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ABSTRACT

Population growth results in a higher 
demand for food and recreation. It is 
expected that, in 2050, food production 
needs to be increased by 70%. However, 
there is not enough land to produce this 
amount of food. If humankind continues 
to take space, nature has to pay the toll. 
Also, some parks in the Netherlands are 
overcrowded with people. Thus, there 
seems to be a dilemma of food shortage, 
depleting nature and shortage of 
recreational space. This leads to the main 
question: How can an existing agricultural 
plot become attractive for both nature and 
recreation, while maintaining a significant 
food production? The research explores 
vertical farming and its possible relations 
with nature and recreation. It is concluded 
that de Meerpolder is a suitable place 
for a re-interpretation for food production, 
recreation and nature. Six vertical farms 
double the existing food production on  de 
Meerpolder, which results in the removal of 
the existing farms. The extra space that is 
created will provide functions for recreation 
and nature.This natural landscape with 
agricultural and recreational functions is 
called: De Nieuwe Meerpolder
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PREFACE

This thesis is a result that is a continuation 
of a collective research. It is part of the 
Graduation studio The Farm Mutant 
typologies, in which the countryside was 
investigated. The collective research lead 
to a global exploration of the countryside 
by looking at the history, various production 
processes of significant products in the 
Netherlands and an analysis of the cow 
barn. The research included literature 
research, interviews with specialists and 
visits to both farms and the builders of 
farms. The gathered information served as 
a basic starting point for the research and 
design included in this booklet.

This thesis, De Nieuwe Meerpolder, is 
written and conducted in the period from 
February 2017 until December 2017, and 
is the conclusion of my time as a student 
of Architecture, Building and Planning at 
the University of Technology Eindhoven. 
The graduation studio was lead by Paul 
Diederen, Ruurd Roorda and Bram van 
Kaathoven, whom I want to thank for 
their tutoring time during the period. Also, 
I want to thank all the people that were 
part of the same garduation studio: Teun 
Vermeer, Youri van den Heiligenberg, 
Erik Brouwer, Peband Ahmad, Michelle 
van der Cammen and Vivianne Heijkoop. 
Furthermore, I would like to thank Denny 
Xu and Jaimy Baartmans for providing 
their feedback and support throughout the 
period. Without these people, I could not 
have achieved the same product.

The period contained stressful and 
challenging moments, but also enjoyable 
moments. It was a pleasure working on this 
project. Therefore, I hope you will notice 
the effort and time spent in this work.

Enjoy reading.

Rik Okel

Eindhoven, 12 december 2017



8



1.0  Introduction

2.0 Theoretical framework
2.1 The basics of agriculture, recreation and nature
 2.1.1 Agriculture
 2.1.2 Recreation
 2.1.3 Nature
 2.1.4 First thoughts
2.2 Vertical farming
 2.2.1 Advantages of vertical farming
 2.2.2 Aeroponics
2.3 Architecture and nature

3.0. Location
3.1 Deciding the location
3.2 Meerpolder

4.0.  Final Design
4.1 De Nieuwe Meerpolder
4.2 The border
4.3 The tunnel
4.4 The towers
 4.4.1 Basic drawings
 4.4.2 Nature and the towers
 4.4.3 Recreation and the towers
 4.4.4 Production process
 4.4.5 Structure

5.0 Impressions

6.0 Conclusion

7.0 Reflection

8.0 List of references

14

18
19
19
20
22
23
24
25
26
30

36
38
48

56
58
66
68
70
72
84
88
98

106

108

132

135

136

TABLE OF CONTENTS



10



111 IN
TR

O
DU

C
TI

O
N



12

1.0 INTRODUCTION

Yearly, millions of Dutch people go to 
recreational destinations to avoid the 
density of the city. They visit numerous 
natural parks, such as het Amsterdamse 
Bos, that can hardly take on the amount 
of visitors. There is  a desperate need of 
recreational green area. This is where the 
countryside could play a role. (Wijkhuisen 
& Makken, 2008) However, when entering 
the Dutch countryside, the visitor is often 
confronted with ‘forbidden entrance’ signs 
and closed, uninviting architecture that 
belong to agricultural areas. These areas 
belong to a private landscape that is less 
accessible than normal parks, and is often 
seen as unattractive. (Compendium voor 
de Leefomgeving, 2010) Increasing the 
accessibility of the agricultural landscape 
is important for a vital countryside. 
Therefore, the Dutch government wants to 
expand the possibilities for experiencing  
the countryside. (Kok & Boomaerts, 2006) 
The challenge in the countryside is to 
shape a form of public character related 
into the public character of recreational 
walking and cycling routes, which are 
being laid out as an autonomous world in 
the landscape, alongside and across the 
farmer’s land. However, it is remarkable 
that the government proposes an ambitious 
transformation of the countryside, even 
though its authority is questionable over 
these private properties. (Lofvers & Musch, 
2004) Thus, a simultaneous accessibility 
for the farmer and the urban consumer 
seems to be missing.

the total size of the agricultural footprint 
is roughly the size of South America and 
Africa combined. Agriculture’s footprint 
has caused the loss of whole ecosystems 
around the globe. (Foley, 2014)  This 
results in a dilemma in which the threats 
to nature, the need for recreation and 
the possible shortage of food have to 
be considered; and, preferably, without 
expanding the agricultural footprint. (see 
figure 1)

This leads to the main research question: 

How can an existing agricultural plot 
become attractive for both nature and 
recreation, while maintaining a significant 
food production?

The question will be answered through an 
architectural design, which will deal with 
the aforementioned dilemma. However, 
first, it is necessary to understand what 
would make a place more accessible and 
interesting for recreation and nature. This 
leads to the following sub question:

How can a place become more attractive 
for recreation - and nature?

Through literature research, attractiveness 
can be understood for recreation and 
nature, and what possible features could 
be of use for a more attractive and 
accessible countryside. Furthermore, it is 
necessary to know how to combine food 

Accessibility manifests itself in the 
influences of agriculture on nature as well. 
Intensifying agriculture is the greatest threat 
on natural areas. Since 1990, the amount 
of birds on the countryside have decreased 
by 30%.  Changes - such as, crop 
selection, pesticides and mechanization - 
caused a disappearance of small, natural, 
scenic elements for these pasture birds. 
(Compendium voor de Leefomgeving, 
2017) Also, butterflies deplete in numbers 
on the countryside, due to maturation, 
desiccation and intensive use of dikes. 
Now, these butterflies only occur in half-
natural grasslands.(Compendium voor de 
Leefomgeving, 2017) Current agricultural 
plots are becoming less attractive for 
nature, which results in  inaccessible parts 
for nature on the countryside.

Despite being a troubling factor for 
recreation and nature, food production is 
indispensible. It is expected that, in 2050, 
the population has increased to 10 billion 
people worldwide, which will result in a 
70% increase in food production. (Dyson, 
2016) According to the collective research 
prior to this project, the amount of food 
that is produced influenced population 
growth over time; However, the world has 
come to a point where population grows 
faster than the amount of food that can 
be produced.  New farming techniques 
are necessary, because the earth can no 
longer afford to increase food production 
through agricultural expansion. Globally, 



13production with an all accessible plot. The 
goal is to transform an existing agricultural 
plot into an attractive plot for the farmer, 
visitor and nature, the footprint of the farm 
on that particular plot has to be smaller in 
order to create more space. Therefore, it 
leads to the second and final sub question:

How can the footprint of a farm be 
decreased, while preserving the same 
production value?

This question is answered by studying 
literature, but also by looking at references 
that applied modern farming techniques. 
This provides a theoretical basis  in which 
a technique is chosen that can easily be  
combined with an accessible agricultural 
plot. Eventually, the information gathered 
by answering the sub questions will serve 
as the basic information and principles for 
the final design.

Figure 1: Main concept
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2.0 THEORETICAL FRAMEWORK

2.1 THE BASICS OF AGRICULTURE, RECREATION AND NATURE

Agriculture has been in existence for 
a long time and has undergone many 
developments. In addition, the concept has 
become an extremely broad concept. As 
a result of industrialization, the agricultural 
practice has experienced an explosive 
development over the past 200 years. 
It has become an industrialized process 
in which people have lost connection to 
food production. The production of food 
used to be a concern for each family, but 
has been transformed into a system that is 
hidden in the countryside and away from 
people living in cities. This has shown that 
agricultural practices arose from a simple 
survival system to highly specialized 
farming methods. A development that 
is driven by better efficiency and higher 
quality of food production affected the 
typology of the farm and the urban 
progression. (Ahmad, et al., 2017)

The collective preliminary research 
concluded that the typology of the farm 
is driven by its functional use which is 
supported by pure building technology 
and a generic appearance. Agricultural 
buildings have to be inexpensive and 
practical. The food production in the 
Netherlands is highly efficient and seems 
to receive the maximum yields. It is a world 
in which quotas need to be achieved and 
large quantities are produced. (Ahmad, 
et al., 2017) Thus, the final design has 
to be efficient and highly effective in food 
production to answer the future demands.

