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preface

preface
Phytoremediation strategies, in which plants are used to clean polluted
soil, is a relatively new technology with a lot of potential. Up until now,
this technology remained in the laboratory; physical implications in the
landscape where underexposed.
In this Landscape Architecture Master Thesis, a human ecological
approach guides the urban design, while ensuring a sustainable
future for polluted post-industrial transformation areas. Natural
productivity becomes an important part of urban design, proving that
phytoremediation strategies can be applied in dense urban areas. The
conflict between the long-term cleaning process and the high rate urban
development lead to innovative design solutions.
Our goal was not to design a fixed master plan but an adaptive
environment, flexible enough to be able to cope with uncertain
developments of a transformation process, in time.
We would like to thank Ingrid Duchhart and Charlotte Buys for their
inspiring and enthusiastic supervision. We are thankful for the advice
and expertise of Marcel Bloemendal, Luc Bonten, Gaston Dolmans and
Pieter Klomp. Furthermore we would like to thank friends and family,
particularly Guus Theuws, for their help, critical listening and positive
support.
Pieter Theuws & Mark Wilschut

August 2009,
Chair group Landscape Architecture,
Wageningen University
Supervisors:
Dr. Ir. I. (Ingrid) Duchhart (WUR)
C.L.M. (Charlotte) Buys (dRO Amsterdam)
Examinar:
Prof. Dr. Jusuck Koh
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summary

summary

samenvatting

Buiksloterham in AmsterdamNorth is a heavily polluted,
outdated and derpived harbour
area with a lot of vacant parcels,
that is being transformed into a
mixed residential/ commercial
and industrial area. Implementing
phytoremediation strategies, in
which plants are used to clean
polluted soil, in the insecure and
spontaneous transformation
process of Buiksloterham appeared
to be very dificult. The long period
of time that phytoremediation
needs conficts with the high
rate urban development in the
area. However, by combining
phytoremediation with water
purification and biomass
production, distinguishing a
low- and high dynamic system
and dealing with polluted soil
innovatively, phytoremediation
strategies can become a useful tool
in the transformation process of
Buiksloterham. Phytoremediation
techniques are the starting point
for the design, which embraces the
program, rules and regulations,
while solving spatial- and
environmental problems. The
quality of the phytoremediation
plants, that improve public space,
is emphasized. Connection with the
context and the (future) inhabitants
is sought through various scales.
The process of cleaning the soil is
communicated to the inhabitants
and visitors of Buiksloterham by
distinguishing three categories
of degree of pollution, with
corresponding design: heavily
polluted areas that are inaccessible,
medium polluted areas that are
semi-accessible and clean areas
that are fully accessible.

Buiksloterham in AmsterdamNoord is een zwaar vervuild,
verouderd en vervallen haven
gebied met veel braakliggende
kavels dat getransformeerd gaat
worden naar een woon-werk
gebied. Het implementeren van
fytoremediatie, waarin planten
gebruikt worden om te bodem
te zuiveren, in de onzekere
en spontane transformatie
van Buiksloterham bleek niet
gemakkelijk. De lange tijdsduur
van fytoremediatie technieken en
de hoge ontwikkelingsdruk van
het gebied conficteren. Echter,
door fytoremediatie te combineren
met waterzuivering en biomassa
productie, het onderscheiden
van een laag- en hoogdynamisch
systeem en het innovatief
omgaan met vervuilde grond kan
fytoremediatie een belangrijke rol
gaan vervullen in het transformatie
proces van Buiksloterham.
Fytoremediatie technieken vormen
de insteek van het ontwerp dat
rekening houdt met programma
en regulering, terwijl het
ruimtelijke problematiek en milieu
problematiek aanpakt. De kwaliteit
van de phytoremediatie beplanting
wordt benadrukt, waardoor het
anders omgaan met vervuiling
een meerwaarde wordt voor dit
gebied. Door de schalen heen is
gezocht naar verbondenheid met
de context, met de (toekomstige)
bewoners. Het proces van
zuiveren van de bodem door
planten wordt gecommuniceerd
naar de bewoners en bezoekers
door het onderscheiden van
drie categorieen vervuiling met
bijbehorende implicaties voor het
ontwerp: zwaar vervuilde grond
(niet toegankelijk), middelmatig
vervuilde grond (semi-toegankelijk)
en schone grond (openbaar).
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00

Summary:
Western society has developed
according to a linear production
system. This has resulted in
environmental, social and spatial
problems and an urban form which
is characterized by a consuming
sprawl and high dependence on
external resources. There is a
growing awareness that this system
has to change into a more cyclical
production system,. Therefore
we propose a natural productive
city, with a balanced mix between
internal and external resources.
Post-industrial transformation
areas offer opportunities to
incorporate natural productive
landscapes into the urban fabric
and create dynamic, mixed-use
urban districts.

industries

market goods

wastes

introduction
00.1 western world development and
the current urban form
The Western world has developed
along a process of fossil fuel based
industrialisation, characterized
by a linear production system, in
which industries process resources
into market goods and wastes.
Due to the market economy, mass
consumption and globalization
these resources, market goods
and wastes are traded across the
globe. (Figure 1) This production
system has resulted in enormous
economic growth and prosperity.
However, deficits of the system
have become more and more
clear. (White, 2002) Several
spatial, social and environmental
problems like cluttering, a lack
of unity and equalisation of the

landscape, inefficient use of space,
inaccessibility, a mental separation
of mankind and landscape,
safety issues, air-, water- and soil
pollution are results of this linear
system of development.

The process of industrialisation
implied a change in urban form.
Before industrialisation, cities had a
compact form with a clear relation
to the natural ecosystem on which
the lives of the city dwellers
depended. Industrialisation has
resulted in the current urban form,
characterized by a low density
sprawl of mono-use districts,
favoured by industrialised zoning
regulations and a lost relation
between urban form and natural
ecosystem. (McGregor, 2007)

Figure 1 (left): Linear production system in which
resources, market goods and wastes are trades across
the globe by industries has caused spatial, social and
environmental problems.
Figure 2 (right): Cyclical production system in which
production is based upon local renewable resources
and local consumer markets.
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industries
market goods

resources
wastes
landscape

Rodney R. White, Professor of
Geography and Director of the
Institute of Environmental Studies
at the University of Toronto, has
described the current urban form
as: “The modern city relies upon
a technology that is outstandingly
profligate in its use of resources
and production of unwanted
residuals. If the modern city is
a monument to anything, it is a
monument to man’s ecological
inefficiency.” (White, 2002) This
urban form has affected mankind’s
wellbeing and health; his access
to clean and sufficient water, food
and energy. Also current urban
form indirectly has disastrous
effects on the climate. The modern
city is a decaying city, with high
in- and outputs of resources

and consuming sprawl. Adrian
McGregor, landscape architect
and urban design professional
and director of the Sydney-based
design office McGregor + Partners,
supports this idea of the current
city and emphasises a shift in the
current urban form in order to:
“(…)avert irreversible biodiversity
damage and large scale human
tragedy.” (McGregor, 2007 p.25)
00.2 biocity
To avoid this large scale human
tragedy, the world economy and
contemporary consumption
patterns of our society should
become profoundly local and tied
more directly to agriculture and
food production, local renewable
energy resources and local fresh

water resources. (McGregor, 2007)
This implies a total change of the
linear production system into a
more local, cyclical production
system (Figure 2), and an urban
form which is compact, multifunctional, and more resource
efficient. (White, 2002)

McGregor (2007) argues for a
biocity, which would “transmute
urban fabric into organically
arranged, interconnected human
ecologies, whereby no process
or material would be considered
an externality.” (p.26) The
biocity would be a self-repairing
city with the ability to re-use
natural resources within the
city’s footprint. The biocity is
characterized by decentralised and

diversified local infrastructural
networks; low to mid rise building
heights; a dwelling density focussed
around walkable city centres
well serviced by public transport;
diverse neighbourhoods through
which comes resilience and urban
parklands which are converted
into productive landscapes. These
typological land use changes will
require a radically modified urban
form. (McGregor, 2007)
00.3 towards a natural productive
city
We acknowledge the need to
change the current urban form,
as described by McGregor.
However we believe that within
contemporary lifestyles and living
standards of the western society,

the biocity concept is a utopian
prospect and the step from the
current urban form to that of
the biocity is too big to take at
once. (Figure 3) We believe that
incorporating natural productive
processes in urban form will result
in a natural productive city, in
which a balanced mix of local and
external resources can be achieved.
In order to incorporate natural
productive landscapes into the
urban form a reconceptualisation
of the traditional urban park is
needed.

The origin of the traditional
urban park lies in the 19th century
response to the unhealthy
urban environments, caused by
industrialisation and urbanisation

in times of the Industrial
Revolution. Parks were designed
and built as landscape scenery
for greening the city and for city
dwellers to stroll around and meet
other city dwellers. We question if
the origin and functioning of this
traditional concept of the urban
park, is still valid within the context
of contemporary cities. Jusuck Koh,
Chair of Landscape Architecture
Group of Wageningen University,
and Anemone Beck, landscape
architect, urban designer and guest
professor at the Anhalt University
of Applied Sciences, also question
the traditional urban park in their
article Parks, People and City.
They emphasize that “instead of
being an escape and relief from
the unhealthy city the urban park

itself has to be living, healing
the land, teaching us how to live,
showing us the wonder of nature’s
ability to create and sustain, and
the human ability to reciprocate
with nature.” (Koh and Beck, 2006,
p.16) Moreover they question the
necessity for urban parks when
cities and landscapes are healthy
and functioning well. They argue
that we should “strive to make the
city like a park, rather than build
and design parks as excuses for
building unhealthy cities.” (Koh
and Beck, 2006, p.19) Natural
productive landscapes can become
urban parks that show nature’s
ability to create and sustain and,
when incorporated into the urban
form, they can actually heal urban
environments.

Figure 3 (left): towards a natural productive city
(Mcgregor, 2007)
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00.4 post-industrial transformation
areas
The current urban form is
characterized by a spaceconsuming sprawl based on
zoning principles, resulting in
mono-functional city districts.
This is especially the case for
industrial areas. Economic aspects
and function separation have
always been the basis for the
development of industrial areas.
This has resulted in areas of low
spatial, social and environmental
quality, often isolated from their
context. Economic and mobility
aspects have pushed industrial
areas out of urban centres into the
periphery, leaving vacant, polluted
and deprived post-industrial areas
in urban centres. (van der Gaag,

2006) This relocation of industrial
areas creates opportunities for the
redevelopment and transformation
of the post-industrial areas in
urban centres. It offers possibilities
to create multi-functional,
dynamic and meaningful urban
environments which are, according
to van der Gaag (2004) “(…)praised
for their urbanity and mixture of
functions.”
We believe that by incorporating
natural productive landscapes
in the transformation process of
post-industrial areas, these areas
can become fully integrated into
the urban fabric and the spatial,
social and environmental problems
can be overcome. By using natural
productivity, a more cyclical

production system can be achieved
and post-industrial areas can
become valuable parts of the urban
fabric with high spatial, social and
environmental qualities.
00.5 ambitions of the city of
Amsterdam
The municipality of Amsterdam
has the ambition to develop into a
Metropolitan region. This ambition
is described in the document
PlanAmsterdam, Metropolizing
Amsterdam: Towards a European
Metropolis, published in 2008. This
ambition is constructed out of four
impulses:
 Urban transformation:
The ambition is aimed at a
continued clustering and
concentration of urban

page 13

developments within the city
footprint. This entails ongoing
intensification in the use of
urban land, optimizing land use,
densification, more efficient use
of space, mixed sociocultural
as functional, innovative
urban environments and the
integration of amenities.
 Metropolitan accessibility:
Guaranteed accessibility on
the international, national and
regional scale, as well as a good
functioning intercity network is
needed for the development of a
metropolis.
 Metropolitan landscape:
The landscape in the Amsterdam
region is a unique quality that
should become an integral part
of the metropolis. Not only for

recreational matters, but also
for nature development, water
storage, urban agriculture and
so on.
 Sustainability and climate
readiness:
The ultimate goal is to develop
large scale urban and rural units
that should be self-supporting
wherever possible. Climate
readiness must also serve as a
guiding principle in the selection
of building locations and infill.
The clustering of urbanization
within polders that are already
developed should be the
objective here. (Vreeswijk, 2008)
These ambitions fit our ideas, as
described earlier and therefore
we believe that; by incorporating

natural productive landscapes in
the transformation process of a
post-industrial transformation
area, within the city of Amsterdam,
a more sustainable, dynamic,
and multi-functional urban
environment can be developed.
Natural productive landscapes can
contribute to the accessibility of
the metropolitan landscape and
the metropolis of Amsterdam.
Before elaborating on incorporating
natural productive landscapes into
the urban fabric of Amsterdam,
a better understanding of these
landscapes is needed.
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Summary:
In order to incorporate natural
productive landscapes into the
urban fabric, a reconceptualisation
of the urban park is needed.
Public parks space should become
productive in stead of being scenery
or a relief from the city alone
Four types of natural productive
landscapes are distinguished:
food/plant production landscapes;
water purification landscapes;
biomass production landscapes
and phytoremediation landscapes.
Phytoremediation landscapes,
which are landscapes that
remediate polluted soils by plants,
appear to be cost efficient, highly
suitable for temporal applications
and they can provide an
aesthetically pleasing environment.

case studies
01.1 natural productive landscapes
This reference study contains
an analysis and comparison of
projects in which public space is
a natural productive landscape.
The projects reconceptualise the
traditional concept of a public
park and present public parks
which are ecologically and socioculturally productive landscapes.
By incorporating these types of
landscape into the urban fabric, the
city is actually designed as a park.
Four types of natural productive
landscapes are distinguished:
 food/plant production
landscapes
 water purification landscapes
 biomass production landscapes

 phytoremediation (soil
purification by plants)
landscapes.

The reference projects will explain,
inspire and enhance on the topic
of natural productivity and will
result in more insight in the
applicability of natural productive
landscapes. The projects are
analysed and compared on their
type of productivity and the yield;
their scale; their location; relation
to their context and their change
through time (see figure 4 and
5). Reflecting on these projects
will give general insight in the
characteristics and applicability
of natural productive landscapes
as public space. The analysis of
the different projects can be seen

Figure 4 (left): example of site/context analysis

Figure 5 (middle): natural productive Shenyang
Campus, China

Figure 6 (right): Area ratio PRODUCTION : TOTAL per
project production type

chapter 01: case studies
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01.2 reference study results
Comparison of the types of natural
productivity and their yield
clarifies that within a specific type
of natural productivity various
ways to produce food/plants, clean
water, clean soil and biomass exist,
each with a specific yield. For
example different kinds of plants
can be used to remediate the soil,
each based on specific local site
characteristics. This makes it hard
to compare yields and to identify
a production type which is most
productive.
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in appendix I. In the following
conclusions of the reference study
results will be discussed.

phytoremediation

The scale of the four production
types is better comparable. Figure
6 shows the total area of the
projects in relation to the amount
of productive area. The dotted
line indicates the ratio productive
: total area. This shows that
phytoremediation and biomass
production have a high ratio,
indicating that a large proportion of
the total area is needed for the area
to become productive. Food/plant
production and water purification
have a lower ratio, indicating that
these types of production demand
relatively less space.

The selected projects are situated in
both rural and urban settings. Their
connection to routes within the
context of the projects also differs.
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In Figure 7 the location; the flow
of resources and the connection
to routes within the context of
the projects are shown. Projects
within a rural context receive and
produce goods for both rural and
urban areas. Projects within an
urban context are more or less selfsufficient and produce relatively
little for their direct environment.
The connection of the projects with
their context is highly variable in
both rural and urban projects. The
project of Vivero Metropolitano
produces goods for the urban
context and is well connected to
its context. This project integrates
natural productivity into the urban
context in both form and function.

The change of production types
in time is analyzed in terms of
appearance and flexibility. The
appearance of the production
strongly depends on the specific
manner in which natural
production is applied. For example
plants and crops have specific
seasonal characteristics making
it hard to compare them based
on appearance. Comparing
the production types based on
flexibility demonstrates that
phytoremediation and biomass
production are less fixed than
food/plant production and water
purification, since food/plant
production is often done on private
parcels and water purification
is dimensioned to a specific
amount of water. This makes

Ray and Maria strata center
EVA Lanxmeer

Shenyang Campus

Nike European Headquarters
Waterpark Lankheet

Dycker Feld

Dredge Landscape Park

Vivero Metropolitano
Westergasfabriek
Groenewoud

Waterpark Groote Beerze

Energetic Community
725 Main St. Barnstable

self sufficiency
relative goods flow
project

phytoremediation and biomass
production more suitable for
temporal applications.

These insights triggered
us to do more research on
phytoremediation. The
phytoremediation projects in the
reference study are all projects in
a low-density or rural context with
little urban development. Because
we believe that phytoremediation is
also feasible in high-density urban
areas, we want to do research on
phytoremediation in an urban
area with a high rate of urban
development.
01.3 phytoremediation advantages
and disadvantages
Phytoremediation is a relatively

new technology in which plants
are used to remove pollutants
from the soil. Pilon-smits (2005)
defined phytoremediation as: “the
use of plants and their associated
microbes for environmental
cleanup.” (Pilon-Smits, 2005)
The U.S. Environmental
Protection Agency (EPA) defines
phytoremediation as: “the direct
use of living green plants for in situ
(in-place or on-site) risk reduction
for polluted soil, sludges, sediments
and groundwater, through removal,
degradation, or containment of
the pollutant.” (U.S. Environmental
Protection Agency, 2001)
Phytoremediation is considered
an efficient cleanup technology for
a variety of organic and inorganic
pollutants.

Phytoremediation has advantages
over conventional engineeringbased remediation techniques.
First of all it is considered as a
cost-efficient technique, on average
tenfold cheaper than engineeringbased techniques. (Pilon-Smits,
2005) Also the maintenance
costs of phytoremediation system
are low and the system can
be integrated into the natural
environment and landscape plans,
creating an aesthetically pleasing
variety of site conditions. An
aesthetically pleasing environment
can increase public acceptance
and the phytoremediation system
can become of educational value.
Moreover phytoremediation has
the potential to treat a wide variety
of pollutants and when considered

Figure 7 (left): Relative positioning and natural
produced goods flow scheme

Figure 8 (right): advantages and disadvantages of
phytoremediation (Raskin and Ensley, 2000) (U.S.
Environmental Protection Agency, 2001)
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phytoremediation advantages

phytoremediation disadvantages

low capital and operating costs

slower than some alternatives;
seasonally dependant

metal recycling provides further economic
advantages (phyto-mining)

hyperaccumulators are slow growers

plant biomass can serve be used for bio-energy

biological methods not capable of 100% reduction

in situ application avoids excavation

high metal concentration may become toxic
to plants

permanent or temporal threatment solution

may not be applicable to all mixed wastes

capable of remediating bioavailable fraction

only applicable to root zone of plants

capable of mineralizing organics

regulator may be unfamiliar with the technology
and its capacities

applicable to a variety of contaminants

trees are capable of high hydraulic pumping
pressures

lack of recognized economic and
performance data

public acceptance: aesthetically pleasing
compatible with risk-based remediation

applicable during site investigation or after closure

as a permanent solution has the
potential to degrade all pollutants,
making all future land-uses
possible. When considered as an
interim solution, phytoremediation
can prevent the pollutants to
spread and begin the treatment
process during preparation of the
final redevelopment plan. (U.S.
Environmental Protection Agency,
2001)

The major disadvantage of
phytoremediation compared
to conventional, mechanical
remediation techniques is time.
Plants take a relatively long time
period to grow and reach their
full phytoremediation potential,
resulting in a minimum of several
decades to remediate contaminated

Sources: Raskin and Ensley (2000); U.S Environmental Protection Agency (2001)

sites. This time period will become
even longer if remediation takes
place on a site with a mix of
pollutants, since most plants take
up one specific pollutant. A mix
of pollutants will need a mixed
planting scheme, resulting in less
optimal uptake rates of pollutants
by the plants. Phytoremediation
is restricted to the root-zone of
the plant species, which makes
it hard to remove pollution
in deeper soil layers. Finally
regulators may be unfamiliar
with the technology and the
capabilities of phytoremediation,
and therefore put forward landuse restrictions to the application
of phytoremediation techniques.
(Raskin and Ensley, 2000)
Figure 8 shows the advantages and

disadvantages of phytoremediation
technologies.
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polluted soil is excavated and
disposed in a landfill

polluted soil is excavated and
treated off-site

polluted soil is treated on site

02

Summary:
Soil is a natural resource which is
of ecological, economical and social
importance. Industrial activities,
dumping of wastes, agricultural
activities and urbanization all
had polluting effects on the soil,
thereby hampering the different
soil functions. Dutch law forces,
developers or municipalities
strive to remediate polluted soil,
dependant on future land-use. Soil
remediation in Amsterdam is based
on conventional engineering-based
remediation techniques, which are
unsustainable and costly. Therefore
phytoremediation might be a
feasible alternative to remediate
the numerous polluted sites in
Amsterdam.

polluted soil is left on site and
contained

problem identification
02.1 soil pollution
Soil is a fragile, friable layer of
the earth’s crust that covers the
continents, between the surface
and the bedrock. It is formed by
mineral particles, organic matter,
water, air and living organisms. Soil
is the interface between earth, air
and water and hosts most of the
biosphere. (European Commission,
2007)
Soil is an important natural
resource and performs a number
of functions which make it
environmentally, economically and
socially important. (Scalenghe and
Marsan, 2009) Soils have various
functions; they provide mankind
with food, biomass and raw
materials. They serve as a platform
for human activities and are a

habitat and gene pool. Moreover
they store, filter and transform
substances as water, nutrients and
carbon. (European Commission,
2007)

Early industrial activities and
bad management practises have
left thousands of polluted sites
in Europe. According to the
European Commission there are
3.5 billion potentially polluted
sites in the European Union.
(European Commission, 2006)
In the Netherlands there are
approximately 400.000 areas that
are potentially heavily polluted
and need further research. (RIVM,
2008) The accumulation of
pollutants can hamper the different
soil functions. Pollutants may leach

Figure 9 (left): conventional soil remediation
techniques

Figure 10 (right): heavily polluted soils in the city of
Amsterdam
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into groundwater and thereby
pollute drinking water supplies and
aquatic ecosystems. Food and feed
crops and food producing animals
can take up pollutants from the
soil, hence posing a risk to human
and animal health. When pollution
occurs in high concentrations,
soils can become toxic and form
a direct risk to plant, animal and
human health. Chromium and
obsolete pesticide formulations,
for example, are carcinogenic to
humans and lead is especially
hazardous to young children, in
which group there is a high risk of
damage to the brain, while to all
human kidney damage is a risk.
(European Commission, 2006) This
clearly demonstrates that the need
to remediate the polluted sites is a

global issue.

