilmot et al., 2012).

Cardiometabolic risk is substantially elevated by prolonged 
sedentary behaviour without vigorous activity. One of the 
effects of sedentariness is metabolic dysfunction, which 
is characterised by decreased levels of HDL cholesterol 
(which lowers the risk of cardiovascular disease), 
decreased insulin activity (which regulates metabolism) 
and increased levels of plasma triglyceride levels (risk 
factor for cardiovascular disease, independent of HDL 
cholesterol). It also decreases LPL activity. Lipoprotein 
lipase (LPL) is an enzyme that facilitates the uptake of free 
fatty acids in adipose tissue and skeletal muscles. Lower 
levels of LPL are associated with increased circulation of 
plasma triglyceride levels and decreased HDL cholesterol. 
Which ultimately increases cardiovascular disease. 
(Tremblay et al., 2010). 

Research also found that sedentary behaviour also 
influences vascular function: it reduces reactive 
hyperaemia (blood flow to organs and other tissues of the 
human body). This reactive hyperaemia was reduced by 
20% in the legs and 30% in the arms during prolonged 
sedentary behaviour. Blood pressure was significantly 
increased and the diameter of the brachial artery (an 
artery in the upper arm) was decreased (Tremblay et al., 
2010). 

The risk on obesity and type II diabetes is also significantly 
increased while being physically inactive. Each 2 hour a 

day of various sedentary behaviours is associated with 
23% increased risk of obesity. Every 2 hour a day increase 
in sitting at work is associated with 5% increased risk of 
obesity. Each 2 hour a of various sedentary behaviours 
is associated with 14% increased risk of type II diabetes. 
Every 2 hour a day increase in sitting at work is associated 
with 7% increased risk of type II diabetes (Tremblay et al., 
2010).

Recent studies also linked sedentary behaviour to different 
types of cancer. High levels of sedentariness increase the 
risk of colon cancer for both men and women. Women 
also have an increased chance on endometrial cancer 
(Tremblay et al., 2010).

There are also psychosocial outcomes for sedentariness. 
Studies conclude that the odds of having a mental disorder 
was 31% higher for individuals who engaged in sedentary 
behaviour for more than 6 hours a day, compared to their 
less sedentary counterparts who spent less than 1,5 hours 
a day. PA is proven to decrease the prevalence of mental 
health disorders (Tremblay, 2010).

Year

Moderate
(≥ 3,0 METS)
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(<2,0 METS)
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50
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Table 1. The prevalence of intensity 
occupations from 1960 to 2008. based on Church et al., 2011
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Sedentary behaviour puts substantial pressure on 
population health, life expectancy and subsequently the 
healthcare systems. The average adult has 16 waking 
hours and more than half of this is spend on sedentary 
behaviours. This frequency only increases with age 
(Tremblay et al., 2010; Anderson et al., 2016). As of today, 
the society spends time sitting in three domains: work, 
leisure and transport (Chau et al., 2010).

Occupational sitting
Church et al. (2011) shows how energy expenditure at 
the workplace has evolved in the past five decades in 
the United States. They concluded that the prevalence 
of occupations of sedentary and light PA has increased, 
whereas the prevalence of moderate PA has decreased, 
from 48% in 1960 to 20% in 2008. Church et al. (2011) 
divided these professional occupations into three sectors: 
service jobs, goods-producing jobs and agricultural 
jobs, and estimated a median and ranged PA intensity. 
Goods-producing jobs require most physical exertion. 
Manufacturing jobs are qualified as 3,0 METS (1,5 – 4,0 
METS), mining and logging jobs as 3,8 METS (3,0 – 8,0 

METS) and construction jobs as 4,0 METS (1,5 – 7,5 
METS). Farming jobs are ranked with an average of 3,0 
METS (2,5 – 4,5 METS). All these jobs are qualified as 
moderate physical intensity and thus, in this regard, these 
could be considered to be healthy occupations (Church et 
al., 2011). Service jobs, however, require far less physical 
exertion. Trade, transportation and utilities are qualified 
as 2,0 METS (1,5 – 3,0 METS), leisure and hospitality as 2,5 
METS (1,5 – 3,5 METS) and education and health services 
as 2,5 METS (1,5 – 4,0 METS). These are considered to 
be of light physical intensity. Unfortunately, some of the 
more popular jobs are qualified as sedentary: information 
is qualified as 1,5 METS (5,0 – 8,0 METS), financial 
activities as 1,5 METS (5,0 – 8,0 METS) and professional 
and business as 1,5 METS (5,0 – 8,0 METS)(Church et al., 
2011). 

In the last decades the percentage of people employed 
in service occupations has increased steadily, whereas 
the percentage of people employed in goods-producing 
and agricultural occupations has decreased. This led to 
a shift from occupations which require moderate PA to 

YearYear
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Table 3. The prevalence of occupations from 
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Table 2. Mean occupation-related MET from 
1960 to 2008. based on Church et al., 2011based on Church et al., 2011
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occupations characterised by sedentary behaviour. The 
energy expenditure has largely been removed from the 
workplace and it is unlikely that future generations will 
return to occupations that demand moderate levels of PA, 
technology prevents that (Church et al., 2011).

Sedentary leisure-time
Not only is sedentary behaviour a common sight at the 
workplace. Leisure-time is also increasingly characterised 
by sedentary behaviours. Of course, in the last couple of 
years exercise training during leisure time has increased 
(Berntsen et al., 2017). Unfortunately, one active 
behaviour does not necessarily displace another. An active 
individual might engage in thirty minutes of brisk walking, 
or even vigorous exercise, and still have about fifteen 
hours of the day left to engage in light PA or sedentary 
behaviour (Tremblay et al., 2010). 

Gaston et al. (2016) conducted a study among students 
and staff and found that individuals spend a significant 
amount of time in total on sedentary behaviour. The 
average time spend seated was just above twelve hours a 
day, of which 6,5 hours were spend during leisure related 
activities. During weekends this was just beneath 10 hours 
a day (Gaston et al., 2016). 

Anderson et al. (2016) conducted a study among adults 
and concluded that one out of four adults spends more 
than 35 hours a week on sedentary behaviours during 
leisure time. Watching television was most popular among 
adults, the average adult spends six to ten hours a week 
watching television. Around three to five hours a week 
were spent behind the computer or reading a book and 
one to two hours were spent playing video games. A third 
of the sample reported low levels of sedentary behaviour 
during leisure time. (Anderson et al., 2016). 

Sedentary transportation
As was mentioned earlier, the contemporary society 
is immersing itself more and more in an environment 
deluded of physical labour and this is largely thanks to 
the Industrial Revolution. This is also the case for our 
transportation systems.

Before the Industrial Revolution the majority of humanity 
lived in small agricultural settlements. Cities were small, 
because the only way of crossing the city was by walking. 
Therefore, cities were dense with around 100 people per 
hectare and were not larger than three to four kilometres 
across. The centre was most intensive and had narrow 
streets and mixed-use areas. The ‘Theory of Urban Fabrics’ 
explains this as follows: cities are only able to grow as far 
as the universal travel-time budget allowed them to: one 

Image 5. The energy expenditure of sitting in the bus is 1 MET and there 
sedentary (Ainsworth et al., 2000) Source: The Escapist (2016)

Image 4. TV watching is the most popular sedentary behaviour among adults 
(Anderson et al., 2016). Source: Philips (n.d.)
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hour per person per day. Before the Industrial Revolution 
people moved around on foot and when they had to 
travel greater distances there was just one other way of 
transportation: horse riding (4,0 METS (Ainsworth et al., 
2000)). Pedestrian- or walking cities have been around for 
over 8.000 years, and were for the majority of settlement 
history the major urban form (Newman et al., 2016).

The Industrial Revolution brought with it waves of 
innovations, the Machine helped us produce more and at 
a faster rate, but it also gave us speed. The train. Between 
1820 and 1850 the train started linking the old walking 
cities but also extended the urban fabric of these cities. 
Around the stops of the train, other small walking cities 
sprouted within a five-to-ten minute walk. The larger 

transit cities were able to grow up to twenty kilometres 
across (Newman et al., 2016). 

With the introduction of the car in 1950, the automobile-
based urban fabric took over the walking and transit city. 
Trams were replaced by buses and urban development 
was no longer anchored to transportation systems. Where 
the transit city followed the tracks of the train, the car 
city could be developed wherever roads could be built. 
Because bus services were insufficient these sprawling 
suburbs were heavily car dependent. There were less 
mixed-use areas since activities were separated within 
the increased trip distance. In this urban fabric density 
was brought down to about twenty people per hectare 
(Newman et al., 2016).

1900

1950 / present

based on Copenhagenize Design Co. (2013)Figure 2. A history of traffic engineering.

1800

1920
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Cities have been around for over 8.000 years, the car has 
been around for around 100. Most cities in the modern 
world grew because of the automobile dependent 
suburbs. Newman et al. (2016, p3) state that “Cities are 
shaped by many historical and geographical features, but 
at any stage in a city’s history the patterns of land use can 
be changed by altering transportation priorities.” The last 
phase of the theory of urban fabrics, the automobile city, 
has had a significant effect on current cities. It took over 
both the walking city and the transit city. In doing so it 
has fragmented the city and other transportation modes. 
Preserving its own popularity while simultaneously 
debilitating other modes (Newman et al., 2016). As of 
today, in the Netherlands, the car is responsible for over 
73% of the distance travelled (CBS, 2016). 

Cycling and walking combined account for about a 30% 
of all commutes (CBS, 2016; Ministry of Transport, 2009). 
The car for over 60% of all commutes, and the other 10% 
are spend in public transit (Ministry of Transport, 2009). 
Cycling and walking are considered non-sedentary modes. 
The energy expenditure of cycling varies between 4,0 
METS to 12,0 METS (a mean expenditure of 8,0 METS). 
Walking varies between 2,0 METS and 8,0 METS (a mean 
expenditure of 5,0 METS). Skating and roller skating are 
also examples of possible modes for commuting, which 
are spent in moderate intensity physical activity (5,0 METS 
and 7,0 METS)(Ainsworth et al., 2000). Car driving or taking 
the bus or train are all considered to be sedentary. Driving 
a car has an energy expenditure of 2,0 METS. Riding a bus, 
train, tram, subway or train has been qualified as 1,0 MET, 
also carpooling has been qualified as 1,0 MET (Ainsworth 
et al., 2000).

Which means that three out of ten people spend their 
commute in moderate-to-vigorous intensity physical 
activity. The other six are probably seated down, unless 
they stood up for an old lady in the bus in which they 

increased their PA with possibly 1,0 MET. Which means 
that still more than half of the commutes is spent as 
sedentary.

So not only have we immersed ourselves in an environment 
deluded of physical labour, we also move around without 
actually moving and the combination of these two is 
hazardous.

Of course, it is not realistic for every commuter to choose 
the bicycle. Every transportation mode comes with its 
own benefits. As travel distance increases, so does the 
share of cars. The Ministry of Transport (2009) showed 
that there is a strong correlation between travel distance 
car:bicycle ratio. As the distance increased, so did car use. 
Up to seven kilometres the bicycle was used one third of 
the journeys (34%). Between seven and fifteen kilometres 
this share was more than halved (15%). Bicycle use was 
almost absent at distances above fifteen kilometres, only 
2% remained (Ministry of Transport, 2009). Yet, as was 
stated by Netwon et al. (2016), by altering transportation 
priorities the patterns of land use can be changed.
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Image 6.  Be a green commuter (2017)
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Commuter cycling as remedy
Due to the impact of sedentary lifestyles on health, 
authorities recommend to be physically active for at 
least half an hour on most days. This activity should be of 
moderate intensity, and ideally a part of habitual daily life 
activities. Commuter cycling at a relatively low intensity 
can increase physical performance, if repeated at least 
three times a week with a minimal daily distance of six 
kilometres (Hendriksen et al., 2000). 

The commute is an important part of an employee’s 
daily routine and commuter cycling might prove to be 
a perfect opportunity to increase an individual’s PA 
and thus increase health benefits and increase work 
performance. The average working Dutch citizen spends 
about 34 minutes each day on his or her commute and 
reaches median distance of 24 kilometres (back and 
forth)(CBS, 2016). Dutch commuter cyclists travel at an 
average speed of 18 kilometres an hour. At this speed 
cyclist have an energy expenditure of 6,0 METS and could 
thus be qualified as moderate intensity PA and would be 
enough for significant health gains. Regular cycling trips 
increase levels of physical performance with 13%. This is 
comparable to frequent vigorous exercise (about twice 
a week)(Hendriksen & Gijlswijk, 2010). This is further 
supported by Olde-Kalter (2007) who states that people 
who cycle on a regular basis have the condition of a 
sportsman. Their bodies will, on average, feel ten years 
younger than their actual age and they will be more 
resistant to illness and their chance on a heart-attack will 
decrease by 50%. (Olde-Kalter, 2007). However, Olde-
Kalter (2007) also stated that cycling can have negative 
influences on an individual’s health. This is predominantly 
the case in strongly polluted areas. Cyclists, due to the 
higher energy expenditure and therefore higher oxygen 
consumption, breathe in deeper and risk the chance on 
respiratory problems (Olde-Kalter,2007). Obesity is public 

enemy number one, followed by smoking. However, the 
following three causes of health loss are all caused by 
the car: emissions, accidents and noise. These combined 
cause more health loss than obesity (CROW, 2017). 
However, if more people switched from commuting by 
car to commuter cycling the risk on respiratory problems 
would decrease. If the bicycle:car ratio would increase 
this would lead to decreased amounts of pollutants and 
carbon dioxide emissions, but also less noise (Olde Kalter, 
2007).

Studies have shown that an increase in PA of 1,0 MET is 
associated with an overall decrease of 20% of mortality 
(Vina et al., 2012). So from driving a car (2,0 METS) to 
cycling at an average speed of 15 kilometres an hour 
(5,9 METS) could already lead to a significant decrease 
in mortality (Jetté et al., 1990). Even using an e-bike, 
which is less intense than a conventional bicycle, has 
beneficial effects on an individual’s health. First of all, 
European e-bikes only provide electrical assistance 
when the cyclist is pedalling, making it partly human 
powered (Berntsen et al., 2017). Berntsen et al. (2017) 
found that the energy expenditure of an e-bike, on a 
flat surface with an average speed of 24 kilometres, was 
around 8,4 METS. Whereas the energy expenditure of a 
conventional bicycle, with an average speed of twenty 
kilometres an hour, was around 10,3 METS. Both the 
e-bike as the conventional bike spend 95% of the time in 
moderate to vigorous intensity PA (Berntsen et al., 2017). 
Of course, over the same distance an e-bike spends less 
time in less intensity than a conventional bicycle. Yet, 
the increase in energy expenditure compared to driving 
a car is significant. The e-bike offers many advantages 
compared to the conventional bike, such as higher travel 
speeds, reduced effort, reduced travel time and reduced 
physical effort climbing hills. Therefore it is interesting for 
commuters who currently avoid cycling due to the risk 
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of transpiration. This was supported by Berntsen et al. 
(2017) who found that e-bikes seem to be highly used for 
commuting purposes.

Leisure related cycling is still more popular in the 
Netherlands than commuter cycling. Despite the fact 
that the Dutch cycle an average distance of around 2,9 
kilometres each day and an annual distance of 1.000 
kilometres, over 40% of the journeys is focussed on 
leisure. Whereas commuter cycling accounts for about 
25% of all journeys. Gardner (1998) found that there 
seems to be a conflict between the image of leisure 
cycling and utility (commuter) cycling. Leisure cycling 
is perceived as calm, peaceful and liberating, whereas 
commuter cycling is perceived as dangerous, demanding 
and stressful. Commuter cycling was also found to require 
immense amounts of self-discipline (Gardner, 1998). 