FUNCTIONALITY

LESS PRIVACY

PEDESTRIANS CAUSING 
SICKNESS TO CATTLE OR 
CROPS

EFFICIENCY

FEAR FOR DAMAGED CROPS 
OR DISTURBANCE CATTLE

COMPLICATED BUSINESS 
MANAGEMENT

MAINTENANCE 
RECREATIONAL ACTIVITIES

MAXIMUM PRODUCTION

LACK OF INTEREST IN 
DESIGNATED PLOTS

FEAR FOR TOO MANY 
PEDESTRIANS

2.1.1 AGRICULTURE

MAIN PRINCIPLES OF FARMING

REASONS NO ACCESS TO FARM

Furthermore, how can an efficient 
food production system be connected 
to recreation? During the collective 
preliminary research, several farms were 
visited. It showed that some farmers are 
interested in implementing recreational 
activities into their farm for outsiders.  
During the organization of these visits, it 
was noticed that many farmers were not 
interested in giving a tour, while others 
hired specialized tour guides. It showed 
that, in order to include recreational 
activities into the farm, the farmer himself 
should have no extra labor intensive 
jobs apart from their regular farming 
tasks. According to Thamar Kok and Jos 
Boomaerts (2006), researchers at the 
Ministerie van Landbouw, Natuur en 
Voedselkwaliteit, farmers are interested 
in recreational activities around their 
property. They stated that farmers see 
it as a chance to improve their image 
or give extra income for unused land. 
However, farmers have difficulties with 
opening up their lands for recreation 
as well. They are afraid of damaged 
property, lack of interest, privacy issues, 
complicated business management, too 
many pedestrians that can cause sickness 
to cattle or crops and extra maintenance. 
In order to have a symbiosis of farming 
and recreation, these topics have to be 
considered in the final design.

Data retrieved from Verbeteren van de 
toegankelijkheid op het platteland,

by Kok and Boomaerts (2006)  
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STROLLING FOR 
ENTERTAINMENT

SWIMMING IN INDOOR 
POOL

TRIP BY CAR FOR 
ENTERTAINMENT

SHOPPING IN CITY CENTERS

FITNESS, AEROBICS, STEPS 
ETC.

DINNER AT RESTAURANTS

EDUCATIONAL ACTIVITIES

CYCLING FOR 
ENTERTAINMENT

SHOPPING AT DISTRICT 
CENTERS

BAR OR CAFÉ VISITS

TOP TEN RECREATIONAL ACTIVITIESAccording to the Planbureau voor de 
Leefomgeving (2007), the image of the 
countryside gradually becomes more 
monotonous, due to scale enlargement 
of agriculture. Various examples can be  
seen in a photo reportage by botanist Leo 
Vanhecke (1981), in which he took the 
exact same photos on Belgian locations 
that were taken in older reportages.  In 
these photos, it can be seen that the 
countryside changed into a less attractive 
and accessible landscape due to extensive 
farming (see figure 2 and 3). Although the 
photos included locations of Flanders, the 
Dutch countryside has undergone similar 
changes. Thus, the urban consumer is 
confronted with a less attractive and 
accessible landscape for recreation.  
(Planbureau voor de Leefomgeving, 2007)

For 2020, an acceleration in lifestyle is 
expected in the Netherlands. Simultaneous 
to population growth and increased food 
production, the quality and amount of 
recreational facilities need to increase 
as well. Recreation has to be easily 
accessible, adaptable and predictable in 
quality. There is a high demand for strolling, 
cycling and water sport, but a need for 
experiencing nature and landscape as 
well. Most noticeable is that the availability 
and a good connection between green 
area in and around the city is expected. 
Nowadays, the countryside is seen as 
unattractive, while it is estimated that half 
of the Dutch population thinks that there 

are too few forests and parks. They want 
more wild and rough ‘natural’ (see chapter 
2.1.3) areas that are easily accessible, 
quiet and good for walking and cycling.  
(Kok & Boomaerts, 2006) The demand for 
these ‘natural’ areas immediately suggests 
a link between nature and recreation. A 
natural area, therefore, could serve as 
a place for recreational activities for the 
urban consumer. However, the challenge 
lies in how and what activities can be 
implemented in a landscape for farming 
and nature.

The the top ten most popular recreational 
activities consists of strolling, shopping in 
city centers, cycling, dinner at restaurants, 
fitness, shopping in district center, indoor 
swimming, educational activities, bar 
visits and car trips. (Bruijn, et al., 2015)  
These can be seen as the most important 
activities for the urban consumer. During 
the farm visits in the collective research 
phase, it was experienced that restaurants 
and educational activities are succesful 
additions to the regular agricultural 
activities. Furthermore, strolling and 
cycling are two activities that are easier 
to bring nature and the urban consumer 
closer. Therefore, these activities are 
very important to implement into the final 
design.

2.1.2 RECREATION

Data retrieved from Trendrapport toerisme, recreatie 
en vrije tijd, by Bruijn, et al. (2015)
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Top
Figure 2: Bornem in 1904 (Vanhecke, 1981)

Bottom
Figure 3:  Bornem in 1980 (Vanhecke, 1981)



20 Nowadays, the word ‘nature’ is commonly 
used to describe nature that is seen as 
beautiful by people. It is dangerous to call 
it that way, because it makes it a selection 
that is dependable on the interventions of 
humankind. However, nature does things by 
itself, not to make it especially comfortable 
for humankind. If we make nature as we 
wish, we have to acknowledge that it is 
our own responsibility, and that we are 
more busy with making culture than nature. 
(Krul, 2015)

As it looks now, nature’s future is dependent 
on the effects of humankind, such as the 
effects of agriculture at the countryside. 
Parts that are not influenced by humankind 
do not exist anymore. Especially in the 
Netherlands, where every part is planned.  
The term ‘unspoiled nature’ still contains 
great attractiveness, but no place on earth 
is free from traces of human activities. If 
someone calls a part of nature ‘unspoiled’, 
it is then based on a human decision. 
(Krul, 2015)

Therefore, the organization Natuurmonu-
menten (2012) has decided to define 
two types of landscapes: the cultural 
landscape and the natural landscapes. 
Cultural landscapes are places where 
nature is completely shaped by human 
intervention, such as city parks, while 
natural landscapes are places where 
nature is dominant in the development of 
that environment. These natural landscapes 

human activities on the countryside. These 
activities include agricultural activities as 
well. For example, the use of pesticides 
disturbs and damages fauna. In order to 
let nature flourish on a designated area, 
the agricultural and recreational activities 
have to be designed with these five 
aspects in mind.

are more common on the shores of the 
Netherlands, but it is desirable that these 
kind of areas become more common 
in the middle parts of the Netherlands. 
As Kok and Boomaerts (2006) already 
stated: the urban consumer would like to 
see more rough and wild nature. In other 
words, they wish for a landscape with a 
dominance by nature.

Providing a natural landscape, by creating 
a designated space where nature can 
fully flourish by itself, can serve as a 
recreational area for urban consumers that 
seek leisure by walking or cycling through 
‘rough and wild’ nature. However, 
intensive food production causes an 
increasing separation between agriculture 
and nature. Also, due to the increasing 
demand for food, it is predicted that this 
separation between nature and agriculture 
will only become larger. (Planbureau voor 
de Leefomgeving, 2007)

Nature needs to have space to develop 
itself without being too much harmed from 
the farmer or urban consumer. According 
to R.J.H.G. Henkens et al. (2012), 
researchers at Alterra Wageningen, 
recreational functions work very well 
with natural functions; however, in some 
cases, recreation can lead to undesirable 
effects by disturbing, damaging, polluting, 
by confiscating space and taking away 
species. These could be seen as the five 
main causes for depletion of fauna by 

2.1.3 NATURE

DISTURBANCE OF FAUNA; by 
the presence and/or behavior of 
people

POPULATION CHANGE; 
accidentally taking away a 
species within an eco system, 
by, for example, fishing 
activities.

CONFISCATING SPACE; by, 
for example, paths that impede 
with animal routes

DAMAGE TO VEGETATION; 
by, for example, strolling or 
riding

POLLUTION; by trash from 
people

ASPECTS THAT NEED TO  BE AVOIDED

Data retrieved from Recreatie en natuur, by R.J.H.G. 
Henkens et al. (2012)



21It is concluded that -  in order to make a 
place for agriculture, recreation and nature 
- the design should be about designing 
a new landscape in which a symbiosis 
of farming, recreational activities and 
nature is present. In this case, an existing 
agricultural plot will be chosen on which 
this landscape can be created. It needs 
to be a landscape where nature’s role is 
dominant over human activities in shaping 
and finishing the appearance of the plot. 
This would, then, be an area that provides 
‘rough and wild’ nature that is requested 
by half of the Dutch population. In order 
to do that, recreational and agricultural 
activities should not interfere with nature. 
For example, by placing clear walking and 
cycling paths, people are more convinced 
to walk along a designated route instead 
of walking through developing plants. 
These routes should be carefully placed, 
so that nature will acquire enough free 
space to develop itself through time, 
but  - at the same time - give the urban 
consumer enough reason to walk or cycle 
along the paths. This independent process 
of nature is called ecological succession. 
“It is the process by which ecosystems 
develop. Traditionally, it has been defined 
as the directional, predictable and orderly 
change in community structure, with a 
starting point of either new habitat (primary 
succession e.g. through sand deposition or 
oceanic island formation) or disturbance 
of existing habitat (secondary succession 
e.g. following fire).” (Skene, 2012)  In 

in chapter 2.1.2, education is one of the 
Dutch people’s favorite forms of recreation. 
Therefore, the farms implemented in this 
park should explain all the techniques that 
are present by, for example, a route along 
the process without interfering with the 
daily tasks of the farmer.