02.2 soil remediation
Conventional soil remediation
techniques are engineering-based.
Figure 9 visualizes the four general
approaches to remediate polluted
soil:
 Polluted soil can be excavated
and disposed in a landfill;
 Polluted soil is excavated and
treated off-site until the soil is
clean (ex-situ);
 Only heavily polluted soil is
excavated, while less polluted
soil is treated on site (in-situ);
 Polluted soil is left on site and
contained by plastic, concrete or
a clean layer of soil to prevent
contact with the polluted soil.
(Milieuloket, 2009)

Remediation by excavation,
transport and treatment of
pollutants soil is an expensive
task. In 2006 the total area of
remediated soil in the Netherlands
was just over 2.500.000 m2, with
a total expenditures for on site
investigation and remediation just
under 400 million euro. (RIVM,
2008)
Treatment approaches can include:
flushing pollutants out of the soil
using water, chemical solvents, or
air; destroying the pollutants by
incineration; encouraging natural
organisms in the soil to break them
down; or adding material to the
soil to encapsulate the pollutants
and prevent them from spreading.
(Milieuloket, 2009) Not only are
these remediation techniques
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expensive, transportation also
contributes to CO2 emissions, noise
pollution and fine dust production.

Containing polluted soils also is
not a sustainable remediation
technique. By sealing or paving the
polluted soil, water permeability
dramatically decreases. This
implies an increase in surface runoff water, which in turn increases
the risk of ponding and erosion for
neighboring unsealed areas. Paving
polluted soils will also modify the
microclimate, resulting in higher
temperatures close to the paved
soil. The decrease of permeability
and increase of temperature will
also have negative effects on
chemical and biological processes
in the soil, thereby losing much of

9 km
10 km

8 km

the soils ecologic function and its
function as carbon sink. (Scalenghe
and Marsan, 2009) The fact that
conventional soil remediation
techniques are expensive and
unsustainable offers opportunities
for phytoremediation techniques
to become a good alternative to the
conventional engineering-based
soil remediation techniques.
02.3 soil pollution policy in the
Netherlands
Legally there are two types of
pollutants, immobile pollutants
and mobile pollutants. Immobile
pollutants are fixed to soil particles
and cannot migrate into deeper
soil layers or to the groundwater.
Mobile pollutants are not fixed
to soil particles and can migrate

measured values of soil pollution
are compared. These thresholds
are:
 Streefwaarde (S): this threshold
represents the level of pollutants
that needs to be achieved
for a sustainable soil quality.
This level should be achieved
to restore the functional
characteristics the soil has for
humans, plants and animals.
 Tussenwaarde (T): this
threshold represents the
arithmetical average value of
the streefwaarde (S) and the
interventiewaarde (I). On soil
The ‘Wet Bodembescherming’
with pollution values under the
(Wbb) is an act that contains
tussenwaarde, developments
general rules to protect the
soil. The quality of the soil and
can take place. If this value is
crossed, further research on the
groundwater is determined through
regulatory thresholds to which
soil quality is needed.
into deeper soil layers and to
groundwater. Former policy strived
for complete removal of mobile
and immobile pollutants. This
however became technically and
economically impossible, especially
when mobile pollutants were
located in deeper soil layers.
Contemporary policy is focussed
on the balance between future
land-use and quality of the soil.
The future land-use function on
the soil and soil quality must be in
accordance. (RIVM, 2008)

Figure 11 (left): excavation of soil would imply heavy
transport of polluted and clean soil through the city
centre, resulting in fine dust and noise pollution
Figure 12 (right): phytoremediation techniques can
be a feasible alternative for Buiksloterham
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 Interventiewaarde (I): this
threshold represents a level of
pollution that, when exceeded,
is a matter of extreme pollution.
When exceeded the functional
characteristics the soil has for
human, plants and animals is
heavily disturbed. There is a
need for urgent remediation.
(VROM, 2000)
The levels of the thresholds are
pollutant specific, land-use specific
and soil specific. Therefore the
soil type, the possible pollutants
in the soil and the future proposed
land-use all determine the level of
pollution. This implies for example
that industrial areas have different
thresholds than residential areas.

02.4 soil pollution in Amsterdam
A large proportion of the soil in
the city of Amsterdam is polluted.
Many parts of the city are built
on grounds elevated by polluted
dredged from the canals. Moreover
industrial activities, transportation
activities and waste dumping
have contributed to the pollution
of the soil. Figure 10 shows the
heavily polluted sites in the city of
Amsterdam. The polluted sites need
remediation, which is a complex
and expensive task. The estimated
costs of the remediation program
of the municipality of Amsterdam
for the period 2005-2009 is set at
131,8 million euros. (Gemeente
Amsterdam, 2004b)

The remediation policy of the
municipality of Amsterdam is based
on environmental justification,
future land-use and cost efficiency.
(Gemeente Amsterdam, 2004a)
This, together with the type of
pollution has resulted in standard
remediation approaches, based
on conventional remediation
techniques. Immobile pollutants
in the top layer of a soil are
contained by either paving the soil
of covering the soil with a layer of
clean soil, so direct contact with the
polluted soil is prevented. Soil that
is polluted by mobile pollutants
is excavated and replaced by
clean soil. Cost-efficiency is the
decisive factor for the amount of
excavated soil, often resulting in
partially removed polluted soils.

(Gemeente Amsterdam, 2004a)
Both remediation approaches imply
transport of polluted and clean soil.
Clean and slightly polluted soil can
temporally be stored and treated
on landfills Luitkemeer and TOP/
Noordstort. Heavily polluted soil is
disposed on landfill De toekomst.
Heavily polluted soil can further
be treated outside of Amsterdam
were treatment stations can apply
several treatment approaches.
(Gemeente Amsterdam
Ontwikkelingsbedrijf, 2009)
One of the heavily polluted sites
in Amsterdam is Buiksloterham
(Figure 11), in Amsterdam-North.
Former harbour and industrial
activities have polluted the
site with mobile and immobile

pollutants. (Gemeente Amsterdam
Noordwaarts, 2005) Applying the
standard remediation approaches
of Amsterdam on this site will
be expensive and excavation
would imply heavy transport of
polluted and clean soil through
the city centre, resulting in fine
dust and noise pollution. Paving
or concealing the polluted soils
in Buiksloterham would not be
a sustainable solution, since this
would decrease water permeability,
resulting in more surface runoff. The micro climate will be
modified since pavement increases
temperatures and concealing the
polluted soil with a clean layer
of soil will not prevent mobile
pollutants from leaching to deeper
soil layers and groundwater.

Therefore phytoremediation
techniques can be a feasible
alternative for solving the global
issue of soil pollution on the local
site of Buiksloterham. (Figure 12)
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03

Summary:
Buiksloterham is an outdated,
abandoned industrial area in
Amsterdam-North which has to
transform into a mixed residential,
industrial and commercial area.
The site was used as a landfill for
polluted dredge and industrial
activities have further polluted
the site. The main pollutants
in the soil are mineral oils and
metals, of which Zinc has the
highest concentration. The
polluted dredge layer has formed
an impervious layer, causing high
groundwater levels. After 150
years of polluting this site, now it is
time to clean it. Our hypothesis is:
Phytoremediation can be integrated
into the transformation of urban
post-industrial areas, while
improving public space.

area and hypothesis
03.1 Buiksloterham
Buiksloterham is an area of 100ha
and located in Amsterdam-North,
along the IJ, which separates the
area from the centre of Amsterdam.
(Figure 13) In the west the area is
bordered by the Zijkanaal I and the
NDSM-wharf. The northern border
is formed by the Buiksloterdijk,
which separates the area from
the residential areas in the north.
The Buiksloterkanaal separates
Buiksloterham from the residential
area called van der Pekbuurt,
situated in the east. In the southeast of Buiksloterham the area
of Overhoeks, with the new
Shell-technology centre, is being
developed. Ferry routes connect
Buiksloterham to the central
station, and the Zuidkanaal I runs

to the Klaprozenscheg which forms
a connection to Waterland, a typical
Dutch peat landscape with high
recreational and ecological value.
(Figure 14) (Gemeente Amsterdam
Noordwaarts, 2005)

03.1.1 the IJ and agricultural use of
Buiksloterham
Historically the area of
Buiksloterham was a bay in the
IJ-lake located between two
tongues of land, being Volewijck
and Nes, which stuck out from
the Waterlandse Zeedijk (now
Buiksloterdijk) into the IJ-lake.
In the 18th and 19th century the
Buiksloterham was used as
a landfill for polluted dredge
excavated from the canals of the
city centre. In 1862 the landfill

Figure 13 (left): Buiksloterham in Amsterdam-North
Figure 14: (right): Buiksloterham and it’s context
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was full and the Buiksloterham
was reclaimed using the land
tongues as a basis, and turned into
a profitable agricultural polder.
The only relict from this original
polder structure is the Grasweg,
which marks the pattern of the dike
that enclosed the Buiksloterhampolder. Industrial developments,
which began round 1900, destroyed
all other elements of the original
polder structure. (Gemeente
Amsterdam Noordwaarts, 2005)
03.1.2 industrial development in
Buiksloterham
Because of its location along
the deep waters of the IJ-lake
Buiksloterham was very suitable
to serve as a harbour area for
input of raw material and output

the IJ

of goods. The canals, being the
Johan van Hasseltkanaal and
Tolhuiskanaal, were dug out from
1906 onwards. In 1920 a start was
made to dig out the Papaverkanaal
and the Buiksloterhamkanaal.
The dredge from these waterways
was used to elevate the polder,
which made large parts of the
Buiksloterham-polder exceed the
water level of the IJ. (Gemeente
Amsterdam Noordwaarts, 2005)
This dredge however, turned into
an impervious layer of soil, causing
high groundwater levels in the
future. From 1900 onwards, mostly
shipyards and accompanying
industries settled in Buiksloterham,
because of sufficient large areas
with good access to water were
available.

During the 20 century
more businesses settled in
Buiksloterham, which had no
direct relation to water. Before
these businesses were developed
a layer of soil of approximately
one meter was put on top of the
polluted dredge to cover it and to
overcome water problems. The
first businesses that settled in
Buiksloterham without a direct
relation to the water were a power
plant, a waste incinerator and
multiple concrete industries. In
the 1970’s and 1980’s the metal
and shipping industries displaced
to new production countries. The
displacement of water oriented
industries changed the orientation
of the area from the water to
th

the road. Also many large scale
extensive industries were replaced
by small scale industries or
businesses in all kinds of sectors.
These changes gave Buiksloterham
its unstructured, disordered
character.

03.1.3 current situation
The change in orientation towards
the road structure has made the
roads, being the Klaprozenweg,
de Papaverweg, the Asterweg,
the Distelweg and the Grasweg,
structuring elements. These roads
however, do not have sufficient
capacity and do not have a good
and direct connection to the
national highway system. The
growing importance of accessibility
has resulted in the relocation of

Gemeente Amsterdam (2005)

1660

Buiksloterham is part of
the IJ and located between
two tongues of land

many businesses in Buiksloterham
to locations in the outskirts of
Amsterdam. Many parcels in
Buiksloterham are vacant and
buildings abandoned, resulting
in an extensive, desolated and
aged character. The relocated
businesses did however leave their
marks in Buiksloterham. Polluting
industries that were formally
situated in Buiksloterham, such
as NV electrozuur, a hydrogen
factory, a power plant, a waste
incinerator, gas product factory
and several metal factories have
polluted the soil in Buiksloterham.
On top of that the sub layer of
polluted dredge has formed an
impervious layer, resulting in high
groundwater levels. (Gemeente
Amsterdam Noordwaarts,

Gemeente Amsterdam (2005)

1850

Buiksloterham is used
as a land�ill for polluted
dredge and reclaimed for
agricultural use

2005) The transformation of
Buiksloterham can be seen in
figure 15. The municipality of
Amsterdam, together with the
city district of AmsterdamNorth wants to redevelop the
area of Buiksloterham. The
outdated industrial area should
be transformed into a mixed
residential-commercial and
industrial area in a time period
of 25 year. The municipality has
not set up a fixed zoning plan,
but wants the area to gradually
transform, according to specific
demands in time.

03.1.4 transformation program
The spatial program for the
transformation of Buiksloterham
involves redevelopments of

Gemeente Amsterdam (2005)

1900

Industrialisation, harbour
industries settled in
Buiksloterham and the
canals where dug

public space, infrastructure and
the development of the urban
program. This program involves
the development of housing
for 4000 people (500.000
m2), 450.000 m2 of office and
industrial estates and 50.000
m2 of amenities. Infrastructural
improvements are needed to
better connect Buiksloterham to its
surrounding areas and to improve
the accessibility of the area.
Also infrastructural facilities for
cyclists and pedestrians need to be
improved. Development of public
space will focus on locations along
the water. Canals should become
accessible and along the waterfront
of the IJ and Zijkanal I a park area
with recreational facilities will
be developed. (Projectbureau

Google Earth (2009)

2009

Decrease of industrial
activities leaving vacant
polluted and abandonned
parcels, waiting for new
developments
Figure 15 (left): the transformation of Buiksloterham
Figure 16 (right): environmental problems; soil
pollution and high groundwater level
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Noordwaarts, 2005) (Projectbureau
Noordwaarts, 2007)
For these redevelopments to
take place the polluted soil in
Buiksloterham needs remediation.
Historically developments and
transformations in Buiksloterham
always had a polluting effect on the
soil in Buiksloterham. In the past
the problem of soil pollution was
overcome by simply putting a layer
of clean soil on top of the polluted
soil, thereby leaving the pollution in
the ground. But why not clean the
area of Buiksloterham, in this new
transformation phase?
03.2 problem definition
The geological basis of
Buiksloterham is formed by a 15 to
20 meter alternation of Holocene

sand, clay and peat on top of a thick
layer of Pleistocene riverbed sand
and gravel. On top of the sediments
originating from the Holocene
lays a man-made layer of 2 to 3
metres of clay and dredge, coming
out of the city centre canals. To
overcome the high groundwater
level, a layer of sand was put on
top of this dredge layer. This has
raised the ground level to +0.6m
to +1.1m NAP. Due to industrial
activities this layer of sand has
become polluted with mobile and
immobile pollutants, as shown in
figure 16. (Gemeente Amsterdam
Noordwaarts, 2005)
The mobile pollution mainly
consists out of mineral oils and
VOCL (Organic Chlorides). These

pollutants can leach into the
groundwater and be displaced
into deeper soil layers, and can
be degraded by micro-biological
processes. A plume of VOCI is
located in the area at a depth
that ranges from -17m NAP to
-30m NAP, making it very hard to
remove this pollutant. Another
pollutant that is hard to remove is
asbestos. Mineral oils are located
throughout the area at several
depths and can also pollute
groundwater. Immobile pollution
mainly consists out of metals and
PAH’s (Poly-cyclical Aromatic
Hydrocarbons). This type of
pollution is present is the total area
of Buiksloterham. Concentrations
of metals above the intervention
level (I) are located within a depth

of 1 metre below ground level.
Several metals have polluted the
soil, but Zinc concentrations are
highest within Buiksloterham.
(Figure 16) (Gemeente Amsterdam
Noordwaarts, 2005)(Projectbureau
Noordwaarts, 2005)
03.3 hypothesis and research
questions
For the transformation of
Buiksloterham into a mixed
residential-commercial and
industrial area remediation
of the polluted soil is needed.
As mentioned in chapter 2,
conventional engineering-based
remediation techniques are
expensive and unsustainable.
Since the transformation process
is gradual and insecure, and

polluted vacant parcels are waiting
for development, we believe that
phytoremediation techniques can
be a (temporal) feasible alternative
for remediation of the polluted soils
in Buiksloterham while creating
an attractive environment that can
become of educational value for
future city dwellers and visitors of
Buiksloterham. This has resulted in
the following hypothesis:


Phytoremediation can
be integrated into the
transformation of urban
post-industrial areas, while
improving public space.

This statement will be tested
to Buiksloterham. To test this
statement the following main

research questions should be
answered:




How does the transformation
process of Buiksloterham
evolve?
What phytoremediation
strategies can be applied in
Buiksloterham?
How is Buiksloterham spatially
constructed.

Other interesting (sub-) questions
that should be answered are:




What can be the educational
value of phytoremediation
landscapes for the urban
community?
Can phytoremediation
become more productive by



incorporating other types of
natural productivity with it?
How do urban developments
relate to phytoremediation
strategies?