Additionally, Gardner (1998) found that most cyclists 
claimed that leisure cycling encouraged them to try 
commuter cycling. So not only is commuter cycling worth 
encouraging, but also leisure cycling. Gardner (1998) 

also advises to include the characteristics evident in the 
environment of leisure cycling journeys in commuter 
journeys.

Understanding why people do or do not cycle is important 
when promoting cycling in general. The satisfaction level 
of a bicycle commute is largely dependent on: travel time 
(or distance), comfort (hilliness and weather), safety (from 
both traffic as from crime) and quality of bicycle paths (St-
Louis et al., 2014).

Promoting cycling
Travel Time: 
There is almost a universal constant of maximum travel 
time. Multiple studies conclude that the maximum 
amount of time people are willing to spend on their 
commute is around 70 minutes a day (Ahmed & Stopher, 
2014). According to the Theory of Urban Fabrics this 
universal is set at 60 minutes a day. It is based on the need 
for a restorative interval between work and home. When 
it exceeds this time it gets frustrating as people are just 
wasting time (Newman et al., 2016).
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Every transport system aims at providing commuters 
with mobility, comfort and safety. The car has played 
an important role in achieving these goals (Chowdhury 
et al., 2015). The car is characterised by flexibility and 
freedom. Car drivers are able to choose their destination 
and route, as well as at what time they wish to leave. The 
same flexibility and freedom is exhibited by the bicycle, 
however only over shorter distances. But it is precisely at 
these short distance that the bicycle excels, especially in 
the city. Dekoster & Schollaert (1999) found that in the 
urban environment cyclists are faster than cars, because 
journey time reliability in the city is far worse for a car than 
for a cyclist. Up to a distance of five kilometres cyclists 
are almost always faster than cars, because cyclists are 
able to avoid traffic jams and cars often not (Dekoster & 
Schollaert, 1999). This is very important when promoting 
commuter cycling, since a commuter’s satisfaction 
decreases as travel time increases. Traffic congestion is a 
major source of dissatisfaction for car drivers. Cyclists on 
the other hand are less negatively affected by increased 
travel times. On the contrary even, some cyclists even 
prefer longer commute times because bicycle commutes 

are often related to health benefits and enjoyment 
(leisure) (St-Louis et al., 2014).

The relative flexibility of a bicycle is more important than 
environmental and health benefits. This is explained by 
how psychological perspectives of commuters influence 
behaviour. Behavioural decisions are more influenced by 
behavioural consequences which are immediate, than 
those which are distant in time and space. Flexibility and 
freedom are directly experienced, during every single 
commute, whereas environmental and health benefits 
can only be experienced over longer terms. The flexibility 
has therefore a larger impact on individual behaviour. 
For a commuter cyclists who wishes to get to work on 
time there is nothing as motivating than cycling past 
stationary traffic and thinking: “that could have been me” 
(Gatersleben & Appleton, 2007).

The ideal network for cyclists should at least be two 
kilometres and as far as five kilometres from a significant 
point (such as a city centre of business district). Since over 
these distances the flexibility and freedoms are evident 

based on Dekoster & Schollaert, 1999Table 6. Journey time against distance by mode in the urban environment.
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(Parkin et al. 2007). These distances (three kilometres 
twice a day) are enough to gain significant health gains 
(Hendriksen & Gijlswijk, 2010). 

The general believe is that the e-bike is twice as fast as 
the conventional bicycle. It is important to note that this 
is not the case. Berntsen et al. (2017) found that the 
median speed of an e-bike is 23 kilometres an hour and 
the conventional bicycle 18 kilometres an hour. On a flat 
route this means that an e-bike is just 16% faster than the 
conventional bike, in hilly areas the e-bike is 29% faster 
(Berntsen et al., 2017).

Comfort: 
A rapid and comfortable flow of cycling is influenced by 
many environmental aspects. One of the most significant 
effects on cycling comfort are the consequences of 
topography. A 10% increase in hilliness of a route is 
associated with a 10 to 15% decrease in the amount of 
commuter cyclists (Parkin et al., 2007). This is probably 
due to the increased energy expenditure needed to climb 
a hill and increased chances on perspiration when arriving 
at work, which is one of the main barriers according to 
Engbers and Hendriksen (2010). The intensity of cycling 

on a slope was measured to be 10,9 METS for the 
conventional bicycle, whereas the intensity for the e-bike 
was just 8,5 METS (Berntsen et al., 2017). The average 
power output of a cyclist is 75 watts. With the same 
energy output a cyclist is only able to travel 75% of the 
distance on a route with slopes (between 3% up and 3% 
down) as compared to a flat route (Parkin et al., 2007). 

Weather dependency is also a determinant for commuter 
cycling. The environment influences the experience of 
the cyclist. This environment is significantly influenced 
by climatic conditions, which of course is influenced by 
the season and even by day or night. Parkin et al. (2007) 
state that a 10% increase of rainfall is associated with 
a 5% decrease in the amount of commuter cyclists. A 
10% increase of temperature however, resulted in a 5% 
increase in the amount of commuter cyclists. All in all, the 
month of the year, and the day of the week were stronger 
determinants than weather conditions (Parkin et al, 2007). 

Just like hilliness, the amount of stops and starts 
required on a journey also has an effect on the needed 
energy expenditure. If a cyclists encounters six stops per 
kilometre, then he or she is only able to travel about 

Image 7. Cycling in the rain is never a pleasure and often an excuse to take the car 
or bus. Source: Wynn (2017)

Image 8. Cycling up a hill needs a lot of effort with an increased risk on perspiration. 
Source: Bicycle Dutch (n.d.)
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80% of the distance (with an average power output of 75 
watts) compared to a route with two stops per kilometre. 
The amount of stops and starts has a strong impact on 
the amount of effort required to cycle and a journey with 
frequent stops will have a high likelihood of reducing the 
willingness to cycle due to increased energy expenditure 
and increased chance on perspiration (Parkin et al., 2007).

There is also the importance of facilities at the destination. 
Facilities such as parking spaces for bicycles, showers and 
changing facilities (Parkin et al., 2007). Especially when 
large amounts of effort are required or cyclists are caught 
in the rain, such facilities would be highly appreciated. 

Safety: 
Two types of safety can be identified: objective safety 
and subjective safety. Objective safety measured in 
terms of incidents related to cyclists, also known as ‘real’ 
safety. Subjective safety is how an individual perceives 
safety. These safeties are very much related to bicycle 
infrastructure. Although the effect of infrastructure on 
objective safety remains rather inconclusive, its effect on 
subjective safety is significant (Heinen et al., 2010). Cycling 
in the city can be healthy and dangerous at the same time 

and can affect an individual’s decision to cycle through the 
city or not (Passafaro et al., 2014). The perceived safety 
is influenced by the volume, speed and composition of 
motorised traffic, the number of parked vehicles along 
the route and the types of junctions along the way (Parkin 
et al., 2007). This risk of road accidents is considered to 
be of greater impact than hilliness, distance, travel time, 
climate or quality of facilities (Passafaro et al., 2014). 
However, this perceived risk can easily be taken away by 
using the right bicycle infrastructure. Using bicycle paths 
(which are separated from motorised traffic) has proven 
to have a positive effect on subjective safety as more 
people hop on the bicycle when more of these bicycle 
paths are added (Heinen et al., 2010).

From studies on recreational cycling is concluded that 
traffic-free bicycle routes in more attractive and natural 
environments encourage recreational cycling. Creating 
forest trails and restoring disused railway lines and canal 
tow-paths to enable leisure cycling increased the number 
of cyclists. Segregated bicycle paths could lead to a 10% 
increase of cyclists (Parkin et al., 2007).

Image 9. It is never comfortable to cycle with a lot of speeding cars right beside 
you. Source: Cycle Plan (2015)

Image 10. Bicycle lanes are a safe zone for cyclists but is it really that safe? Source: 
Road CC (2011)
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Heinen et al. (2010) compiled a comprehensive list of 
identified determinants of utilitarian cycling and structure 
them into five categories:

1. Built environment factors, e.g. trip distance, 
infrastructure, urban form, bicycle parking, surface 
quality, and facilities at work
2. Natural environment factors, e.g. landscape, hilliness, 
daylight and darkness, weather, climate, and seasonal 
changes
3. Socio-economic variables, e.g. age, gender, family size, 
income, employment form, fitness level, and vehicle 
ownership (car and bicycle)
4. Psychological factors, e.g. attitudes, norms, and habits
5. Factors related to cost, travel time, effort, comfort and 
safety.

Built environment factors:
An individual’s mode choice is heavily dependent on 
distance. When the travel distance increases, so does the 
time and effort needed to travel this distance. For cyclists, 
this means that the farther the distance, the lower the 
share in mode choice. For non-cyclists, long distance is 
always an excuse for not commuting by bicycle. However, 
there seems to be an ‘acceptable’ maximum cycling 
distance which differs between genders. Heinen et al. 
(2010) state that 6,6 kilometre is acceptable for women 
whereas 11,6 kilometre is acceptable for men (Heinen et 
al., 2010). The bicycle is also often used in combination 
with other modes of transport, which is called multi 
modality. Some commuters use a bicycle to get to or from 
a bus or a train station. So even if commuters have to 
travel farther distances, the bicycle is often included too. 
In this multi modal commute, the bicycle is often used 
for distances between 0,5 kilometre and 3,5 kilometre 
(Heinen et al., 2010). Here, smaller and medium-sized 
cities excel since proximities between destinations are 
closer, resulting in a higher bicycle share (Heinen et al., 

2010). Pre-transport cycling (cycling to the train station) 
has a higher share compared to post-transport cycling 
(cycling from train station to final destination). This is 
largely caused by the fact that many commuters do not 
have an owned bicycle at the arrival station (Olde Kalter, 
2007).

Another element that matters is type of bicycle 
infrastructure. Heinen et al. (2010) state that potential 
cyclists prefer bicycle paths to curb lanes, but also to 
bicycle lanes and roads without bicycle facilities. Cities 
with more facilities have a higher bicycle share and 
better bicycle safety. This is of particular importance for 
non-experienced cyclist (such as potential commuter 
cyclists). The presence of bicycle paths is popular among 
employees. Having more bicycle paths results in a 
higher bicycle share. For experienced cyclists this is less 
important (Heinen et al., 2010). In addition, the continuity 
of the bicycle infrastructure is important. This is more 
important to commuter cyclists compared to leisure 
cyclists since the latter have greater freedom in their 
route choice. For commuter cyclists cycling is a necessity 
and it has been shown that a sudden ending of a facility 
could deter potential commuter cyclists. A discontinuity 
of infrastructure leads to an increased travel time and 
therefore effort for cycling. For commuter cyclists, 
continuity is significantly more important compared to 
leisure cyclist (Heinen et al., 2010). 

Traffic-controlling systems are also important, yet can have 
negative influences on cycling experiences. Stop signs and 
traffic lights can cause delays which lead to irritations. 
Stopping and accelerating increases the amount of effort 
needed to get to a destination. Cyclists seem to adjust 
their route according to traffic lights and seem to avoid 
routes with large numbers of traffic lights. Cities with large 
numbers of stops also tend to have less people cycling 
(Heinen et al., 2010).
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Because commuters are the main focus of this research, 
facilities at the workplace also have to be considered. A 
majority of studies have found that safe bicycle parking 
is important. Bicycle lockers are preferred strongest, 
followed by enclosed parking areas and bicycle racks. 
Lockers are most preferred by multi modal commuters 
who have to park their bicycle at a station. Especially 
men and younger people consider such facilities to be 
important, but the relative value of an individual’s bicycle 
also has influence on preference. (Heinen et al., 2010). 

Since cycling has a higher energy expenditure compared 
to driving, the chance of perspiration is higher. Therefore, 
the presence of showers, changing rooms and lockers 
is also important for a commuter. However, studies 
remain rather inconclusive regarding some of these 
facilities. Some consider all three to be important, others 
conclude that showers do not have a significant effect. 
The presence of showers have not always been related 
to higher frequencies of commuter cycling (Heinen et 
al., 2010). Heinen et al. (2010) conclude that having no 
bicycle facilities at work is a reason for potential commuter 
cyclists to not cycle. When facilities are present, safe 
parking is preferred over showers and lockers.

Natural environment factors:
Landscape is rarely considered for car users, for cyclists 

however, landscape is of much greater importance. 
Several studies show that hilliness has an impact on bicycle 
share. Slopes more than 3% have a cycling share of 13,1%. 
Yet there are also studies which have contradicted this 
statement, concluding that slopes do not have significant 
effects on both commuter- as well as leisure cycling. This 
is largely because personal factors sometimes outweigh 
environmental factors. Another explanation is that the 
reduced effort of cycling downhill might compensate for 
cycling uphill. In general, the presence of slopes have a 
negative impact in general, yet for more experienced 
cyclists slopes are less important. There are different 
interpretations of topography which is largely depending 
on levels of experience (Heinen et al.,2010).

Seasons and climate are also important factors for cycling. 
In general, bicycle share drops during the winter. This 
differs across regions. In areas where low temperatures 
this decrease in bicycle share is sharper compared to areas 
with mild winters. During the winter, also the average 
travel distance decreases. In Sweden, the maximum 
distance of twenty kilometres in the summer decreases 
to ten kilometres in the winter (Heinen et al., 2010). As 
was stated before, most journeys up to five kilometres 
are still by car (Engbers & Hendriksen, 2010). Even over 
shorter distances, winter decreases bicycle share. The 
same study in Sweden showed that in summer only 25% 

Image 11. A comfortable trip, the weather is right and no cars in sight. Source: 
Bike radar (2009)

Image 12. Bicycle paths create distance between cars and cyclists which feels a lot 
safer. Source: Pinterest (n.d.)
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of journeys up to three kilometres was by car, whereas 
in the winter this share was 40%. It is important to note 
that not only temperature influences bicycle share, also 
daylight. During winter, the sun rises later and sets earlier. 
In the Netherlands, on the shortest day, the sun sets at 
around 4:30 pm, where the average employee works until  
5pm. Meaning that their commute during winter is often 
at dusk or in the dark. Darkness has a negative effect on 
bicycle share, especially among female cyclists (Heinen et 
al., 2010). Whereas climate affects a commuter’s modal 
choice over a longer period, the weather has a more 
daily influence. Precipitation (chance on rainfall) is the 
perceived as the most negative aspect of the weather and 
often a reason not to cycle. Rain during the winter results 
in a sharper decrease in bicycle share (Heinen et al., 2010). 
Temperature is also a weather-related factor where an 
increase in temperature results in a higher bicycle share. 
Higher temperatures  (30°C or more) are perceived a 
less unpleasant than cold temperatures (17°C or less). 
Here, commuters are less influenced by temperatures 
than leisure cyclists. Probably because they have to cycle, 
regardless of the temperature. Leisure cyclists often only 
cycle when the weather is good (Heinen et al., 2010).

Cost, travel time, effort and safety factors:
These factors can be derived from utility theories which 
assume that every individual acts in order to maximize his 
utility. Applied to mode choice these theories assume that 
an increase in one or more of these factors of a mode 
will result in a decrease in the possibility of choosing that 
specific mode. These factors should always be considered 
compared with that of other modes (Heinen et al., 2010).

Cost: Cycling is relatively cheap and almost everybody 
can do it. Especially compared to cars. Bicycles are rather 
cheap in ownership, there are no road taxes, no fuel prices 
and maintenance costs are relatively low. However, there 
is a widely applied policy which keeps potential commuter 

cyclists from cycling. Namely, free public transport. Paying 
people to cycle would have a huge effect on bicycle share. 
In Britain, if people would be paid two pounds a day, 
bicycle share would almost double (Heinen et al., 2010).