Furthermore,  going to a restaurant is 
another one of the most participated 
recreational activities in the Netherlands. 
Therefore, it is chosen to implement a 
restaurant that provides dishes consisting 
of the products that are produced in the 
park. Now, the urban consumer is not 
only brought closer to how the product 
is produced, but also, to the quality of 
the product. As a result, the route and 
restaurant contain promotional value for 
the farmer’s without few extra tasks. 

However, how can nature flourish, while 
food production still needs to be optimized? 
How can an existing agricultural plot give 
space away to nature or recreation, while 
having to keep the same production value, 
and - in the future - increase the amount 
of food being produced? The solution is 
vertical farming.
 

this case, primary succession is aimed 
for, because an open field for farming will 
become (more) accessible, giving nature 
more chances to develop itself. Through 
ecological succession, a landscape 
will be created by nature; therefore, the 
landscape design in this project will be 
based on assumptions and predictions. 

In order to make sure that nature on the 
chosen plot is protected against damaging 
human activities, a clear border around 
the plot is necessary. A physically present 
border that lets the urban consumer know 
that he or she entered the area. According 
to landscape architect Adriaan Geuze 
(2011), it is necessary to have a clear 
border around a park, which should give 
the visitor the feeling of being inside. He 
continues that a border lets people behave 
differently. In this case, the border and the 
transition of differences in landscape can 
have effects on the behavior of visitors.  
The border in the final design should aim 
at a change of behavior towards a natural 
preservation. Also, the implementation 
of  a border demarcates a landscape 
that is designated space for recreation, 
nature and farming, becoming a park. 
According to Landscape architect Wiebe 
Oosterhoff (2011), future parks should 
have multiple different functions to attract 
different kind of people. Also, he states 
that children should get in contact with 
food production, by actually showing how 
farming systems work. As has been shown 

2.1.4 FIRST THOUGHTS
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Figure 4: Vertical farming

In 2009, the concept of vertical farming 
was introduced by Professor Dickson 
Despommier. It simply means indoor 
farming by utilizing skyscrapers, buildings 
and other structures within our urban 
environment. (Voss, 2013) Thus, stacking 
agricultural surfaces on a smaller footprint.
However, producing more food on a 
smaller footprint is not the only advantage 
of vertical farming. It can include either a 
hydroponics or aeroponics system. Both are 
soilless based systems that use only water 
and nutrients to grow plants. (Voss, 2013) 
The organization Aerofarms (2017), 
which is specialized in aeroponics, claims 
that it uses 95% less water than field crop 
farming. This is 40% less water than a 
regular hydroponics system. With this 
technology, plants are grown with their 
roots suspended in a deep air or growth 
chamber while periodically sprayed with a 
fine mist of nutrient solution. Due to being 
in a controlled environment closed off 
from the outside world, water lost through 
transpiration and evaporation can be 
collected and thus re-used. (Voss, 2013) 
Also, an indoor closed off environment 
gives complete control over plant growth 
by infusing the exact amount of nutrients, 
while excluding pesticides. Thus, vertical 
farming does not hurt the outside world, 
but is also not affected by diseases or 
weather conditions from outside. Virtually, 
the perfect conditions are created within 
a vertical farm resulting in more harvests 
each year with higher quality of crops. 

meters) of outdoor production. This means 
that when stacking several containers on 
each other, the production per square 
meter will increase significantly.  Thus, less 
space is confiscated by vertical farming, 
because it is focused on a smaller foot 
print, which results in leftover space that 
can be aimed at recreation and nature

(Voss, 2013) Therefore, it is chosen to 
implement an aeroponics farming system 
in the project.

In addition, Aerofarms (2017) states that 
by using a LED-lighting system, they can 
influence the size, shape, texture, color 
and flavor of crops. This makes it possible 
that, for example, a lettuce grown in 
a vertical farm in the Netherlands can 
acquire the same taste as a lettuce grown 
on an open field in the United States. 
Therefore, The color of the LED lights differ 
for each type of crop and the desired 
taste, but, in general, red and blue lights 
seem to be best for plants. The color 
spectrum of the sun contains many colors; 
however, studies concluded that plants 
only need red and blue. Therefore, most 
indoor farms include purple light, which 
saves energy and boosts plant growth by 
20%. (Meinhold, 2013) 

The actual production value of a vertical 
farming seems to be very vague. Many 
companies state very different values of 
production. However, Amy Storey (2017), 
Content Coordinator at Bright Agrotech, 
provided an accurate calculation about 
how much indoor farming can produce. 
She states that, at a perfect scenario, thus
a building that is completely focused on 
indoor farming, the size of a shipping 
container (12 x 2,4 x 2,6 meters) 
equalizes 32 times the production per 
square foot (approximately 0,09 square  

2.2.1 ADVANTAGES OF VERTICAL FARMING

2.2 VERTICAL FARMING

USES 95% LESS WATER

INFLUENCE OVER SIZE, SHAPE, 
TEXTURE, COLOR AND FLAVOR

CONSTANT GROWTH

SMALLER FOOTPRINT

ONE CONTAINER 32 TIMES 
THE PRODUCTION PER M2 OF 
A FIELD FARM

NO PESTICIDES

LOW CHANCE IN CROP 
FAILURE DUE TO CLOSED OFF 
ENVIRONMENT

LIST OF ADVANTAGES



24 Currently, aeroponics systems are 
optimized for leafy greens (e.g. lettuce, 
spinach and rucola), herbs and tomatoes. 
For each plant, a different kind of 
composition by nutrients , water, light and 
temperature applies. In order to acquire a 
functioning aeroponics farm, the following 
spaces and processes have to be included.

1. Loading (and unloading) space; A 
specialized seed farmer can supply seeds 
for a plant from a truck or van.

2. Seed storage; in which the seeds are 
conserved in a climate that is fitted for that 
particular type of seed.

3. Preparation space; Here, the farmer will 
place the seeds on plates with reusable 
cloth. This cloth is made of recycled plastic 
and acts as a barrier between the mist 
and the plant, while the roots can grow 
through the cloth. (Aerofarms, 2017) See 
7 for more information.

4. Growing racks; The plates are divided 
over the shelves in the racks. Theoretically, 
the height of the racks is limited to the 
structure that is used for holding the 
shelves as long as there is enough free 
space between every shelf for the plant 
to fully grow. The exact centimeters are 
not defined, but based on references, 
approximately 30 centimeters of free 
space between plant and bottom of the 
shelf above is needed for airflow.This 

water has an EC of 0.3. Thus, nutrients 
have to be added to a value of 1.6 for 
lettuce. This is done with an automatic 
system on which the values can be 
read. It adds nutrients from a separate 
container into the water until the wished 
value is reached. However, the EC value 
only depicts the maximum amount of 
nutrients the plant can handle, but not the 
composition of minerals. Plant nutrition can 
generally  consist of nitrogen, phosphorus, 
potassium, calcium, magnesium, sulfur, 
manganese, iron, copper, zinc, boron, 
molybdenum and chloride. The amounts 
of each mineral differs for each type 
of plant.  These nutrients come from a 
nutrient supplier; and before it is inserted 
in the nutrient containers it is stored in a 
separate storage room. It is worth noting 
that for an aeroponics  system fluid 
nutrition is preferred, because powder 
based nutrition can clog the nozzles for 
mistwater. (Aeroponics DIY, 2017)

7.Growth chambers; In every shelf, a 
growth chamber is included. Another 
water pump provides the nutrient solution 
to the nozzles in this chamber. A timer 
will determine when the water pump has 
to provide nutrients. The nozzles have 
very small openings that turn the nutrient 
solution into mist. This mist will remain in the 
growth chamber under the cloth on which 
the seeds/plants are situated. The roots of 
the plants will absorb the mist for growth. 
Superfluous nutrient solution will land on 

means that, for maximum efficiency, the 
distance between every shelf is different 
for every product. For example, shelves for 
arugula can be closer to each other than 
the shelves for lettuce, because the plant 
lengths are different. Furthermore, space 
or walking paths adjacent to the racks 
are necessary to make monitoring by the 
farmers possible.