These research questions have
guided the research and design
process in this thesis.
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04

Summary:
Contemporary society becomes
more and more aware of the
need to change to a more cyclical
production system, and to become
more sustainable. This offers
challenges for the practice of
landscape architecture. To come
to more natural productive city,
a reconceptualisation of the
theoretical foundation and the
practice of landscape architecture
are needed. A human ecological
approach to landscape architecture
offers a theoretical and practical
basis for the practice of landscape
architecture in contemporary
changing society.

landscape theory
04.1 introduction
Contemporary society is facing a
transition from a fossil-fuel based
industrial and agri-industrial
age towards a post-industrial
information-based society. There
is a growing awareness that the
western model of development,
fed by the industrial revolution
and capitalism has led to several
problems in our society. The notion
of this growing awareness and
the need for new consciousness
guides the theoretical position
and interpretations on landscape
architecture and also proposes
new challenges for the practice of
landscape architecture.
Swaffield (2005) has described
landscape architecture by

referring to Thompson (1999)
as a professional expression
of landscape understanding
which draws on “the particular
emphasis depending upon
individual landscape architects,
their background and education,
and the situation in which they
are practising.” (Thompson 1999
in Swaffield, 2005 p.16) The first
element, the particular emphasis of
the individual landscape architect,
is based on the theoretical
foundations. The second element,
the situation in which a landscape
architect is practising, is based
on the time period in which the
landscape architect operates.
Both elements are reflected in
landscape theory, as James Corner,
chair and professor of Landscape

Figure 17 (left): layered landscape model (Kerkstra
et al, 2007)
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Architecture at the University
of Pennsylvania, states: “(…)
we look for theory to provide a
foundation-a shared basis purpose
for the practise and performance
of the discipline.” (Corner, 1990 in
Swaffield, p.19)

In the next paragraph we will
elaborate on our theoretical
foundations. It deals with the
formation of landscape and
the processes underlying this
formation and how this affects the
practise of landscape architecture.
After that, a short overview of the
changing cares and concerns of
society through time will be given
and it will become clear how these
are reflected in the form, meaning
and expression of the landscape.
Finally our theoretical position
within the field of landscape
architecture will be given, which
will result in conscious design,
expressed by Nan Fairbrother,
English writer and journalist, as:
“(…) the conscious control which
must now replace unconscious
evolution to achieve good design
must do so in the whole of our
environment from small-scale to
large-cups and chairs and rooms
and houses and streets and towns.”
(Fairbrother, 1970 in Swaffield)

04.2 theoretical foundations
The basis of our landscape theory is
the triplex-landscape (Figure 17), a
layered landscape model developed
by Kerkstra and Vrijlandt (1988),
former Professor and teacher on
the Chair of Landscape Architecture
at the Wageningen University. They
have defined landscape as “the
visible result on the surface of the
earth of the interactions between
man and nature.” (Kerkstra and
Vrijlandt 1988, in Duchhart,
2007 p.17) The layer-cake model
illustrates the interactions between
abiotic, biotic and anthropogenic
processes, which are dynamic
through time. Landscape therefore
is a snapshot of a continuous and
unavoidable process of change.
These changes are triggered by
natural laws and human planning
activities. (Vrijlandt, 2005)
This triplex-landscape shows
similarities with Ian McHarg’s,

founder of the department of
landscape architecture at the
University of Pennsylvania,
proposed ecological method. This
method takes ecology as a basis
for design and planning, defined
by McHarg (1967) as: ”the study of
physical and biological processes,
as dynamic and interacting,
responsive to laws, having limiting
factors and exhibiting certain
opportunities and constrains,
employed in planning and design
for human use.” (p.39) Analyzing
these physical and biological
processes and overlaying them
would result in maps of intrinsic
suitability for human use. In
applying this quantifiable method
man will design with nature, and
becomes steward of the biosphere.
(McHarg, 1967)

Reflecting this to the triplexlandscape of Kerkstra and
Vrijlandt, the physical processes
are represented in the abiotic
layer; biological processes are
represented in the biotic layer.
Both layers put forward constrains
and opportunities for human use,
represented in the anthropological
layer. Both the ecological method
and the triplex-landscape model
the emphasise a bottom-down
approach to landscape architecture,
in which physical and biological
processes put forward constrains
for human intervention. The
interaction between these
processes and layers will result
in a specific form and identity of
the landscape. As Kerkstra and
Vrijlandt have defined landscape
as a snapshot of a continuous and
unavoidable process of change.
(Vrijlandt, 2005) McHarg also
acknowledges the temporality of
landscape form by describing form
as “an explicit point in evolutionary
process”. (McHarg, 1967)
In more recent work Kerkstra and
Vrijlandt (2007) acknowledge that
the human planning activities have
come to play a more important role
in the formation of the landscape.
Since the Industrial Revolution, the
capability of human beings to affect
nature has risen spectacularly.
Technological innovation made
it possible to adjust physical

circumstances to the demands and
dynamics of the society. The natural
landscape has been transformed
into a cultural landscape. (Kerkstra
et al., 2007) This increase in human
intervention on the landscape is
also emphasised by Ann Spirn
(1998), who states: “Scarcely a
spot on earth, however remote,
is free from impact of human
activity. The human needs and the
environment issues that arise from
them are thousands of years old,
as old as the oldest city, repeated
in every generation, in cities on
every continent.” (Spirn, 1998
in Swaffield p.175) Therefore, a
method which more powerfully
expresses the human interventions
is needed. This method is proposed
by Lyle (1985), who emphasis
design for Human Ecosystems, a
more adaptive ecological approach
compared to McHarg’s “Design with
Nature”.
Lyle (1985) argues that human
beings have created ecosystems
since they have learned to cultivate
plants and in doing so they have
changed the world’s landscape
through time. These landscapes,
shaped by the creation of human
ecosystems, will be different in
structure and function from the
previous natural landscape, but as
stated by Lyle (1985): “they will
continue to respond to the same
natural processes even though
they may be more or less diverse,
more or less stable, more or less
productive, or have more or less
of any number of other qualities.”
(Lyle, 1985, p.178) According to
Lyle man will continue changing
the landscape to provide the
necessities of contemporary
society and to fulfil the human
potential, and thereby creating
human ecosystems. This is also
emphasised by Steiner (2000), who
defines landscape as: “A landscape
is more than a picturesque view; it
is the sum of the parts that can be
seen, the layers and intersections
of time and culture that comprise
a place –a natural and cultural
palimpsest.” (p.4) This makes
landscape “the visible and tangible
reflection of human ecosystems.”
(Steiner, 2002)
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Both McHarg’s ecological method
toward planning and design and
the more human ecological method,
as proposed by Lyle and Steiner,
are based on the study of ecology.
Both conceptualise landscape as
ecosystems which are dynamic,
connected and open-ended.
However McHarg’s method is based
on the study of landscape ecology
in which landscape is an ecosystem
formed by interactions between
physical and biological processes
and interpreted as a natural
resource that should be deprived
from human interventions. Lyle and
Steiner, on the other hand, argue
for a human ecological approach
towards planning and design, and
call for human ecosystems. This
view is more related to the study
of urban ecology, in which both
landscape and city is an ecosystem
formed out of interactions
between physical, biological
and sociocultural processes that
determine human interventions.
Pickett (2001) calls for a human
landscape approach towards
planning and design which can be
understood as: “The study of the
reciprocal relationship between
patterns of spatial heterogeneity
and sociocultural and biophysical
processes. Further, when human
ecosystems and landscape
approaches are combined, human
ecosystems types are defined
as homogeneous areas for a
specified set of social-cultural
and biophysical variables within
a landscape.” (Pickett, 2001 in
Marzluff, p.113)
This implies a method in which
man exceeds his role of being
steward of the biosphere and
becomes conscious in shaping
the landscape driven by the idea
of human intention, described
by Treib (1999) as: “If were we
to design only with nature (if
that is even possible), we would
lack human dimensions that lies
behind designing landscape in the
first place. It would seem that we
need to consider a broader range
of factors –cultural, imaginative,
mythical and intuitive- than the
quantifiable alone.” (Treib, 1999 in
Corner p.32)
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04.3 form, meaning, and expression
Landscape is formed by natural
processes and social-cultural
processes, which change through
time. This effects landscape
in a physical way, but also in
the way humans perceive and
relate to landscape, as Cosgrove
describes: “Landscape is an
ideological concept. It represents
a way in which certain classes of
people have signified themselves
and their world through their
imagined relationship with nature,
and through which they have
underlined and communicated
their own social role and that of
others with respect to nature.”
(Cosgrove, 1984 in Swaffield,
p.165) The physical landscape
is a direct result of human

interventions based on specific
intentions based on these
ideological concepts, which can
be related to from, meaning and
expression within the landscape.

04.3.1 picturesque dialecticism
Picturesque theory was based
on the idea that landscape is
appreciated according to the
criteria of a picturesque painting.
Important qualities where
roughness, found in landscape
textures; sudden variation, found in
asymmetrical lines and contours;
and irregularity, found in intricacy
and variation and the effect of
the passage of time. Landscape
aesthetics were appreciated as if
they were paintings. This resulted
in a distance between humans and

nature. Nature was viewed through
an artistic lens, appreciated
for its roughness, disorder and
irregularity, but only in the context
of nature humanised, by redesigning it, or by viewing it as the
work of an artist. (Brady, 2003)
In landscape architecture this is
reflected in park design, which
where designed as spaces where
people would go to escape life and
regain their sanity. The picturesque
believed that green spaces had the
ability to relieve the psychological
stress caused by urban living and
that only the large urban park
could provide a true antidote to this
affliction. (Figure 18)
One of the most well known
picturesque designers is

Figure 18 (left): picturesque view of the Gapstow
bridge in Central Park, New York
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Frederick Law Olmsted. Olmsted
is a forerunner of a dialectical
materialism applied to the physical
landscape. Dialectics are a way
of seeing things in a manifold
of relationships, not as isolated
objects. Nature for the dialectician
is indifferent to any formal ideal.
(Smithson, 1973) The picturesque
were focused on preserving
the natural setting of the area
where possible, while using an
abstraction or representation of
nature to enhance the spiritual
being of the people. (Fabos,
2004) According to Olin (1988),
picturesque landscape design never
designed or built a composition
that visually or formally imitated
nature; forms were abstracted
from nature, farming, and art.
According to picturesque theory,
landscape design should express an
abstraction of nature, not a replica
of wilderness. However, Olin also
states that picturesque designs
resemble natural environments of
great scale, beauty and cohesion.
(Olin, 1988, in Swaffield, p. 80)
Picturesque landscape design is
artificial, an abstraction of nature
of a non-human scale. “Artificial
as they may be, ecologically
simplified as they are, the effect
is that of being in a landscape
larger than oneself and beyond
the immediate comprehension
or control of oneself, of many of
the feelings one has in a “natural”
landscape-of light and space, of
amplitude and generosity.” (Olin,
1988, in Swaffield, p.78) What
the picturesque created was a
landscape that, as James Corner
describes, “is presented as a place
of escape from the ills of the
present and anxieties about the
future.” (Corner, 1999)
04.3.2 modernism
In a period dominated by modern
science and human technology, in
the beginning of the 20th century,
it was believed that the truth of
existence could be found by radical
reductionalism. Condon (1988)
describes the effect these ideas
had on architecture and landscape
architecture by referring to Cubism.
According to Condon (1988),
Cubism was interested in “form
as a relative state simultaneously

substantial and insubstantial
through the permeation of space”.
(p.4) Le Corbusier was the first
who translated Cubist principles
as simultaneity, interpenetrating
hovering planes and the
interpenetration of inner and outer
space, into architecture and added
the value of economy and efficiency
and the search for universal
invariables over individual lyricism.
Le Corbusier expressed these
ideas in his city design for “Ville
Radieuse”. (Figure 19) (Condon,
1988)

described by Lyle, in which nature
is not something to be revered or
despoiled. (Condon, 1988)

04.3.3 conclusion
In both the picturesque as in
modernism landscape form,
meaning and expression is
characterized by the dualistic
relationship between nature
and culture. Landscape form
is a cultural expression on the
relationship between man and
nature. Contemporary landscape
architecture is the result of a
general change in the expression
This proposed city structure
of landscape. As Lassus describes;
was characterized by an
“Most fundamentally there has
undifferentiated space in which
been a shift over time from
structures and buildings were
a focus upon how landscape
placed as objects, driven on the idea might express some aspect
that the city is a sculpture which
of a dualistic relationship
transforms through motion. This
between nature and culture,
expresses the ideas of experience
toward the conceptualization
over time and interpenetration of
of landscape existing within a
inner and outer space in the urban
field of relationships, involving
form. The undifferentiated space,
in both nature and culture, but
to which Condon refers to as Cubist that also allows a wider range of
space, would bring nature into
possibilities.” (Lassus, 1998 in
the city, flowing freely throughout
Swaffield, p.73)
the city and thereby bring warm
sun and light for human need into
A synthesis of human and natural
the city. Nature had a picturesque,
worlds will result in an intimate
romantic form contrasting the
appreciation and respect for
modern urban structures. (Condon, natural processes as well as man1988) Landscape was the scenery
made structures, expressed by
for the sculptural building, or as
Corner (1999) as: “Landscape is
Treib (1999) states: “Landscape
inextricable bond with cultural
no longer fulfilled its historic role
ideas and images; it is thus gross
as the extension of, or matrix for,
reduction to consider landscape
architecture, but now served as the simply as a scenic object, a
vegetal buffer between buildings.”
subjugated resource, or a scientific
(Treib, 1999 in Corner, p.30)
ecosystem. To consider landscape
solely in a visual, formal, ecological,
The creation of Cubist space has
or economic term fails to embrace
resulted in a loss of the human
the complex richness of association
dimensions and sense of place.
and social structures that are
Abstraction of urban and natural
inherent to it.” (Corner, 1999, p.7)
form and undifferentiation in
The transition our contemporary
space has resulted in generic
society is facing gives potential
overwhelming structures. Condon
for landscape architecture to both
(1988) argues for a Volumetric
express and engage richness and
space, in which space is created by
to design landscape that expresses
enclosing it with solids, thereby
“(…) more than just function and
creating dynamic relations between symbolism but serves potentially
objects within space offering
as visually indicator of a healthy
legible spaces for human activities. environmental ethic.” (Ruff, 1982 in
Volumetric space emerges out of
Swaffield, p.176)
a more environmental humanistic
view on landscape architecture,
04.4 human ecological approach to
and shares the landscape vision
landscape architecture
of the human ecosystems as
Landscapes that expresses the
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richness of both natural and
cultural processes in there form
and meaning, call for a human
ecological approach to landscape
architecture. A human landscape
approach disregards the dualistic
relation between nature and
culture and argues for aesthetical
value and form that is derived
from appreciation, meaning,
expression and function of the
natural and sociocultural processes
of the landscape for humans. To
incorporate this approach into
contemporary landscape design,
a reconceptualisation of city and
landscape, natural processes, scale,
form and aesthetics, flexibility,
time, zoning and density is needed.

04.4.1 city as landscape
Conceptualizing urban areas as
human ecosystems makes cities
living, massive and dynamic
systems which produce and waste
resources and landscapes for
human use.
This idea is further articulated by
Alan Berger, Associate Professor
of Landscape Architecture at
Harvard University. Berger
(2006) describes cities as “not
static structures, but active areas
marked by continuous energy
flows and transformations of which
landscapes, physical buildings and
other parts are not permanent
but transitional structures.
Like a biological organism, the
urbanized landscape is an open
system, whose planned complexity
always entails unplanned dross.”
(Berger, 2006 ,p.45) Dross entails
the excluded sites and unused
landscapes, or waste landscapes,
which are undervalued for reasons
as pollution, vacancy, unsuitable
natural conditions for building,
or unprofitability. Dross emerges
out of two processes, first as
a consequence of horizontal
urbanization, or sprawl, and
second, as leftovers of previous
economic and production regimes,
both catalyzed by an enormous
increase in mobility of goods and
people. Instead of being against
the creation of dross, Berger
argues that dross is an inevitable
waste deposit of and an indicator
for healthy urban growth and
offers challenges for new forms
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of urbanisation. As Berger (2006)
further states: “To expect a planned
city to function without waste (such
as in a cradle to cradle approach),
which represents the in situ or
exported excess not only of its
growth but of its maintenance, is
as naïve as expecting an animal
to thrive in a sensory deprivation
tank. The challenge for designers
is thus not to achieve drossless
urbanization, but to integrate
inevitable dross into more flexible
aesthetic and design strategies.”
(p.45) This can be the case for
a natural productive city, in
which dross can be integrated as
productive, valuable and reused
landscape within the urban fabric.

04.4.2 zoning and density
Conceptualizing the city as an
ecosystem implies a change in
urban form. Where ecosystems are
highly efficient in their form and
use of resources, current urban
form is highly inefficient. The
current urban form is based on
mono-use zoning principles. For
a more sustainable urban form to
be developed, a more mixed use
if space is needed. Mixed-use or
heterogeneous zoning and diversity
allows compatible land uses to
locate within close proximity and
can result in variation in building
types, architectural styles and can
renew urban life in many parts
of the city within reasonable
distance. This can be achieved by
intensification within the current

urban form, resulting in more
urban activities and efficient use
of urban land by increasing the
urban density. Density is the ratio
of people or dwelling units to land
area. An increase in density will
conserve resources and provide
compactness within the urban form
that encourages social interactions
and promotes the use of public
transport, cycling or walking.
(Jabareen, 2006)
04.4.3 articulating nature
To come to a more natural
productive city, landscape should
become instrumental; it should
actually support and instigate the
production of something new. This
differs from the McHargian view of
man being steward of landscape, or

Figure 19 (left): modernist design of Ville Radieuse
by Le Corbusier
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as Jusuck Koh, Chair of Landscape
Architecture Department at
Wageningen University describes:
“Ian McHarg, a pioneering
proponent of the ecological
approach in landscape architecture,
was anti-architecture and anticity, and favoured the ‘Romantic’
English ‘picturesque garden’ and
rustic, indigenous architecture and
countryside, to conjure up an image
of fitness, health and equanimity.”
(Koh, 2004 p.6) Landscape
design in a human ecological
approach puts nature to work.
It makes landscape productive
by respectfully and responsibly
moulding nature to benefit human
needs and desires.

Berrizbeita, assistant professor
of landscape architecture at
the University of Pennsylvania,
calls this articulation of a works
system of production, instead of a
representation of outside reality.
Hereby she refers to Foucault’s
condition of exteriority, by which
is meant that: “the meaning
of the work, normally lodged
in an aestheticalized, mimetic
representation of a previous
understood reality, is now relocated
to the outside, in the nexus of
relationships that derive from the
process and system of production.”
(Berrizbeita, 1999 in Corner,
p.194) Relating this to the urban
park, it can no longer be seen as
a counterpart and relief form the
city, but as a productive entity
within the city. Also this approach
clearly communicates the role
of nature in landscape design,
reflecting humanity’s dependence
on the environment. By creating
a more extreme abstraction
of nature, the interweaving of
imitating and abstraction of nature
is prevented and nature will be
perceived as being useful and
productive and therefore highly
valued. Furthermore, instead of
ecologically simplified and static,
landscape will be intensively
ecological and flexible through
time.
04.4.4 scale
Where the picturesque and
modernist landscape resembles
natural environments on a

scale beyond the immediate
comprehension or control of
oneself and exceeds human
dimensions, a human ecological
approach leads to a cultural
landscape with human dimensions.
Condon refers to the creation
of volumetric space, in which
dynamic relations between objects
creates legible spaces for human
activities. Relations between
objects emerge out of different
scales within the ecosystem of
the city. This is further elaborated
by Linda Pollak (2006), Principle
of Marpillero-Pollak Architects
in New York, who states that
“working with an understanding
of the city as a landscape made up
of multiple surfaces, rather than
its conventional representation
as a single surface, the project
overlays a range of abstract and
material scales onto the site.”
(Polak, 2006, p.132) Pollak
(2006) further elaborates that
each scale represents an activity
that stretch against each other
and reverberate on a specific
site, and offers potentials to the
creation of a heterogeneous space.
This heterogeneous space is a
representation of the complex
interacting processes of the
urban ecosystem ranging in scale,
composed in a legible human scale.
According to Pollak the challenge
of design is to support and to
represent a multiplicity of scales, to
bring into focus on a specific site. In
doing so difference in scale can be
articulated which gives identity to
the site.

04.4.5 form and aesthetic
Form is the visible shape or
configuration of an object, or a
way in which an object exists or
appears. (Oxford Dictionaries,
2009) According to McHarg, form
and aesthetical value are derived
from objective study. As Marc Treib
(1999) states: “McHarg’s method
insinuated that if the process were
correct, the consequent form would
be good, almost as if objective
study automatically gave rise to
an appropriate aesthetic.” (Treib
in Corner, 1999 p.31) This method
would lack the sociocultural
processes that form landscape. A
human ecological approach to form,

aesthetics and design is needed.
This approach is given by Kant, who
found that, according to Lothian
(1999): “aesthetic experience is the
mind’s representation of the object
and, experienced with disinterest,
is pure and is wholly subjective.
The state of harmony between an
object’s imaginative representation
and our understanding yields
aesthetic pleasure.” (Lothian, 1999)
This is supported by Emily Brady,
lecturer in philosophy at Lancaster
University and docent in aesthetics
at Helsinki University, who states
that “Imagination enables us to
feel nature’s might and at the
same time to recognise something
valuable and meaningful about
ourselves, that in freedom we feel
able to cope with the challenges
and dangers of nature as sublime,
In that recognition we discover
our strength as moral beings, not
against or superior to nature, but
as having a kind of independence.
This engenders a feeling of respect
for both nature, in its might, and
ourselves, as moral beings.” (Brady,
2003) This implies the creation of
aesthetically attractive landscapes,
achieving ecological beneficial
landscapes that are also culturally
sustainable. (Gobster et al., 2007)
A non dualistic relation between
nature and culture is needed in
which both formal and informal
nature is allowed only when
they increase human’s wellbeing.
This implies a design method
which, according to Koh (2004),
emphasizes system, process and
our embodied experiences over
form, space and function. (Koh,
2004)

04.4.6 flexibility
Contrarily to the representational
and stylization of landscape in
which static urban structures are
positioned, a human ecological
approach conceptualizes landscape
as dynamic interactions between
natural and cultural processes
working on different scales.
Alex Wall (1999) describes this
landscape as: “a functioning matrix
of connective tissue that organizes
not only objects and spaces but also
the dynamic processes and events
that move through them. This is
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the landscape as active surface,
structuring the conditions for new
relations and interactions among
the things it supports” (Wall, 1999
in Corner, 1999 p.233)

The complexity of the cultural
and natural processes and the
different scales on which these
processes come to play, together
with the changing attitude towards
cultural and natural processes that
underlie the cultural landscape,
asks for the design of flexible and
multifunctional landscapes, which
can be adaptive in use through
time. This is articulated by Alex
Wall (1999) as: “If the goal of
designing the urban surface is to
increase its capacity to support
and diversify activities in time,
even activities that can not be
determined in advance, then a
primary design strategy is to extend
its continuity while diversifying its
range of services.” (Wall, 1999 in
Corner, 1999 p.233)
04.4.7 time and landscape narration
As landscape is flexible through
time, so is genius loci. Instead of
being a representation of cultural,
historical, ecological and natural
values on a single moment in time,
the genius loci has the tendency
to change through time. As Relph
(1993) states: “Genius Loci cannot
be designed to order. It has to
evolve, to be allowed to happen, to
grow and change from the direct
efforts of those who live and work
in places and care about them.”
(Relph, 1993 in Swaffield, p.102)
The human ecological approach
explores the possibilities of
landscape as a medium to influence
the genius loci and vice versa.
Landscape does not only serve
as a background to genius loci,
but is itself a changing figure that
engenders genius loci. In landscape
this change of genius loci becomes
visible and “space becomes charged
and responsive to the movements
of time, plot and history.” (Bakhint,
in Potteiger and Purinton, 1998)
These narratives are implicit to
landscape inscribed by natural and
sociocultural processes. (Potteiger
and Purinton, 1998)

Rather than its conventional
representation as a single surface
on a single moment in time, in
the human ecological approach,
landscape design is capable of
influencing cultural processes
through time. The capability of
landscape to influence cultural
processes depends on the
landscape architect’s capability to
select the most suiting factors and
implement them in the non-static
landscape design. As Czerniak
(2006) states: “(…) designers
select and represent valued aspects
of a place with no pretence of
totalization in order to foreground
their influence on a project,
positioning this information as a
critical and creative component of
landscape design’s advancement.”

