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Abstract
Climate change is a global threat, therefore there are (inter)national agreements to decrease the
global CO2 equivalence (CO2eq) emissions. This global discourse has local consequences. The reduction
of CO2eq emissions, becomes a new landscape change driver in the western peat meadow landscape
in the province of Utrecht. This, highly valued, landscape currently emits 104 times more CO2eq than
it sequestrates. Main contributors to these CO2 emissions are energy provision by fossil fuels and the
drainage of peatlands. On this moment only 2.4 % of the total energy demand (electricity, heat, fuel)
is generated by renewable sources. This master thesis focuses on the envisioning of a carbon neutral
peat meadow landscape. As first the renewable energy potential of the project area was determined
by energy potential mapping (EPM). Secondly, greenhouse gas Emission Site Types (GESTs) were used
to research the influence of land use changes on the CO2eq balance of the region. Current landscape
change drivers were studied to derive at four different future scenarios of the peat meadow landscape:
Global agriculture, Nature, Fragmented and Global and local farming. In these scenarios were the
potential CO2eq emissions and the renewable energy production calculated. Only in the nature
scenario was more CO2eq sequestrated than emitted. The scenario study was used to envision a design
where CO2eq emissions and sequestration are in balance. To gain these balance, 85 percent of the land
use should change to different land use (forest, cattail, reed and fen), while only 15 percent of the land
is used for dairy farming with submerged drainage. At the same time, the entire electricity and heat
demand is provided by renewable sources in the envisioned design.
Key words: carbon neutral, peat meadow landscape, renewable energy, greenhouse gas emission site
types. landscape architecture
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1 Introduction
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1.1 In the spotlight
Atmospheric carbon (CO2) is going to exceed
the limitations which are described in (inter)
national agreements like the Paris climate
agreement, when the different countries do
not take action. Greenhouse gasses such as
CO2 and methane (CH4) are seen as causers of
climate change (Leemans, 2015). Therefore
there is a global movement on diminishing
CO2equivalence (CO2eq) emissions (Box 1). This
global movement influences the local landscape
(van der Horst and Vermeylen, 2011). One of
these local landscapes is the Dutch peat meadow
landscape. This landscape is cherished, because
of its characteristics. It is an open and wide
landscape with cows, meadow- and marsh birds,
ribbon villages and old allotment structures.
However, this landscape also has its problems.
The peat meadow landscape suffers from the
effects of climate change, like the increase of
weather extremes. Periods of drought increase
salinization and soil subsidence, because the
water table drops and the supply of fresh water
decreases. Periods of heavy rain cause water
nuisance, because the water cannot be drained
quickly enough. However, the landscape is also
a contributor to climate change, because of its
relatively high CO2eq emissions.
One of the reasons that this landscape is a high
emitter of CO2eq is the type of soil. The soil
consists of peat (figure 1.1). Peat is being formed
by the accumulation of dead plant remains,
which have fallen off and have landed under
water. When the organic matter is permanently
under water, hardly any microbial degradation
takes place, because oxygen is needed for the
degradation of plant material. In addition to the
moisture state, the temperature is important,
because the digestion processes slow down
when conditions are either too cold or too
warm (Jongmans et al., 2012). Because of the
preservation of dead plant material, peat is a
carbon (C) stock. To make it possible to use this
land for agricultural purposes, the land is drained.
When peat is drained, oxygen makes contact
with the peat and the peat oxidizes. During this
process CO2 is released into the atmosphere.

Figure 1.1: Peat (TRbeeld, 2017)

The oxidizing of peat causes soil subsidence,
which has a rate of approximately one
centimeter a year in the western peat meadows
(Woestenburg and Kwakernaak, 2009). When the
soil is subsidizing in the peat meadows, the water
table is lowered by the water boards, to make
sure agricultural practice is still possible. The
peat oxidation of all the Dutch peat meadows
causes an emission of greenhouse gasses which
is almost equal to the emission of one coal power
station (Ekker, 2017). In urban areas which are
built on peat, subsidence also takes place, but
that is caused by consolidation.
The attendance towards soil subsidence and
carbon emission of peat is turned into a hot
topic. Nowadays, researchers point towards
the damage and extra costs caused by soil
subsidence, climate experts are pointing
at the CO2 emission, nature experts see an
increasing pressure on biodiversity, homeowners
experience problems with the foundation of their
houses and culture historians see a loss of unique
heritage (van den Born et al., 2016).
The peat meadow landscape will change due
to (the fight against) soil subsidence and
CO2eq emissions. Because of the relatively
high emissions of peat soil, the reduction of
CO2 emissions from peat soils are included in
the Dutch climate agreement. The goal of this
agreement is to reduce the emissions of the
Dutch peat landscape with 1 Mton CO2eq before
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Box 1

Figure 1.2: Project area. Based on Deltametropool (2014).