5. Water basin; In this basin, clean water 
is stored. Every type of water needs to be 
purified, before it is usable for aeroponics. 
The water needs to be free from impurities, 
such as minerals, chemicals, micro-
organisms, Volatile Organic Chemicals 
and needs to have an average Potential 
of Hydrogen (pH) of about 6.0 (tap water 
has a pH of 7.0). For large quantities of 
water purification, a Reverse Osmosis 
(RO) system is highly recommended. A 
RO system can be explained as a filter or 
membrane with tiny holes that only allows 
water molecules to pass through excluding 
all impurities without consuming energy. 
(Aeroponics DIY, 2017)

6. Nutrient solution space; A water pump 
sends water from the clean water storage 
to this space. Here, nutrients are added 
to the water until it reaches the Electrical 
Conductivity (EC) that is necessary for 
the plant type. The EC value depicts the 
maximum amount of minerals a plant 
can handle. For example, lettuce grows 
best with an EC of 1.6, while cleaned 

2.2.2 AEROPONICS
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Figure 6: Growing racksFigure 5: Aeroponics system

the bottom of the growth chamber, and 
will, due to gravity directed back to the 
nutrient solution space for re-use. Due to 
the re-use of the solution, the EC value has 
to be continually monitored. (Aeroponics 
DIY, 2017)

8. Air treatment cabinet; humidity control 
is very important in an aeroponics 
system. This includes, temperature, fresh 
air and air flow within the building. The 
air treatment cabinet can control the air 
quality and temperature through vents, 
excluding bacteria from outside. Air flow 
is stimulated by fans when the lengths 
of the growing racks become too long. 
(Aerofarms, 2017)

Futhermore, on average, large vertical 
farms include 36 employees. (Agrylist, 
2016) It is estimated that 6-10 workers are 
necessary to harvest and refill a stacked 
farm of 403 m2 per hour. (Banerjee, 2013) 
Additionally, approximately 17 hours are 
spent in monitoring and analyzing crop 
growth data, which could be done by one 
person. (Agrylist, 2016) This means that,  
on average, 7-11 employees are present 
in a vertical farm. For employees, it is 
important that there are offices, a canteen, 
an air shower that will keep germs and 
bacteria outside that could influence crop 
growth (Kretschmer & Kollenberg, 2011), 
a dressing room and toilets.

9. LED lighting is used to grow the plants. 
In order to get a constant grow and a 
preferred quality, no light from outside 
needs to enter the building. Thus, a closed 
facade is necessary if these qualities are 
aimed at, making the plantation clinically 
closed off from the outside world. 
(Meinhold, 2013)

10. Eventually, a space is necessary where 
the full grown crops can be harvested 
from the plates. After harvesting, crops is 
stored in conditional storage spaces until 
transport arrives to take the crops to a 
packaging center. 



26

Top
Figure 7: Program aeroponics

Bottom
Figure 8: Stacking of agricultural surfaces with 
aeroponics



27As Professor Dickson Despommier (2010) 
said in a TED talk: “for every indoor acre 
of farm that you create you can actually 
save 10 to 20 acres of land that you 
could then allow to go back to the way it 
was before we farmed it. Wouldn’t that be 
wonderful?” This leads to an opportunity, 
because vertical farming is normally seen 
as a concept that changes an abandoned 
building into a food production unit. If 
vertical farming wants to make the statement 
of giving opportunities for nature, it would 
be much more interesting by taking away 
an agricultural plot and place a vertical 
farm on that particular plot. Now, nature 
can flourish on that plot, while the vertical 
farm on that plot symbolizes the reason for 
the revival of nature. 

between these two worlds looks like. 
Thus, how this separation looks from the 
perspective of nature, and how it looks 
from the perspective of the artificial. This 
is where the art of architecture acquires a 
relevant role.

Eventually, the effects of vertical farming 
with an aeroponics and LED-lights system 
will result in an artificial world that needs 
to be shut off from the outside world. This 
means that the surrounding areas cannot be 
harmed by the activities inside the building, 
and vice versa. Thus, no disturbance of 
fauna outside, and no property issues 
for the farmer inside. The contrast of 
these two worlds - the natural and the 
artificial - can be used for recreation. Thus, 
experiencing a wild and rough natural 
area, and the advanced artificial world 
of food production. In theory, this would 
already be a solution for an agricultural  
plot becoming accessible for farmer, 
nature and recreation. However, the most 
important question is how the transaction 

2.2.3 CONCLUSIONS OF VERTICAL FARMING

Figure 9: Concept of experiencing a contrast of 
natural and artificial worlds
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29A vertical farm for intensive food production 
means that it is going to be a large 
structure. The goal is to create a natural 
landscape; however, how can a large 
building integrate with nature? In order 
to find an answer, the role of architecture 
with nature has to be explored. Architect 
James wines (2008) elaborately defines a 
combination of architecture and nature as 
‘Green Architecture’. He claims that this 
type of architecture can be recognized by 
eight characteristics:

1. The integration of architecture and 
landscape, by using the elements of earth 
and vegetation in such a way that they 
seem to be part of the raw material of 
construction.

2.The combination of shelter and garden 
space which produce symbolic tableaux 
of other situations.

3. The use of nature-related symbolism as 
a means of connecting architecture to its 
cultural context and to an earth-centered 
imagery. 

4. A translation of the most advanced 
environmental and construction technology 
and their related materials and processes 
into aesthetic terms. 

5. Green design research and 
environmental technology innovations that 
provide the foundations of sustainable and 

perhaps his work is most comfortably 
associated with the idea of landscape 
as an intrinsic part of the building.  He 
uses topography and vegetation as 
narrative microcosms of an imaginary 
utopia. His actual elements of architectural 
structure are often reduced to minimal 
geometry, functioning as coded directions 
to frame the presence of the landscape. 
These intentions have been confirmed 
by Ambasz, who speaks of his work as 
“myth making acts. In my architecture I am 
interested in the rituals and ceremonies of 
the 24-hour day”. (Wines, Integration of 
Architecture and Landscape, 2008)  An 
example is the Lucille halsell conservatory 
in Texas (see figure 10), in which earth 
berms and a fusion with the landscape 
is used to give the total complex its 
combined impression of Babylonian 
garden and space-age celebration. It 
was a necessity for greenhouses to shelter 
botanical displays, which were designed 
as assertive, pyramidical forms (totemic 
in themselves), which are embraced by 
ground surface incisions and sculptural 
mounds. It produces the effect of a living 
monument that pays homage to both the 
visible manifestations of plant life and 
their invisible source of nourishment from 
the sky and earth. (Wines, Integration of 
Architecture and Landscape, 2008) Thus, 
paying homage to the environmental 
technology.

ecologically responsible architecture.

6. Bridge-building environmental design 
ideas and construction techniques that 
have encouraged a new acceptance 
of green architecture and the fusion of 
buildings with their contexts.

7. Environmental attitudes that, while not 
strictly ecological, have implications for 
the architectural profession in terms of 
conceptual thinking.

8. Visionary and conceptual ideas in 
architecture and urban planning that offer 
prophetic visions for the future, based on 
changes in global communications and 
social and political (as well as design) 
influences that may affect the building 
arts and environmental policies. (Wines, 
Environmental Architecture Today, 2008)

Already, there seems to be an overlap with 
the eighth category for this project.  As the 
final design aims at a new conceptual 
idea of making a natural landscape for 
recreation and food production, it will 
be a vision for the future that answers to 
environmental dilemmas. Wines (2008) 
continues, by stating that the architect 
Emilio Ambasz can be related to all these 
eight characteristics. Ambasz’s work is an 
important inspiration for the final design. 
His work consists of context innovative uses 
of landscape, symbolism, environmental 
technology, and visionary theory - but 

2.3 ARCHITECTURE AND NATURE

Figure 10: Lucille Halsell Conservatory, Texas, by 
Emilio Ambasz
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Figure 11: The Pit, Breitenbrunn, by Peter Noever



31same shape. The mysterious composition 
of green and grey, together with the 
degradation of concrete by nature has 
a beautiful expression of a dominance 
by plant growth. This principle will 
be implemented in the final design, in 
which, nature slowly covers the exterior 
of the vertical farm undisturbed by human 
activities, while the building keeps its 
functionality and shape. As, in the final 
design, nature develops itself in the park, 
it can develop itself on the farm’s exterior 
as well. Also, usage of concrete will result 
in a heavy, solid, monolithic and closed 
off building, which fits the principles of the 
vertical farm.