Safety: A frequently used reason not to cycle is safety. 
When there is a high risk of having an accident, bicycle 
share drops. Safety can be objective or subjective, 
the actual safety and perceived safety. It seems that 
dangerous route segments are easily remembered by 
people and normal routes less. Safety is a complex issue 
since everybody’s perception of safe is different. Men 
seem to have less issues with safety compared to women. 
There is also a difference in rated safety between cyclists 
and non-cyclist. Cyclists generally rate bicycle safety 
higher than non-cyclists (Heinen et al., 2010)

Travel time and effort: Whereas St-Louis et al. (2014) 
stated that cyclists are less negatively affected by 
increased travel times, Heinen et al. (2010) state that 
travel time is three times more unpleasant for cycling 
compared to other modes. These aspects are of greater 
importance to cyclists compared to other modes. This is 
probably because the increased amount of effort needed 
to get to a destination and greater effort often results in 
having a less positive attitude towards cycling (Heinen 
et al., 2010). It is important to note however, that this 
increased amount of effort is just what is needed in order 
to maintain a healthy lifestyle and that some commuter 
cyclist will choose to cycle because of it. This is exactly 
what is the goal of this research.

For these four factors it is important to always compare 
between different modes. Heinen et al. (2010) state 
that individuals often decide whether or not to cycle by 
comparing the different modes at their disposal. Negative 
factors related to cars and public transport could convince 
potential commuter cyclists to choose the bicycle instead 
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of the other modes, and develop a more favourable view 
of cycling. This view extends to other individuals as well. 
When an individual’s social surroundings have a positive 
view towards cycling, this individual is also more likely to 
start cycling (Heinen et al., 2010). 

Rietveld & Daniel have created a general framework 
which combines all above mentioned factors. If potential 
cyclists compare different modes by comparing the 
various factors, than this framework is interesting to 
consider in promoting commuter cycling. The generalised 
cost of cycling is dependent on monetary cost, travel time, 
risk of injury, risk of theft, comfort, personal security and 

physical needs, energy. There are two ways of encouraging 
a specific transportation mode. The first is to improve the 
attractiveness of that specific mode. This can be done be 
reducing the general costs of that mode. The second is to 
increase the costs of competing modes. In transportation 
research it is a general found fact that a combination 
of these two generally work. Push and pull policies also 
seem to apply on bicycle use (Rietveld & Daniel, 2004).

If commuter cycling is to largely replace car commuting, 
then the generalised cost of cycling have to be more 
appealing to potential commuter cyclists than that of the 
other modes.

Based on Rietveld & Daniel, 2004

Local authority initiatives and 
policy variables: 

1. Quality and capacity of 
bicycle dedicated infrastructure

2. Spatial design of the city

3. Pricing of private car use

Individual features:
1. Income
2. Gender
3. Age
4. Activity

Socio-cultural factors:
1. Image of the bicycle as
a mode of transport

2. Cultural background;
ethnic origin, political
preferences

Generalised costs of bicycling

Generalised costs of other modes

Monetary cost Travel time
Physical 

needs and 
energy

Risk of injury

Comfort Personal Security

Risk of theft

Parking costs, tax on 
fuel, tolls

Supply of public 
transport services

BICYCLE USE

Figure 3. A combination of push and pull policies is a 
rather general result found in transportation research.
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Profits of commuter cycling
The current transportation system is inefficient, expensive 
and far from environmental friendly. A recent study in San 
Francisco found that the average car is parked for about 
95% of the time. The other 5% it drives around the car is 
for 80% empty (SmartcitySF, 2018). The amount of road 
space needed for cars is astonishing. A car which is parked 
along the road needs almost eight times as much space 
compared to a parked bicycle. A car which is parked on a 
parking lot needs even more: sixteen times as much space 
(CROW, 2014). 

A smart and sustainable organisation of mobility can lead to 
significant beneficial effects (CROW, 2014). Unfortunately, 
the car’s market share is still larger compared to the 
bicycle. The car is used for both short and long distance. 
For still one out of three journeys up to five kilometres 
is still by car (Engbers & Hendriksen, 2010). The bicycle 
is only used over short distance up to fifteen kilometres, 
beyond this point bicycle share is almost non-existent for 
commuter purposes (Ministry of Transport, 2009). If this 
would change, then how much would the society benefit?

Cycling and walking is almost always more sustainable 
than other modes of transport. There are always costs 
involved in transportation. Important transportation costs 
are predominantely linked to environmental and societal 
costs: climate change, air pollution, noise pollution, 
which in turn affect public health, damage of buildings 
and agriculture. Such costs are often expressed in costs 
per 1.000 travelled kilometres. The costs for pedestrians 
and cyclists are €50,- per 1.000 kilometres. The car is 
responsible for about €115,- per 1.000 kilometres. The 
total external costs in the Netherlands is set at €20 bln. 
each year. Due to the huge market share of the car, this 
mode is responsible for over 55% of these costs (CROW, 
2014). A modal shift from the car to the bicycle could save 
millions on external costs each year. When a commuter 

switches from a car to an e-bike, his carbon dioxide 
emission alone drops 40 fold (CROW, 2014). Especially 
health care profits from more cyclists. Research compared 
the costs and benefits from bicycle facilities in Norwegian. 
Benefits could potentially be four to five times higher than 
costs, of which health care benefits account for 55 to 75% 
(Olde Kalter, 2007). Of course, these numbers are not one 
on one applicable to the Netherlands since the base share 
of cyclists is higher compared to Norway, yet the effect of 
cycling on health care benefits is significant. 

Costs for infrastructure vary strongly between different 
transportation modes and are strongly dependant on 
land prices, land quality and the necessity of tunnels 
or bridges. It is commonly known that the construction 
of highways is expensive, whereas the construction of 
bicycle paths and footpath is rather cheap. Unfortunately, 

Train

Bus

Car

Bicycle

Walking

20 40 60 80 100 120

Table 7. External costs per mode.

Euro  per 1.000 travelled kilometres

based on CROW, 2014
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Ratio

a relative comparison between the two shows otherwise. 
Due to the large market share of the car the costs for the 
construction of car and bicycle infrastructure are almost 
the same. Both cost around four cents per kilometre 
(CROW, 2014). The average car parking spot costs about 
€4.000,- compared to €1.000,- for a bicycle rack. Besides 
the huge difference in cost, the parking spot for cars can 
only hold one car, the bicycle rack could easily hold eight 
bicycles. Additionally, cyclists need less parking space in 
general (Belter et al., 2012).

The third theme are costs for the user. Every traveller 
has to pay in some way to get from their home to their 
destination. People who walk do not have to pay for 
anything, only for the shoes they wear, but so do all 
travellers. Cycling is extremely cheap, the only costs a 
cyclist has it the purchase of a bicycle and its maintenance. 

The price per travelled kilometre for a cyclist is zero 
cents. The car however is a lot more expensive and 
pays on average eighteen cents per travelled kilometre 
(CROW, 2014). For the individual, making a modal shift 
is attractive due to the profit, especially when other 
policies contribute to these profits such as higher parking 
tickets for cars or higher travel allowance for cyclists. 
For companies who offer lease cars or travel allowance, 
the modal shift might even be more interesting. An 
employee who drives a lease car is over thirty-two times 
as expensive as a cycling employee. An average lease car 
commuter costs €17.970,- a year, whereas a commuter 
cyclists costs €555,- a year. Public transit costs €3.280,- a 
year and a commuter with a private car costs €5.770,- a 
year (Fietsersbond, 2018). A modal shift from (lease) car 
to multi modality (public transit and bicycle) saves loads 
of money. Not only on transportation itself, but also on 
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Table 8. Emissions per travelled kilometre.

Fine Dust Carbon Diox Nitrogen Diox.

based on CROW, 2014 Table 9. Costs per travelled kilometre.

Cents per kilometre

based on CROW, 2014
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productivity. A modal shift to cycling results in an average 
drop of 1,3 days of sick leave per employee per year and 
a decrease in productivity costs of around €368,- per 
employee per year. This is also expressed in a profit of four 
cents per cycled kilometre (Fietsersbond, 2018). In the 
United Kingdom an increase in commuter cycling resulted 
in a benefit:cost ratio between 1,33 to 6,50 (Belter et al., 
2012).

Cycling also benefits the local economy, since cyclists 
have a high purchasing power. In Germany, cyclists spend 
less money per shopping trip (largely due to carrying 
capacity), yet go on shopping trips more frequently. The 
average cyclist has eleven shopping trips per month in 

which they spend about €7.500,- a year, whereas the 
drivers only shop about seven times a month in which they 
spend €6.625,- on average. When walking and cycling is 
promoted, turnover increased by 5 to 20% (Belter et al., 
2012). Cycling also supports tourism. Tourists spend 20% 
more during their trip when using a bicycle compared to 
those travelling by car (Belter et al., 2012). 

Unfortunately, at the moment the government makes a 
lot of money from car through taxes. Bicycle grants are 
low, yet the direct profit for the government treasury is 
almost non-existent (CROW, 2017). Though one could 
wonder, does the government really profit from cars? 
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Table 10. Needed road space

 Space needed per traveller (ratio) Space needed for parking (m2)

based on CROW, 2014
Table 11. Costs for the construction 
infrastructure related to travelled kilometres.

Cents per travelled kilometre

based on CROW, 2014
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Nitrogen dioxide emissions

Time lost in traffic

Parking pressure city centre

Carbon dioxide emissions

From bus to bicycle

From car to bicycle

Noise 

Levels of physical activity among people

Fine dust emissions

Cars in public spaces

Severe traffic injuries -1%

-2%

-3%

-3%

-11%

-15%

-20%

-6%

-6%

-10%

0,300,200,10 0,40

-20%

0,50

Outside the urban environment Inside the urban environment

Table 12. Results in general costs due to increase in 
bicycle share and decrease in. car share

Table 13. Societal benefits of a modal shift.

based on CROW, 2014

Cents per travelled kilometre

based on CROW, 2014

A bicycle share increase of 10% leads to a general decrease in car use of 3%, with 
even a sharper decrease of 6% within the urban environment (CROW, 2014) 
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Groningen:
The city of Groningen is the bicycle capital of the 
Netherlands. Cycling is extremely popular in Groningen, 
yet the city still needed a strategy in order to protect the 
bicycle’s popularity. But why?

Groningen is growing and this puts serious pressure on 
the local public health. It is increasingly getting busier 
and busier on the streets: there are traffic jams on the 
bicycle paths, long waiting times at the traffic lights 
and inadequate parking spots for bicycles. The bicycle 
is perishing of its own success, because ultimately high 
levels of irritation will lead to an increase in car use 
and when this happens the city of Groningen loses its 
liveability, accessibility and safety. Not only will a decrease 
bicycle:car ratio lead to decreased levels of PA, more 
cars also lead to more traffic, decreased safety and more 
carbon dioxide emissions, pollutants and noise. Which is 
bad for public health (Gemeente Groningen, 2014).

Groningen acknowledges that many of its inhabitants 
lead an unhealthy lifestyle. Just as in Heerlen this leads to 
obesity and lower life expectancies. According to the city, 
cycling is an important but easy opportunity to get more PA. 
It is a natural way of getting sufficient amounts of physical 
activity. There already is an research being conducted in 
the city focussed on the relationship between physical 
activity and healthy ageing. Not only is cycling healthy, it 
is also a social activity. While cycling, people have more 
opportunities to interact with each other, and because the 
bicycle is a cheap mode of transport, almost everybody 
is able to do it. Almost everyone in the Netherlands has 
a bicycle. In this way, people are able to get out of their 
isolation and engage in social activities. Increasing both 
their physical as well as their mental wellbeing. According 
to Groningen, absenteeism is higher among non-cyclists 
compared to cyclist, respectively 8,7 days and 7,3 days 
(Gemeente Groningen, 2014).

The bicycle is also a more sustainable mode of transport, 
it produces less noise and is much cleaner. Carbon dioxide 
emissions is almost non-existent. This has positive effects 
on the health of the inhabitants of the city since the 
quality of the air and environment is much better. Also 
the economic environment profits from the bicycle. 
Investments in bicycles are very cost effective. To be able 
to achieve the same decrease in emissions by promoting 
public transit a lot more investments are needed. Just as in 
Heerlen, the knowledge-based economy offer the highest 
chances for economic development. Such companies are 
looking for thriving cities with a rich culture and adequate 
facilities. The quality of the local environment is therefore 
of great economic importance (Gemeente Groningen, 
2014).

Groningen’s bicycle strategy is an important pillar of their 
economically vital, accessible and more importantly, 
healthy city. Groningen wishes to increase commuter 
cycling and leisure cycling in order to increase public 
health. So what does it look like? They have made a 
distinction in five different sub strategies (Gemeente 
Groningen, 2014).

The cyclist first
Since the bicycle is one of the main modes of transport 
in the city it acts as the main perspective during new 
urban developments. Here, a well maintained bicycle 
network is key. After snowfall, the major routes of the 
bicycle network are the first to be shovelled out, this 
way the roads remain clean and safe. Also the removal 
of pieces of glass and bumps in the road are prioritised. 
Street lighting on all major routes ensure social security 
and safety. Cyclists are also able to contact maintenance 
teams, when they encounter obstacles or discomforts 
on the road or in bicycle facilities, by using the app 
MeldStad (Gemeente Groningen, 2014). The city wants 

Case studies
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to implement geothermal energy (warmth from the 
earth) or sewer-thermal (warmth from sewers; showers, 
dishwashers, etc.) energy, sustainable and environmental 
friendly ways of heating the streets which saves on 
physical maintenance by workers (Gemeente Groningen, 
2014). By prioritising the cyclist, Groningen ensures that 
cycling is always attractive, even at times when the car 
might be the preferred mode choice, like during heavy 
snowfall. 

Coherent bicycle network
This strategy aims at well-connected bicycle routes 
between different locations such as the city centre, the 
train station a campus and the hospital. Here bicycle 
paths are not individually taken in account but rather on 
a network scale. Of course, the bicycle is not suited for all 
journeys, therefore the strategy aims at letting people cycle 
the last part of their journey. So people from Amsterdam 
arrive in Groningen per train but cycle to the Grote Markt 

(Gemeente Groningen, 2014). The main bicycle network 
consists out of multiple bicycle connections between 
important work- and residential areas and of an urban 
network consisting out of urban axes. These main routes 
are (wherever possible) separated from car routes. When 
cyclists and cars meet, unsafe situations can occur. This 
also ensures faster trips for cyclist due to less starts and 
stops. When this is not possible, smart traffic regulations 
will be taken in account in order to speed up bicycle trip-
speeds (Gemeente Groningen, 2014). The position of the 
bicycle in the transportation-chain will also be enhanced 
by using Park-and-Bike facilities. People will arrive in 
Groningen by car or public transit but will continue their 
journey by bicycle. In order to achieve this various Park-
and-Ride areas will be upgraded with rental bicycles, OV-
fiets (public transit bicycles), high quality bicycle parking, 
bicycle lockers and the municipality even considers to 
offer e-bikes as opportunity (Gemeente Groningen, 
2014). It is important to make cycling attractive for both 

Image 13. Bicycle network created for the city of Groningen in order to increase 
bicycle share and the beneficial effects it has on the population. Source: Gemeente Groningen (2014)
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inhabitants of the city as for visitors or commuters. 
Creating a coherent network reduces the effort needed 
to cycle thanks to direct routes and as few interactions 
with cars as possible. This saves stops, but also increases 
safety, which makes cycling more attractive to potential 
(commuter) cyclists. Also the adaptation of Park-and-
Bike’s is interesting. Multi modality is a highly interesting 
transportation concept which increases the likeliness of 
people from outside the city taking the bicycle. 

Space for the cyclist
A better environment in the inner city is one of the city’s 
main goals. Here, designated bicycle spaces are important 
for both cyclist as city. This means that at some places the 
cyclist comes first. The Korreweg, for example, is a road 
where during rush hour the bicycle paths are loaded 
with cyclists whereas the part for cars is rather empty. 
Therefore the bicycle paths will be widened and the part 
for cars will be narrowed (Gemeente Groningen, 2014). 
This also means that at certain places the cyclist comes 
second. The shopping area’s environment is largely 
made fit for pedestrians and in this area, the cyclist is a 
guest. At the edges of these areas, parking facilities offer 
cyclist a place to leave their bicycle and continue on foot 
(Gemeente Groningen, 2014). By prioritising the cyclist on 
specific roads results in a higher bicycle:car ratio in certain 
areas, which has beneficial effects on the environment 
of the inner city. Less carbon dioxide emissions and 
pollutants, less noise.