(Czerniak, 2006 in Waldheim,
p.108)

In contrast to modernist ideology,
which disregards cultural history,
according to human ecology,
landscape architecture should
widen the focus to processes that
are cultural and historical as well as
natural and ecological. Therefore,
the total number of factors through
time to be considered is enormous,
especially in dense areas. This
complexity of factors is not so much
a problem as it is an opportunity,
as they offer multiple design
motivations. “Landscape generated
out by specific and multiple design
motivations, planning strategies,
and complex technological and
ecological requirements, is what

enables a provocative relationship
between these landscape’s
performative and representational
concerns. (Czerniak in Waldheim,
p.111) The search for suitable
factors and the way they are
implemented in landscape design
challenges the landscape architect
to come up with innovative and
authentic design solutions.
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05

Summary:
A human ecological approach to
landscape architecture implies
the use of other methods in the
practice of landscape architecture.
A more strategic and openended design method is needed,
which emphasises aspects as
scale, complexity, connectedness,
networks, integration, flexibility,
articulation of both nature and
culture, density and the importance
of public acceptance. A design
method that reveals conflicts
and the analytical method of
datascaping seems to be promising.

landscape strategy and method
05.1 landscape strategy
The landscape theory, as described
in the previous chapter, proposes
a human ecological approach
to landscape architecture. This
approach implies a theoretical
reconceptualisation of the
city; the relation between city
and landscape; nature; form
and aesthetics; scale; time and
flexibility. This reconceptualisation
also relates to a more practical,
methodological level. On a
methodological level it implies
a change from compositional
scenic design, to more a strategic
and open-ended design method.
According to James Corner (1999)
it implies: “A move away from
ameliorative and scenographic
design towards, more productive,

engaging strategies necessitates a
parallel shift from appearances and
meaning to more prosaic concerns
for how these work, what they do,
how they interact, and what agency
for effects they might exercise
over time. A return to complex and
instrumental landscape involves
more organized and strategic skills
than those of formal composition
per se, more programmatic and
metrical practices than solely
representational.” (Corner, 1999
p.159) In order to do so this
landscape strategy describes some
aspects that should be addressed
in landscape design within the
complex field of relations between
natural and social-cultural
processes, which are reflected in
the landscape.

Figure 20 (left): thesis structure

Figure 21 (right): Alterra and Wagenigen University
phyto-extraction model is applied to the vacant
parcels in Buiksloterham
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Scale:
use the concept of scale as
a representation of spatial
difference. It can be used to
engage functional relationships
within the urban fabric. These
functional relationships should
serve as a mediator while
operating between different
scales.
Reveal conflict:
enable a provocative
relationship between
the several layers in
landscape’s performative and
representational concerns.
These conflicting relationships
will lead to creative and
innovative solutions expressed
in the physical landscape.





Networks:
consider all forces working in
the urban field as a continuous
networks of hierarchical interrelations, depending on the site
characteristics. A place has to
facilitate layered differential
inner-urban life and social
interaction.
Connectedness:
(re-) establish the integral
relationship between natural
processes and human activity,
both physically and mentally.
A place can facilitate the
conflation, integration, and
fluid exchange between
(natural) environment and
(engineered) infrastructural
systems. In other words design
relationships between dynamic



environmental processes and
urban form and acknowledge
their interdependence.
Complexity:
a very varied structure should
be sought in order to avoid
monocultures and uniformity
and acquire enrichment.
Create circumstances in which
diversity and multiformaty can
thrive within the particularness
of a given region. Widen the
focus to processes that are
culturally and historically
as well as naturally and
ecologically relevant. This
complexity of factors is not
so much a problem as it is
an opportunity, as they offer
multiple design motivations.





page 41

Integrate:
a place has to be the coherent
result of both privately and
publicly owned set pieces,
including a (representation
of the) symbiosis between
architecture and natural
processes. Also adapt to existing
conditions by integrating the
intended into the existing urban
fabric by acknowledging the
sense of place.
Narrate:
the distinct identity of the place
is grounded in space and time
within the area in ways that
are geographically, historically,
naturally, ecologically and
culturally specific. In other
words the place has to
communicate the unique



natural and social-cultural
systems of the area, the genius
loci.
Flexibility:
be flexible while being
meaningful. Bear resilience
to be able to adapt to
unpredictable future
developments and to cope
with both long-term and shortterm changes, responding to
changes in both social needs as
in natural requirements. Space
has to be a medium uniquely
suited to the open-endedness,
indeterminacy and change
through time demanded by
contemporary urban conditions.
Do not design a master plan
composing a fixed program, but
design a strategy that structures





the surface to support changing
programs and activities through
time.
Innovate:
use technology and innovation
to treat the natural world
responsibly but more
importantly instigate
technological innovation to
connect to our environments in
new ways, changing both how
and where we live. Technology
is an instrument of human
adaptation that can meet
complex social and natural
requirements.
People make the city:
acknowledge the inhabitants
being the driving forces in
creating, maintaining and
sustaining the city. Adjust to the



ideal technical pattern

ideal techn

existing spatial pattern

existing sp

transformation program

transforma

conflicts

conflicts

cares and concerns of humanity,
by using human dimensions as
opposed to the overpowering
effect of a non-human scale.
Create legible space by initiating
dynamic relations between
objects within space.
Shape culture:
use landscape design to reflect
culture but more importantly
make it shape modern culture.
Landscape design will express
and promote concern for the
optimal relationship between
man and the other components
of the natural environment. This
could lead to more awareness
on natural processes and
meaning of landscape, being
more than the pastoral and
gardenesque.

Figure 22 (left): design method: revealing conflict
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Articulate nature:
reproduce nature’s efficiency
to produce and use resources
and wastes. Make landscape
productive by respectfully
and responsibly moulding
nature to benefit human needs
and desires, by connecting to
natural energy flows.

This landscape strategy will guide
the research and design work in
this thesis in a cyclical way. Out of
the landscape strategy methods will
be derived for the transformation,
spatial and technical analysis. It
also brings forward aspects that
should be taken into account in
the design process and provides a
design method based on revealing
conflict. (Figure 20)

internal and external forces that
05.2 transformation and spatial
may play a role in the further
analysis: mapping and datascaping
thesis. This data is combined
Buiksloterham is located in a
into datascapes. According to
complex urban environment.
Lootsma (1999) a datascape
Along the IJ-Lake all kinds of new
is: “a visual representation of
developments take place, which
all the measurable forces that
might have a direct effect on the
may influence the work of the
transformation of Buiksloterham.
architect or even steer or regulate
Moreover the transformation of the it.”(Lootsma, 1999) Combining
area itself is complex and uncertain several sorts of data in a visual
due to the economic recession;
representation can lead to
rules and regulations set by the
unexpected, new insights. In this
municipality and the fact that not
thesis the method of datascaping
all parcels are municipal properties. is used to overcome the enormous
To deal with this complexity the
amount of complex information
method of datascaping is used.
and to stay within restrictions and
All kinds of information (spatial,
regulations set by the municipality
historic, economic, and ecological)
of Amsterdam.
is gathered, mapped and visualized,
in order to gain insight in all the
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05.3 technical analysis: phytoextraction model
Phytoremediation is a timeconsuming process, which
might be in conflict with the
high transformation rate of
Buiksloterham. To calculate the
time needed to remove pollutants
from the soil a phyto-extraction
model is used. Zinc is used as
an input for this model, since
this pollutant has the highest
concentrations in Buiksloterham.
The model, developed by
Alterra and Wageningen
University, calculates the time
needed for Thlaspi caerulescens
(Zinkboerenkers) to remove Zinc
from polluted soil. (Figure 21) Since
the removal time is dependant on
the concentration of the pollutant

and soil characteristics, being
pH, clay content and moisture
content, these variables are input
for the model. These variables, and
the exact zinc concentrations in
Buiksloterham, are derived from
municipal soil quality reports
of the vacant parcels. The time
needed for the removal of zinc on
specific locations on the vacant
parcels is mapped and divided
into 3 categories, based on phytoextraction duration.
05.4 design method: reveal conflict
The outcomes of the
transformation-, spatial- and
technical analysis can result in
conflicting processes, forms and
patterns. By working with and
revealing these conflicts and

consider them as a potential
instead of denying them, more
creative and innovative design
solutions can be implemented.
For example, the spatial aspect of
the high rate urban transformation
of Buiksloterham conflicts with
technical issue of long-term phytoextraction. To solve this, alternatieve
possibilities and places to apply
long-term phyto-extraction in the
area are explored. Conflicts are
dealt with, by integrating the spatial
structure and the technical pattern.
The interaction and integration of
these conflicts into Buiksloterham can
lead to a more productive, engaging
and meaningful urban landscape.
(Figure 22)
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06

Summary:
The transformation process of
Buiksloterham is gradual and
insecure. An increase in vacant
parcels offers potentials for
phytoremediation. Spatially
Buiksloterham is badly accessible
and badly connected to its context.
The canals are not perceivable and
hierarchy is missing in the road
system. The phytoremediation
principles of hydraulic buffers,
constructed wetlands and
phyto-extraction, are feasible in
Buiksloterham. The polluted soil
in Buiksloterham can be divided
into three categories, based on time
needed for phyto-extraction; clean
soils, medium polluted soils and
heavily polluted soils.

analysis
06.1 transformation analysis
In order to gain insight in the
transformation process of
Buiksloterham a transformation
analysis; a spatial analysis and
a technical analysis is done. The
evolution of the transformation
process will become clear in the
transformation analysis. The spatial
analysis will give insight in the
spatial structure of Buiksloterham
and finally the technical
analysis will make clear which
phytoremediation strategies can be
applied in Buiksloterham.
06.1.1 functional transformation
Buiksloterham now contains
300.000 m2 of business surface
with 3000 employees. The trend
in Buiksloterham is a decrease

in scale of industrial surface
and an increase in employees.
Several old industrial buildings
are transformed into office space,
from which small-scale businesses
can operate. One of these old
industrial buildings is de ‘Groene
Draeck’. This old wharf building
of the ship-manufacturer De Vries
Lentsch is renovated and now used
as a ‘bedrijfsverzamelgebouw’;
a building with several small
businesses. (ETIN Adviseurs,
2006) About 100 people live in
Buiksloterham itself, while in its
direct surroundings there are
several residential areas with about
21.500 inhabitants. AmsterdamNorth is known for its enormous
amounts of public green space. The
total average public green space

Figure 23 (left): functional transformation analysis
datascape
Figure 24 (right): roads and routes in the area
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regional cycling network

regional cycling network

nieuwe leewarderweg (A10/IJ-tunnel)

klaprozenweg
papaverweg

mosplein
distelweg

grasweg

per inhabitant of Amsterdam-North
is 53 m2, while the Amsterdam
average is 34 m2 and building
standard is 16 m2. Culturally
relevant elements in the area are
scarce; however there are parcels
of industrial heritage elements
like sand barges and cranes, some
of which are still being used. The
gatehouse of the former Asterdorp,
a neighborhood where problem
families where re-educated,
is a Municipality monument.
(Projectbureau Noordwaarts, 2005)
The municipality of Amsterdam,
thrives to complete the
transformation process of
Buiksloterham into a mixed
residential/ commercial
and industrial area by 2030.

The transformation involves
redevelopment of public space,
infrastructure and the development
of the urban program. This
program involves the development
of dwellings for 4000 people
(500.000 m2), 450.000 m2 of
office and industrial surface for
10.000 employees and 50.000 m2
of amenities. Eventually the ratio
businesses : dwellings will be 50 :
50. (Figure 23) The transformation
is not set by a zoning plan, but
guided by a ‘spelregelkaart’; a
document that communicates
general rules and regulations for
the transformation process. This
leads to an insecure and various
development. (Projectbureau
Noordwaarts, 2005)

asterweg

The most important conclusions
drawn from the transformation
analysis are a drop in surface
of industries from 300.00m2 to
140.000m2 in 2015, which means
more vacant parcels and thus a
higher potential for applications
like phytoremediation. Another
important conclusion is that
there is a relatively low demand
for recreational/ leisure/ goods
services due to the profusion of
surrounding program. The area of
Overhoeks, south of Buiksloterham,
is being developed into a
residential area with commercial
functions such as, restaurants, a
film museum, a gym and a health
centre. West of Buiksloterham is
the van der Pekstraat, containing
several shops and stores. North of

Buiksloterham is the NDSM-wharf
with an internet-café, restaurant,
a theatre, a skatepark and an artcentre called Kinetisch-Noord. The
large amount of similar recreational
park space in the surrounding area,
being the Oeverpark and Scheg
in Overhoeks, Noorderpark and
the Vliegenbos to the west and
the Klaprozenscheg to the North,
asks for a different kind of public
green space in Buiksloterham
itself. (Projectbureau Noordwaarts,
2007) Furthermore, due to the
mixed residential/ commercial
and industrial functions, there will
probably be a demand for facilities
suitable for (future) employees as
well as (future) inhabitants.

O6.1.2 infrastructural
transformation
The increase of inhabitants and
functional transformation of
Buiksloterham implies changes in
the current infrastructural system.
Currently the main roads are the
Papaverweg, Distelweg and the
Klaprozenweg. The Klaprozenweg
is the main connection on the
scale of the city district, the
Papaverweg and Distelweg are the
main connections on the scale of
the neighborhood. Other roads on
the scale of the neighborhood are
the Grasweg and the Asterweg,
which are both connected to the
Distelweg. (Figure 24) (Gemeente
Amsterdam Noordwaarts, 2005)
The municipality of Amsterdam
has predicted an increase in car

traffic in the area of Buiksloterham
(Figure 25), partly because of an
increase in car-use and partly by
the increase in inhabitants and
number of employees. As predicted
by the municipality 68% of all the
traffic movements, during evening
rush-hours, are car movements.
This percentage will drop to 51%
by 2020 since accessibility by
public transport will be improved
with the realisation of the NorthSouth metro line. However, this
percentage will still be higher
than the objective of 43% set by
the municipality. The current
structure is not suited to handle
future traffic movements properly.
Main problems will occur on
the Klaprozenweg, Distelweg
and the Mosplein. In order to

improve the accessibility of the
area and to handle the increase
in car traffic the municipality
has started constructing the
Middenontsluitingsweg, connecting
the Klaprozenweg with the
Distelweg. (Gemeente Amsterdam
Noordwaarts, 2005)
Slow traffic routes and accessibility
by public transport are insufficient.
For cyclist and pedestrians
Buiksloterham is also accessible
via the Klaprozenweg, Papaverweg,
Distelweg, Grasweg and Asterweg.
The slow traffic routes are not
separated from car traffic routes,
making the area unattractive
to enter by bike or on foot.
(Projectbureau Noordwaarts, 2005)
This is reflected in the number of
movements by bike during evening

Figure 25 (left): density transformation analysis
datascape

Figure 26 (right): infrastructural transformation
analysis datascape
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fsi 1.25
fsi 0.5375

fsi 0.375

increase in density

2009

2015

2030

1652350m2

1000000m2

fsi 0.5-1.0

4000
dwellings

fsi 1.0-1.5

rush-hours, with is set at 17%
of the total traffic movements;
thereby lower than the average in
Amsterdam (23%). This number
will probably drop to 13% in 2010,
but will rise again to 17% in 2020
being the objective set by the
municipality for 2020. (Gemeente
Amsterdam Noordwaarts, 2005)
Ferry routes and a bus connection
connect Buiksloterham to the
central station and the city centre
of Amsterdam. The realisation
of the North-South metro-line
will improve accessibility of
Buiksloterham by public transport.
This is reflected in the prognoses
set by the municipality for the
traffic movements by public
transport during rush-hours, which
will increase to 32% in 2020, still

being lower than the set objective
of 40%. (Gemeente Amsterdam
Noordwaarts, 2005)
According to this infrastructural
transformation analysis
improvements in the infrastructural
system are needed. Roads need to
be improved to handle the increase
in car movements and the network
of slow traffic routes has to be
increased to promote movements
by bike or on foot.
06.1.3 Density transformation
Currently 300.000 m2 floor
surface out of the total 800.000
m2 surface of Buiksloterham is
built upon, resulting in an fsi
(floor/space index) of 0.375 and
thus an extensive use of space.
The total program of 1.000.000
m2 of floor surface results in an

intensification of 700.000 m2 of
floor surface. The municipality
has divided Buiksloterham into
sub areas, in which the program
is spread unevenly, resulting in
more intensive and more extensive
use of space. Four categories are
identified within the sub-areas:
 Industrial areas with an fsi 0.51.0, without dwellings
 Transformation area with an
fsi of 1.0-1.5 with 0%-30%
dwellings
 Transformation area with an
fsi of 2.0-2.5, with 50%-70% of
dwellings
 Transformation area with an fsi
of 2.5-3.0, with 70% dwellings.
(Projectbureau Noordwaarts, 2005)
With these values it is possible to
calculate how the program can

5018
dwellings

4290
dwellings

e
av
ar
ag
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x
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permanent programmed public park space
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5444
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1058883m2

minimum building footprint
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m

fsi 2.0-2.5

910913m2

be realized over the total area of
Buiksloterham in such a way that
building footprints are minimal,
resulting in a maximum amount of
space on which phytoremediation
can be applied. These calculations
have indicated that the set program
can be realized if the average
fsi-ratings are taken for each
category. By taking these average
fsi-ratings for each sub-area within
Buiksloterham, the total area
that should be built upon can be
calculated for each sub-area. For
each sub area the municipality has
set a maximum building height. By
projecting the total area that should
be built upon to the maximum
building height, the minimal
building footprint in each sub area
of Buiksloterham can be calculated.

papaverkanaal (30m.)
zijkanaal I (60m.)
johan van hasseltkanaal (100m.)
buiksloterkanaal (30m.)
tolhuiskanaal (35m.)
the IJ (450m.)