Another inspiring work of architecture 
in Nature is The Pit in Austria (see figure 
11). This project shares the ritual vision of 
architecture as an extension of landscape 
similar to the work of Ambasz. A series of 
earth berms, and several wing-like concrete 
slabs, has transformed the entire area into 
what appears to be the contemporary 
version of a Neolithic earth shrine. 
However, rather than see the pit as a 
ritual space for cosmological speculations 
or totemic worship, The architect Peter 
Noever has shaped this environment as 
a celebration of simple human interaction 
and a communion with nature. Views of 
the surrounding country that have been 
articulately framed by doorways and the 
longtitudal direction of the earth berm. 
(Wines, Integration of Architecture and 
Landscape, 2008)

Ambasz points out that for the more 
densely populated nations of the world, 
there is barely a square meter of its land 
surface that has not been cultivated  by 
humanity; so even those areas that appear 
to be wild forests and virgin landscapes 
are almost invariably the product of human 
intervention at one time or another. As 
Ambasz suggests, “there is a philosophic 
question here: we have to redefine what 
is nature and what is man-made nature.” 
(Wines, Integration of Architecture and 
Landscape, 2008) His work can be seen 
seen as man-mad nature, because green 
is carefully placed and planned in his 

FUSION WITH LANDSCAPE

ARCHITECTURAL STRUCTURES 
AS DIRECTIONALS TO FRAME 
THE PRESENCE OF LANDSCAPE

GREEN OVER GREY

SYMBOLISM AND 
MONUMENTALITY

MINIMAL GEOMETRY

ENVIRONMENTAL 
TECHNOLOGY

DESIGN PRINCIPLES

projects.  This is exactly what he aims 
at with his famous statement “green over 
gray”, by which he means that a building 
should disappear under green without 
losing the architectural and functional 
quality. (Sympa, 2011) However, 
his architecture falls under, as how 
Natuurmonumenten would call it, a cultural 
landscape. Thus, a dominance of human 
interventions. In this project, the goal is 
to create a natural landscape, in which 
the exterior of the vertical farms should 
fit. Therefore, “green over gray” should 
be differently applied than Ambasz’s 
application. In other words, instead of a 
dominance of human interventions, the 
facade should express a dominance of 
natural activities. However, when does a 
facade express a dominance of nature, 
while human interventions are minimal to 
none? Abandoned buildings that are taken 
over by nature contain the expression that 
is aimed for. These abandoned buildings 
are overgrown by plants while there is 
an absence of humankind. However, 
materials react differently to degradation 
of nature. For example, wood can start 
to rot and deforms. In order to fit the 
statement “green over gray”, a material 
is needed that degrades without losing its 
architectural qualities, such as the shape. 
The answer is concrete. The abandoned 
city Keelung in Taiwan (see figure 12) 
is completely overgrown with a forest. 
However, the concrete still stands vast, 
and, since abandonment, maintained the 
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Figure 12: Abandoned appartments, Keelung, 
Taiwan
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Figure 13: Abandoned IM Power Plant, Charleroi, 
Belgium
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3.0 LOCATION

3.1 DECIDING THE LOCATION

In order to find the location in the 
Netherlands that is suitable for the final 
design, several maps with relevant data 
were gathered to create an overlay with 
a combination of this data. The maps 
with current data is lacking, therefore, it is 
chosen to continue with the 2006 analysis 
maps that were previously used by Kok & 
Boomaerts (2006). The maps were chosen 
on the basis of the three subjects involved 
in this report: Agriculture, recreation and 
nature. The concept is about re-designing 
an agricultural plot, and, therefore, a 
map is needed that gives an overview 
of the complete agricultural footprint in 
the Netherlands. Furthermore, a map is 
necessary that shows where green area for 
recreation are missing in the Netherlands, 
and what the Dutch population thinks 
about these areas. Furthermore, maps 
in which the demand for recreation is 
highest and the least appreciated were 
used. By overlaying these maps, the spots 
that contain an overlap with all maps will 
be designated as agricultural areas that 
lack nature and recreation, or are not 
very appreciated in their current state. 
Therefore, these plots will be suitable for 
the final design.



38 This map depicts the total agricultural 
surface in the Netherlands. Keep in mind 
that this is only the surface of open field 
farming.  It can be noticed that the areas 
with the highest density of field farming 
are situated in Zeeland, Noord-Holland, 
Flevoland, Friesland and Groningen. The 
lowest density is situated in the Randstad, 
suggesting more urban tissue or natural 
area.

Figure 14: Agricultural footprint in the Netherlands



39This map depicts the areas with the lowest 
availability of recreational green area. 
The areas in this map only present the 
lowest availability, which does not mean 
that there is a low availability in the other 
areas. By taking the lowest values only, 
the research becomes focused on finding 
the most suitable for the project.This counts 
for the maps on the following maps as 
well. Here, it can be seen that the major 
troubling zones are in Noord-Holland and 
Zuid-holland. Other minor zones are in 
Friesland, Groningen and Zeeland.

Figure 15: Lowest availability of green area in the 
Netherlands



40 Cycling and strolling are, as said before, 
two of the most participated recreational 
activities. Therefore, this analysis map is 
chosen, in which the quality for cycling and 
strolling is depicted. In this case, quality 
stands for topics, such as accessibility, 
amount of paths, attractiviness, but also 
safety. The dark areas are the places  with 
the lowest quality of cycling and strolling 
facilities. It shows that the troubling areas 
are more inland, meaning that the shores 
could provide better cycling and strolling 
possibilities. Mainly, Noord-Holland and 
Zuid-Holland contain the largest troubling 
areas.

Figure 16: Lowest quality for cycling and strolling in 
the Netherlands



41This map depicts areas with the largest 
pressure on recreational activities. In 
other words, places that most people visit 
for recreational activities. Four distinct 
areas can be seen; Namely, Amsterdam, 
Eindhoven and surroundings, Utrecht and 
Rotterdam and surroundings. Especially 
around Rotterdam, there seems to be a 
high pressure on recreational areas.

Figure 17: Highest pressure on recreational areas in 
the Netherlands



42 Lastly, a map with the highest demand for 
recreational green areas. This map does 
not depict areas with a poor quality of 
natural area, but show the areas where 
people would be very interested in a 
natural landscape for recreation, which is 
what the final design will be. Thus, people 
in these areas would be more interested in 
participating with the recreational activities 
provided by the park of the final design. 
The largest area is located in Noord-
Holland and Zuid-Holland.

Figure 18: Highest demand for recreational green 
area in the Netherlands



43Eventually, this map is the result in 
overlaying all the previously shown layers 
into one visualization. The zones with 
an overlap with all five layers are seen 
as problematic zones for recreation and 
nature in an agricultural environment. As 
can be seen, the layers mostly overlap 
in Noord-Holland and Zuid-Holland. 
However, an overlap with all layers is 
only situated in the green areas of these 
provinces. 

Figure 19: Overlay of the five map analysis



44 It is chosen to zoom in on the area between 
Den Haag and Rotterdam. As can be seen 
on the map, most overlapping areas are 
located around Naaldwijk and around 
Zoetermeer.  However, as all areas are, 
according to the analysis of overlapping 
layers, good locations to elaborate the 
concepts of the final design, choosing the 
area had to be based on an interest in the 
location. In this case, the Meerpolder near 
Zoetermeer was chosen due to its unique 
round shape. The round shape makes it a 
very defined area, that, when seen from 
the top, looks like a demarcated area. 
While the other problematic areas are 
elongated  or diffused, the Meerpolder 
suggests one coherent area. It makes it 
easier to re-design it into a park, because 
it is more compact.

Figure 20:  Zoom-in on the area between Den 
Haag and Rotterdam
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Figure 21:  The areas that have an overlap with all 
five map analysis. The meerpolder depicted in red 

was chosen.



46 In between Zoetermeer and Stompwijk, the 
Meerpolder is located. A thousand years 
ago, the Meerpolder and its surroundings 
used to be an inaccessible swamp area, 
called the Wildernisse. People lived 
scattered through the area on dune walls 
along the Oude Rijn and the Maas. On 
higher ground, a freshwater lake was 
created by water and wind that drained 
into the Oude Rijn. This lake was called 
the Zoetermeerse Meer, which is the 
Meerpolder today. Approximately, in the 
year 1000, people began to develop the 
Wildernisse, leading to the villages like 
Zoetermeer, Stompwijk and Zoeterwoude. 
Farmers began to drain the swamp areas, 
and turned them into fields for crop growth 
and cattle breeding.  Also, they increased 

simultaneous to an increasing demand 
for food, asks for a solution. Could an 
improved Meerpolder again provide an 
answer to the problem of land scarcity? 

the extraction of peat, which led to larger 
lakes in the area and disappearance of 
land. At a point, this disappearance, 
accompanied by an increased population 
growth, led to land scarcity for the 
demanded food production. Therefore, 
in 1616, the Zoetermeerse plas was 
drained to acquire more land for food 
production. A dike was placed around 
the area in which a  ring ditch was dug. 
Four windmills were constructed to drain 
the lake, leading to the polder landscape 
as we know it today: the Meerpolder. 
(Historisch Genootschap Oud Soetermeer, 
2017) History seems to repeat itself. 
In 1616, the need for more farm land 
led to the creation of the Meerpolder. 
Today, a global issue with land scarcity, 

3.2 MEERPOLDER

Figure 22: Photo of the Meerpolder
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Figure 23: The Meerpolder from above



48 Today, the polder consists mostly of  farms 
and fields for cattle breeding and became 
more surrounded by urban tissue. Although 
an increasing acceptance of the area by 
surrounding inhabitants, the municipality 
aims at increasing the recreational value 
of the Meerpolder. The Meerpolder is 
stated as having no recreational functions 
present in its landscape. Although, 
aiming at giving the area more access to 
recreation, the Municipality wants to focus 
on the concept of ‘rondje Meerpolder’. 
Thus, focusing on the cycling route around 
the area as the main attraction. 