Suitable bicycle-parking
People from Groningen want to be able to reach every 
destination with a bicycle. Enough and suitable parking 
facilities are therefore indispensable. Cyclists are creative 
and always find a place to park their bicycle, this strategy 
aims at behavioural manipulation through attractive 
facilities and innovative measures. There are three 
different parking durations in the city centre: short-term 

parking, which requires flexible parking facilities in the 
public domain; medium-term parking, which requires 
permanent parking facilities in the public space; and long-
term parking, which requires high quality parking facilities 
(indoor or underground). It is essential that at least both 
short- as medium-term parking remains free of charge 
(Gemeente Groningen, 2014). Where car use is reduced, 
car parking can be redesigned as bicycle parking. This is 
an example of a flexible and temporary parking spaces 
for bicycles which eventually can become permanent 
solution. Another interesting temporary solution is using 
empty buildings or offices for parking spaces, which offer 
indoor or underground parking facilities (Gemeente 
Groningen, 2014).

The story of Groningen
An important goal of the city is to continually promote 
cycling and subsequently increase commuter cycling, but 
also to increase recreational cycling in order for people to 
enjoy Stad en Ommeland. Another important aspect here 
is that the city aims to increase awareness and to inspire 
people and invite them to come up with ideas to make 
cycling more fun. Cycling is fun and makes cyclists proud 
of their city. Groningen wants to further promote their 
city as Bicycle City and create an international allure which 
stimulates its economy. There are already delegations 
from across the world who come to visit Groningen to 
learn from their approach. Groningen uses the 050 logo 
everywhere. In traffic lights for bicycles, as tiles in the road 
and they wish to further expand on this merchandise. This 
logo is to become the eye catcher of everything bicycle-
related (Gemeente Groningen, 2014).
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Copenhagen:
The traffic created by cars in Copenhagen is astounding. 
The time spent  in traffic jams is equivalent to 22,000 full 
time jobs a year. The car system is far from sustainable and 
does not enable green growth.  The city of Copenhagen 
has created Cycle Superhighways in order to increase 
the number of commuter cyclists by 30%. The aim of the 
project was to increase the number of commuter cyclists 
over distances more than five kilometres and thus create 
a more sustainable mobility. Societal health benefits 
from increased numbers of commuter cyclists. First of all, 
cycling is healthy, flexible and fast. Secondly, increased 
number of cyclists lead to less pollution, reduced 
congestion and a more efficient traffic system. Ultimately, 
Copenhagen has been able to reduce the annual sick leave 
with over 34,000 days. More cyclists means more benefits 
for all road users and the community. Unfortunately, 
over distances of five to twenty kilometres only 24% of 
commuters travel by bicycle. The Cycle Superhighways are 
the key in unlocking the potential of increased commuter 
cyclists (Supercykelstier, n.d.). 

Today, 33% of all commutes is by bike in the capital 
region of Denmark. But how did they persuade potential 
commuter cyclists to start cycling? Supercykelstier defines 
a Cycle Superhighway as a “cycle highway, where the 
commuters’ needs have been given the highest priority” 
(Supercykelstier, n.d., p6). This is exactly how they attract 
commuter cyclists. With a cycle highway a commuter’s 
journey is made as easy and as pleasant as possible. It 
ensures that the positive aspects of cycling outweigh the 
negative aspects (Supercykelstier, n.d.).

For Copenhagen it is important that the cycle highway 
connects work, education and residential areas in order 
to easily commute between job, school and home. 
In addition, the highway should encourage people 
to combine commuter cycling with public transit 
(Supercykelstier, n.d.).

Image 14. A unique bicycle path in Copenhagen. Not only is it separated from the 
cars, even from the ground. Source: AWOL (2015)
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Cycling is fast and flexible. The city of Copenhagen 
has focussed a lot on creating routes which are as 
fast as possible with as few stops as possible. One of 
the interventions was to create green waves. Traffic 
regulations were often focussed on cars, Copenhagen 
has turned the tables. Along main traffic arteries such 
regulators are adjusted for cyclist which are, with a speed 
of twenty kilometres an hour, able to keep cycling without 
putting a foot down (Supercykelstier, n.d.). This saves a lot 
of time and a lot of effort, which makes cycling a lot more 
attractive. 

Copenhagen has proved that higher bicycle:car ratios 
are achievable. In Copenhagen there are 3 million more 
cycling trips a year and 720,000 less car trips. Which 
means that there is an annual reduction of about 856 
ton of carbon dioxide emissions. More commuter cyclists 
result in improved health, a healthier urban environment 
and less congestion. All road users benefit from this 

(Supercykelstier, n.d.). The increase in bicycle:car ratio 
leads to less traffic and traffic jams, which means less 
pollutants and noise.

In addition, there are other added values of cycle highways 
which are rather interesting. Investing in sufficient cycle 
infrastructure pays off. By increasing the bicycle:car ratio 
the city was able to create a socio-economic surplus of DKK 
7,3 billion (€ 1,0 billion). With a mere investment between 
DKK 0,9 – 2,0 billion (€0,3 billion)(Supercykelstier, n.d.).

Morten Kabell, the Mayer of Technical and Environmental 
Affairs of Copenhagen stated that: “It’s not in our genes, 
it’s not in our water… What we’ve shown the rest of the 
world is that if you build protected infrastructure people 
will start riding their bikes” (Supercykelstier, n.d., p3). 

Image 15. An overview of all the bicycle highways around Copenhagen. Source: 
European Green Capital (n.d.)
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Image 16. The industrial revolution changed the skyline of Heerlen. Source: Innovation Hub (2015)
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Heerlen once was one of the most prospering cities in the 
Netherlands. Its wealth lay deep in the earth, in seams 
which ran like black rivers through rock. Stone coal, the 
black gold. When the first mines were opened during 
the Industrial Revolution the city was able to grow. More 
mines opened and employment opportunities went 
through the roof. The demand for coal was enormous 
and ever they delved deep, into the dark. Thirty-four 
mine shafts, of which the largest shaft, the Royal Mine 
Hendrik in Brunssum, reached a depth 1,058 meters. 
To put this in perspective: this shaft was taller than the 
tallest building in the world, the Burj Khalifa (828 meters), 
plus two extra football fields. And every 100 meters 
deeper, the temperature rose an extra 3 degrees (Andere 
Tijden, 2011; VPRO, 2016). Life of a miner was hard, but 
the wages he earned were worth it. Mines operated 
day and night in order to fulfil the prodigious amounts 
of coal needed. Miners earned 75% more wages than 
construction workers and Heerlen would soon become 
one of the wealthiest cities in the Netherlands (Andere 
Tijden, 2015).

The population grew exponentially, from 7.000 inhabitants 
in 1900 to over 75.000 inhabitants in 1965. The mine 
industry thrived, especially after the Second World War 
(Deen, 2003). The Netherlands was hit hard by the war. 
The damage was enormous; over 90.000 houses were 
destroyed and around 50.000 were heavily damaged, 
which resulted in a post-war housing shortage of over 
300.000 houses (Andere Tijden, 2011). In order to do 
rebuild the country, huge amounts of coal were needed. 
Years passed by, Heerlen and its mine industry prospered 
and miners were held in high esteem (Deen, 2003). 

In the closing hours of the fifties, coal crises hit the Dutch 
mining industry on a regular basis. American and African 
coals were much cheaper and new energy sources such as 
gas and oil entered the scene. In December 1965, a week 

before Christmas, the Minister of Economic Affairs Joop 
den Uyl officially announced: the mines have to close. 

In 1974 the last mine, the Oranje-Nassau I in Heerlen, was 
shut down (Deen, 2003). 

Jobs
When the mines were shut in the mid-seventies over 
75.000 miners lost their job (Andere Tijden, 2015). Heerlen 
had always been a mining city and was the power plant of 
the Netherlands for many decades, but now authorities 
were forced to attract other sectors in order to save the 
city. With the help of the Hague and Europe new jobs 
were created, predominantely service jobs: the General 
Civil Pension Fund, the Tax Office, the Central Bureau for 
Statistics and the Open University were all relocated to 
Heerlen (Gemeente Heerlen, 2008). 

Today, not the mine shaft towers, but the office towers 
dominate the skyline. As of 2016, the prevalence of 
service jobs in Heerlen is over 80%. Whereas agricultural 
jobs and goods-producing jobs account for less than 0,1% 
and 20% (CBS, 2018). 

Health care is by far the largest category in the service 
sector, it covers over 23% of all Heerlen’s workforce (CBS, 
2018). The Zuyderland Medical Centre in Heerlen is an 
important employer for the city and nearby towns. It is 
located south of the city centre and is directly accessible 
from the N281.

Industry is the second largest category in Heerlen and 
covers almost 16% of the workforce (CBS, 2018). The 
Royal DSM is an important company for Heerlen and 
is located next to the N281. There are also various 
industrial and business areas in Heerlen such as Trilandis, 
Trompenburghstreet and Car-boulevard, the Beitel and 
newly built Coriopolis. All these areas are next or close 

The case of Heerlen
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source: Curch et al. (2011)

23%
Health Care Jobs:
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Garden Centre, Praxis, Gamma), 

the Roda Boulevard (Hornbach, 

Decathlon, Kwantum), shopping 

mall ‘t Loon, etc.

13%

source: CBS (2018)

Brightlands hopes to attract 

100 new companies which 

could employ 2.000 additional 

employees and 1.600 students. 

Which means more service jobs.

to the N281. Another important areas are the 
Koumen and Emma which are located along the 
Euregio-road.  

With almost 13%, retail and trade is ranked 
third (CBS, 2018). Various areas such as the 
city centre, but also important boulevards such 
as the Woonboulevard (IKEA, Garden Centre, 
Praxis, Gamma), the Roda Boulevard (Hornbach, 
Decathlon, Kwantum) and shopping mall ‘t Loon 
are very important employers for the city. All 
three areas are located next or close to the N281.

Finally there are the combined forces of financial 
services, business services and government. 
Together these three account for 26% of the jobs 
in the city of Heerlen (CBS, 2018). Employers in 
this category are spread over the city, there are 
the Central Bureau for Statistics and the Tax Office 
north of the rail station, the Municipal Office in 
the city centre and Accenture, the General Civil 
Pension Fund and various regional companies 
and start-ups are located on the Brightlands 
Smart Services Campus next to the N281. 

Brightlands Smart Services Campus
The Smart Services Campus aspires to be an 
ecosystem of European grandeur.  Strong 
innovative abilities and entrepreneurship are 
important drivers in order to achieve this. Today, 
this campus consists out of 40 companies which 
employs 350 employees and 100 students. By 
2025 they wish to attract 100 new companies 
which could employ 2.000 additional employees 
and 1.600 students. The campus grows rapidly, 
already the Central Bureau for Statistics, the 
Municipality and the Open University joined 
their cause (Brightlands, 2017).
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Image 19. Zuyderland M.C. Source: STZ Ziekenhuizen 
(n.d.)

Image 17. Shopping mall ‘t Loon. Source: De Architect 
(2015)

Image 18. Brightlands and APG with the city centre in 
the back. Source: Centraal Bureau (2016)

Figure 5. Economic hot spots in Heerlen. Source: Google Maps (2018)
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Commuting
Heerlen has the highest percentage of incoming 
commuters in Limburg and is ranked 3rd in the Netherlands 
(CBS, 2013). Over 55.000 commuters journey in and out 
of Heerlen on a daily basis, over 41.000 the commuters 
are entering Heerlen for their job (CBS, 2018). Most 
incoming commuters are from Landgraaf and Kerkrade, 
together these cities are responsible for about a fifth of 
the commuters which are around 8.400 people. Sittard-
Geleen is ranked third with 3.200 commuters traveling 
to Heerlen each day (8%). On the fourth position is 
Brunssum with 2.900 commuters (CBS, 2018). These four 
cities and villages are the most important suppliers of 
commuters and are followed by Voerendaal, Simpelveld 
and Onderbanken, respectively 1.600 commuters (4%), 
1.200 commuters (3%) and 700 commuters (2%). This 
data might seem insignificant but is noteworthy that 
these numbers are relative. For 30% of the workforce 
in Voerendaal works in Heerlen. In Simpelveld and 
Onderbanken this percentage is both 27% (CBS, 2018). 

Commuters from Sittard-Geleen travel on average 16,5 
kilometres in order to reach their destination in Heerlen. 

According to the Ministry of Transport (2009) cycling this 
distance is almost non-existent in the Netherlands, let 
alone in South Limburg. For Heerlen this distance is 3,6 
kilometres. Voerendaal and Landgraaf travel respectively 
5,2 and 5,7 kilometres. These three cities and villages are 
within the bicycle radius in which bicycle share should be 
at its maximum of 34%.  Brunssum (7,1 km), Kerkrade (7,6 
km) and Simpelveld (7,9 km), but also Onderbanken (9,9 
km) all are within the radius at which bicycle share should 
be 15%. Which is highly unlikely due to the low bicycle 
share in the province (CBS, 2018; Ministry of Transport, 
2009).

Almost 14.000 live in Heerlen and work elsewhere (CBS, 
2018). Most of these are working in Landgraaf and 
Kerkrade, almost a third of the outgoing commuters 
(4.000 commuters). These commuters travel an average 
distance of respectively 5,4 and 8,8 kilometres. Maastricht 
is also an important employer for people in Heerlen, some 
2.800 commuters travel 22,7 kilometres to the capital city 
of Limburg each day. Ranked fourth is Sittard-Geleen with 
2.400 commuters each day, traveling an average distance 
of 15,5 kilometres (CBS, 2018).

#2 Haarlemmermeer

#15 Amsterdam

#13 Rotterdam

#20 The Hague

#9 Eindhoven

#7 Den Bosch

#3 Heerlen

#1 Nieuwegein

50% 60% 70% 80%

Table 14. Percentage of incoming commuters 
for the twenty largest Dutch municipalities.

Percentage of incoming commuters

based on CBS (2018)

Heerlen (34%)
14.200 commuters

Landgraaf and Kerkrade (20%) 
3.900 and 4.500 commuters
23% and 29% of the total workforceSittard-Geleen (8%)

3.200 commuters

Brunssum (7%)
2.900 commuters
25% of the total workforce

Voerendaal (4%)
1.600 commuters
30% of the total workforce

Simpelveld (3%)
1.200 commuters
27% of the total workforce

Onderbanken (2%)
700 commuters
27% of the total workforce

source: CBS (2018)
Table 15 Villages and towns ranked according 
to their supply of commuters for Heerlen.
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source: Ministry of Transport (2009); CBS 
(2018); Google Maps (2018)

3,6 km 5,2 km

34% 15%

36% 76%

5,7 km 7,1 km 7,6 km 7,9 km 9,9 km 16,5 km

Table 16. Mean distance travelled per living area and prevalence of mode choice.
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Figure 6. Heerlen and its surrounding villages. Source: Google Maps (2018)
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Figure 7. Road network of Heerlen. Source: Google Maps (2018)
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Infrastructure
Car
The bicycle’s popularity was instrumental in developing 
infrastructure which is nowadays used by the car. An 
important concept of the bicycle during the late 19th 
century was that it democratised mobility. It made rural 
areas more accessible and allowed people to travel across 
greater distances. The bicycle was a flexible, individual 
and private way of transportation (Horton et al., 2007). 
This changed when technology gave us the automobile. 
In the second half of the 20th century, the car began to 
eclipse and eventually overtake our fascination with the 
bicycle. Today, wherever and whenever possible, the car 
replaces the bicycle. It has become a symbol of status, of 
consumption and of exclusive leisure practice (Parkin et 
al., 2007). In Heerlen it is clearly visible how the city is 
dominated by the car. The city centre is located very close 
to one of the main roads: the A76 highway (120km/h). 