(Figure 26)
This calculation indicates that
it is possible to realise the total
program of Buiksloterham
on 15% of the total surface of
Buiksloterham. This shows that
a lot of space can be used for
phytoremediation applications.
However, this is a model based on
maximum building heights and it
is unrealistic to think that every
building reaches the maximum
height, set by the municipality.
This, however, reveals the potential
for phytoremediation within postindustrial transformation areas.
Phytoremediation can also be
applied to permanent public park
areas which will compose 70000
m2 of the total area. (Projectbureau
Noordwaarts, 2007)

06.2 Spatial analysis
Water is an important structuring
element in Buiksloterham. The
main structuring canals have an
East-West orientation. The Johan
van Hasseltkanaal is the main
canal with a width of 100m. The
Papaverkanaal, Tolhuiskanaal
and Buiksloterkanaal have a
minimum width of 30m ranging
to a maximum of 40m. (Figure 27)
Perpendicular to these canals, a
couple of docks are situated with
a width of 20m to maximum of
25m. Historically Buiksloterham
was oriented to these canals,
but the increase of car traffic
and relocation of water oriented
businesses led to a change in
orientation. Buiksloterham became
oriented towards the roads, and

the road system became a second
structuring element. Roads also
run East-West and parcels are
situated perpendicular to the
roads and canals, making it a very
rigid area. (Gemeente Amsterdam
Noordwaarts, 2005)
This change in orientation has
made the water inaccessible
and unperceivable, since roads
are not located along the canals.
The backsides of businesses are
oriented towards the water, so
there is hardly any relation with
the canals. (Figure 28) The canals
could be accessible over the
vacant parcels, however these are
closed of by fences and waiting for
mechanical remediation. (Figure
29) The inaccessibility of the area is
enforced by the lack of north-south

Figure 27 (left): canals in the area

Figure 28 (left under): backside of businesses are
oriented towards the water which makes water
inaccessible

Figure 29 (middle under): vacant parcels block access
to water
Figure 30 (right left): the separation of canals and
roads makes water unperceivable
Figure 31 (right middle): the lack of relation to
context

Figure 32 (right): shortage of bridges makes the area
hard to penetrate
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connections in the road system.
The main direction of the roads
is East-West, making movement
and orientation within the area
hard. On top of that hierarchy in
the road system is missing and
there is no differentiation between
car traffic routes and slow traffic
routes (cyclist and pedestrians).
(Figure 30) The construction
of the Middenontsluitingsweg
has improved the accessibility,
but an increase in hierarchy and
differentiation between fast and
slow traffic routes is needed
to make Buiksloterham better
penetrable and improve the
connection between Buiksloterham
and its surroundings. (Figure 31)
Better accessibility of the areas
will increase the potential for

developments to take place on the
vacant parcels. (BVR adviseurs
stedelijke ontwikkeling landschap
en infrastructuur and Dienst
Ruimtelijke Ordening Amsterdam
(dRO), 2003)
Moreover the water should be
made better perceivable and
North-South connections should
be realised to utilize the potentials
of Buiksloterham. The canals
should be better accessible since
the waterfronts are attractive
areas in Buiksloterham with a lot
of potential. Although the canals
have a lot of potential, they also
create barriers in Buiksloterham.
A lack of bridges makes the canals
hard to cross, and thereby decrease
the accessibility of Buiksloterham.
(Figure 32) On a larger scale all

the industrial areas along the IJ,
being Overhoeks, Buiksloterham,
the NDSM-wharf and the Cornelis
Douwesterrain, form a barrier
between the residential area of
Amsterdam-North and the IJ.
(Figure 33) This has resulted in
a physical and mental separation
of Amsterdam-North and its
inhabitants from the city centre of
Amsterdam and the IJ.
Better accessibility of the IJ from
the residential areas is needed, to
connect Amsterdam-North and
its inhabitants to the city centre
of Amsterdam and to use all the
potentials of the IJ, since it is a
unique open water space in the
centre of Amsterdam, with a great
view on the skyline of Amsterdam,
attractive for recreational functions.
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06.3 technical analysis
Phytoremediation techniques
can be classified according to the
physical and biological processes
in the plant and the plant
rhizosphere. Three main principles
of phytoremedation can be
distinguished, stabilizing principles,
principles based on the breakdown
of pollutants in the root zone of
the plant, and principles based on
the breakdown of pollutants in the
plant itself. (U.S. Environmental
Protection Agency, 2001) (PilonSmits, 2005)
Stabilisation principles are based
on the use of plants to stabilize
pollutants in the soil by which
erosion, leaching or run-off of
pollutants is prevented. Three
techniques can be distinguished

(Figure 34):
 phytostabilisation:
The use of plants to immobilize
pollutants through absorption
or accumulation by roots,
absorption onto roots or
precipitation within the root
zone of a plant. Can be used
to immobilize organic and
inorganic pollutants.
 phytohydraulics (phyto cap):
The creation of a vegetative
cap on top of the polluted
soil by plants that have a high
transpiration rate. Hereby
rainwater does not infiltrate
into the groundwater and
migration and erosion of both
organic and inorganic pollutants
is prevented.
 phytohydraulics (hydraulic

buffer):
The uptake of large amounts of
groundwater by plants to create
an upward groundwater flow.
Hereby the horizontal migration
or leaching of pollutants is
prevented. This technique
can be used to contain and
control organic and inorganic
pollutants. (U.S. Environmental
Protection Agency, 2001)
(Pilon-Smits, 2005)
Techniques that breakdown
pollutants in the root zone of a
plant are (Figure 34):
 rhizodegradation:
Breakdown of organic
pollutants by microbes in the
root zone of the plant.
 rhizofiltration (sorption)
The absorption of pollutants

Figure 33 (left): all the industrial areas along the IJ,
being Overhoeks, Buiksloterham, the NDSM-wharf
and the Cornelis Douwesterrain, form a barrier
between the residential area of Amsterdam-North
and the IJ
Figure 34 (right): phytoremediaiton principles
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phytostabilisation

rhizodegradation

phytodegradation

phytohydraulics (phytocap)

rhizofiltration (sorption)

phytovololatilization

phytohydraulics
(hydraulic barrier)

rhizofiltration
(constructed wetland)

phyto-extraction

onto the root zone of a plant
by biological activity enhanced
by microbiological activities.

Rhizofiltration can only be used
to absorb inorganic pollutants
solved in groundwater.
 rhizofiltration (constructed
wetland)
Precipitation of organic or

inorganic pollutants into plant
roots in an aquatic environment.
(U.S. Environmental Protection
Agency, 2001)
Also three techniques that
breakdown or degrade pollutants
can be distinguished (Figure 34):
 phytodegradation:
The breakdown of inorganic
pollutants by metabolic
processes within the plant,
or external breakdown

of pollutants by enzymes
produced by the plant.
phytovololatilization:
The uptake of an inorganic
pollutants by a plant and
transpiration of those pollutants
in a volatile form into the
atmosphere.
phyto-extraction:
The uptake of inorganic
pollutants by the plant roots,
and the translocation of those
pollutants into the above
ground plant tissue. Pollutants
are removed by harvesting
the plant tissue. The metals
in the harvested plant tissue
can be recycled by a technique
called phytomining. (U.S.
Environmental Protection
Agency, 2001) (Pilon-Smits,

2005)
These different phytoremediation
techniques are not mutually
exclusive, for instance stabilization
and accumulation of pollutants
can occur simultaneously. The
different techniques are based
on specific plant properties.
Favourable plant properties
for phytoremediation plants in
general are to be fast growing,
high biomass yield, competitive
and tolerant to pollution.
Important for phyto-extraction
are high levels of plant uptake,
translocation and accumulation in
plant tissue. Phytodegradation and
rhizodegradation favours a large
dense root system and high levels
of degrading enzymes. Constructed
wetlands work optimally if a mix
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of emergent, submerged, and
floating species are used and
phytohydraulics favours plants
that have high transpiration rates
and a deep root system. (PilonSmits, 2005) By using several plant
species simultaneously, different
phytoremediation techniques
can be applied. In the case of
Buiksloterham hydraulic buffers,
constructed wetlands and phytoextraction will be applied, as
explained in the next section.

http://www.flickr.com

06.3.1 phytohydraulics (hydraulic
buffer)
Hydraulic buffers are used
to control groundwater flow
and thereby the migration of
pollutants. The buffers are often
planted around a polluted site.
Plant species suitable for the
creation of a hydraulic buffer
are Poplars (Populus deltoides)
and Willow (Salix nigra). (Figure
35) Both species have a high
transpiration rate, depending on
climatic factors and tree density.
The capacity of these species
to lower the groundwater level
indicates that they can be used to
contain groundwater. Moreover
these species are phreatophytes;
plants that extend their roots
into the capillary fridge and can

survive periods of being within
the saturated zone in the aquifer.
(Quinn et al., 2001) Poplars
and Willow should be panted
perpendicular to the groundwater
flow to optimally intercept
groundwater. (Ferro et al., 2001)
This has resulted in a technically
optimal pattern for plant rows
perpendicular to the groundwater
flow in Buiksloterham. (Figure 36)
06.3.2 rhizofiltration (constructed
wetland)
Constructed wetlands are used
as filters to purify polluted
groundwater, wastewater or
sewage sludge and surface runoff. Wetlands can be applied for
the removal of inorganic and
organic pollutants. Inorganic

http://www.flickr.com

pollutants can be removed by
floating species such as water
hyacinth (Eichhornia crassipes) and
Duckweed (Lemna sp.) since they
are good metal accumulators and
are easy to harvest. Parrot feather
(Myriophyllum sp.) and Elodea
sp. are applicable to remediate
organic pollutants. Other plant
often used in wetlands, include
Broadleaf cattail (Typha latifolia)
and Pond weed (Potamogeton
sp.). (Figure 37) For a full list of
phytoremediation plant species see
appendix II.
Different plant species should be
used and different pool depths
should be realized for optimal
pollutant removal. A length/width
ratio of 3:1 to 4:1 is most efficient,
in which the longitudinal slope

Figure 35 (left above): hydraulic control plant species
(Populus deltoides and Salix nigra)

Figure 36 (left under): the technically optimal pattern
for hydraulic control plant rows is perpendicular to
the groundwater flow in Buiksloterham
Figure 37 (right above): examples of wetland plant
species (Potamogeton spp. and Typha latifolia)
Figure 38 (right middle): the technically optimal
pattern for wetlands is parallel to the groundwater
flow in Buiksloterham
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does not exceed 1% to keep a depth
difference between inlet and outlet
of 20 cm. Vertical shorelines should
be gradually graded (3:1 to 5:1) to
limit erosion of the riverbank and
provide opportunities for periodic
drawdown dewatering. Wetlands
should be placed parallel to the
groundwater flow, so water can
float through the wetland freely.
(France, 2003) This results in and
optimal patter for wetlands parallel
to the groundwater flow. (Figure
38)
06.3.3 phyto-extraction
Since Zinc concentrations
are relatively the highest in
Buiksloterham the removal
of this pollutant will be most
time consuming. Therefore the

extraction time of Zinc by Alpine
Pennycress, Thlaspi cearulescens,
from the polluted soil is calculated.
Organic pollutants will be
removed in the same time by
rhizodegradation processes, which
will take place when plants are
planted on the vacant parcels.
Alpine Pennycress (Figure 39)
is a Zinc hyperaccumulator and
is capable of accumulation high
amounts of Zinc. In order to
calculate the time needed for
extraction of Zinc, concentrations
of the pollutants are gathered from
soil quality reports on the vacant
parcels. (MWH B.V., 2008) (drs.
F. van den Oever, 1999) (Wareco
ingenieurs, 2007) (Syncera
Milieu, 2007b) (Geofox B.V., 2001)
(Geofox B.V., 1998) (Roussel,
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2004) (Syncera Milieu, 2007a)
Concentrations vary from parcel to
parcel and also differ on the parcel
itself. For a parcel to be built upon
the degree of pollution has to drop
to the T-value, since developments
cannot take place until that
threshold is reached.
On some parcels concentrations
are below the T-value, so these
sites are clean and there is no need
for phyto-extraction. On the other
hand some sites have very high
Zinc concentrations, resulting in
a phyto-extraction time up to 200
years. It is unrealistic to think that
on-site phyto-extraction is feasible
when it takes up to 200 years to
reach the regulatory threshold.
Therefore 60 years is applied as
a time period in which phyto-

extraction is feasible. This number
is derived from the lifespan of the
Poplar buffer that will be applied
for large-scale control of polluted
groundwater (hydraulic control)
in Buiksloterham (see chapter 8).
For the vacant parcels this results
in a pattern in degree of pollution
divided into 3 categories:
 Clean sites: Concentrations of
pollutants are below the T-value
and developments can take
place on this site.
 Medium polluted sites:
Concentrations of pollutants are
above the T-value, but can drop
below this threshold within 60
years, when phyto-extraction is
applied.
 Heavily polluted sites:
Concentrations of pollutants are

http://www.flickr.com

vacant parcels

N
1 : 10000

above T-value and can not drop
below this threshold within 60
years, when applying phytoextraction.
Since soil experts, of the
municipality of Amsterdam, affirm
that the amount of concentration
on the vacant parcels (Figure
40) is representative for the
total area of Buiksloterham,
the pattern of pollution on the
vacant parcels is translated to
the total area of Buiksloterham,
based on the assumption that at
least one medium polluted area
occurs in each neighbourhood of
Buiksloterham. (Figure 41) This has
resulted in a pattern of pollution
for Buiksloterham, based on three
categories, medium polluted sites
on which phyto-extraction can be

applied, clean sites which do not
need remediation, and heavily
polluted sites on which phytoextraction can not be applied
on-site. (Figure 42) Off-site
phytoremediation can be applicable
in this case, which will be discussed
in the next chapter.

Figure 39 (left): Alpine Pennycress (Thlaspi
cearulescens)
Figure 40 (left under): vacant parcels in
Buiksloterham

Figure 41 (middle): the pattern of pollution on
the vacant parcels is translated to the total area of
Buiksloterham
Figure 42 (right): pollution categories
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n category

100

time (years)

60 years

clean soil
medium polluted soil
heavily polluted soil
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07

Summary:
Buiksloterham is reconnected to its
context physically, by distinguishing
a low dynamic landscape
framework that creates space
for long-term phyto-extraction.
Next to a physical connection,
Buiksloterham will also connect
to its context in atmosphere. The
rough, industrial and disorganized
character of the NDSM wharf in the
North will be combined with the
smooth, artificial and organized
Overhoeks area to the south,
creating a cultivated wilderness; a
natural landscape clearly adjusted
by man and fitted to humans needs
and desires. An example of such a
cultivated wilderness is the phytoextraction barge.

http://www.google.com

floating park Robert Smithson http://www.flickr.com

conceptual design
07.1 displacement of heavily
polluted soil
Heavily polluted soil cannot be
remediated by phyto-extraction
on-site, since the extraction
time is too long and the need
for urban development is too
high. Off-site phyto-extraction
within Buiksloterham is a feasible
alternative. It will be more costefficient than conventional
remediation techniques, since
transportation costs and operation
costs will be limited. Off-site
phyto-extraction can be applied
in Buiksloterham by displacing
heavily polluted soil into barges,
referring to the harbour history
of Buiksloterham, whereby a
historically relevant element is
integrated into the existing urban

fabric. Barges are traditionally
used for the transportation of raw
material and resources over water.
(Figure 43) They are still present
in Buiksloterham and will be
given a new function by applying
long-term phyto-extraction. The
barges are placed parallel to the
quay of the docks and canals,
and the distance between two
barges along the quay should be at
least one barge length to identify
the barges as single entities. By
placing the barges on the sun-side
of the docks and canals, growth
of phyto-extraction plants will
be stimulated. To communicate
the fact that Buiksloterham is
polluted throughout the total area,
phyto-extraction barges will be
equally divided in the area. To

Figure 43 (left): Barges that are traditionally used for
the transportation of raw material and resources over
water, are given a new function by filling them with
heavily polluted soil and applying long-term phytoextraction
Figure 44 (right): displacement of heavily polluted
soil to make long term phyto-extraction with mixed
species possible
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next to roads
in barges
in/on or next to buildings
in (small) containers
accumulate on site

store and treat all the estimated
elements. Contact with the soil
should be prevented.
heavily polluted soil in the barges,
(Figure 44)
around 60 of the largest size barge
are needed. Other displacement
options for heavily polluted soil are: By these displacements long-term
phyto-extraction can be applied on
heavily polluted soils, creating a
 Accumulating heavily polluted
low dynamic system.
soil on sites that will not be
developed or built upon.
 Displacing heavily polluted soil
into raised small containers,
so contact with polluted soil is
prevented.
 Putting heavily polluted soil on
top of buildings. By applying
phyto-extraction a so-called
green roof is created.
 Displacing heavily polluted
soil to the side of the road.
The roads in Buiksloterham
are continuing structuring
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NDSM

industrial
rough
steel sharp edges
NDSM http://www.flickr.com

art concrete
disorganized

Shenyang Campus http://www.turrenscape.com

SHELL

BSH

cultivated
wilderness

07.2 low and high dynamic systems
By distinguishing a low and a high
dynamic system in Buiksloterham
heavily polluted soil can be
remediated by phyto-extraction.
A low dynamic system is a system
which has a low transformation
rate and is relatively static and
continuing. A high dynamic system,
on the other hand, has a high
transformation rate, is changing
and uncertain. In Buiksloterham
a low dynamic system can create
a continuing and structuring
landscape framework, which
connects Buiksloterham to its
context both physically and in
atmosphere. A regional route; the
road network; canals with barges;
and phyto-extraction islands will
make physical connections.

Landschaftspark Duisburg-Nord
http://www.latzundpartner.de

shell NTC http://www.overhoeks.nl

A connection in atmosphere will
be created by combining the
rough, industrial and disorganised
atmosphere of the NDSM-wharf
with the cultivated, artificial
and organised atmosphere of
Overhoeks and the Shell-terrain.
In Buiksloterham, best of both
worlds will be combined into a
cultivated wilderness; a natural
landscape clearly adjusted by man
and fitted to human needs and
desires. (Figure 45) This cultivated
wilderness will be created by
rationalizing phyto-extraction
wilderness, as will be described in
Chapter 8.
Next to the landscape framework
(Figure 46) with long-term phytoextraction, the high dynamic

artificial lawns
smooth concrete
open space
organized

system can evolve. The parcels in
this rapidly changing system are
either clean, so without land-use
restrictions; or medium polluted,
so on-site phyto-extraction can
be applied; or heavily polluted, so
polluted soil is displaced to the
low-dynamic system. The high rate
developments of the high dynamic
system are insecure and will
gradually take place in time.

Figure 45 (left): connected in atmosphere to
its context, Buiksloterham will be a cultivated
wilderness
Figure 46 (right): the large scale low dynamic
landscape framework physically connecting
Buiksloterham to its context
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clean soil
medium polluted soil
heavily polluted soil

07.3 decision scheme
The options for land-use on the
clean, medium polluted and
heavily polluted sites in both the
low dynamic as high dynamic
system are visualized in figure 47.
This decision scheme has guided
decision-making during this thesis,
revealing the most favourable
options of land-use per pollution
category and is, except for the sitespecific displacement locations,
applicable to all polluted postindustrial transformation areas.
It offers an overview of what to
do with a vacant parcel or with
a parcel that becomes vacant in
time. In the low dynamic system,
phyto-extraction should be applied
on medium and heavily polluted
sites, because these areas can be

cleaned on-site. For the clean sites
in the low dynamic system the best
option is to apply an intensive use
of space, creating a public contact
space. Another (temporary) option
is to produce biomass on these
sites. This biomass can be used to
produce energy for the inhabitants
of Buiksloterham. This bio-energy
production could provide a good
alternative for conventional energy
production, and fits the ambition
of the municipality of Amsterdam.
(Figure 48) (Didde, 2009)

In the high dynamic system the best
option for land-use depends on
pollution on the vacant parcels and
demand for developments. If there
is no demand for developments, the
best option for land-use on clean

sites is the production of biomass,
because this is a flexible solution,
ideal for clean sites that are waiting
for redevelopment. If there is a
need for development, the clean
sites should be built upon. However,
it is better to build upon heavily
polluted areas, since the heavily
polluted soil can then be displaced
to the low dynamic system, where
long-term phyto-extraction will be
applied. If there is no demand for
developments biomass production
should also be applied on heavily
polluted areas, while the plants will
stabilize and lower concentrations
of pollutants. On the medium
polluted areas, phyto-extraction
should be applied, because these
can be cleaned within 60 years.
When the process of phyto-

Figure 47 (left): decision scheme; options for landuse in low- and high dynamic system
Figure 48 (right): newspaper article showing the
potential of bio-energy production
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extraction has removed all the
pollutants, and concentrations have
dropped below the T-value, these
areas can be built upon. In the next
chapters it will become clear how
the low and high dynamic systems
will be spatially constructed in
Buiksloterham.
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Summary:
The low dynamic system, the
landscape framework, consists
of the phyto-extraction islands,
poplars, main roads, slow trafiic
routes, squares, main canals,
phyto-extraction ruins, road-side
extraction, docks and wetlands.
It will facilitate on site long-term
phyto-extraction and (re) connect
Buiksloterham to its context
and connect several areas of a
different scale, while solving spatial
problems. It will be implemented
on different scale levels; the district
and neighborhood level. Next to
the landscape framework, high
dynamic developments can take
place.
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landscape framework
08.1 district scale
On the highest scale-level, that
of the district, the landscape
framework (Figure 49) connects
Buiksloterham to its context. It
contains the following elements:

08.1.1 phyto-extraction islands
The phyto-extraction islands form
the partly inaccessible permanent
public space in the North-West.
These islands are made partly
inaccessible to communicate the
long-term remediation of heavily
polluted soils to the public. The
soil is cleaned by a mix of phytoextraction plant species, creating
a wilderness. This wilderness is
rationalized by creating aligned,
square islands and by planting a
Poplar forest in a grid, to emphasize

their productive character. This
will create a cultivated wilderness.
The islands decrease in size to the
North, to overcome the difference
in scale of the IJ-lake and the
Klaprozenscheg gradually. The
houseboats that are present in the
area will be integrated, connecting
the Klaprozenscheg, with its
houseboats, to the IJ-lake. Moreover
the amount of water between
the islands increases towards the
South, introducing more water
towards the IJ-lake. (Figure 50)
08.1.2 poplars
Poplars (Populus deltoides) are
trees that take up vast amounts of
water, lowering the groundwater
level in Buiksloterham. The forest
of poplars on the phyto-extraction