On a larger scale, the muncipality has 
plans for increasing the attractiveness of 
Zoetermeer. They state that the surroundings 
of the city contains three regional parks. 
The western region park consists of  the 
Buytenpark, the Nieuwe Driemanspolder, 
the Westerpark and the Balijbos.  The 
second regional park is shaped by the 
Zoetermeerse plas (not to be mistaken 
with the predecessor of the Meerpolder), 
and the third regional park on the eastern 
side formed by de Rotte, Rottezoom 
and Bentwoud.  The municipality aims 
at good connections in between these 
three areas. (Gemeente Zoetermeer, 
2017) However, the Meerpolder is, as 
it is now, an interruption between the first 
and second regional park, because it is 
an inaccessible territory. Cyclers need to 
take the routes around the Meerpolder 
to reach the regional parks, which is not 

‘natural cores’ in which biodiversity and 
natural areas for recreation have priority. 
The Meerpolder is designated as one of 
these natural cores; However, this area 
is different than the other designated 
cores, because here, agriculture has the 
main priority. Therefore, farmers at the 
Meerpolder are obligated to maintain the 
present population of meadow birds on 
their lands. (Gemeente Zoetermeer, 2017) 
This gives the farmers at the Meerpolder 
limitations in what they can and cannot do 
on their land. By implementing a vertical 
farm with an enclosed environment, the 
farm cannot affect nature and vice versa. 
Thus, giving the farmer less responsibility 
towards the outside world where nature 
can have new possibilities to flourish 
without the farmer’s presence.

the connection as drawn and described 
in the municipality’s plan. (see figure 24) 
The actual connection from one regional 
park to another is the road around the 
Meerpolder. (see figure 25) The question 
arises why the municipality suggests a 
direct connection by the Meerpolder, 
while at the same time, their focus lies 
on improving the route around the area 
instead of implementing recreational routes 
within the polder. With a new plan, the 
Meerpolder can really become an area 
that extends the connection from the first to 
the second regional park by a route within 
the polder as suggested in figure 26. 
By connecting these two regional parks 
with the Meerpolder, thus, by actually 
including it, the area could become one 
large regional park with several different 
recreational activities. The Meerpolder will 
then add recreational activities focused 
on nature and food production to the 
regional park.  However, Zoetermeer 
wants to avoid being concentric around 
its city center, but networking with the 
region. (Diegenbach, 2008) Therefore, 
the Meerpolder should have extra routes 
that are not only focused on a connectivity 
between the two regional parks and 
Zoetermeer. (see figure 26)

Furthermore, the ambition of the 
municipality is to enhance biodiversity 
in and around Zoetermeer, and keeping 
inhabitants interested or increasing their 
interest in this topic. They want to use 
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Figure 24:  The plan for the green areas around 
Meerpolder as suggested by the Municipality of 

Zoetermeer.
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Figure 25:  The plan for the green areas around 
Meerpolder as it will be in reality: a connection 
around the Meerpolder.
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Figure 26:  The plan for the green areas around 
Meerpolder that is suggested for the final design: 

a connection that literally takes the urban consumer 
through the Meerpolder.
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The dyke around the Meerpolder contains 
a road that is partially meant for cars and 
partially meant for cyclists. This analytic 
layer concludes that the roads around 
the park are meant for destination traffic, 
because they lead to a dead end.

The dyke contains a road that is partially 
meant for cars and partially meant for 
cyclists. It is possible for cyclists to cycle 
around the park; However, in the south 
west corner of the plot, cyclists are forced 
to leave the oval route into the Buytenpark. 
The lack of a road for cyclists makes it 
impossible to continue the route around 
the Meerpolder. As mentioned before, the 
municipality of Zoetermeer wants to finish 
the oval route. Therefore, it will be taken 
into account in the final design. Another 
road, which can be used by cyclists, but 
mostly by farmers can be accessed in the 
western part of the polder. This path is 
not always possible for cyclists to take; it 
depends on the decision of the farmers in 
the area.

In the middle of the polder, an important 
route connects Zoetermeer with Stompwijk. 
It also leads to Leiden, which makes it the 
main connection to Zoetermeer. It is a 
highly used connection that needs to be 
re-implemented in the final design. 

TRAFFIC ROUTES CYCLING ROUTESCONNECTION
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The Meerpolder is characterized by its oval 
shape. The plot is divided by trenches into 
smaller agricultural plots, which is typical 
for a polder landscape. A dyke with a ring 
trench is located around the area, which 
is necessary to keep the Meerpolder dry 
from higher leveled water around it. 

It is clear that the polder is adjacent to 
the urban fabric of Zoetermeer. On the 
plot itself are several agricultural buildings 
located,  consisting of cattle breeding 
farms with goats and cows, a horse stable, 
a trench maintenance company and the 
old windmills responsible for the drainage. 
It is chosen to remove all these buildings, 
except the windmills, from the area, as the 
concept is to make place for nature and 
recreation, and stack agricultural functions 
into vertical farms. In an interview, the 
landscape architect Johan van Zoest 
(2006) said that “a well-visited park needs 
to contain objects of historic and symbolic 
value.” The windmills are of historical value 
and stand for the drainage of the area. 
In other words, being responsible for the 
existence of this area. In the final design, 
a presence of the windmills and vertical 
farms can be seen as a symbolization for 
the existence of the natural landscape.

Various heights and depths are present in 
the landscape. On photos, the differences 
in height is hard to see, but in reality, they 
are very visible. The higher located areas 
on the map reveals interesting shapes that 
are used to form the park.

WATER BUILDINGS DEPTH





4 FI
N

AL
 D

ES
IG

N



56

4.0 FINAL DESIGN

4.1 DE NIEUWE MEERPOLDER

BORDER

SIX TOWERS

OPEN TUNNEL

In the final design, it is aimed at keeping 
or enhancing various qualities  of the 
current landscape. The route around de 
Meerpolder is re-implemented and will 
fully encircle the area. Entrances are 
placed on the junctions  of cycling routes 
leading to the polder. These crossings 
are part of existing recreational bicycle 
routes (ANWB, 2017),  which can then 
be continued into the park. The exact 
position of the bicycle paths within the 
final design are partly decided by the 
existing relief of the landscape.  The relief 
shows deeper parts on the landscape and 
reveals interesting shapes. These parts 
will be filled with water, which makes a 
reference to the history of de Meerpolder.  
Also, the return of more fresh water gives 
new and more possibilities for nature 
and recreation. However, the deeper 
parts of the landscape contain a depth 
of approximately  half a meter, which 
means that, in order to create lakes, these 
areas have to be dug deeper. In general, 
de Meerpolder is situated lower than 
surrounding areas with water; Therefore, 
water pumping systems keep the area from 
flooding with water. These pumps are still 
needed in De Nieuwe Meerpolder.

The paths through the park are based 
on the location and shape of the lakes, 
the vertical farms, and space for nature. 
In order to traverse over different heights, 
water and confiscating as less space as 
possible, the paths will be designed as 

low piers of wood. With a height of ten 
centimeters underneath the path, bugs and 
small animals can easily cross. Also, the 
paths serve as a demarcation of areas. 
Larger areas in between paths are more 
suitable for fauna, because it decreases 
the chance of encounters with people 
cycling through the park. The paths provide 
the optimal route to avoid disturbances to 
flora and fauna. However, people are 
not obligated to stay on the paths. If they 
want, they are allowed step off the paths 
and explore the surrounding areas.

Although, being one of the largest parts 
of the park, the lake located on the west 
is more suitable for recreation. Although 
outdoor water recreation is not in the top 
ten of recreational activities, it is still one 
of the popular activities. (Bruijn, et al., 
2015) Therefore, this lake is designated 
for water recreation, such as canoeing 
and windsurfing. 

Furthermore, the park will be demarcated 
with a clear border. It will be used as a 
tool for changing the behavior of visitors. 
An open tunnel will create a connection 
between Zoetermeer and Stompwijk. Six 
vertical farms will be placed  along this 
tunnel providing a direct connection for 
transportation. On both sides of the tunnel, 
a tower is located on each axis that is 
created by the structure of the trenches. It 
results in a repetition of two towers along 
the tunnel.