Even closer to the centre is the N281 (100km/h) which 
almost passes through the city centre. In the city are 
multiple rings surrounding the city centre. First of all is 
the inner ring which consists out of the Spoorsingel to 
the north, the Groene Boord to the east, the Putgraaf to 
the south and the Geerstraat to the west. This ring is a 
smaller part of a greater ring which also consists out of 
the Spoorsingel to the north, the Groene Boord to east, 
but connects to the Welterlaan to the south and Nieuw 
Eyckholt and Looierstraat to the east. The inner circle is 
crossed by the train rail and the second ring is crossed 
by the N281. With the addition of multiple exits the city 
centre is highly accessible by car.

Heerlen is shaped as half a circle. With two roads forming 
the straight part and two roads forming the curved part. 
These roads provide the outer rings around the city centre. 
The first ring consists out of the N281 to the south, this 

<1900 1950 1970

Source: TopoTijdreis (2018)

1980 2015 2018

Figure 8. Development of Heerlen.
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road connects to the Euregioweg to the south-east of the 
city centre and the Beersdalweg to the north-west of the 
centre. These two roads form the middle ring of the city. 
The outer ring of the city consists of the A76 (highway) 
to the south, which connects (via the N281) to the N300 
to the far south-east and to the Buitenring Parkstad to 
the far north-west. The outer ring consists out of three 
different roads, the Buitenring, the N300 and the N299. 
Multiple exits allow cars to enter the city from multiple 
directions. The different ring roads are connected to each 
other through various diagonal roads. 

The city is highly accessible by car, the placement of 
different ring roads and connective roads offer cars the 
opportunity to quickly enter and leave the city from 

different directions. There is one flaw in the system and 
that is the junction to the south of the city centre, where 
the A76 meets the A79. At this junction, people from 
inside the city are not able to get on the A76 to either 
Sittard-Geleen or Aachen. People who need to go to these 
cities are forced to use the N281 which puts significant 
pressure this road. The traffic intensity of the A76 which 
runs parallel to the N281 is 25.000 vehicles a day. The 
intensity at the N281 is an astounding 55.000 vehicles 
each day (GISviewer Limburg, 2012). 

The sheer amount of traffic which runs so close to the 
city has bad influences on the living environment. Cars 
emit carbon dioxide, other pollutants and generate noise. 
This has negative health effects for people in the city and 

Source: GISviewer Limburg (2012)Source: Google Maps (2018)

Table 17. Height difference of the N281.
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Figure 8. Position of economic hot spots 
related to the road network. Figure 9. Traffic intensity.
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especially the people within a close vicinity of the road. 
These areas are also the most used due to the functions 
around it. There are many employers located close to the 
road, but also many neighbourhoods, shops, school, sports 
fields, a hospital and care centres. Also the landscape in 
which people recreate is caught between the roads. It is 
burdened with high levels of noise and pollutants due to 
two roads passing the landscape. Not only do the roads 
enclose the landscape, they also separate the landscape 
from the city. In order to safeguard the city from the noise 
of the road various noise barriers are created. The road is 
lined with trees to safeguard the cars from wind and the 
landscape and city from noise. All necessary precautions, 
as they protect citizens from sleep disturbance, 
heightened blood pressure (which affects cardiovascular 
health) and stress, yet they completely block the view for 
both the car as for others. From the side of the city as 
well as from the road itself one cannot see the landscape. 
Also the opportunities to enter the landscape are limited. 
One is only able to enter the landscape through the use 
of various tunnels, of which some are narrow and dark 
or also used by cars. This limits the opportunities to 
experience the landscape Which is a great shame, for the 
landscape is beautiful.

Source: AHN (2018)

Source: AHN (2018)

Distance in kilometres4 5 6

Heerlen lies in a basin, caught between plateaus. Therfore 
Heerlen has beautiful hills surrounding the city an within 
it. The N281 runs through this basin and has little slopes. 
Over a distance of 7 kilometres the height difference is 
only 60 metres.

Figure 10. Road network in the hilly landscape 
around Heerlen.
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Figure 11. Bicycle network of Heerlen. Source: Google Maps (2018); ANWB (2018)
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Bicycle
Cycling is no fan favourite in Limburg. Limburg is the 
province with the fewest cyclists in the Netherlands. The 
average person in Limburg cycles around 605 kilometres 
each year, the national average is 861 kilometres each 
year. Translated to hours a year, the average person 
spends 48 hours a year on a bicycle, whereas the national 
average is 70 hours a year (CBS, 2018). Heerlen is ranked 
as the city with the least cyclists in the Netherlands. The 
average person in Heerlen cycles about 399 kilometres 
a year, whereas in Groningen the average person cycles 
about 1,522 kilometres a year (CROW, 2017)

There are many different bicycle infrastructures. First of all 
are bicycle paths. Paths which are completely separated 
from motorised traffic. These are commonly found 
alongside larger car infrastructure where more than 2 

lanes are available. In Heerlen these are largely absent. 
Then there are bicycle lanes which are designated lanes 
which are on the same road as cars. These could be found 
almost anywhere in the city. Here cyclists are ‘protected’ 
by a safe zone and markings. These are more common 
in Heerlen. Finally there are normal streets, these are 
just regular streets where no distinction between car or 
cyclist is made, every vehicle uses the same street. These 
are commonly found deeper in the neighbourhood were 
traffic speeds is significantly slower than on larger roads. 

There are some interesting bicycle networks in and 
around Heerlen. Starting with the Fietsknooppunten 
(Bicycle Nodes), a national bicycle network which offers 
cyclists interesting cycle routes throughout various areas 
in the Netherlands. This network is well represented in 
Heerlen, with multiple routes crossing the city centre and 

Figure 12. Primary bicycle routes. Figure 13. Bicycle NodesSource: Google Maps (2018) Source: ANWB (2018)
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neighbourhoods. This network is mainly used for leisure 
purposes, but follows a few major roads as well.

Then there is the Leisure Lane, a project by IBA Parkstad, 
which connects the German Vennbahn with the Belgian 
Coaltrail. The goal of this bicycle infrastructure is to make 
Heerlen (or the ParkStad) more accessible and liveable and 
stimulates economic growth. This road predominantely 
aims at leisure related economy, it connects the various 
natural and cultural hotspots throughout the whole 
ParkStad (IBA ParkStad, 2018). Unfortunately, this Leisure 
Lane dodges the city centre of Heerlen. ParkStad (2018) 
also state that their ambition is to allow e-cars on this 
bicycle route in the near future. In addition, the same area 
which is enclosed by the N281 and the A76 is also evaded 
by the Leisure Lane.

One of the reason why cycling is not popular in Heerlen 
is because of its hilliness. Heerlen lies in a basin caught 
between the plateaus of Ubachsberg, Doenrade, 
Nieuwhagen and Spekholzerheide. Compared to the 
Netherlands, which is rather flat, Heerlen is caught 
between mountains. And cycling in hilly  landscape is 
just not that attractive for commuters due to the effort 
needed. For leisure cyclists this is less important since 
cycling is an activity of its own and not just as means of 
transportation. On the contrary even, Limburg is a popular 
destination for cycling holidays and for cyclists.

Source: AHN (2018)Figure 14. Leisure Lane
Figure 15. Primary bicycle routes compared 
to height.Source: Parkstad (2018)
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and noise pollutions, is deadlier than the former two. 
Pollutants account for 15.000 DALY’s, traffic injuries and 
noise pollutants both for 5.000 DALY’s (CROW, 2017). In 
such a car oriented city the negative health effects on an 
already unhealthy society could potentially be disastrous. 
Which they are. In Heerlen, people are concerned for their 
health due to bad quality of the environment. People in 
Heerlen are more concerned compared to the provincial 
average. Severe noise pollution accounts for 13,1% of all 
concerns (of which 6,4 experiences sleep disturbance due 
to noise), air pollution accounts for 6,3% and concerns 
regarding the quality of the surroundings environment 
are 14,1%. This all leads to higher chances on for example 
cardiovascular disease (Vermeer at al., 2014). 

In South-Limburg the amount of PA is lower compared to 
other areas in the Netherlands. In Heerlen the amount of 
PA is even lower, only half of the adults in Heerlen is able 
to get sufficient amounts of PA (Vermeer et al., 2014). 
Cycling is a way to get sufficient amounts of PA, yet in 
Heerlen people cycle the least of all the Netherlands and 
this is reflected in the health rates (CROW, 2017). People 
who drive daily gain 0,5 kilograms each year, people who 
cycle decrease their weight gain with 0,3 to 0,5 kilograms 

Obesity of pers. above 19 yr in % (2012)

Dutch average: 12,7%

9-10%

10-12%

12-14%

14-16%

16-18%

based on Vermeer et al. (2014)

One or more chronic diseases of pers. above 19 yr in % (2012)

Dutch average: 60,4%

62-66%

66-68%

68-70%

70-72%

based on Vermeer et al. (2014)

Health
Public health in Heerlen is poor compared to the Dutch 
average. The average life expectancy slowly increases 
throughout the country, so it does in Heerlen. The 
government works hard in order to achieve this. 
Unfortunately, old age does not always come with good 
health. In Heerlen, 69% of people aged 19 years or older 
is diagnosed with chronic diseases. Half of this group is 
diagnosed with multi-morbidity in which a person has 
more than one chronic disease. In Heerlen this means 
that 36% percent of the adults is diagnosed with multi-
morbidity. Of these chronic diseases, obesity is an ongoing 
epidemic. Half of the adults (19-64 years) is diagnosed 
with overweight or obesity. Over the last couple of years, 
overweight and obesity have increased steadily (Vermeer 
et al., 2014). Obesity is public health enemy number 
one, followed by smoking. However, at the following 
three places are effects caused by cars. These effects are 
expressed in DALY’s (Disabily Adjusted Life Year), or the 
years of life lost due to- and years lived with a certain 
disability. Obesity accounts for approximately 25.000 
DALY’s for every 1 million people. Smoking accounts 
for around 21.000 DALY’s. The car, which emits carbon 
dioxide and other pollutants, causes more traffic injuries 

Figure 16. Figure 17.
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and increase their fitness with 13% (CROW, 2014). The 
percentage of people with chronic diseases is highest in 
South-Limburg. The Dutch average of people with chronic 
diseases is 33,9%, in South-Limburg this average is 38,7%. 
People in South-Limburg are also most obstructed in 
their daily activities because of chronic diseases, 38,3% 
of the people claim they experience difficulties fulfilling 
basic daily activities. In the Netherlands this average is 
32,9% (CBS, 2018). Low amounts of PA have been linked 
to chronic diseases such as cardiovascular diseases, 
cancer and diabetes (World Health Organisation, 2018). 
In Heerlen and other areas of South-Limburg the number 
of people who die from cardiovascular diseases and 
cancer is high compared to the national average. In 
the Netherlands for every 10.000 people 19,2 die from 
cardiovascular diseases and 22,4 die from cancer. In 
Heerlen this is respectively 22,3 and 23,3 people. On 
average, 68,9 people die of chronic diseases whereas in 
Heerlen 75,7 die. A significant difference. The average life 
expectancy in Heerlen is 79,6, compared to 81,0 in the 
rest of the Netherlands (Vermeer et al., 2014).

Not only Heerlen struggles with significant health issues. 
The surrounding neighbourhoods and municipalities also 

encounter these issues. Especially Brunssum, Landgraaf, 
Kerkrade and Simpelveld. Brunssum, Landgraaf and 
Kerkrade all experience the same low experienced health 
by inhabitants and have the same low life expectancy. 
Total mortality rates in these municipalities are equally 
high. However, the number of chronic diseases in these 
municipalities is sometimes higher. The percentage of 
people diagnosed with one or more chronic diseases 
in Nuth, Brunssum, Landgraaf and Kerkrade is higher 
compared to Heerlen. The percentage of people diagnosed 
with even more chronic diseases is highest in Brunssum 
and Kerkrade. Also obesity and diabetes are more of a 
problem in surrounding neighbourhoods compared to 
Heerlen. The percentage of people diagnosed with one 
or both of these is higher in Nuth, Brunssum, Landgraaf, 
Kerkrade and Simpelveld (Vermeer et al., 2014).

Two or more chronic diseases of pers. above 19 yr in % (2012)

Dutch average: 32,2

32-34%

34-38%

38-42%

42-46%

46-48%

based on Vermeer et al. (2014)

Mortality

Dutch index: 100 (CMF)
Comparative Mortality Figure

<90

90-95

95-105

105-110

>110

based on Vermeer et al. (2014)Figure 18. Figure 19.
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Figure 20. Green areas of Heerlen
Source: Ministry of Agriculture Nature and 

Food Quality (2018)
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Landscape
As was previously mentioned, the N281 and the 
A76 enclose a landscape. By doing so the roads limit 
opportunities for people to experience the park. Even the 
Leisure Lane evades this area. But what exactly does this 
area look like? It surely is not visible from the road or the 
city, due to the noise barriers.

The landscape is part of the Geleenbeekdal (stream 
valley of Geleen). The Geleenbeek has a high ecological 
value. Within the stream valley of this creek are multiple 
Natura 2000 areas and includes many monumental trees 
such as the Oak of Terworm and a solitary maple east 
of Benzenrade (Monumental Trees, 2018). It is also an 
important link in an Ecological Corridor which runs from 
the Veluwe (Netherlands) to the Eifel (Germany and 
Belgium)(Waterschap Limburg, 2018). A large part of the 

Geleenbeek runs through Heerlen, because of this the 
creek acts as an important water drainage for the city. 

South of the source of the Geleenbeek, on a large hill, lies 
the Imstenraderbos (the forest of Imstenrade). This forest 
consists out of deciduous trees (especially beeches) and 
coniferous trees (such as firs and pines) on sleep slopes in 
which various paths zigzag through the forest. The forest 
embraces various pastures which lay lower in relation to 
the forest. These pastures lie on slopes between the forest 
and Benzenrade. The surrounding areas of Benzenrade 
have a strong agricultural identity with cultivated fields, 
pastures, graften, small orchards and livestock roaming 
around. The small hamlet is an oasis of peace and is 
characterised by various old buildings constructed out of 
Kunrader stone and a small chapel. In Benzenrade starts 
the Geleenbeek which runs all the way to Sittard-Geleen 

Figure 21. Green area is enclosed by road 
network

Figure 22. Green area is evaded by the Leisure 
LaneSource: Google Maps (2018) Source: Google Maps (2018)
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after which it debouches into the Meuse. On its way it 
crosses the estate of Terworm.

The estate Terworm is the most northern part of the 
landscape between the roads and owes its name to the 
former landlords and the castle which still exists. This 
part of the landscape is characterised by cultivated fields, 
pastures and forests. Just as the area around Benzenrade, 
this landscape has a agricultural landscape. However, 
what makes this landscape different from Benzenrade 
is the amount of historical buildings which are scattered 
throughout the estate. Castle, farmsteads and even old 
ruins can be found all over the area. There is also the 
Oak of Terworm, a beautiful solitary tree where the road 
between the Eikendermolen and farmstead Den Driesch 
crosses the road between castle Terworm and farmstead 
Douvenrade. The tree, which is in fact no oak but a plane, 
is a monumental tree. One of many along the Geleenbeek.

In between Benzenrade and estate Terworm is a landscape 
which is heavily influenced by the surrounding areas. 
Close to Benzenrade is the Zuyderland M.C. Here the 
Geleenbeek runs south of the hospital and passes an old 
farmstead; Auberge du Rousch. The Geleenbeek is lined 
with trees and passes ponds and small deciduous forests.
 