Figure 49 (left): low dynamic landscape framework;
Buiksloterham in its context
Figure 50 (middle): section of the phyto-extraction
islands (1 : 2000)

Figure 51 (right): rows of poplar trees for hydraulic
control plantend in a different and interesting pattern

chapter 08: landscape framework

islands is very dense in the East
and diminishes to the West, to
gradually introduce open space
when going to the IJ-lake and to
protect Buiksloterham from heavy
winds from the IJ. The Western
islands are fully and densely
planted with Poplars, marking
parts of the former land tongue
that was decisive for the way
Buiksloterham developed, since the
area was reclaimed from this land
tongue. Poplars are also planted
along the main roads, to divide the
area into hydraulic compartments;
controlling groundwater flow
and creating hierarchy in the
road system. Along the roads the
Poplars can either be planted in
a grass meadow, or in penetrable
pavement to create a more urban

atmosphere. These trees will form a
continuing buffer because they will
not be planted at once. Because one
Populus deltoides is functioning as
a hydraulic buffer optimally for no
more than 30 years (Ferro et all.,
2001) one row will be planted in
2010, the second in 2025 and the
third in 2040, creating an ongoing
buffer with a life-span of 60 years,
that will function optimally through
time and becomes part of the low
dynamic landscape framework
of the district. The Poplar rows
are planted perpendicular to the
groundwater flow direction, with a
distance of 52m between the rows.
Within a row, poplars are planted
at a distance of 10m between
the trees. This will optimise
groundwater uptake by Poplars

and creates a different, interesting
pattern of trees, through which
connections between roads and
parcels can be realised. (Figure 51)

08.1.3 main roads
The existing road system needs
drastic improvements. A lack of
hierarchy and combining slow
traffic with car traffic has resulted
in a lot of problems. Poplar rows
and road-side phyto-extraction
will separate slow traffic and car
traffic. Differentiating dimensions
of the car lanes will make some
roads more attractive for car use
than others. The Grasweg and
the new road along the phytoextraction islands have a width of
5m. (appendix III) This will make
the roads along the IJ less attractive
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for car traffic, stimulating transport
by bike or on foot.

before
after

08.1.4 slow-traffic route
A raised slow traffic route of 5
metres wide will allow people to
penetrate the phyto-extraction
islands and enjoy the beauty and
power of the phyto-extraction
plantings. Islands that are, or have
become clean in time due to phytoextraction, will be made accessible
by this route. Furthermore the
path runs through a sequence of
events: Poplar canopies; the large
phyto-extraction barges and phytoextraction islands. This will give
visitors a varied experience of the
elements of phytoremediation.
(Figure 52) The route will
connect the NDSM-wharf and the
Klaprozenscheg making these areas
easily accessible by bike or by foot.
Along the Johan van Hasseltkanaal

the route will turn into a boulevard,
connecting the islands with the
Mosplein. By connecting the route
to the context it becomes part of a
larger system of slow-traffic routes
that run along the IJ-lake through
Amsterdam-North. (Figure 53)
08.1.5 squares
The slow traffic route crosses
squares that form centres in the
infrastructural network, places
where people can meet. The
squares are transition points
between the slow traffic network
on the scale of the district and
slow traffic network on the scale
of the neighborhood. On the
squares different events can take
place, a market, a carnival or an
open air movie theatre. They can

also function as car-parking and
will be paved with penetrable
asphalt to diminish surface water
in Buiksloterham. Along the
regional route several squares are
situated. The first is located along
the Tolhuiskanaal. This square is
planted with fruit trees and stairs
into the water of the Tolhuiskanaal
making the water accessible. By
doing so it is communicated that
the square and the water are clean
areas in Buiksloterham. Long term
phyto-extraction of heavily polluted
soil can be done in small raised
containers, providing shelter on
the square. (appendix III) Along the
IJ-lake a large square is situated,
on which large scale events can be
facilitated. One or more densely
planted phyto-extraction barges

Figure 52 (left): impression of the phyto-extraction
islands
Figure 53 (middle): a larger system of slow-traffic
routes runs along the IJ through Amsterdam-North
Figure 54 (right): connected canals makes the area
penetrable over water
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increase in scale

can provide shelter for heavy wind
form the IJ-lake. This square will
be used intensively, since a ferry
route (Distelveer) takes off from
here. Situated north of this square
are a car parking and a large clean
area, suitable for recreational
purposes along the water. In the
centre of Buiksloterham a paved
Poplar square will be created.
At this square, a central point in
Buiksloterham, the gatehouse
of the former Asterdorp is
located, which will become an
educational information centre
on the transformation process
of Buiksloterham and the
phytoremediation processes in
Buiksloterham. The Poplar square
can become a central place in
Buiksloterham where markets and

public meetings can be held. A bus
stand will improve accessibility by
public transport.

08.1.6 main canals
The canals are another important
part of the landscape framework.
Most of them already exist.
They are large, potentially
attractive waterbodys that
are present throughout the
area; the Tolhuiskanaal, the
Johan van Hasseltkanaal, the
Buiksloterkanaal, the Zuidkanaal
I and the Papaverkanaal. The
southern part of the Tolhuiskanaal
and the western part of the
Papaverkanaal are filled up. By
digging out these canals the amount
of water in Buiksloterham will be
increased and the area will become

penetrable over water. (Figure 54)
North of the Papaverkanaal along
the Buiksloterdijk, a new canal
will be dug, creating a water body
along the dike. Phyto-extraction
barges will be placed in the canals.
The largest canal, being the Johan
van Hasseltkanaal, will contain
the standard size barges of 76m x
12m x 3.5m. The other canals will
contain the medium sized barges
of 38m x 8m x 3.5m, since they
are less wide. In the barges longterm phyto-extraction will take
place, communicating the cleaning
process to the public.
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08.2 neighborhood scale
On a lower scale level, that of
the neighborhood, the landscape
framework will be implemented
on a human scale. It connects the
scale of the district with that of the
parcel.
08.2.1 phyto-extraction ruins
Foundations of former industrial
buildings are still present
Buiksloterham. By fencing these
foundations and filling them with
heavily polluted soil which will
be planted with a mix of phytoextraction species, the process
of long term phyto-extraction is
safely introduced into every day
life of city dwellers. Moreover a
new function is given to industrial
heritage, enforcing the identity

of Buiksloterham. One phytoextraction ruin is located in on the
car-parking area, located along the
regional route. (Figure 55)
08.2.2 road-side extraction
Long-term phyto-extraction
also takes place along the main
roads. Fenced road-side phytoextraction with mixed species
is used to separate slow traffic
from the car traffic, preventing
traffic conflicts and integrating
the phyto-extraction process in
the everyday living environment
of the road. Together with the
larger scale Poplar rows and
main road structure this forms
an important structuring element
of the landscape framework
in Buiksloterham. Next to

this framework high dynamic
developments will take place.
(Figure 56)

Figure 55 (left): impression of a phyto-extraction ruin
Figure 56 (right): the road system becomes a main
part of the landscape framework
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08.2.3 docks
To increase the amount of water
in the area and to increase the
accessibility over water more
docks will be dug. Docks are
a characteristic element for
Buiksloterham, since they where
used often in the area for loading
and unloading goods. The location
of these docks is mainly determined
by the location of pollution
categories. A dock will be applied
between a heavily polluted and
a clean area to prevent pollution
from spreading. By implementing
the docks over the full length of
a parcel a connection to the road
system can be made, making the
water more perceivable. Other
considerations for the location of
these docks are connection to the

context and program requirements.
The amount of docks increases
southward to introduce water into
the area, with the IJ-lake as the
superlative large water body in the
city centre of Amsterdam.

To preserve the characteristic and
structuring main canals, these
docks will not be wider than the
main canals, so they will not exceed
25 metres and become part of the
neighborhood. Within the docks
small barges of 20m x 6m x 3.5m
can be placed to introduce phytoextraction in each neighbourhood.
Each neighborhood will have at
least one dock that will be clean
and fully accessible by a slipway
that refers to the harbour history
of Buiksloterham. In-between

the slipway and the road system,
aligned with Poplars, a 20m. wide
recreational area is created that
functions as an interconnector of
scales. (appendix III) Here people
can let their boat in the water and
children can play and swim there.
(Figure 57)

08.2.4 wetlands
The wetlands will purify both
polluted groundwater and surface
run-off water from streets and
buildings. The wetlands consist
of several basins planted with
different aquatic plant species.
By situating the wetlands next to
heavily polluted soil and East of
the docks polluted groundwater,
coming from the South-East, will
be intercepted. These wetlands

Figure 57 (left): the clean water in the docks is
made accessible through a slipway that refers to the
harbour history of Buiksloterham
Figure 58 (right): water flow scheme
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A: groundwater flow in polluted
areas is captured by an enclosed
Black willow buffer (hydraulic
control)
B: surface run-off water from
buildings is filtered in wetlands
C: surface run-off water from
streets is filtered in wetlands
D: poplars control large
scale pollution and lower the
groundwater level

E: filtered water that is clean flows
into the dock

run along the docks, creating an
interesting linear element that
is technically efficient. Metals
rosters over the water basins make
it possible to get across and to
enjoy the water cleaning system
from up close. When the water is
purified, it will be pumped into
the docks. Figure 58 explains the
flow of polluted groundwater and
surface run-off water, which is
intercepted, collected and purified
by the wetlands and released to
the clean canals, made accessible
and perceivable via a slipway and a
slow traffic route.
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08.2.5 slow traffic route
Slow traffic routes of 4 metres wide
will create the much-needed NorthSouth connections in the area and
separates the polluted water in
the wetlands with the clean water
in the docks. These routes are
situated on the sun-side and next to
water, as far as possible, to create
a pleasing experience and make
water more perceivable. Also water
purification in the wetlands can be
experienced. (Figure 59) The slow
traffic routes are directly connected
to routes in the context, and are
intermediates between the parcels
and slow traffic routes on the scale
of the district.
Summarizing, the landscape
framework on the highest scale
level of the district connects

Buiksloterham to its context. The
landscape framework on the scale
of the neighborhood connects the
district scale to the scale level of the
parcel. Together they form the total
low dynamic landscape framework.
(Figure 60) (Figure 61)

Figure 59 (left): A slow traffic route separates the
polluted water in the wetlands from the clean water
in the docks
Figure 60 (middle): the landscape framework

Figure 61 (right): bird’s eye views of the landscape
framework
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1 : 10000
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09

Summary:
Developments on vacant parcels
in Buiksloterham are uncertain.
Within the resilient and flexible
landscape framework lots of
things can happen. Described are
developments directly related to
phytoremediation and biomass
production. Developments are
determined by the degree in
pollution, which are communicated
to the public. Heavily polluted areas
are built upon, whereby polluted
soil is displaced to other places in
the area where phyto-extraction
will take place. On medium polluted
areas that can be cleaned within 60
years, phyto-extraction parks will
be developed. Clean areas will be
fully accessible biomass production
areas.

N
1 : 10000

high dynamic system
09.1 phytoremediation potential
Next to the landscape framework,
as described in chapter 8, high
dynamic developments, such
as building development, short
term phyto-extraction or biomass
production can evolve. The
landscape framework is robust
and provides space for high
dynamic developments next to this
framework without doing any harm
to its functioning and appearance.
Developments will take place
on the vacant parcels. Especially
in current times of economical
recession, the demand for building
developments will be insecure and
the amount vacant parcels will
grow. This enlarges the potential
for phytoremediation strategies
or biomass production in post-

industrial areas like Buiksloterham.
09.2 pollution categories
Phytoremediation strategies on the
vacant parcels can be integrated in,
and sometimes determine, the high
dynamic developments. The three
categories in degree of pollution
(Figure 62) will determine
opportunities and constraints for
further land-use. These pollution
categories will be communicated
to the public by differentiating
in degree of accessibility (Figure
63), land-use, scale and plant
appearance. When asbestos, a
pollutant that cannot be removed
by phyto-extraction, is found
the area needs to be remediated
conventionally. The following will
describe what to do when a parcel,

Figure 62 (left): the three categories in degree of
pollution in Buiksloterham
Figure 63 (right): degree in accessibility
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heavily polluted areas
are inaccessible

medium polluted areas are
semi-accessible

clean areas are fully accessible

in a certain pollution category
becomes vacant.
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09.2.1 heavily polluted areas
When a heavily polluted area
(Figure 64) is or becomes vacant,
it will be built upon whereby the
heavily polluted soil is transported
to the low dynamic system (barges,
roadside extraction, rooftop
extraction, small containers,
accumulate on-site) where longterm phyto-extraction can be
applied. Hereby heavily polluted
soil is not harmful anymore for
the environment and future landuse. It is dealt with in a natural
productive way. A possibility is to
excavate heavily polluted soil, only
under the building footprint. In
the case of a closed building block
phyto-extraction can remediate the
heavily polluted soil that is left in
the inner courtyard. This will be

planted with mixed-species phytoextraction plants and will only be
a visual amenity and inaccessible
for the public. (Figure 65) If
there is no need for development,
short rotation coppice Salix nigra
(Figure 66) will be planted.
Hereby a vacant parcel will become
temporally productive, since short
rotation coppice willow Salix nigra
extracts and stabilizes pollutants
and has a high biomass yield.
(Figure 67) (Kuzovkina et al., 2004)
(Paulson et al., 2003) These fields
will become inaccessible through
fencing, thereby communicating
heavily polluted soils to the public.
Since the docks make these areas
accessible over water, harvested
biomass can be transported by
boats to the, to be built, biomass

power plant in Amsterdam-West.
(Dienst Ruimtelijke Ordening
Amsterdam (dRO), 2006) (Figure
68)

Figure 64 (left above): heavily polluted areas in
Buiksloterham

Figure 65 (left under): inaccessible inner courtyard
with phyto-extraction garden (1st option)
Figure 66 (middle): short rotation coppice Black
willow on heavily polluted soils (2nd option)

Figure 67 (right above): harvesting short rotation
coppice Black willow

Figure 68 (right under): biomass can be transported
over water to the, to be built, bio-energy power plant
in Amsterdam-West
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http://www.flickr.com
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Jerusalem artichoke/
Aardpeer
Helianthus tuberosus
http://www.soortenbank.nl

http://www.wilde-planten.nl

Purple foxglove/
Vingerhoedskruid
Digitalis purpurea
Alpine pennycress/
Zinkboerenkers
Thlaspi caerulescens

http://www.neerlandstuin.nl

N
1 : 10000

09.2.2 medium polluted areas
On the medium polluted areas
(Figure 69), which can be cleaned
within 60 years, short term phytoextraction will be applied. (Figure
70) (Figure 73) Rows with single
species of phyto-extraction plants
like Alpine Pennycress (Thlaspi
caerulescens), Jerusalem Artichoke
(Helianthus tuberosus) or Foxglove
(Digitalis purpurea) (Figure 71)
are planted to emphasize the
productive character, referring to a
plant nursery (Figure 72) and make
extraction of different pollutants
possible. These areas are enclosed
by a buffer of the phyto-extraction
species Black willow (Salix nigra)
and Holly hedge (Ilex aquifolium)
to limit access and to contain
pollution. One single row of Willow

will be planted around a medium
polluted area, to distinguish them
from the Poplar buffers. A limited
number of access points will,
cross the Holly hedge, leading to a
raised path with phyto-extraction
species Small Nettle (Urtica urens)
planted on both sides. This creates
a semi-accessible phyto-extraction
park on a medium polluted soil.
(Figure 74) By planting rows
of phyto-extraction plants that
grow higher than eye-level, the
sometimes large phyto-extraction
park can be divided into smaller
areas. From a watchtower people
can have an overview of the
phyto-extraction park. (Figure 75)
Because the cleaning process needs
to be communicated to all the
inhabitants of Buiksloterham, each

neighborhood should have at least
one phyto-extraction park. Again
docks make it possible to transport
harvested plant material from
the extraction plants the biomass
power plant.

Figure 69 (left): medium polluted areas in
Buiksloterham

Figure 70 (left under): phyto-extraction parks on
medium polluted soils
Figure 71 (middle above): examples of phytoextraction species
Figure 72 (middle under): nursery character

Figure 73 (middle right): phyto-extraction parks
throughout Buiksloterham
Figure 74 (right above): impression of a phytoextraction park

Figure 75 (right under): section of a phyto-extraction
park (1 : 500)
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09.2.3 clean areas
Clean areas (Figure 76) are planted
with Chinese Reed (Miscanthus
giganteus) because of its high
biomass yield. When there is a
demand for building development,
Miscanthus biomass production
can be integrated into the new
building. (Figure 77) Hereby
full access to the clean area is
granted. Harvested biomass can be
transported to the biomass power
plant over water. The biomass
of 1 hectare of Miscanthus can
provide bio-energy for up to 18
households in 1 year. (Conijn,
2009) Miscanthus is planted on a
larger scale to differ from phytoextraction and to emphasize the
productive character. (Figure 78)
These areas will become fully

accessible to communicate to the
public that these areas are clean.
Large wide grass lawns will provide
direct access to neighboring areas
and space to picknick, play or stroll
around. (Figure 79) (Figure 80)

Figure 76 (left): clean areas in Buiksloterham

Figure 77 (left under) Miscanthus biomass production
can be integrated into the new buildings, making
them fully accessible
Figure 78 (middle): Miscanthus giganteus biomass
production on clean soils

Figure 79 (right above): impression of a clean area
Figure 80 (right under): section of a Miscanthus
biomass production field (1 : 500)
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Summary:
The transformation of
Buiksloterham happens on several
scales. In 2010 a large part of the
low dynamic landscape framework
can be constructed. On several
vacant parcels developments can
start. Due to building development
on heavily polluted soil, the amount
of soil replaced to phyto-extraction
barges will increase up to 2030. Up
until 2030, there will be in increase
in inhabitants and a decrease in
industrial surface, resulting in
space for on-site phyto-extraction
parks. In 2050 some of these
natural productive parks will be
clean, making them fully accessible
to the public.

transformation
In Buiksloterham two
transformation processes are
going on; the first is of course the
process of cleaning the area. This
process is communicated to the
public as described in chapter 9
and will be further emphasized
by the educational information
centre that will be established in
the remainders of Asterdorp, in the
centre of Buiksloterham. From here
a very wide range of people can be
educated on phytoremediation and
how it is cleaning Buiksloterham
while improving public space.
School children, researchers and
other interested people can do a
tour or just stroll around and see
that phytoremediation applications
can be beautiful.

Buiksloterham is also transforming
programmatically. The area will
transform into a mixed residential/
commercial and industrial area in a
period of 20 to 40 years. During this
transformation phytoremediation
will be applied in the area. The
landscape framework will create
a continuing and connecting
structure. Next to this structure
program can be developed on the
vacant polluted parcels. (Figure
81) (Figure 82) If there is no need
for developments temporal landuse will make the vacant parcel
productive and create a more
aesthetically pleasing environment.
If there is a need for developments,
these can react on the temporal
land-use and degree in pollution.

Figure 81 (left): next to the landscape framework on
a district scale, high dynamic developments like the
production of Salix biomass or building development
takes place

Figure 82 (right): next to the landscape framework
on a neighborhood scale, high dynamic developments
like the production of Miscanthus biomass or rooftop
phyto-extraction can take place
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10.1 building typologies and
phytoremediation
Building developments on
vacant parcels can integrate
phytoremediation or biomass
production in their built form. On
clean soil the following are possible
(Figure 83):
 Open building blocks
The open building block can be
built on clean soils. The inner
space of the building block
is accessible to the public.
The inner space can be used
for biomass production by
Miscanthus, that can provide
the dwellings with bio-energy.
If commercial functions are
developed in the open building
block, the inner space can serve
as square, or parking area.







Ensemble of building blocks
An ensemble of building
blocks can be realized on a
clean parcel. The parcel will
be divided into smaller spaces.
Again these spaces can become
accessible Miscanthus biomass
production fields, squares,
parking areas or park areas.
Industrial buildings
Industrial buildings can be
built on clean parcels. Outdoor
space can be used for industrial
loading and unloading activities
or, if less space is needed for
industrial activities, Miscanthus
can be planted.
Solid building blocks
When a solid building block will
be developed, the clean space
on the parcel around it should

be used for Miscanthus biomass
production, to provide the
building with bio-energy.