Zoetermeer

Stompwijk 
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5 years

In order to create a park that is 
characterized by a natural landscape, 
the role of nature should have a dominant 
appearance. To acquire this expression, 
it is chosen to leave the landscape 
alone after the creation of the lakes and 
vertical farms. This way, nature has the 
chance to develop itself. This process is 
called ecological succession. Ecological 
succession involves the complete process 
of an evolution from an area without any 
flora and fauna to an area with a dense 

others. During the process, biodiversity  
will increase, because of succession and 
addition of several species. Eventually, 
a climax ecosystem is reached.  In this 
stadium, a biological balance between 
species is created that can, without any 
disturbances,  remain more or less the 
same. Furthermore, ecological succession 
is divided into primary and secondary 
succession. Primary succession develops 
in an area that contains nothing, while 
secondary succession develops on an 

forest landscape with a large amount 
of different species. (10 voor biologie, 
2017) The speed of these developments 
differs for each type of area, but in general, 
these are divided in the categories 0, 
2, 5, 10, 30 and 100 years. (Maas, 
2017) Ecological succession begins 
with a pioneer ecosystem that involves a 
landscape in which plants grow that can 
handle extreme temperatures. Through 
time, other species of plants and animals 
appear, which will also be followed by 

Figure 27: Ecological Succession in the park

Current situation 0 years 2 years



59area that has undergone a change in the 
landscape, such as a forest fire, and still 
contains seeds prior to this transformation. 
Therefore, secondary succession develops 
faster than primary succession. (10 voor 
biologie, 2017)

In this case, secondary succession is 
included, due to the grass lands that are 
present on de Meerpolder. According 
to Gilbert Maas (2017), researcher at 
Wageningen University, an alluvial forest 

can already be developed after thirty 
years. Therefore, the natural landscape in 
the following drawings are estimations of 
a time span of thirty years.

5 years 10 years 30 years
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Figure 28: De Nieuwe Meerpolder
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SITUATION DRAWING
Scale 1:10.000
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4.2 THE BORDER

Figure 29: Border around the park

As mentioned before, a border or wall 
around an area will give a person the 
feeling of being inside. According to 
Adriaan Geuze (2011), a person’s 
behavior can change within such an 
environment. In this case, the border should 
be physically visual, but at the same time, 
should not block people from entering like 
the current fences around de Meerpolder. 
Therefore, it is chosen to embed a 
concrete wall into the landscape. On one 

side of the wall,  the level is as high as the 
current dyke, on the other side, the level 
is approximately fifty centimeters lower. 
The exact level differs, because there are 
several heights in de Meerpolder. Now, 
a person could literally jump in and out 
of the park at every part of the border. 
The current dyke descends as as slope 
into the Meerpolder. The border extends 
the width  of the dyke - by dropping the 
earth gathered from digging the lakes 

- and makes a hard transaction. This is 
strengthened by ‘wild’ nature on one side, 
and maintained grass land on the other 
side. At the bicycle junctions on the border, 
an entrance is located. The entrance is a 
sloped path that extends from the existing 
cycling path to the border and is the start 
of the wooden pier paths.
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Figure 30: Park entrances 
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4.3 THE TUNNEL

Figure 31: Open tunnel does not block sight and 
reduces traffic light and sound

An open tunnel with a depfth of five 
meters is going to maintain the connection  
between Zoetermeer and Stompwijk. 
By lowering the road, traffic will not be 
in sight for people within the park. This 
results in views through the park without 
being blocked by a road full of traffic. 
However, the tunnel passes through a lake 
splitting it into two smaller ones. In order 
to reconnect the two halves, an aqueduct 
needs to be constructed. The tunnel has 
to lower by three meters at these parts. 
Furthermore, the open tunnel decreases 
the amount of sound and light that comes 
from traffic and traffic lights. Thus, doing 
less harm to nature.
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Figure 32: Entrance tunnel
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4.4 THE TOWERS

Figure 33: Tower volume calculations

De Nieuwe Meerpolder will contain six 
vertical farms that will produce vegetables. 
However, why six? And how much do 
these towers actually produce? According 
to Amy Story (2017), one shipping 
container, without supporting spaces, 
can produce up to 27% of one acre 
(approximately 0,404 hectare) fieldcrops. 
This means that four containers have the 
same production value as 0,404 hectare 
land. De Meerpolder has a total surface of 
approximately 550 hectares. To acquire 
the same amount of food production, 
5.448 containers ((550 / 0,404) x 
4) are necessary. Each tower has a 
plantation space of 173.256 cubical 

meters, which makes a total of 1.045.56 
m3 for six towers. One container has a 
volume of approximately 75 m3 (12 x 
2,4 x 2,6 meters). Thus, a total amount 
of 408.600 m3 space can produce an 
equal amount of vegetables that can be 
produced on fields at de Meerpolder. 
With the six vertical farms, it is possible 
to produce 2,5 times the total production 
of de Meerpolder today. Therefore, the 
towers will not only create more space for 
nature and recreation, but also increase 
the food production significantly. If more 
vertical farms are built in the future, the 
possible food shortage will not be a 
problem anymore.
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4.4.2 NATURE AND THE TOWERS

Apart from the fact that their presence 
creates a chance for nature to fully flourish 
on de Meerpolder, the towers also contain 
facades that embrace plant growth and 
shelter for birds and bugs. The facade will 
be completely constructed with poured 
concrete that can contain qualities that 
lets moss, algae and lichens grow on it. 
Although, it is not completely clear under 
which circumstances  vegetation grows 
on concrete, some aspects seem to be 
significant. (Groen Kennisnet, 2013) A 
rough concrete surface remains moist for 
a longer time. This gives biofilm more 
chances to grow. Biofilm is a collection 
of fungi,  algae and bacteria that causes 
a black discoloration of concrete. A 
thicker layer of biofilm offers the possibility 

The lower parts of the facades contain bird 
and bug shelters that go up to a height 
of fourteen meters. Eventually, these parts 
with shelters will be surrounded by trees. 
The size and position of the houses are 
based on data from de Vogelbescherming 
Nederland (2017). The shelters vary in 
size and are designed for six species of 
birds and small bugs. Although, being the 
perfect measurements for a type of bird, 
other species can make use of the shelters 
as well, such as bats. The nest boxes 
consist of the material woodconcrete and 
are clustered in groups to give enough 
space inbetween for reinforcement steel to 
strengthen the concrete walls. 

for moss and lichens to grow. (Cement 
& Beton Centrum, 2017) If the towers 
need to be part of a natural landscape, 
nature should have a dominant role in its 
appearance. Lichen growth on facades 
contributes to this concept. Furthermore, 
lichen can enhance the lifespan of concrete 
and absorb fine dust and nitrogen oxides. 
(Groen Kennisnet, 2013) In order to create 
a rough surface on the concrete facade, a 
formwork with wooden patterns is used. 
Apart from making the surface rougher, the 
wood patterns give the concrete a natural 
appearance. Furthermore, the facade is 
sloped to slow rain water sliding down, 
stimulating biofilm growth. Also, a sloped 
makes the transaction from flat land to a 
high structure less abrupt.

Figure 35: Lichens grown on concreteFigure 34: Concrete with wood texture
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top
Figure 36: Transaction landscape

Figure 37: Vegetation growt on sloped facades
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4.4.3 RECREATION AND THE TOWERS

Each tower provides an extra function in the 
top of the building. These are a business 
function, a laboratory, an exhibition space 
and two educational functions.  The two 
north towers and two south towers contain 
more private functions. The business function 
is meant for people that are interested in 
implementing the same principles within 
their farm. Thus, providing more detailed 
information about the vertical farms in a 
private conversation. In the laboratory, 
experiments are done with vegetables, 
such as light experiments for taste, growth 
or texture, but also experimenting with 
other type of vegetables that could be 
used in vertical farming. The two south 
towers contain an educational function. 
This means that children can plant their 
own seeds and can come back anytime 
to check the progress. The two middle 
towers contain the most public functions. 
The exhibition space shows the history of 
de Meerpolder and the meaning of the 
vertical farms. Also, this tower provides 
guided tours that allows visitors to see more 
of the building’s interior. The restaurant is a 
salad bar, where people can taste dishes 
that consist mostly of ingredients that were 
produced in the farms.

The towers are situated along the open 
tunnel and serve as entrances to the park. 
The towers serve as beacons that frame a 
difference in landscape. This means that 
entering the park through one of the north 
towers gives a different experience than 

entering the park through one of the south 
towers. This is emphasized by lowering 
the bicycle paths far enough that cyclists 
cannot see into the park until they cycle 
through a tower. This route will give an 
experience of three different worlds: the 
tunnel, the tower’s interior and the natural 
park. The route through the building serves 
as a monumental route going from space 
to space in these three worlds. From this 
monumental route, the top of the towers 
can be accessed by elevators leading to a 
bridge that takes the visitor to the restaurant, 
exhibition or educational space. 
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Figure 38: Additional functions of the towers
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Figure 39: Monumental route
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Figure 40: Route to extra recreational functions
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Figure 41: The two worlds around the north towers
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Figure 42: The two worlds around the middle 
towers
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Figure 43: The two worlds around the south towers
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4.4.4 FOOD PRODUCTION

As described before, vertical farming can 
produce a variety of vegetables. From 
tomatoes to herbs, such as basil, but 
mostly leafy greens. Every type of product 
needs to have different sized growth 
chambers and space between the shelves, 
but also differ in necessary nutritions. The 
towers are designed in such a way that 
every floor could grow a different kind 
of product. This project needs to be a 
combination of both maximum production 
and an educational, promotional value. 
Therefore, the two north towers produce 
spinach and the two south towers produce 
lettuce. These four towers are about 
maximum production. Spinach and lettuce 
are the most harvested products in the 
Netherlands (Centraal Bureau voor de 
Statistiek, 2017) that can be implemented 
in vertical farming. The middle two towers 
produce a variety of other leafy greens 
that promote the possibilities of vertical 
farming. The products that are produced 
here are basil, chard, mint, bok choy, 
kale, chives, parsley, oregano and 
rosemary, which are easy to grow and 
equal in size. (Bright Agrotech, 2017)   A 
total of nine products makes it possible to 
place a different product on every floor 
within the middle towers.