After passing by the Zuyderland M.C. the creek enters 
the Welterpark.  A beautiful park south of the city centre. 
The Weltervijver is a popular place for people to go to. 
It still has an old mill (the Welter mill), a beautiful pond, 
orchards and even livestock roaming around. 

As Rijckheyt (2012) states:

“Effe weg uit de drukke stad, weliswaar met het gezoem 
van de autoweg op de achtergrond, ligt het park rond 
de Weltervijver. Het is één van de mooiste plekjes in 
Heerlen, waar je je terugwaant in de nostalgie der tijden.” 
(Rijckheyt, 2018)

Translated it says:
“Away from the busy city, albeit with the buzzing of the 
motorway on the background, lies the park around the 
Weltervijver. It is one of the most beautiful places in 
Heerlen, where you will return to the nostalgia of times.”

This perfectly illustrates how the cars dominate the city 
and affect the  landscape surrounding it.

After this the Geleenbeek enters a large meadow, with 
some deciduous forests, orchards and a pond and soon 
it enters another area where it passes the care centre of 
Douvenrade and the farmstead Geleenhof.

The Geleenbeek is a green oasis in Heerlen and crosses 
many different areas, with each area its own characteristic. 
There is the cultural and historical landscape to the south 
and the landscape of castles and farmsteads to the 
north. In between is a landscape which could be called 
a ‘stadspark’, an urban park. It is a eco-passage to many 
plants and animals and therefore very attractive for them. 
But also for people. It has hills, gentle slopes, steep slopes, 
wet and dry meadows, flooded and regular forests.
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Source: Monumental Trees (n.d.); Rijksmonumenten (n.d.); Google Maps (2018)

For sources of images see Bibliography - Pictures
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Image 20. Source: natuurmonumenten (n.d.)
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Heerlen is an important economic centre in the southern 
regions of Limburg and as capital of Parkstad Limburg, 
Heerlen aims at economic growth, further fortifying 
its position in the province. Such growth brings certain 
challenges, one of which is increased employment 
opportunities. The Brightlands Smart Services campus 
wishes to attract 100 new companies by 2025 which 
are to employ 2.000 new employees and 1.600 students 
(Brightlands, 2017). These companies have a high 
likelihood of employing people in the services sector, a 
sector with high levels of sedentary work tasks. This also 
involves more commuters and in such a car oriented 
society this also means a lot more cars driving in and out 
of the city, with all its consequences.

If the Province wishes to create a more sustainable 
transportation system, promoting commuter cycling 
is highly recommendable. The bicycle brings health to 
its users without damaging others’ and is a sustainable 
mode of transport. It uses less road space and has a no 
negative effects on the environment. Commuter cycling 
provides an affordable and reliable journey for everyone. 
The flexibility and freedom it offers are important aspects 
in commuter’s decision making (Heinen et al.,2010). 
Over shorter distances, the bicycle has even been proved 
to be faster than cars, e-bikes are even 15% faster than 
conventional bicycles (Dekoster & Schollaert, 1999). 

An important aspect of commuting is travel time, which 
is dependent on travel distance, but also the amount 

Conclusion

Image 21. Source: Men’s Journal (2017)
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of stops and starts and the hilliness of an area. Hilliness 
is not so easily erased as it is part of the topographical 
characteristics of an area. Well-connected bicycle networks 
and separated bicycle paths decrease travel distance, as it 
reduces stops and starts. The latter also positively affects 
perceived safety, as the distance between cyclist and 
motorised is increased. The climate and weather is also 
an important factor which influences bicycle share. Rain 
and wind are important weather aspects which increase 
effort and decrease comfort. Climate and seasons have 
an influence on both these two as well as on daylight. 
This has an effect on safety, since winters are significantly 
darker than summers (Heinen et al., 2010). Although the 
aim of this thesis is to increase health among employees, 
it must be acknowledged that travel time, costs, effort 
and perceived safety are, from a commuter’s perspective, 
more relevant. The emphasis should therefore be more 
on these aspects rather than health. This is concluded 
by Gatersleben & Appleton (2007) who stated that 
behavioural decisions are more influenced by behavioural 
consequences which are immediate, than those which 
are distant in time and space. Time, cost, effort and safety 
are immediately experienced, health is only experienced 
over longer periods of time. 

Traffic-free routes which take place in a natural and 
more attractive environment allow commuter cyclist to 
cycle without having the stress to cope with motorised 
traffic. This is closely linked to leisure-related cycling. In 
promoting commuter cycling, the promotion of leisure 

cycling is also highly recommendable. Gardner (1999) 
found that people who regularly go on leisure journeys 
are encouraged to try commuter cycling.

From the case studies we may conclude that in order to 
increase public health, cycle highways and better cycle 
networks have beneficial effects on bicycle share, since 
they offer easy and safe services and provide many 
benefits for the city which implements such a route 
(Supercykelstier, n.d.; Gemeente Groningen, 2014). 
Groningen has showed us how many strategies which 
place local cyclists on the first place, from better facilities 
to more coherent networks, but also to allow people from 
farther away to use the bicycle in the city by introducing 
Park-and-Bike’s (Gemeente Groningen, 2014).

If Heerlen wishes to improve public health it is highly 
recommended to invest in a coherent bicycle network. 
Which benefits the city on more aspects rather than just 
public health. Cycling pays off! More cycling means less 
pollutants and noise which creates a better environment 
which in turn makes a city more attractive, but also in 
reduced external costs. A modal shift from car to bicycle is 
always sustainable and profitable. 
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The design should aim at increasing the number of 
commuter cyclists in Heerlen. This is achieved by making 
cycling as attractive as possible by creating a coherent 
network which is as fast as possible and as pleasant 
as possible. Here, the commuter cyclist’s needs are 
prioritised. The positive aspects of cycling will outweigh 
the negative aspects. Cost, travel time, effort and safety 
factors. Cycling is relatively cheaper compared to a car. This 
will only get more emphasised by, for instance, increasing 
parking costs in certain areas and offering free enclosed 
parking for bicycles. Travel times will be decreased 
through straight connections with as few stops as possible 
which will ensure that cyclists are able to cycle as much 
as possible almost without setting a foot to the ground. 
This will not only save time, but also decreases chance on 
perspiration which makes cycling far more attractive for 
commuters. Especially since Heerlen is rather hilly, the 
decreased amount of stops will compensate for the effort 
needed to climb hills. By increasing the distance between 
cars and cyclists, decreasing the amount of crossings and 
stops and placing sufficient street lighting the cyclists’ 
safety is preserved. Enclosed parking areas for bicycles 
will also increase perceived safety.

The network will link various areas throughout Heerlen: 
the main economic centres where people work, the 
educational areas where students are and the residential 
areas where employees and students live. Along the 
main traffic arteries, cyclist will be prioritised. Since the 
majority of economic centres and educational areas are 
located along the N281, this road will play a significant 
role in the network. 

Not only shall this bicycle network focus on commuting, 
but also on leisure cycling, which increases the likeliness 
that cyclists will consider commuter cycling. Combining 
commuting and leisure cycling is an interesting step 
towards promoting both. A bicycle highway in a park 
setting with various activities and facilities for both 
commuters as non-commuters. This will not only ensure 
fast connections but also a highly attractive informal 
environment where people can meet and interact, both 
on a professional level as on a leisure level. 

The N281 will play an important role in achieving this. 
At first, the aim was to downgrade this traffic artery. The 
small distance between the N218 and the A76 allowed a 
better distribution of traffic intensities. This alone would 

Concept
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1950 / present 2020

have had a large impact on the city. However, it is far 
more interesting to completely remove the cars on the 
N281 and completely focus on cycling. The impact of this 
intervention would be significant. The current N281 acts 
as a huge barrier between the city and the landscape. 
The safeguard the city and the landscape, other barriers 
such as sound barriers, tunnels and foot bridges. When 
the cars are removed, so can these barriers. This way, the 
landscape opens up to the city which opens the doors for 
many other connections. The beautiful landscape west of 
the city becomes so much more than a worthless piece of 
land enclosed by cars and roads. It becomes a symbol for 
the capital of ParkStad, a showpiece, or as we say in the 
Netherlands: a business card. 

Which is an interesting thought. Not only will this design 
create a better connection between city and landscape, 
it also connects the various economic hotspots with each 
other, with Brightlands in the centre. The old N281 may 
be rebranded and might also, as it were, be converted into 
a bicycle campus. Which could result in some interesting 
business models for all. All the ingredients for a campus 
are already present: businesses, universities, supportive 
facilities. 

Of course, the bicycle is not suited for all commutes, 
people from Sittard-Geleen, Maastricht or even beyond 
will probably prefer to travel by car to Heerlen, which will 
be no problem. Also the people who live in Heerlen and 
work elsewhere will probably prefer to use public transit. 
With this concept, there is the opportunity to start or end 
a commute on a bicycle. The last-mile concept. People 
who arrive with a car have the opportunity to park their 
car for free (or a very low price) at a transferral where 
they are able to freely rent a bicycle and cycle the last 
10 minutes to their job where they are able to park the 
bicycle. A Park-and-Bike concept. People who travel with 
public transit are able to freely rent a PT-bike (OV-fiets). 
This will save both them as well as the city money and 
will ensure a better and more healthy environment for 
commuters as well as non-commuters. These transferrals 
will be outfitted with various other facilities such as 
sufficient parking, lockers, changing rooms and perhaps 
even additional program such as shops and sporting 
facilities. This multimodality is what will attract even more 
commuter cyclists because of the advantages it offers.

This way commuter cycling is faster, healthier and more 
enjoyable than commuting by car. 

Figure 23. Current traffic engineering vs. 
future traffic engineering. based on Copenhagenize Design Co. (2013)
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Concept
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The N281 will be replaced by a cycle highway which 
connects various areas with each other. First of all it 
connects the economic hot spots such as the Brightlands, 
the Woonboulevard and the Zuyderland M.C. Secondly, 
the bicycle path is connected to all residential areas via 
secondary bicycle paths which run from the centre of 
the village or neighbourhood to the cycle highway or the 
city centre. These route will directly connect the different 
areas with each other. Lastly, there are the leisure paths 
which are mainly focussed on leisure and connects all the 
green areas of the city with each other. These consist out 
of the Leisure Lane and the supportive bicycle paths. Also 
these routes will be connected to either the cycle highway 
or the secundary bicycle paths. This creates a network 
that ensures direct connections and crossings which 
prioritise cyclists. This reduces stops and effort needed 
and thus decreases travel time. This creates a coherent 
bicycle network which combines utility cycling and leisure 
cycling.

At the starting point and the ending point of the new cycle 
highway are transferrals. Here commuters who arrive by 

car are able to switch to a bicycle and continue the last 
part of their journey cycling. Another transferral is placed 
in the middle, close to the city centre. In order to enable 
commuters which arrive by train or bus, two train stations 
will fulfil a similar role as the transferrals by offering PT-
bikes to travellers. All these transferrals will be outfitted 
with bicycle facilities such as lockers and enclosed bicycle 
parking.

Additionally, the bicycle highway does not need as much 
space as the N281 did. Therefore, the residual space will 
be used to create a park, a long park which stretches 
from the Woonboulevard in the north-west to the Roda 
Boulevard in the south-east. This park will not only be for 
the enjoyment of the cyclist, but for everyone in the city. 
The park not only serves as a green connection which 
lines the bicycle highway, it also serves as a connection 
between opposite sides of the cycle highway. With the 
obstacle of the N281 gone, the left over space offers 
opportunities to connect the once enclosed landscape 
with the city and give a new twist to the ParkStad.
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Strategy Cycle Boulevard

Mobility
This strategy prioritises the bicycle. The N281 will no 
longer allow cars and instead be completely redesigned 
to suit the cyclist’s needs of reduced travel time and effort 
and increased safety. Most of such roads for bicycles 
are known as bicycle highways. This term however, falls 
utterly short in terms of the design. For the design will 
not only be about speed or arriving at the destination as 
fast as possible. It will also be about experience; cycling in 
a pleasant environment, experiencing the tranquillity of 
nature and the vibrancy of urban everyday life. It will not 
only connect home with work and school, it will connect 
city and landscape. It will connect different economic 
areas. Different landscapes. The route will not aim only 
at reaching a certain destination, but also at the journey 
itself. In a way, the new road has to be a destination, a 
place were different people and places meet and interact 
with each other. Due to the variety of areas along the 
cycle boulevard, a great variety of different ‘biotopes’ 
can be created. Leisure and commuter cycling will merge. 
Landscape and city will merge. And this will contribute to 
the identity of ParkStad.

Previously, the road offered quick access to various 
economic hotspots to cars, now it offers this exact same 
accessibility to cyclists. The new boulevard will be the 
primary traffic artery for cyclists which connects the various 
hotspots, the city centre and neighbouring residential 
areas with each other. On this primary route there will be 
no interactions with cars (no cars on the same road and no 
crossings with roads for cars). The previous N281 crossed 
other roads by viaducts. These same viaducts will now 
allow cyclists to keep cycling without having to cross busy 
car roads, reducing travel time and effort and increase 
safety. The amount of stops and starts have decreased 
and so also the effort needed to accelerate. This will 
compensate for the effort needed to climb the hill, which 
in itself is also reduced as much as possible. The previous 

N281 was flattened out as much as possible, reducing 
the slopes where needed. The decreased slopes benefit 
cyclists as they need less effort to cycle. The primary route 
will also be in an enhanced park setting which includes 
elements with compliment the image of a park. Not only 
the experience benefits from trees, also the effort needed 
and comfort. The boulevard will be lined with trees which 
shelter the passing cyclists from the weather. When the 
weather is so bad that cyclists need to stop they can 
always stop at one of the shelters which will be placed 
every other distance. Secondary routes will connect other 
residential areas such as Kerkrade and Brunssum to the 
new boulevard. These routes will prioritise the bicycle 
but still include the car. Bicycle paths will be the main 
infrastructure. Cyclists are separated from cars through 
parallel parking spots and trees. At crossings, cyclists will 
either be prioritised by roundabouts where cars have to 
give way to cyclists or by traffic lights where lights for 
cyclists have a higher frequency of green light and where 
green waves are utilised. In this way, the amount of stops 
for cyclists are reduced as much as possible, decreasing 
travel times, effort and increasing safety. 

The relatively short distance between the areas ensures 
that the bicycle remains the faster and more flexible mode 
choice. Due to this there is now also a better connection 
between the various hotspots themselves. The cycle 
boulevard offers an opportunity for companies to easily 
exchange and interact with each other. 

Image 22. The High Line in New York, where an old train track is transformed in a 
pedestrian area. Source: Via Michelin (2018)
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Multimodality
At both starting points and halfway the cycle boulevard 
are Park-and-Bike’s added. North-west near the 
Woonboulevard the first P&B will be realised which will 
focus largely on people working at the Woonboulevard 
or at the industrial areas north of the transferral. The 
second will be placed next to the Rodaboulevard and will 
primarily focus on people who work at the Roda Boulevard 
or at the industrial areas south of the transferral. Also 
people working at the Zuyderland M.C. are likely to use 
this transferral. Lastly there is the P&B at the Brightlands, 
this one will primarily focus on people work either in the 
city, at the Brightlands, at Coriopolis, University or at the 
Zuyderland M.C. There is, of course, always to possibility 
for people to freely choose between the P&B’s. It might 
be that, for personal reasons, workers from the Brightland 
Campus to park near the Woonboulevard. One might 
want to engage in more exercise in order for some extra 
health gains, buy something at one of the shops, or simply 
for recreational purposes. 

These transferrals enable commuters from farther away 
to travel the last mile on a bicycle. These transferrals offer 
parking spaces for cars and free rental bicycles. This will 
save drivers a lot of money, since parking prices in the city 
will significantly increase in order to deter drivers. Another 
way to save money is to link the price of the parking 
ticket to the distance travelled. If a commuter cycles 
more, he or she gets a discount on the parking ticket. 
This not only saves money but also increases PA among 
employees. Using the tranferral will also save time, the 
car will be redirected around the city and lose its priority 
at, for example, crossings. Of course, it will increase effort, 
but this will be reduced as much as possible by offering 
e-bikes at the Park-and-Bike’s and reduced stops.