On heavily polluted areas there are
the following options (Figure 84):
 Enclosed building blocks
The enclosed building block
can be built on heavily polluted
parcels. By partly excavating
the polluted soil under the
constructed build form and
removing this to the barges or
road-sides, phyto-extraction
can be applied in the inner
courtyards. The courtyard can
serve as an inaccessible garden
within the building block.
When the soil is remediated the
garden can become accessible.
 Ensemble of building blocks

Figure 83 (left): building typologies on clean soils
Figure 84 (right): building typologies on heavily
polluted soils
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When an ensemble of building
blocks is realised on a heavily
polluted parcel, the polluted soil
will be placed on the rooftop of
the buildings. Phyto-extraction
on the rooftops will remediate
the soil. By creating differences
in building heights within the
ensemble, the phyto-extraction
rooftops can have an aesthetical
function for dwellers or
employees occupying the higher
blocks.
Industrial buildings
On industrial buildings
developed on heavily polluted
soil, rooftop-extraction will
remediate the soil. Large
industrial buildings are very
well suited for phyto-extraction
since they often have a large



roof surface. The polluted soil
and phyto-extraction plants can
also have an isolating function
to contain rainwater, thereby
decreasing peak discharges
after heavy rainfall. Rainwater
discharged from the roofs will
be pumped into the wetlands, in
which the water will be purified.
Solid building blocks
When a solid building block
will be developed, the heavily
polluted soil can be integrated
into the building by putting it on
the roof.

On medium polluted areas no
developments will take place. In
these areas short term phytoextraction will be applied and these
areas will serve as an aesthetically,

and educative park. When phytoextraction has remediated the
soil, within 40 to 60 years, these
phyto-extraction parks become
clean public park space suitable for
intensive use.

These developments will take place
through time. This implies several
architectural styles, materials and
building types can be applied in
Buiksloterham. By integrating
phytoremediation and biomass
production with the build form,
more sustainable architecture can
be developed. The area will have a
divers, multi-functional, dynamic
character. The robust landscape
framework, on the other hand,
creates unity and coherence in the
area to which built forms can react.
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before
after

10.2 transformation on the scale of
the parcel
The former AVI-GEB terrain is
situated between the Distelweg
and the Johan van Hasseltkanaal.
The parcel is now vacant and
former industrial activities have
polluted the site. Some areas on the
parcel are heavily polluted, others
are medium polluted and there
are some clean sites, which has
implications for the development
of the parcel. In 2010 the landscape
framework is realized; the dock
perpendicular to the Johan van
Hasseltkanaal is situated between
medium polluted soil and clean
soil. Along the dock a wetland is
situated, purifying the polluted
groundwater coming from the
South-East. The polluted water in

the wetland is separated form the
clean water in the dock by a slow
traffic route which makes the water
perceivable in Buiksloterham and
creates a North-South connection
between the Distelweg and
the route along the Johan van
Hasseltkanaal. Along the Distelweg
three rows of Poplars (Populus
deltoids) are planted which will
create a hydraulic barrier. On
the other side of the road fenced
road-side phyto-extraction will
take place. Along the Johan van
Hasseltkanaal a boulevard on the
scale of the district is created,
which connects the Mosplein
and Amsterdam-North with the
NDSM-wharf. In the dock and the
Johan van Hasseltkanaal barges
are situated, in which long-term

phyto-extraction takes place. The
clean water of the dock is made
accessible by a slipway, which
creates an interesting and attractive
recreational area along the water.
Figure 85 gives an impression of
the dock with the developments
next to it. In appendix III a crosssection of a dock can be found.
Next to the landscape framework
developments will take place, if
needed. Heavily polluted soils,
temporally planted with short
rotation coppice Black willow (Salix
nigra), will first be developed.
Heavily polluted soil is then
displaced into the barges, resulting
in more barges in 2030. (Figure 86)
The phyto-extraction plants in the
parks, surrounded by black Willlow

Figure 85 (left): impression of the docks on a
neighborhood scale

Figure 86 (right) : transformation of the former AVIGEB terrain
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(Salix nigra) and holly hedge (Ilex
aquifolium), are rotated regularly,
creating a diverse and changing
environment. In 2050 even more
developments have taken place on
the clean soils and again the rows
of extraction plants have rotated
in the short-term phyto-extraction
parks. No developments will take
place here, since this will be an
attractive and productive park
space. In a time period of 40 to
60 years, these phyto-extraction
parks will be clean, fully accessible
intensively used park spaces.
The row of Black willow that
surrounds these parks will remain
and becomes part of the landscape
framework.

N

2010
replaced polluted soil
inhabitants

2010
industrial surface

1 : 10000

300
100

10.3 transformation of
Buiksloterham
The transformation of the AVIGEB terrain is exemplary for the
transformation of Buiksloterham as
a whole. Since this transformation
will take place in a time period
of 20 to 40 years it is highly
insecure and unpredictable.
Therefore, no fixed master plan
can be established and the
developments that are shown in the
transformation of Buiksloterham
give an indication of how this
transformation process can take
place. In 2010 the low dynamic
system can be realised, forming a
continuing structuring landscape
framework. The realisation of this
framework results in a replacement
of about 300.000m3 of polluted

300

(x1000m3)

(x1000m2)

soil to barges or to roadsides. No
developments have taken place on
the vacant parcels yet, so they are
either planted with Miscanthus,
Short rotation coppice Black
willow, or phyto-extraction plants,
dependant on the soil quality.
Since no developments have taken
place, the number of inhabitants is
100 and the amount of industrial
surface 300.000m2. (Figure 87)
By 2030 developments have taken
place, resulting in the replacement
of about 800.000m3 polluted soil to
the barges, road-sides, or rooftops.
Also 2200 inhabitants live in
Buiksloterham, and the amount of
industrial surface has dropped to
140.000m2 creating more vacant
parcels on which the production of
Miscanthus, short rotation coppice

N

2030
2030
140

1 : 10000

2200

800

(x1000m3)

(x1000m2)

Black willow or phyto-extraction
plants can take place. (Figure 87)
Finally in 2050 the total program
for Buiksloterham is realized,
resulting in the replacement
of 1.125.000m2 polluted soil,
the creation of 350.000m2 of
industrial surface, and the number
of inhabitants has risen to 4000.
Phyto-extraction still takes place
on the phyto-extraction islands, in
the barges and in the short-term
phyto-extraction parks. Some of
these fields can be cleaned in 2050,
providing park space that can be
used intensively. The network
of canals and dock is realized
making the area of Buiksloterham
penetrable by boat, and make the
water more perceivable. Slow traffic
routes along the canals create

Figures 87 (left, middle, right): transformation of
Buiksloterham as a whole
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north-south connections and will
improve accessibility, and regional
routes will connect Buiksloterham
to its context. (Figure 87) Figure 88
shows what the area could look like
in the future.

(x1000m3)

page 89

phyto-extraction barge
road side phyto-extraction
phyto-extraction island
clean(ed) island
poplar (Populus deltoides)
hydraulic control

willow (Salix nigra) enclosing
medium polluted soil

Miscanthus giganteus biomass
production
salix nigra biomass production
phyto-extraction park
raised path through
phyto-extraction park
phyto-extraction ruins
poplar square
rooftop phyto-extraction
road-side phyto-extraction
Ilex aquifolium hedge
wetland

Figures 88: bird’s eye views of what Buiksloterham
could look like in the future
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conclusions
The research and design work in this thesis has indicated that phytoremediation can be integrated into the transformation of urban postindustrial areas, while improving public space. However, the application
of on-site phytoremediation is limited mainly due to time restrictions, the
degree and type of pollution and soil conditions in urban post-industrial
areas. How to deal with post-industrial areas, such as Buiksloterham, is a
common issue in lots of cities in the western world. The heavily polluted
soil in Buiksloterham, implies long time periods for phytoremediation
to remediate the soil, which is conflicting with the high rate urban
developments in such areas.

However, by revealing this conflict innovative design solutions
were developed. By distinguishing a low- and high dynamic system,
phytoremediation can be integrated into the transformation process of
urban post-industrial areas. In the low dynamic system, which will form
a landscape framework, on-site phytoremediation of heavily polluted
soil can take place creating productive semi-accessible public space. Also
the landscape framework will contain heavily polluted soil on which
phytoremediation can take place that needed to be displaced from the
high dynamic system. This implies that phytoremediation strategies
cannot be applied without the use of conventional engineering-based
remediation techniques. Still, combining phytoremediation strategies with
conventional remediation techniques will result in a more sustainable,
cost-efficient, less polluting, and more attractive alternative to soil
remediation.
Different phytoremediation techniques can be distinguished. Each can be
implemented separately on different scale levels, whereby emphasising
natural productivity. However, by combining different phytoremediation
techniques (hydraulic buffers, constructed wetlands and phyto-extraction
plants) remediation of polluted urban areas is optimal. Hydraulic buffers
prevent pollutants from migrating, constructed wetlands purify polluted
groundwater and phyto-extraction parks remediate polluted soil, while
producing biomass that can be used for bio-energy. These techniques do
not only have an environmental value, but also have a spatial, social and
aesthetical value.

The hydraulic buffers, constructed wetlands and long-term phytoextraction areas can become a landscape framework creating connections
within the area itself as with the context of the area. In doing, so natural
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productivity connects different scale levels spatially. Phytoremediation
can have a large educational value by making the public conscious about
the way they are treating, have treated and should treat the landscape
in the future. Mankind will be confronted with his polluting activities in
the past, and become aware of the importance of a healthy environment.
The landscape framework formed by applications of phytoremediation
techniques can become a showcase of a natural productive city, attracting
researchers, designers and city dwellers and educate them on the
techniques of phytoremediation.

Within the high dynamic system various developments can take place,
without doing any harm to the resilient and structuring landscape
framework. If there is no demand for developments, vacant parcels
that can be cleaned by plants should be planted with phyto-extraction
plants. If it is not possible to clean the polluted area by phyto-extraction,
plants that have a higher biomass yield should be planted. Harvested
biomass can be used to produce bio-energy. This makes vacant parcels
(temporally) productive. When there is a demand for developments, these
can react on the productive landscapes by integrating polluted soil in
building structures (rooftop phyto-extraction or phyto-extraction in inner
courtyards) or by applying biomass production in the area surrounding
the building. Articulating natural productivity and moulding nature to
benefit human needs and desires in urban developments will result in
flexible, innovative and interesting urban environments.

By integrating the technical principles of phytoremediation, with the
spatial and historical identity of urban transformation areas, urban
environments that are dynamic and multi-functional can be realised. By
placing cultural relevant objects (barges, docks and slipways) in a new
context, historical and new processes are communicated to the urban
public. Articulating the aesthetic qualities of phytoremediation plants
and combining this with the straight forms and organized character
of industrial elements creates a cultivated wilderness. The design is
based on natural and cultural processes, creating a meaningful urban
environment to which people feel connected and become engaged with.
This makes phytoremediation techniques feasible in post-industrial urban
design.
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discussion and furher research
In this thesis the time calculated for phyto-extraction to clean the
polluted soil of Buiksloterham, is based on the assumption that Zinc
concentrations are highest on each parcel of Buiksloterham. On some
parcels however Zinc concentration might be low, and concentration of
other inorganic pollutants, such as Lead or Copper, might be much higher.
Also the amount of organic pollution has not been taken into account in
the calculation of the phyto-extraction time, since it is assumed that this
will be degraded by microbiological activities in the soil. Microbiological
activity will increase, since planted phyto-extraction and biomass plants
will increase permeability of the soil and the amount of organic matter in
the soil.

Also the capacity of hydraulic control by Poplars and Black willow is
based on literature studies that show variation in the amount of water
taken up by the plants and the effects they have on the groundwater flow.
To determine the specific hydraulic impact a more detailed study on
groundwater quality and the groundwater flow is needed. To determine
the exact capacity of phytoremediation it is important to know the
amount of pollutants that are bio-available (available for uptake by
plants). Some pollutants are very strongly bound to soil particles due to
chemical reactions, or occur in the soil as solids. Plants are unable to take
up these pollutants, but since the pollutants are bound to soil particles or
occur as solids, they are harmless to human beings. These detailed studies
are out of the scope of this thesis.
Also interesting for further research is the ecological impact of
phytoremediation. Since some phyto-extraction plants are eatable for
humans and animals, these might become toxic if metal concentrations
are high in the plant tissue. Naturally toxic or venomous plants are not
eaten by humans and animals, since they taste bad. This might also be the
case for phyto-extraction plants. To gain a higher level of self-sufficiency
the biomass material used for bio-energy could also be used for re-use
within the area itself. The introduction of hydraulic buffers, wetlands and
phyto-extraction parks does provide habitats or corridors for migrating
animal species in the urban fabric. Also the plant species applied for
phytoremediation might have a high ecological value. These ecological
impacts should be studied to define the applicability of phytoremediation;
again this was out of the scope of this research

discussion and further research

Phytoremediation can become even more feasible when transgenic hyper
accumulator plants are used, or when specific maintenance is applied,
such as the addition of chelators to enhance bio-availability of metals, leaf
excision to increase the uptake of plants or mixing polluted soil with clean
soil to increase microbiological activity. A lot of research is being done to
improve the technology and the application of phytoremediation in the
future. The technology of phyto-mining, the recycling of metals from the
plant tissue, makes phytoremediation economically attractive. A detailed
study on the economical impact of phytoremediation is needed to prove
this.

Since the technology of phytoremediation is relatively new, more research
should be done on the public and juristic acceptance of phytoremediation.
The public may find it unpleasant to live or work in a polluted area. Jurists
might forbid developments in polluted areas, since health risks may be
to high. People rely on conventional engineering-based techniques, but
these do not solve the problem of soil pollution, they only displace or
hide the problem. On the short term these techniques may be feasible,
but in the long run they will have a destructive effect on the quality of
the environment and on human life. Therefore mental and legal change
is needed to deal with the environment in a more sustainable way. By
introducing phytoremediation into the daily lives of the public, people
will become aware of their destructive actions in the past, and will accept
the need to change mentally, legally and practically. In doing so, a more
natural productive city can be realized.
The profession of landscape architecture can play an important role
in achieving consciousness. Since landscape is socio-culturally and
ecologically constructed it has the ability to articulate human needs and
concerns and ecological processes. By conscious landscape design, based
on a human ecological approach, both can be moulded into a flexible
and open-ended form, capable of providing a meaningful and healthy
environment.
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glossary
barge
industrial harbour object which is traditionally used for transportation of
raw material and resources over water

biocity
a self-repairing city with the ability to re-use natural resources within the
city’s footprint
cyclical production system
a production system in which production is based upon local renewable
resources and local consumer markets

datascape
an analytical method which visually represents all the measurable forces
that may influence, steer or regulate the design process
high dynamic system
a system with a high transformation rate which make its performance
uncertain and constantly changing

human ecological approach
an approach to landscape architecture which disregards the dualistic
relation between nature and culture and calls for an aesthetic and form
derived from both natural as well as cultural processes

immobile pollutants
pollutants that are fixed to soil particles and therefore can not migrate to
deeper soil layers or groundwater
linear production system
a production system that has been the basis for the development of the
Western world,
characterized by global exchange of resources, market goods and wastes
low dynamic system
a system which has a low transformation rate and is relatively static and
continuing through time

glossary

mobile pollutants
pollutants that are not fixed to soil particles and therefore can migrate to
deeper soil layers or groundwater
natural productive city
a city in which natural productive processes are incorporated into the
urban form resulting in a balanced mix of local and external resources
natural productive landscape
landscapes in which natural processes are articulated, providing
resources for human needs

phyto-extraction
a technology in which plants actively take up pollutants in their roots and
translocate the pollutant to their plant tissue above ground

phytohydraulics (hydraulic buffers)
a phytoremediation technique in which plants, that take up and transpire
large amounts of water, are used to control groundwater flow and thereby
contain organic and inorganic pollutants on-site

phytoremediation
a relatively new technology in which plants and their associated microbes,
are used for the removal or degradation of pollutants from the soil or
groundwater
rhizofiltration (constructed wetlands)
a phytoremediation technique in which organic and inorganic pollutants
are precipitated into the plant roots in an aquatic environment
Short Rotation Coppice
crop breeding technique in which the biomass of fast growing plants is
harvested regularly
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appendix I: reference study

http://www.turrenscape.com

This booklet contains an analysis
and comparison of projects in
which public space is a natural
productive landscape. The casestudies will explain, inspire and
enhance on the topic of natural
productivity and will result in
more insight in the applicability
of natural productive landscapes.
Four types of natural productive
landscapes have been selected:
food/plant productive landscapes,
water purification landscapes,
soil purification landscapes and
landscapes that produce biomass.
Each project contains at least one
of these types, combined with
other land-use functions while
being accessible for public. For
each project one production type
is emphasized. The case studies

will be analyzed on their type of
productivity and the yield; their
scale; their location; relation to
their context and the change of the
project through time. Reflecting
on the case studies will give us a
general idea of the characteristics
and applicability of natural
productive landscapes in public
space.
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01 food/ plant
Shenyang Campus
Vivero Metropolitano
EVA Lanxmeer
Groenewoud

02 soil
725 Main St. Barnstable
Energetic Community
Dredge Landscape Park

03 water
Waterpark Groote Beerze
Ray and Maria strata center
Westergasfabriek
Nike European Headquarters

04 biomass
Waterpark Lankheet
Dycker Feld

Shenyang Campus

learning environment

rice production
cultural symbolism

location:

area (ha)
total
rice
wheat
yield/ year
idea

15 tons
rice and wheat harvested

http://www.turrenscape.com

The creation of a high quality environment for education and incorporation of elements of the traditional agricultural environment as a symbol and reminder of the historical and
contemporary role of agriculture in China.

1:1000         university buildings

buckwheat

The campus site of the school has
moved to the suburbs of the city of
Shenyang. The project submitted
here is one portion of the campus at
the southwest side of the campus,
with an area of 3 hectares. The rice
paddy area not only serves as a
symbolic link to the heritage of the
region, but it is also a functional
field that produces food consumed
in the campus dining facilities daily.
The larger campus also has patches
of agricultural land growing
soybeans, aubergines, green beans,
lettuce, tomatoes, and squash.
By-products such as frogs and
freshwater crabs are also harvested.
The rice fields are accessible
through a hierarchical network of
pedestrian paths and small open
platforms within the rice fields, that

         rice fields

serve as a learning environment
for students. These elements
bring people closer the crops and
to the fundamental feature of
the Chinese society: agriculture.
However the experience of walking
through the fields becomes
somewhat monotonous, in part
due to the constant elevation.
The experience on the ground
offers little complexity beyond the
initial impressions. Since several
types of foods with several timespans are produced on campus,
the production possibilities are
numerous and relatively flexible.
Although this landscape is also
suited for other types of production
such as water purification, these
are not addressed in this project.

section
study area
network

http://www.turrenscape.com

http://www.google.com

Rice and buckwheat patches deliberately left over in
the early winter give off a bright, warm color to the
cold atmosphere.

http://www.google.com

Rice fields are made penetrable using concrete
narrow paths, that allow students, faculty members
and visitors to touch and feel the rice

http://www.turrenscape.com

native plants

nursery
semi-desert landscape

Vivero Metropolitano
location:

area (ha)
total
nursery
yield/ year
idea

287000
27000
bedding plants
palms

http://www.katekennen.com

Vivero Metropolitano creates a regional nursery for the city of Monterrey Mexico along the Santa Caterina River, providing an ecological, social and
economic landscape for urban revitalization. The project presents an alternate public landscape model: a productive open space where daily park
maintenance is one and the same with the nursery production process.

1:1000						

nursery				

Monterrey is the third largest city
of Mexico located in the northeast
of the country along two seasonal
flooding rivers, the Santa Catarina
and the Topochico. The intensity of
rapid urbanization, as well as a lack
of understanding and sensibility
for its setting, have allowed its
rivers to be ignored as ecological
resources for water, plants and
fauna, and as possible public
open space corridors in this semidesert landscape. The rivers have
been channelized with concrete,
and little ecological function
remains. The site investigated is a
1 kilometer long riverbed parcel
within the 100 year floodplain of
the Santa Caterina, and presents an
alternate public landscape model: a
productive open space where daily

park maintenance is one and the
same with the nursery production
process. A public landscape is
created through the ongoing
function of leased land to private
nursery growers. The landscape
is designed to interweave public
recreation functions and nursery
operations, all while producing
native plants species for sale.
Moreover an addition of plant
materials to the Monterrey area
could help to improve micro climate
in Monterrey. A linked network
of recreation trails brings users
from surrounding neighbourhoods
into the site. Multi-modal paths
on both sides of the nursery keep
public separated from operations
while also enjoying the benefit of
this richly textured landscape. This

canal

combination generates economic
revenues, habitat enhancement,
and social benefit. Eventually the
intent is for the nursery to take on
a life of its own, spreading native
seeds and plants within the urban
landscape. Vivero Metropolitano
creates a regional nursery for the
city of Monterrey Mexico along the
Santa Caterina River, providing an
ecological, social and economic
landscape for urban revitalization.
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http://www.katekennen.com

http://www.katekennen.com

http://www.katekennen.com

food production
water circuit

EVA Lanxmeer

solar energy

location:

area (ha)
total
food
production
yield/ year
idea

220+ households
fruits and vegetables

The organisation E.V.A has set up principles, which have been the basis for the urban plan of EVA-Lanxmeer. The principles entail: The inventarisation
of the Genius Loci, existing qualities should be preserved or enforced, material- and energy cycles should be closed and natural cycles and systems
should be made visible, an optimal connection between landscape elements and architecture, an optimal integration of sustainable hydraulic works
and sustainable energy supply and the creation of community places and encourage private initiatives and participation by dwellers.