LETTUCE

SPINACH
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Figure 44: Type of vegetables that are produced

ROSEMARY OREGANO BOK CHOY

KALE CHARD MINT

PARSLEY CHIVES BASIL
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PRODUCTION PROCESS

1

2

3

4

5

In order to create a functional vertical 
farm, a plantation space is encased 
in between two cores. This gives the 
possibility for employees to work on both 
sides of the plantation. It is estimated that 
6-10 workers are necessary to take care 
of 403 m2 per hour. Each floor of a tower 
is approximately 2500 m2, which means 
that a team of 6-10 workers can take on a 
floor in 6 hours. It is not possible to harvest 
a complete tower with a team of 6-10 
workers in one day. Therefore, it needs 
to be carefully planned by dealing with a 
different floor each day.

It is possible for the workers to take plates 
from both sides of the plantation. Therefore,  
workers can harvest or insert plates more 
efficiently by splitting in two teams. Due 
to sloped shelves with rails, it is possible 
to insert plates into one side  of the shelf, 
which will automatically slide down to 
the other side. Also, one person can take 
out all plates without moving position, 
because the plates automatically move  
towards him. However, to reach higher 
shelves a mobile scissor lift is necessary to 
take out or insert plates.
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4. After approximately 16 days (Basic 
Knowledge 101, 2017), plates with full 
grown crops are taken from the shelves

1. Take seeds from storage

2. Slide plates with seeds into shelves 
Plates slide to the end, because of sloped 
shelves

Every adjacent cabinet is a mirrored 
version, making it efficient to work from 
both sides of the plantation

3. Daily inspection with scissor lifts

5. Crops are stored until transport arrives 
to take it away

Figure 45: Production process
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WATER TREATMENT

The facade includes a rain water collection 
system that can purify rain water with reverse 
osmosis filtration. Water is collected on the 
roof and on the facade. According to the 
wind rose from het Koninklijk Nederlands 
Metereologisch Instituut (2017) the sloped 
facades are in ideal positions to collect 
water. The wind can blow extra water into 
the building’s facade. Also, the facade 
is sloped to enlarge the surface that can 
collect the water. The facade includes a 
relief to focuses the water into a hidden 
horizontal gutter. These gutters lead to 
an open vertical water drainage, that is 
materialized with gold colored aluminum. 
Visually, this emphasizes the vertical water 
drainage in the facade. The vertical 
water drainage will lead water into the 
building at a height of 18 meters. This 
is right before the location of the animal 
shelters. The water continues to the rain 
water storage basin. If the basin becomes 
too full, water is automatically directed to 
the trench next to the building. Before the 
rain water can be used for the plantation, 
the water needs to be purified. A reverse 
osmosis filter system cleanses the water 
and leads the it to another water storage.

Figure 46: Water collection

Wind compass at the 
building’s situation

Clean water 
storage

Open vertical 
water drainage

Roof water 
collection

Reverse osmosis 
purification 
system

Superfluous 
water dropped 
in trench

Hidden horizon-
tal gutters

Sloped facade 
catches extra 
water

Rain water 
storage
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Figure 47: Details of water drainage



102 After the water is purified, it can be used 
for watering the plants with the aeroponics 
system. A pump divides the water into the 
nutrient mixing rooms on each floor. Here, 
nutrients will be added to the water making 
a nutrient solution that is needed for the 
plant that is grown on that particular floor. 
A mixing space on every floor creates 
the possibility to grow a different type of 
crop on each level. This is relevant for the 
middle towers that produce nine different 
products.

Finally, water is pumped with another 
pump to the racks where it is divided 
along the tubes that lead to the growth 
chambers (shelves). Here, the water is 
turned into mist by the nozzles that. This 
mist will be absorbed by the roots of the 
plants. Superfluous mist will land on the 
bottom of the growth chamber and will, 
because of the slope, directed back to 
the nutrient mixing room. Here it is added 
into the smaller water basin to be re-used 
The EC level of the water is automatically 
controlled by a monitoring system.

Waterflow

Re-using water

Water from 
clean water 
storage

Nutrient 
solution 
room
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AIR TREATMENT

Temperature and ventilation are two of the 
most important aspects to control humidity 
in the plantation. A high humidity level 
stimulates fungi and bacteria growth, 
which could easily lead to diseases and 
pests on crops. By keeping the plantation 
ventilated and the temperature stable, 
diseases and pests can be avoided. 
(Storey, 2015) The towers includes a fully 
closed off plantation, in which a climate 
is controlled by air treatment cabinets. A 
total of four large cabinets can control 
the temperature in one tower. Several 
small fans are located above each shelf, 
which  will provide an air flow towards 
one direction. Fresh air is blown into each 
floor from the bottom on one side of the 
plantation space, which will be directed 
by the fans into the other direction. At the 
other end, the air will be removed from the 
building through the core.

Fresh air

Superfluous air

Airflow by fans

Air 
treatment 
cabinet

Air 
treatment 

cabinet
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4.4.5 STRUCTURE

The structure consists of two concrete cores 
with a steel skeleton in between. The steel 
structure will bear the production racks 
that contain plants. Vertical forces will be 
dealt with by the concrete cores and steel 
columns. The steel columns are connected 
with trusses, which trusses are chosen for 
the possibility to put installations through 
the beams. Horizontal forces are directed 
towards the cores. The structure contains 
concrete floors and trusses that are situated 
on their side. This combination will transfer 
the horizontal forces coming from wind 
towards the cores. Due to the immense 
size, the cores can easily deal with these 
forces and keep the tower stable.

Figure 49 (right page): Isometric view of steel 
structure

Figure 48: Stability scheme (left) and vertical forces 
(right)
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Entrances to de Nieuwe Meerpolder
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View over the lake for water recreation
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The light emitting through the slits emphasize the entrance
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The tunnel
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The traffic lights in the tunnel strokes in between the towers
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THE BRIDGE

The entrance allows a view through two towers
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The monumental route
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Close encounters with the ‘farmer’
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The beginning of a harvest
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The bridge within the tower
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The bridge within the tower
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The salad bar
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6.0 CONCLUSION

The re-interpretation of de Meerpolder has 
become a project that includes various 
recreational activities, possibilities for 
nature and increased food production. 
However, is De Nieuwe Meerpolder the 
answer to the main research question?

How can an existing agricultural plot 
become attractive for both nature and 
recreation, while maintaining a significant 
food production?

Although the landscape on de Meerpolder 
takes time to fully create the image that is 
aimed at, the new park contains enough 
attractive functions for recreation. The park 
provides cycling and strolling possibilities, 
water sport, educational functions and 
a small restaurant. This activities can all 
be performed without harming nature, 
because of carefully designated areas 
for recreation. The cause of the newly 
added functions to de Meerpolder is the 
implementation of six vertical farms. Food 
production in these towers is shut off from 
the outside world, making the vegetables 
independent from outside conditions. At 
the same time, nature around the towers 
are unharmed, because the activities 
inside do not include harmful pesticides or 
fertilizer.

The towers take over the food production 
on de Meerpolder and multiply it by two. 
This way, the farms on de Meerpolder 
can be removed and space can be 

designated for recreation and nature. 
Thus, the implementation of a vertical farm 
on an agricultural plot can be a cause for 
making the area attractive for both nature 
and recreation.

The design contains several other 
advantages. The towers can be seen as 
a means to promote vertical farming in a 
setting that people are used to see food 
production; Namely, on the countryside.  
Also, the project shows that land scarcity 
can be solved by implementing vertical 
farms. The agricultural functions on de 
Meerpolder are replaced by towers, 
which resulted in land for other functions. In 
this case, space for nature and recreation. 
However, the newly available space 
could also be used for functions, such as 
housing. Therefore, it will be interesting to 
see what intensive stacking of agricultural 
functions can mean for the future. 
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7.0 REFLECTION

The complete graduation period was a big 
challenge for me. I chose this topic to step 
out of my comfort zone and explore an 
unknown territory: the countryside. It was 
not only the subject, but also the direction 
I chose that made it a period of ups and 
downs. I never designed a landscape. 
I never designed a farm that is at the 
peak of being functional and practical. I 
never designed a building that does not 
allow light entering the interior. I never 
designed a building in a natural context. 
I never designed a tunnel. It put me to 
the test, and, therefore, it was a unique 
and informative experience. Eventually, 
I managed to make a project that I can 
be proud of and made me explore new 
perspectives in architecture.
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