Secondly, at train stations arriving commuters will have 
the opportunity to rent a PT-bike or park their own at one 

of the designated parking places, allowing them to travel 
the last mile on a bicycle. The designated parking places 
for commuter cyclists are free and enclosed in order to 
provide some security and decreased risk of theft. The 
first station is at Central Station in Heerlen. This will be 
the largest, most important of the two. The other will be 
at the Woonboulevard. This one has to slightly change its 
location to the east. At the moment the train to Sittard-
Geleen does not stop at this station and for future 
purposes it might be interesting for it to do just so. This 
way potential commuters cyclists from Sittard-Geleen will 
be attracted to cycle.

Together these five transferrals and their one-mile radius 
completely cover the area around the cycle boulevard. 
Increasing the attractiveness for potential commuter 
cyclists.

Image 23. A possible design for the transferrals. Source: JSWD Architekten  (n.d.)

Image 24. Bike sharing or PT-bikes at train stations. Source: George (2017)
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Smart mobility
Everybody leaves behind a unique data trail while 
moving around the city and go through daily life. This 
data is important knowledge for the city. An interesting 
idea is to create a smart transferral which recognises 
the license plate of a driver which immediately unlocks 
a locker located next to the parking spot. This saves 
time and also could be linked to an app which collect a 
cyclist’s non-personal data. The frequency of bicycle use, 
average speed, distance travelled, travel time, frequently 
used roads and even heart rate and weight. A commuter 
cyclist can use this data to monitor his or her health and 
also work towards goals: lose weight, increase speed, 
increase distance. The cyclist is able to see his or her 
own progress which stimulates more cycling and keeps 
cyclists motivated. This data can be shared via social 
media, through which friends and colleagues can keep 
score. This same non-personal data can also be used 
by the Parkstad itself in order to increase the liveability 
of the city. The data gathered by cyclists can be used 
to create better connections which are safer, more 
convenient and more enjoyable. Cyclists are able to give 
feedback to the city and notify when something is wrong. 
The other way around, the city is able to notify cyclists 
when another road might be faster or convenient. There 
are great numbers of possibilities for such an app, one 
of which might be the opportunity to order something 
online and be able to have it shipped to the transferral. 
This saves the commuter time and decreases car share 

since the commuter has no need to drive extra miles in 
a car in order to buy something. Another possibility is 
to reward cyclists for every kilometre they cycle. Think 
of loyalty points which can be spend in one of Heerlen’s 
shops or offer discounts at sports clubs. This is one of the 
opportunities given by modern technology in order to 
make cycling more attractive and subsequently increase 
the liveability in the city.

Additionally, the new cycle highway can also make cycling 
attractive by using other innovative aspects. Lights can be 
switched off or dimmed during the night. Smart lighting 
with motion sensors can switch on the lights at the desired 
time, for instance when a cyclists passes by late at night 
after working overtime or after visiting the cinema. The 
same system can be used at pedestrian crossing, signaling 
cyclist when a pedestrian wants to cross the road. This 
is an energy efficient way of ensuring a better visibility 
and combines sustainability and safety. Phosphorescent 
roadmarkings charge up during the day and emit light 
during the night which also helps cyclists cycle during 
the night. Temperature sensitive roadmarkings light up 
when temperatures fall beneath zero degrees. This alerts 
cyclists when the road becomes slippery, but can also 
trigger geothermal energy (warmth from the earth) or 
sewer-thermal energy (warmth from sewers), which heats 
the bicycle paths and prevents it from freezing up. The 
road can also be used to generate energy through solar 
panels integrated in the road surface. 

Image 25. Smart lighting. Source: 
Zivkovic (n.d.)

Image 26. Solar roads. Source: France-
Presse (2016)

Image 27. Integrated street lights. 
Source: Inframarks (n.d.)

Image 28. Phosphorescent road 
markings: Połajewska (2016)
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Areas
Replacing the N281 for a cycle boulevard has not only 
an effect on its users, but also on the surrounding areas. 
Prior to the intervention there was little to no interaction 
between opposite sides of the road, but with this barrier 
gone, opportunities arise. The design for the various 
area should always aim to complement the surrounding 
areas (shopping malls, residential areas or offices) while 
simultaneously increase mobility, sustainability and 
health.

The Woonboulevard is currently separated from 
landscape by the barrier of the N281. Trees block the view 
from one side to the other and there is only one small 
tunnel which connects the two. The removal of the N281 
as car road offers the opportunity to remove, or replace, 
various trees in order to create sightlines which cross 
the new cycle boulevard. In addition, the tunnel loses 
its function since cyclists and pedestrians now have the 
ability to cross the boulevard via pedestrian crossings. The 
meadows around the new cycle highway should primarily 
be designed to include more landscape elements, such 
as trees and graften, and paths in order to increase the 
park experience. Due to the close proximity of both the 
transferral and the trainstation, the rather flat and empty 

landscape around the boulevard, this place is highly 
accessible by all modes of transport. This makes this 
area interesting for activities such as events and festivals. 
These events can be temporarily (pop-up or short term), 
or more long term oriented. In case of the former think 
of music festivals (take Pinkpop in Landgraaf for example) 
or food truck festivals (such as FoodStock). In case of 
the latter these events could be theme based. Themes 
which are relevant for the Parkstad and Brightlands, such 
as smart energy, climate adaptation and public health, 
or for the Woonboulevard and Car boulevard, such as 
smart mobility and smart living. The landscape more to 
the south-west should remain the same for as much as 
possible. The castles, farmsteads and the Geleenbeek are 
interesting spots for leisure (cycling) and the design in this 
specific areas should primarily focus on complementing 
and preserving these characteristics. Castle Terworm for 
example is a huge attraction for visitors, the surrounding 
the castle should therefore only change if it benefits the 
castle. There is also the water purification centre close to 
the castle which might be redesigned for leisure purposes 
such as swimming pools or focus on a more sustainable 
way of purification such as bio-filters.

Image 29. A park with a view. Source: Time Out (n.d.)
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The residential area west of the city was previously 
separated from the landscape by a road and protective 
barriers (sound barrier and trees). The only way for the 
residents to reach the landscape was via three tunnels, of 
which two were also used by car and the other one was 
specifically dug for pedestrians and cyclists. Because of 
these barriers there was no interaction between opposite 
sides. With the new cycle boulevard these barriers are no 
longer needed and can be removed which opens up the 
landscape for the neighbourhood and the rear areas such 
as the city centre. Prior to the intervention the majority 
of buildings looked out on a sound barrier. In the future 
these buildings will face a beautiful landscape. Due to 
the residential nature of this area the design around 
the boulevard should primarily focus on the residents. 
Children should be able to freely roam around, go on 
adventure and discover the landscape in which they now 
practically live. Including natural playgrounds for one is 
an opportunity for children to do just so. Also the adults 
of the neighbourhood benefit from a better connection. 
Families should be able to go out the door and sit in the 
park, go on a picnic or play some ball. This will benefit 
the community on various levels. The fresh air, the green 
environment, the tranquillity of the landscape and more 
opportunities to be outdoors. All are beneficial for one’s 

health. It also creates more opportunities for social 
interaction. The park becomes an important meeting 
area for the residents of Heerlen. The noise of cars will 
be replaced with the greetings of passing cyclists and 
neighbours.

The care centre Douvenrade shelters many elderly. Prior 
to the cycle boulevard these people had to cross the road 
using tunnels, in order to reach the city centre. With the 
new cycle boulevard this barrier has completely taken away 
and now the elderly can reach the city centre more safely 
and comfortably. In this area the needs of pedestrians 
and cyclists are taken in account and the design should 
primarily focus on a comfortable transition between city 
centre and the residential areas. A pedestrian crossing 
allows the elderly, but also other pedestrians to cross the 
cycle boulevard with ease. Benches will be placed every 
100 meters in order for elderly and other people to sit 
down and take a rest. Footways will be guided by trees 
which provide a pleasant trip and some cover from the 
elements. This also allows for a green connection between 
city and landscape and creates a better connection 
between opposite sides of the city, which ultimately 
will create a better living environment for all its users. 
In addition, the area around the care centre also offers 

Image 30. Family business. Source: Lopez (2018)
Image 31. A garden for elderly where they can socialise. Source: Thera 
Therapeutica (n.d.)
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an opportunity to further enhance this quality for both 
the older residents as for their neighbours. This can be 
done through the includement of the Geleenbeek in the 
design of this part of the park. The creation of a garden in 
which the elderly can walk around and sit and where they 
can have a more peaceful experience in contrast to the 
vibrant city centre which lays on the other side of the care 
centre. This allows for more physical activity among the 
elderly and an increased public well-being.

The Brightland Smart Services Campus has the potential 
to transform in a vibrant park for the city. The area 
surrounding the boulevard should therefore primarily 
focus on the campus-like character of the city. The needs 
of students and workers are the main focus. In lunch 
breaks, groups can easily roam around the campus while 
they eat their sandwich or get a cup of coffee at a nearby 
coffee shop. The park and boulevard also allow for walk-
and-talk meetings, or even complete outdoor meetings. 
With eye for the future, the released space offers an 
opportunity for the Brightlands to grow. With new 
offices primarily focused on the new boulevard and the 
surrounding campus. Commuter cyclist could potentially 
even cycle through the parts of the buildings and park 
their bike in a safe and enclosed area. 

The two residential areas between the Brightland 
Campus and the Zuyderland M.C. surround the 
Welterpark, an important park for the city. It has a rather 
rural character which is complementary to the residential 
areas surrounding it. The removal of the N281 offers a 
better accessibility of this park for the neighbourhoods 
north of the road. This in combination with an already 
low threshold makes for an interesting park in the middle 
of the city. In this park various orchards can be found, 
a beautiful pond and even some livestock. This identity 
should be preserved and enhanced where possible. 
The pond operates as water buffer for the city but only 
as a large body of water. In the future, this should focus 
more on interaction between people and water. Think for 
instance of water playgrounds, swimming ponds and bio-
filters. Which should be an important theme for this park: 
climate adaptation and sustainability. In this way the park 
contributes on different levels to a better environment.

The Zuyderland M.C. gets a campus of its own and the 
boulevard plays an important role in this. The hospital’s 
entrance is currently positioned on the south-western 
side of the building, whereas the boulevard runs along 
the north-eastern side. This allows for the opportunity 
to redesign the campus in order for the boulevard to 

Image 33. Water invites play. Source: Boer Play (n.d.)Image 32. A beautiful campus. Source: Landezine (n.d.)
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connect to the entrance. This redesigning should focus on 
the wellbeing of the patients which. A green environment 
has beneficial effects on one’s health and in this regard 
a healing environment is specifically aimed at the health 
of hospital patients. This place can used for different 
purposes, one patient might want to meet people and 
feel merry, whereas another might want to sit in silence 
in order to process a situation. Think of flower meadows, 
botanical gardens, orchards and medicinal gardens. A 
great variety of different leafy areas. In order to achieve 
this the parking garages for the cars should be hidden 
underground through which the surface is completely at 
nature’s disposal. 

The area of Benzenrade and its surroundings are 
currently known for its cultural and historic character. 
The aim of this strategy is to further enhance this. The 
hilly and agricultural landscape are typical for Limburg 
and attracts many tourists. Introducing the landscape and 
history of Heerlen and Limburg is an important theme for 
this area.  What makes this part of the park so attractive 
is that it is suited for a variety of leisure activities such as 
hiking, cycling, mountain biking, horse back riding. These 
activities are encouraged by the new design since these 
are all related to transportation. The design has a starting 

point and an end, but which is where is up to the person 
on the vehicle. This part of Heerlen also has a strong 
agricultural identity and it is one of the few survivors left 
in this area. Mass production is no option. A smaller scale 
is more preferred. Urban farming, community farms, in 
combination with education. The cycle highway allows 
children to safely cycle from one point to another. Even 
though this area is rather remote, school trips can now 
easily be on a bicycle, teaching children to live a health 
lifestyle and also how food is grown. Another important 
part of this area is the source of the Geleenbeek. Since 
it is the start of the creek and in fact also the start of this 
landscape it is of great importance that this source is more 
accessible compared to the current situation. This can be 
achieved by creating a terrace where cyclists can sit down 
and have a drink or paddle with their feet in the water.

The most important goal of the cycle boulevard is to 
make cycling as attractive as possible. This can be done 
by creating a network which is as fast, as comfortable, 
as convenient, as enjoyable and as safe as possible. The 
prioritised role of the cyclist, a combination of utility 
and leisure cycling, introduction of multimodality and 
implementation of smart mobility will aid the boulevard 
in achieving this. 

Image 34. A place free of stress. Source: Dorrestijn (2017)
Image 35. Mountain biking through the hilly landscape. Source: VVV Zuid Limburg 
(n.d.)
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Design

The current N281 consists predominantely out of a 2x3 
lane road. With a total length of about seven kilometres 
and an average width of twenty-four metres this road 
takes up a large area. The cycle boulevard takes up far less 
space. With an average width of four to five metres the 
other twenty can be used to plant trees, flower meadows, 
place benches, play equipment, construct foot ways and 
little squares, create look out points and in doing so: 
create a unique boulevard for the Parkstad. 
 
Every area the boulevard crosses is also unique, specifically 
designed to complement its surroundings.

Thanks to its location and rather empty character, the 
Woonboulevard is interesting for events and festivities. 
It is close to the highway and train station, not too close 
to the residential areas, but still close enough to the city 
centre to gain fast access. In the design this area is kept 
simple and only replaces some trees and adds some 
paths for pedestrians and cyclists. The second part of 
this area is more to the south-west where the castles and 
farmsteads can be found. Here the design focusses more 
on emphasising these characteristics.

The residential area will be a safe haven for families. The 
design for this part includes meadows where families can 
sit in the grass, play games together but also playgrounds 
for children and football fields for youngsters. 

The area around the care centre Douvenrade aims at 
creating a safer and comfortable environment for elderly.  
This is achieved by creating gardens where elderly can sit, 
walk and talk with on another. Pedestrian crossings allow 
elderly to safely cross the cycle boulevard in order to get 
to the city centre or the shopping mall. This is a huge 
improvement compared to the tunnels which they first 
had to use to cross the N281. 

The Brightlands Smart Services Campus will be the beating 
heart of the park. A place for students and workers, but 
also for the people who live close to the campus. The 
design for the campus has a more urban focus compared 
to the other areas. More places to sit and more planters. 
The campus partially becomes an outdoor office. Also 
offices, pavilions and coffeeshops are added. People who 
work at the campus are able to make short five minute 
walks to get some fresh air, stretch their legs and get a 
coffee. Small basketball courts are added if people need 
some distraction.

The second residential area focusses on a more quiet 
identity. In the design the Welterpark acts as a water 
buffer for a large part of the city. This water is purified by 
bio-filters and can then be used for leisure purposes such 
as wadi’s, swimming ponds, water playgrounds and small 
creeks to build dams. The design also lays more emphasis 
on livestock and orchards, which are already present. 
Just like the other residential area, this park will be a safe 
haven for families.
 
The design for Zuyderland M.C. focuses more on a healthy 
identity. The first step taken is to create underground 
parking garages for cars. On top of these garages parks 
and gardens will be constructed. This way people do not 
suffer from the nuances of cars and can fully enjoy and 
benefit from the green surroundings. The parks will act as 
an healing environment which reduce stress for patients. 