1:1000

       orchard

Production of food and energy is
combined with water purification.
To reduce the use of energy in the
area, low energy input materials are
used and buildings are positioned
in such a way that they collect solar
energy in an efficient way. Dwelling
and businesses are combined
within the residential area and
recreational routes are located on
the edges of the residential area.
These routes being located on the
edges, and the fact that outdoor
space is a semi-public space with a
strong social control, the residential
area is not integrated into the
urban fabric of Culemborg. Food
is primarily produced for the local
community and overproduction
is sold to other inhabitants of
Culemborg. Energy production

    poplars            

water retention area

by solar panels give energy to
the dwellings on which they are
situated. In case of overproduction
energy is discharged to the national
electricity system. Three types
of water are distinguished, white
and grey water are collected
and purified within the area and
infiltrates to the groundwater.
Sewage water (black water) can
not be treated within the area so it
is discharged to the sewage system
of Culemborg. These productive
landscapes form a boundary
between the West and East part of
the project. The principles of EVALanxmeer is build are inspiring for
other projects, however the way
the principles are worked out have
resulted in a more or less selfsufficient area with closed circles

of food and energy. The area does
not invite people from outside
the residential area into the area.
People from outside of the area
are informed on the production
and natural processes, which play
an important role in the area, by
workshops, festivals and articles in
newspapers.
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fruit production in
orchard as boundary

private space connected with semi-public space

water purification

food production on city
farm

labyrinth of allotment gardens
social control
and
safety
linear park space

Groenewoud
location:

area (ha)
total
allotment
gardens
idea

The project concept proposes a business area in which office buildings are surrounded by allotment gardens, that are connected through a linear park
space. The privately owned allotment gardens form the scenery for an office park which is accessible for public, and is characterized by a multiple use
of space through time.

1:1000

     allotment gardens     business area        dyke

Groenewoud is part of the
development of Papendorp,
an office location between the
intersection of the highways
A12/A2 in the south and the
Amsterdam Rijnkanaal in the
north. The Prins Claus bridge
crosses the Amsterdam Rijnkanaal
and connects the location with
the city of Utrecht. The historical
Groenwoudse dyke is turned into
a public pedestrian/cycling route,
crossing diagonal through the area
of Groenewoud. The Groenewoudse
dyke, which has no difference in
height with the surrounding area, is
not directly connected to the Prins
Claus bridge and the infrastructure
of Papendorp. This makes
Groenewoud more or less isolated
from Papendorp. Eight office

buildings are positioned along the
Groenwoudse dyke. These buildings
are surrounded by a labyrinth of
allotment gardens. These allotment
gardens are private spaces where
food is produced for private
use. Inhabitants of Utrecht or
employees of the offices located in
Papendorp can own an allotment
garden. The route through the
gardens offers employees a walk
along the gardens. The public
route and the private allotment
gardens are separated by hedges
and ditches. The public route is a
grassy path in which benches and
fruit trees are positioned. Next
to the allotment gardens sports
fields are incorporated into the
project. During the weekends
and after working hours the area

allotment gardens

is still used by people working
in their allotment gardens or by
people using the sport fields. This
multiple use of space through
time, increases social control and
safety, and therefore has been the
main reason for incorporating
the allotment gardens and sport
fields into the office park. The
public routes running through
the allotment gardens make the
production of food visible to the
public and the employees working
in the offices. The area as a whole,
including offices, sports fields
and the allotment gardens, has
a multiple use through time. For
the allotment gardens seasonal
crops can be cultivated, resulting in
different atmospheres throughout
the year.
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office buildings surrounded by allotment gardens

hedges and ditches separate public and private
space

public pedestrian/ cycling network is not connected
to the existing urban fabric

725 Main St. Barnstable

water quality

plant nursery

phytoremediation

location:

area (ha)
total
phytoremediation
http://www.katekennen.com

idea

The design is conceptually driven by two factors: Phytoremediation and water quality enhancement plantings. Phytoremediation plantings have
been created in certain areas of the site to passively remediate found hydrocarbons and lead while also creating an attractive community landscape.
Secondly, the site will be used as a nursery for low maintenance plants adapted to the Cape’s sandy soils, which can take and help treat contaminant
runoff from storm water.

1:500

      phytoremediation area

This productive phytoremediation/
storm water nursery landscape will
create a visually evocative place
for people to visit. And by labelling
plant materials, an educational
display garden of low maintenance
will be created. Storm water runoff
will be filtered and will infiltrate
to the groundwater. In time plant
material will grow for several years
and can be transported and/or
divided to be used in other Town
projects such as rain gardens
enforced in local zoning.
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phytoremediation areas

http://www.katekennen.com

http://www.katekennen.com

http://www.katekennen.com

brownfield
decentralized energy

Energetic Community

switchgrass phytoremediation
location:

area (ha)
total
phytoremediation
http://www.katekennen.com

idea

The design for this post-automobile manufacturing brownfield proposes a strategy to remediate the site using passive phytoremediation technique.
Small wind turbines provide a decentralized energy source for the community. Once the site is cleaned, the design explores ways to arrange potential
programs for community activity on flexible platforms throughout the site.

1:2500

phytoremediation

The design for this postautomobile manufacturing
brownfield proposed a strategy to
remediate the site using passive
phytoremediation techniques,
small wind turbines provide a
decentralized energy source for
the community. Once the site is
cleaned, the design explores ways
to arrange potential programs for
community activity on flexible
platforms throughout the site. On
the horizontal surface, the site
is cleaned through switchgrass
phytoremediation, providing
habitat for migrating species and
preparing the site for future, more
intense uses if market demand
eventually arises. Secondly
recreational opportunities and
cultural amenities are provided

      railroad

for neighbourhood residents when
switchgrass fields are converted to
alternate uses. Finally renewable
distributed energy, wind energy
generated by the smaller 80’ ht.
scale vertical turbines, is generated
to reduce community reliance on
the centralized electric grid and
fossil fuels. The project establishes
a successful replicable mechanism
for small-scale decentralized wind
power generations as a form of
pre-electrification for social and
economic development.

phytoremediation
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phytoremediation
dredge
saltwater exfiltration

Dredge Landscape Park
location:

area (ha)
total
phytoremediation
http://www.lar.wur.nl

idea

The project proposes a Landscape Park where dredge from the Randstad is cleaned by natural processes as saltwater exfiltration and
phytoremediation. After cleaning the dredge, the site will evolve into a dredge landscape park with a mosaic of unique environments, based on the
residues of the cleaned dredge. Routes through the park will show the environments and will tell the story of dredge purification.

1:2000   phytoremediation
dyke			

    artificial dunes

Due to urbanization the water
system in the delta landscape
of Western Holland is facing a
problem: an amount of polluted
dredge in the water system. This
dredge causes a drainage and
environmental problem in the
water system. The need to take out
the dredge will increase because
of climate change and growing
urbanization. Storing the dredge in
depots does not solve the problem,
a dredge landscape park will.
The dredge of the northern
Randstad will be transported to
the Haarlemmermeer polder by
boat or truck and will be cleaned
with different techniques. Salty
water will flush heavy metals out
of sandy dredge. Salty exfiltration
water in the Haarlemmermeer

phytoremediation

will be uses for this. This will keep
salt water in one place. The sand
won from the dredge can be used
for the expanding building sites
nearby. Heavy metals out of the
dredge will flush to a garden where
vegetation like robina, sink violin
and waterlely fixes the metals.
After 20 years the residues of the
cleaning processes will evolve into
a mosaic of environments. Sandy
dunes, salty environments and
heavy metal garden are all relicts of
the dredge cleaning which will form
strips of different vegetation and
experiences. Routes will go through
the Dredge Landscape park, telling
the story of purifying the dredge.
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http://www.lar.wur.nl

sand dunes

http://www.lar.wur.nl
http://www.lar.wur.nl

Waterpark Groote Beerze

reed wetlands

water purification
swamp forest

location:

area (ha)
total
reed
fields
water
collection
yield/ year
idea

71000
inhabitants
sewage water purification

A system of reed fields, wetlands, water collection lakes, a meandering brook and a swamp forest form a waterpark build around a sewage water
purification installation that ensures clean water that can be controlled. The Reed fields and swamp forest naturally clean the wastewater from the
villages.
1:1000

reed filter

The project is located in the valley
of the brook ‘Groote Beerze’
between the municipalities of
Bladel and Hapert in the South-East
of the Netherlands. Traditionally
the area is a rural area with
agriculture as the main landuse function. Today the area is
diverse and contains forests, lakes,
grassland and brooks. The project
waterpark ‘Groote Beerze’ gives
the functional character of the
area an extra dimension. Sewage
water, collected from business
organization and households in the
region, is cleaned in the sewage
water purification installation.
After this, the water is discharged
to the waterpark and cleaned by
the process of natural purification.
Water quality is improved because

     swamp forest

the roots of plants, trees and the
bacteria that live there filter out
carbon, nitrogen and phosphate.
After this the water goes to the
swamp forest that functions as
a buffer. The waterpark is open
for public and pedestrian paths
through the area are part of a larger
recreational network. Signs educate
the visitors on the functioning of
the waterpark and the process
of natural purification, which is
otherwise hard to become aware
of since the processes function
underground and underwater.
However the role of production
in this project is clear. The goal
of the designer is to control and
clean the water situation of this
area. “Human and nature can’t live
without water: clean water at the

right amount in the right time.”
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open relation with
sewage water
purification installation

meandering brook
‘Groote Beerze’

recreational routes through reed fields

Ray and Maria strata center

grey-water re-use

water purification
water storage

location:

area (ha)
total
biofiltration
swale		
idea

Zheng, 2007

The landscape design shows that innovative storm water management can create a meaningful public realm. Olin Partnership suggested a basin that
could provide water for human, social and environmental use.

1:1000

roof squares on buildings

On the site of the Massachusetts
Institute of Technology Olin
Partnership designed a storm
water management system. The
architectural topography of the
site is used to create a series of
outdoor rooms, linked vertically
and horizontally, buffered from the
wind by trees and the diversity of
buildings that form comfortable
south-facing sun traps, suitable
for social use in any season. Storm
water runoff from these outdoor
rooms, in this case buildings
and plazas, is collected and
directed to an outwash basis. The
basin is a constructed wetland,
an outwash swale with grass
plantings that slopes up gradually
to a rocky boulder field, and
then connected to native upland

outwash swale

plantings. Underground of the
outwash basin a storage chamber
is constructed, where water is
filtered and pumped up for further
bio-filtration. The storm water
runoff is collected and purified in
the outwash biologically purified
in the wetlands, the outwash swale
and in the underground storage
chamber. The water is reused and
recycled to irrigate the wetlands
and for flushing toilets in the
buildings. In case high water levels
in the system, water will overflow
to the cities storm system. The
designs proposed an open water
pond as for recreational functions
and as an active component
of the overall storm water
management system. This would
have exposed the mechanism

of storm water restoring and
recycling system, unfortunately
this pond was not constructed.
However the landscape design for
the Ray and Maria Strata Center
shows that innovative storm
water management can create a
meaningful public realm.
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Zheng, 2007

Zheng, 2007

Zheng, 2007

water purification
cultural park

Westergasfabriek
location:

area (ha)
total
water
purification
http://www.google.com

idea

A former gas factory site is transformed into a cultural park with a water system set up from an ecological point of view. The park forms a connection
between the Westerpark; a traditional park designed by J.G. Niftrik, and the Overbrakerpolder, a large green area which contains allotments, a
cemetery and a city farm.

1:1000    reed filter

building

The concept on which the design
is build on change. The park
reflects the different attitudes to
nature held by people over the
years, varying from illusion (the
cultivated shrubs and trees in the
wet garden), via functional use
of the landscape (larger events
area in the centre of the park) to
imitation (recently refurbished
Overbrakerpolder). A storm water
collection and purification system,
also reflects this concept. The water
system, positioned north on the site
collects run-off water from paved
areas within the site. This system
transforms from a pond in which
children can play, to a pond with
cascades, to a pond with Reed and
Cypress vegetation into a brook
from which water is eventually

square

discharged into the polder
landscape. The Reed and Cypress
vegetation, together with the
cascades, purify the water. Along
the water bodies a pedestrian and
cycling route is situated which
connects the city of Amsterdam
with the surrounding polder
landscape. Routes within the park
cross the water bodies. A grassy
meadow, open for festivals and
manifestations, is situated along the
water bodies. This makes the water
system visible to the public. Within
the old factory buildings cultural
activities can take place.

water collection
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Nike European Headquarters

water
collection
green roof system
grey-water circuit

location:

area (ha)
total
water
collection
yield/ year
idea

3.9 million
liters collected

The campus, a complex of five new buildings, was designed to integrate the indoors with the surrounding environment, tapping into local energy flows
to create healthy, beneficial relationships between nature and human culture.

1:500

water collection

central green		

The project is located on the site
of a venue for the 1928 Olympic
Games. The primary design
intention effectively connects to the
immediate context while evoking
a sense of the broader regional
landscape of Hilversum and the
Netherlands within a strategy of
sustainable design. This has been
accomplished by employing a
system of hedges, allees, canals,
and native plants with a material
palette of brick, cobble, crushed
shell and stone derived from local
sources. All buildings on the site
are equipped with a grey-water
circuit, in total the largest of Europe
in which 3.9 million liters of storm
water is annually collected on
the roofs in cisterns. The greywater is then used for landscape

water collection

irrigation and other grey-water
uses such as flushing the toilets.
The water collection system is
part of the public space being the
ponds in and around the buildings.
These ponds have an aesthetical
function. However the area is
totally accessibly for everybody
(except for the buildings) public
space is meant to be used by
employees of Nike only. Although
the project’s intention is to connect
the immediate context with the
buildings, the actual physical
implication of this philosophy is a
minor one. Open spaces form an
underlying role in the dominant
scape of office buildings and there
seem to be no notion what so ever
that this is an environmentally
friendly complex. As the architect

himself states: “The buildings are
organized around a central green
and form four smaller courtyards
around the perimeter, each
landscaped with native plants”.
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Reuse of materials in
public space

Water collection in
ponds

http://www.google.com

The buildings are organized around a central green

Leftover spaces function as ‘park area’

water collection on green roofs

water purification

Waterpark Lankheet

art pieces

reed biomass

location:

area (ha)
total
reed
production
yield/ year
idea

up toas4efficient
times
as rape seed

http://www.hetlankheet.nl

Polluted water of the Buurserbrook is purified by reed filters in Waterpark het Lankheet, which prevents eutrophication of the rural area surrounding
Haaksbergen. The reed is harvested as a biomass resource for energy production.

1:1000              reed filter

Waterpark het Lankheet is part
of the larger estate the Lankheet
in the rural area surrounding
Haaksbergen, a town on the border
of the provinces Gelderland and
Overijssel. Within the waterpark
research on the purification of
surface water by reed filters is
done. 18 Reed filters on different
levels are built to purify the
polluted water of the Buurserbrook.
The form and location of the reed
meadows through which the
polluted water flows are based on
historic meadows built in 1897.
The reed is harvested every year
as a biomass resource to prevent
eutrophication and to keep the
purification system working
optimally.
The production of reed is up to 4

pedestrian path    brook

times as efficient as the production
of rape seed. For the waterpark
to be economically profitable, the
reed has to be sold as biomass. The
harvested reed will be used in a
waste-to-energy plant to be built in
the area of the Lankheet estate.
Next to the purifying and
economic function, waterpark
has a recreational function. The
reed filters are designed as water
gardens with pedestrian paths,
viewpoints and water basins in
which bio-indicators (insects,
amphibians and plants) represent
water quality. A Belvedere, higher
place in the area, gives visitors a
wide view over the area. The dyke,
running from the Belvedere into the
waterpark, is higher that the reed
meadows so visitors can constantly

overlook the reed.

section
study area
network

http://www.hetlankheet.nl

reed is harvested once a year

http://www.hetlankheet.nl

http://www.hetlankheet.nl

http://www.hetlankheet.nl

productive framework

Dycker Feld

china reed

thematical gardens
location:

area (ha)
total
reed
production
yield/ year
idea

25 tons
china reed harvested

The new gardens of Dycker Feld consist of a productive park where China Reed (Miscanthus giganteus) forms a productive framework in which
thematic gardens and art pieces have found their place. The new park found its examples in the surrounding predominantly agricultural Rhenish
cultivated landscape.

1:1000

chestnut grove

Located in Jüchen (NordreinWestfalen, Germany), the park
is nestled in a wide and open
agricultural area and it is enclosed
by a line of historical chestnut
trees on the one and a throughroad on the other side. Long lawn
areas cross a field of China reed,
that can grow up to 4 meters high,
and together with the adjacent
old Chestnut Grove highlight the
historical connection between
the Convent St. Nikolaus, Dycker
Winehouse and baroque castle
Schloss Dyck. The China Reed
is commercially harvested just
like its surrounding corn. Plant
material is used as raw material to
generate bio-energy and isolation
material. The China reed is planted
in a formal grid supported by

   miscanthus        theme garden

      miscanthus

wide open grass fields that assure
vistas between the Convent St.
Nikolaus, Dycker Winehouse and
castle Schloss Dyck. Also these
vistas function as an orientation
point in the labyrinth alike
thematic gardens. The productive
character of the environment is
also integrated into the parking
lot for the visitors of Schloss Dyck
and the new gardens. Fields of
apple and cherry trees determine
the character of this area. Fruit
produced in the area is sold in a
local store. A network of 1.5 metres
wide concrete flagstone pedestrian
paths connects the gardens with
its context and the inner theme
gardens. The focus of the field is
a free area with an impressive
stone sculpture “Ten variations

of a block” by the internationally
renowned artist Ulrich Rückriem.
Vistas, theme gardens and art
pieces are dominant and the fields
of China reed are adjusted to that.
Goal is not optimal production but
optimal space with a productive
character. The detailed designed
network of vistas and paths enable
the visitors to come close to the
production fields. However, a direct
relationship between the yield of
the China reed fields and its use is
missing, which could have raised
even more conscious about the
concept of the design.

section
study area
network

long wide vistas connect to surrounding buildings
and function as an orientation point

hedges and ditch
function as separation

recreational pedestrian
network
http://www.google.com

appendix II: phytoremediation plant list

http://wilde-planten.nl
http://www.soortenbank.nl
http://www.wildflower.org
http://plants.usda.gov
McCutcheon & Schnoor, 2003, Phytoremediation. New Jersey, John Wiley & Sons pg 898.
Enhancing Phytoextraction: The Effect of Chemical Soil Manipulation on Mobility, Plant Accumulation, and Leaching of Heavy Metals. By Ulrich Schmidt. In J. Environ. Qual. 32:1939-1954 (2003)

appendix III: sections

Middenontsluitingsweg
1:200

pedestrians cyclists
rooftop
(3m)
(3m)
phyto-extraction

road-side
phyto-extraction
(4.5m)

main road
(4m)

main road
(4m)

hydraulic control
(Populus deltoides)
(7.5m)

main road
(6m)

cyclists
road-side
phyto-extraction (3m)
(3m)

pedestrians
(3m)

Distelweg
1:200

pedestrians
(2m)

hydraulic control
(Populus deltoides)
(7.5m)

pedesrooftop
trians phyto-extraction
(2m)

new road along phyto-extraction islands
!:200

phyto-extraction islands
planted with Populus deltoides
and mixed phyto-extraction species

regional route
(5m)

hydraulic control
(Populus deltoides)
(8m)

Grasweg
1:200

rooftop
phyto-extraction

regional route
road-side
(5m)
phyto-extraction
(4m)

main road
(5m)

pedestrians
(2m)

road
(5m)

pedestrians
(2m)

square interconnecting regional route and slow traffic route
1:250

road
(5m)

regional
route
(5m)

fruit trees on
square
(7m)

shelter with
phyto-extraction
(7m)

stairs to access
water
(7,5m)

canal with slow traffic route
crossing the canal
(20m)

Slipway and recreational area
1:250

hydraulic control
(Populus deltoides)
(8m)

recreational area
(20m)

slipway
(15m)

phyto-extraction barge
mixed species
(20m)

wetland and canal
1:200

stormwater retention

biomass
production
around building

wetland
(6m)

pedestrial and
cycling route
(4m)

phyto-extraction
barge
(6m)

dock
(13.5m)

rooftop
phyto-extraction