The hilly area surrounding Benzenrade focusses more an 
various activities for leisure such as hiking, cycling and 
mountain biking. This is done by constructing new paths 
and upgrading existing paths, but also by extending the 
forests for a better experience. Also the source for the 
Geleenbeek is accessible in the new design.
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Sections Boulevard

In the new situation trees will be removed and (re)-planted in order to create 
longer vistas and enhance the park experience. Some trees stay in order to protect 
the cyclists from strong winds. Foot ways will be constructed to further enhance 
the park experience and include fitting program such as benches. Pedestrians and 
cyclists can easily move from one area to another, without crossing car roads or 
using tunnels.

Due to the larger and more empty character of the area around the boulevard and 
the greater distance from residential areas this area is more suited for festivities 
and events rather than for family trips. Therefore, outside these events the 
landscape should primarily be as naturally as possible, focussing more on cyclists 
and people who wish to use this part of the landscape for running or hiking.

Section A1-A2 : New situation

Section A1-A2 : Current situation
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In the new situation, not only trees will be removed, but also noise barriers. 
The quality of the urban environment increases significantly with no noise, no 
pollutants and a beautiful landscape at the doorstep. An attractive place is created 
for families of all ages to recreate. Because there are no cars people are able to 
cross the road instead of using tunnels. This is much safer and more convenient.

Because this area already has a more park-like character it is suited for more family 
related activities. Playing ball, having a picnic or barbecue. These activities will 
be emphasised by adding picnic tables, goals, baskets, natural and conventional 
playgrounds for children, bare-feet-paths, naturally occuring paths and maybe a 
small square close to the cycle boulevard where people can meet and interact with 
each other, or organise a street barbecue.

Section B1-B2 : New situation

Section B1-B2 : Current situation
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Section C1-C2 : New situation

Section C1-C2 : Current situation

Near the Brightlands opportunities to develop new offices along the boulevard 
arise. Heerlen has always been a rather linear city due to the mines north-east 
of the city. With the boulevard this same linear character can be achieved. The 
area around the boulevard can have a more campus-like or urban character which 
complements the function. More squares and paths for workers and students 
which can be used for walk-and-talk meetings or outdoor meetings. Meadows 

where people can sit in the grass and perhaps play some ball in the lunch break. 
Cyclists are able to park their bicycles in or next to one of the buildings and perhaps 
can cycle through parts of buildings. Workers are able to quickly get from one 
office to the other and due to the close proximity of transferrals and stations highly 
attractive for commuter cyclists.



87

With the car gone from the N281 and the roads now empty, there is always an opportunity to introduce other 
modes of transport. In these scenario’s the bus is added along the boulevard to give an impression of how this 
could look like. The bus could offer cyclists an alternative when for some reason they are not able to cycle. It is 
also a more sustainable mode of transport compared to the car.
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Artist Impressions Boulevard

With obstacles, such as noise barriers and wind barriers, gone the area is now accessible for everyone. People can enter the landscape undisturbed 
and peacefully enjoy it. Children can play, elderly can take a walk and families or couples can go on a picnic. Cyclists are also able to get from one 
point to another without disturbances. If this is fast or slow paced is up to them. They will pass various different bio-topes on their way, each with 
its own characteristics. 
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Water storage is an important theme for the residential areas. During 
heavy rainfall this part of the landscape can store large amounts of 
water. The boulevard is outfitted with high quality drain asphalt. 
This water is purified through bio-filters and can be used for leisure 
activities such as swimming ponds. During such rainfall cyclists are 
always able to take shelter in one of the shelters. Natural grazing is 
used as sustainable maintenance of the area by using livestock.
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In order to make cycling as attractive as possible the boulevard has 
taken in account several aspects: travel time, safety and effort. The 
old N281 passed other routes by viaducts. These same viaducts now 
allow cyclists to quickly get from one point to another. Because of 
this cyclists have no interaction with the car. This increases safety 
(reduced risk of injury) but also reduces travel time and effort (no 
stops).
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One of the bio-topes which is crossed by the cycle boulevard is the Brightlands Smart Services Campus. The space which has been broken free by 
replacing the old N281 with the new cycle boulevard can be used to develop the needed offices for the expected growth. This strengthens the urban 
characteristic of this part of the park. Cyclists are able to park their bicycle close to their office in guarded or enclosed parkings. Long footpaths allow 
workers to go on walk-and-talk meetings and various sitting areas allow for outdoor meetings.
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It gets rather soon dark during winter which is often a reason not to cycle. The new boulevard make cycling as safe as possible, also during the night.
With phosphorescent road marking and smart street lighting (with motion sensors) cyclists will never cycle in the dark and lights never burn for no 
reason. This saves energy without losing on safety.
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Impression map
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Sections Landscape
Cultural and historic landscape

Crossings where car and bicycle meet always prioritise the cyclist



103 For sources of images see Bibliography - Pictures

The small village of Benzenrade is an oasis of peace. The cultural and historical character 
should remain and could potentially have a more educational role, especially for children.
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The source of the Geleenbeek should become more accessible to the public.



105 For sources of images see Bibliography - Pictures

The slopes to the Imstenraderbos are a beautiful place to hike and cycle. This characteristic 
should me emphasised.
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From here you have a beautiful view over the city of Heerlen. Special resting 
places should be placed.



107 For sources of images see Bibliography - Pictures

The Imstenraderbos is a beautiful place and should open itself to the public. Hiking, cycling, 
mountainbiking. Leisure should be encouraged.
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This is where the landscape ends and is taken over by various industrial areas 
and the Roda Boulevard.
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Sections Landscape
City gardens and urban park

Many elderly live here. A perfect spot. Close to the city, close to the landscape. Getting there was 
always a struggle, but with the new cycle boulevard and better crossings this will be no more.



111 For sources of images see Bibliography - Pictures

One of the many beautiful farmsteads south to Heerlen. Places like this deserve a spotlight.
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The Brightlands Smart Service Campus is the beating heart of the park. All sorts of activities can take place here. 
From reading a book to shooting some hoops. From small walk-and-talk meetings to large outdoor meetings.
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The Weltenpark is an important residential park which already buffers a lot of the city’s water. 
This is further extended by making this water more accessible to the public.
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All different ages can come together in the park and enjoy the peace and quiet. Before you could hear the buzzing 
of the road, but that is no more.
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Water from the city flows towards this point. Here it is filtered through bio-filters. The water is clean and 
can be used by everyone who whishes to. Swimming ponds and natural playgrounds encourage this.
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The recently reopened orchard is an interesting place to visit. Livestock roams the area and beautiful apple trees 
are scattered throughout the park.
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Sections Landscape
Landscape of castles and farmsteads

Limburg’s beautiful landscape. People can hike, cycle and sit down to enjoy the landscape.



119 For sources of images see Bibliography - Pictures

The Geleenbeek runs through this part of the area and should be made more accessible.
Landscape elements are added to enhance experience.
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There are various Natura 2000 areas to be found in this part of the landscape.
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There are also plenty of castles, farmsteads and ruins present in this area. The landscape owes its identity to 
these two aspects.
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Castle Terworm is a beautiful place and attracts many visitors. The ricoco garden is a beautiful place to sit down 
and wonder at the beautiful castle in front. All these characteristics should be more emphasised.
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Closer to the city, human activity becomes more present.
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Families out on a picnic, people walkin their dog and children exploring the woods. All under the watchful Oak of 
Terworm. 
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If one is cycling through the landscape it is often nice to hop off and sit down for a minute. The many farmsteads 
and castles offer opportunities for cyclists to do just so.
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Artist Impression Boulevard
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Conclusion

In order to promote commuter cycling the urban design 
has to consider a couple of factors which influence 
a commuter’s trip satisfaction. These are related to 
cost, travel time, effort, comfort and safety, which are 
influenced by factors in the built environment and natural 
environment.

Built environment factors such as trip distance and bicycle 
infrastructure influence travel time and effort needed. 
Long distances are almost always an excuse not to cycle. 
When distance increases or when there is no coherent 
bicycle infrastructure the travelled time increases and 
so does the effort needed to travel these distances. 
Urban design should consider this while promoting 
commuter cycling.  In order to reduce travel distance, or 
rather travel time, the main focus of a bicycle network 
is to create routes which are as fast as possible and as 
convenient as possible. This is achieved by prioritising 
cyclists at crossings, construct coherent routes, reducing 
the amounts of stops and increasing distance between car 
and cyclist. Bicycle infrastructure such as bicycle paths, 
roundabouts where cyclists have priority, green waves 
at traffic lights all decrease travel time, but also increase 
safety. It reduces risk of injury thanks to increased distance 
between car and bicycle but could potentially also mean 
less cars in general which further decreases these risks. 
Bicycle facilities at work, such as enclosed bicycle parking 
and lockers, further increase safety since risk of theft is 
decreased.

The natural environment also plays an important role in 
a commuters trip satisfaction. Hilliness and bad weather 
are common excuses not to cycle. Hilliness is not so easily 
changed, especially not in Limburg and the weather is 
season and climate dependent. Urban design can not 
change this, yet it can offer some help to overcome this 
obstacles. Hilliness and wind increase effort needed, 
urban design can compensate for this by reducing other 

aspects which increase effort such as amount of stops 
and distance between cyclist and driver. Bicycle paths 
lined with trees can reduce wind and placing shelters 
every other distance offer cyclists a place to take shelter 
from heavy rainfall. Also including sufficient street lighting 
ensures a better trip satisfaction during winters when 
days are darker. Smart mobility such as motion controlled 
street lighting and geo-thermal energy to heat the bicycle 
paths increases safety in a sustainable way by reducing 
the risk of injury and increasing perceived safety.

The natural environment also has positive effects on 
cycling. In general, traffic-free routes which take place 
in a natural and more attractive environment allow 
commuter cyclist to cycle without having the stress to 
cope with motorised traffic. Leisure cycling is closely 
linked to commuter cycling. Both cyclists share rather the 
same wishes and needs on the road in order to ensure a 
satisfying trip. People who regularly go on leisure trips are 
encouraged to try commuter cycling. Therefore another 
important aspect of promoting cycling is including leisure 
cycling in the design.

The travel-time budget of cyclists only extends to about 
seven kilometres per trip. Beyond that bicycle share 
decreases steadily. In order to allow commuters from 
farther away the urban design can focus more on multi 
modality. ‘The last mile’ concept allows commuters 
to park their car at a transferral and travel the last few 
kilometres on a bicycle.  So do commuters who use public 
transit, when they arrive at the train station they can rent 
a PT-bike and cycle the last five to ten minutes.
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Bicycle share in Heerlen is low and this has to change 
quickly. A coherent bicycle network is needed in order 
to achieve this. Many people in Heerlen work in either 
the city centre or at one of the economic hotspots 
which are located along the N281. Heerlen’s current 
bicycle infrastructure and network is not bad and only 
needs some minor upgrades which benefit the cyclists. A 
stronger coherency in routes and prioritising the cyclists 
at crossings is added. Which connects Heerlen to the 
surrounding villages.

The real opportunity to promote commuter cycling, 
however, was in creating a better connection between 
the various hot spots in such a car oriented city. At the 
moment, the N281 and the A76 are both highways where 
people can drive respectively 100 km/h and 120 km/h. The 
N281 has a higher user intensity compared to the A76. Due 
to the close proximity of the N281 to the city centre and 
various residential areas the road has damaging effects on 
public health. Carbon dioxide emissions, pollutants such 
as fine dust and noise all have negative effects on people’s 
health and also on the quality of the urban environment 
of the city. This all results in high external costs.

The goal of this thesis was to promote commuter cycling 
in order to improve employee health. By replacing the 
N281 with a cycle boulevard the thesis improved more 
than just employee health. First of all it has created a fast 
connection between various economic hot spots. The 
boulevard is connected to different other bicycle paths 
that connect several residential areas such as Kerkrade 
and Brunssum. This way commuters to Heerlen have 
quick access to the main bicycle artery and are able to 
quickly get to their work. The cycle boulevard is also 
connected to three transferrals and two train stations. This 
enables commuters from farther away (Sittard-Geleen, 
Maastricht) to park their car and travel the last mile on 
a bicycle. Also people who arrive in Heerlen per train are 

able to continue their journey on a bicycle. This is faster 
and cheaper than continuing by car or bus and ensures 
for more cyclists which leads to increased PA among 
commuters and a better quality of the urban environment 
due to less cars.
 
The boulevard is also completely car-free. It has no cars 
on the road itself but it also does not cross car roads and 
is therefore safe for cyclists to use. Should there be an 
inevitable crossing with cars than the bicycle is always 
prioritised. With the addition of smart lighting along the 
routes and bicycle facilities at work, the transferrals and 
various other locations safety is further increased due to 
less risk of theft.

Lastly, the natural environment has also been taken in 
account. Traffic-free bicycle routes in more attractive 
and natural environments encourage leisure cycling 
and people who frequently go on leisure cycle trips are 
encouraged to try commuter cycling. Such an environment 
also helps commuter cyclists since they do not have to 
cope with stress from other vehicles. The boulevard has 
therefore been designed with a strong park -like character.

The effect the cycle boulevard has on the city is 
significant. Not only will it improve the quality of the 
urban environment due to more cyclists and less cars. It 
also has opened up the landscape south of the city to the 
residents, allowing more interaction between opposite 
sides of the boulevard. Creating various different bio-
topes which reflect the respective surrounding area and 
has created a true ParkStad.

The cycle boulevard has taken all the cyclist’s needs of 
short travel times, low effort, low costs and high safety in 
account for both commuter cyclists as well as recreational 
cyclists. Through which it has created the ideal commuter 
boulevard.
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Discussion

The strategy has largely focussed on creating a network 
within the ParkStad and used a travel-time budget of 
around  one hour per commuter per day (which comes 
down to about seven kilometres). Of course this is 
not always the maximum distance, there are plenty of 
examples where people cycle more than seven kilometres 
to work. A bicycle highway allows cyclists to increase their 
trip distance. One of my fellow graduates constructed a 
bicycle highway between Maastricht and Heerlen and I 
highly recommend to combine this project with that of 
Wijfje (2018).

An important aspect of the strategy is the importance of 
multi modality, the focus on the last-mile. For this strategy 
the last-mile focuses on the last one to two kilometres of a 
journey, a distance which could easily be travelled within 
a travel-time budget of around five minutes. The addition 
of three Park-and-Bike’s and the availability of PT-bikes at 
the two train stations enables potential commuter cyclists 
to travel the last part of their journey by bicycle. The Park-
and-Bike locations are distributed in such a manner that 
their action radius almost completely covers the entire 
boulevard area. The multi modality by car is therefore 
highly efficient. Unfortunately, with the existing train 
tracks and stations, this does not go for public transit 
modality. Surely, it covers a large part of the boulevard 
area and five minutes is not that long of a bicycle trip, 
especially when the route is deluded of cars, stops and 

other nuances. Bicycle share will increase because of it. 
Yet I highly recommend to search for additional options to 
further enhance the public transit multi modality. I already 
mentioned an option for a bus lane along the boulevard. 
New public transit connections are probably needed in 
order to achieve this. Since this was not included in this 
project’s scope I advise to combine this project with 
those of my fellow graduates Kools (2018) and Damsteegt 
(2018). Both included a light rail which ran alongside the 
N281.

This thesis’ main aim was to increase PA among 
commuters. Focussing on a modal shift from car to 
bicycle. Which had an interesting twist. By completely 
removing the N281 as a car road and redesigning it as a 
cycle boulevard this thesis gained a couple more points 
of interest. The landscape, the relationship between the 
city and the landscape, the relation ship between various 
areas on opposite sides of the boulevard. Questions arose 
like: What is the added value of a ‘simple’ bicycle path to 
the city? What for effect has it on the city? This thesis as 
proven that such an intervention has a significant effect 
on the city and that it is possible. 

Not only has the design promoted commuter cycling, 
it also has opened a door for new initiatives. Additional 
research and designs are needed.
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If you plan cities for cars and traffic, you get cars and traffic. If you plan for 

people and places, you get people and places. 

Fred Kent, Project for Public Spaces, 2005*

“ “

 *quote from: pps.org
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