2030. However, a reduction of the emission of
CO2eq will change the land use and thereby a
landscape which is seen as unique and valuable
(Programmabureau Utrecht-West, 2015). This
shows a difficult paradox, namely: the peat
meadow landscape perishes because of the
drivers which create the characteristic of this
landscape . Consequently, when changing those
drivers, the characteristics may also change.
The current energy transition towards a lowcarbon society is an important landscape driver
in a time were the Netherlands are obligated
to reduce the CO2eq emissions (Bridge et al.,
2013). The importance of this energy transition
was stressed by international agreements like
the Paris climate agreement in 2015, the climate
case of the Dutch NGO ‘Urgenda’ against the
Dutch government and the recently established
Dutch climate agreement. Nowadays, the energy
transition is an important challenge, whereby
(inter)national agreements should be translated
into regional and local targets (Oudes and
Stremke, 2018).
The CO2eq emission of the peat soils and the
need of fossil fuels has to be reduced in the
peat meadows. This thesis will focus on both
reductions. According to former governmental
advisor Dirk Sijmons (2017), the reduction of
greenhouse gasses should not only be limited
to the transition from fossil energy towards
sustainable energy. Attention should also be
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To compare the different greenhouse gasses with each other, the IPCC developed
metrics. Those metrics are used to quantify the contributions to climate change of
emissions of different greenhouse gasses
(Myhre et al., 2013). In this thesis we will
use the most used metric namely, the Global Warming Potential (GWP). The GWP is
defined “as the time-integrated radiative
forcing due to a pulse emission of a given
component, relative to a pulse emission of
an equal mass of CO2” (Myhre et al., 2013)
p.710. In this thesis we will use the GWP in
relative terms, this means that every greenhouse gas will be normalized to CO2. This is
called CO2 equivalent emissions (CO2-eq). To
calculate those emissions, the emission (E)
of component i will be multiplied with the
adopted normalized metric (Mi) . This will
give the follow equation: Mi × Ei = CO2eq
(Myhre et al., 2013).The calculations in this
thesis are done for the following greenhouse gasses: CO2 (carbon dioxide), CH4
(methane), NO2 (nitrogen dioxide).
Mi for CH4
Mi for NO2
Mi for CO2

= 25				
= 298				
=1

Figure 1.3: Peat meadow area near Mijdrecht.

paid to the protection and/or restoration of
ecosystems and strategic changes in land use.
This thesis is written in line with this thinking.

1.2 Project area
This research focuses on the peat landscape
in the western part of the province of Utrecht
(figure 1.2 and figure 1.3). The project area is part
of the ‘Groene Hart’. This area has a relatively
low population density and is located in the
‘Randstad’, which is an area with a relatively high
population density. The province of Utrecht,
pays attention to tackling the problem of carbon
emission from peatlands and fossil fuels, because
the disadvantages of these systems have become
clearer (Hardeveld et al., 2014; Provincie Utrecht,
2016).
The level of municipalities is the smallest scale
level at which open data on energy use and
emissions of greenhouse gasses is available. The
municipalities of Stichtse Vecht, Woerden and
Ronde Venen are chosen, because all three are
located in the province of Utrecht and contain
a consecutive peat meadow landscape. All
three municipalities have formulated a policy
on the reduction of CO2eq emissions, but not all
municipalities have included the emissions of the
peat meadows. The municipalities of only one
province are included to simplify the collection
of data and to reduce the differences in spatial
policy.

1.3 Problem statement
At this moment, the project area is a net CO2eq
emitting region. The three municipalities emit
more carbon than they sequestrate. (Inter)
national and regional policy as well as civil
initiatives, like Urgenda, want to reduce the
CO2eq emissions of the Netherlands. The
reduction of CO2eq emissions has enormous
spatial implications (Selman, 2014). It is not yet
known what these spatial implications are when
the region becomes a carbon neutral region. A
carbon neutral region, in this thesis, refers to a
region where the CO2eq emissions are net zero.

This thesis focuses on two different categories of
the carbon cycle: anthropogenic and ecosystems.
Ecosystems could sequestrate carbon, for
example in forests (Lal et al., 2013).
The drainage of peat is done for economic
reasons, therefore these emissions are counted
as anthropogenic. According to the provincial
commission on the environment of the province
of Utrecht (PCL), continuing dairy farming in her
current size and intensity is not a sustainable
direction (Provinciale commissie leefomgeving
Utrecht, 2017), because of the continuation of
soil subsidence and the uneven distribution of
costs and benefits. For example farmers profit
from the low water table, while the costs are
distributed over the whole society. The PCL
advices the province of Utrecht to take charge of
the needed developments and to create a long
term vision with active consultation with social
partners, farmers and citizens for a sustainable
future of the peat meadow landscape. They state
that it is not only important for the conservation
of nature, landscape and infrastructure, but
also for reducing CO2eq emissions (Provinciale
commissie leefomgeving Utrecht, 2017).
Currently the province of Utrecht is working on
a transition towards renewable energy. They
are stimulating municipalities and initiators
to start sustainable energy initiatives. The
aim of the policy of the province of Utrecht is
that new developments maintain the qualities
of the landscape, to enhance or to prevent
disproportional changes of landscape qualities.
Changes are not disproportional when the
qualities of the landscape remain recognizable,
and when the technical installation changes the
experience of the landscape. A nice integration
in the landscape requires a logic place in that
cultural landscape, for example by linking
functions that are both visual and functional
(Provincie Utrecht, 2015).
What the spatial implications for the peat meadow landscape are, is not yet clear. This transition
towards a carbon neutral region takes place
in the cultural landscape, in this case the peat
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meadow landscape. The life cycle effects of energy are drivers for our future cultural landscape
(Selman, 2010). Currently, the spatial effects of
this transition are not clear or mapped. Landscape architects could help to envision these sustainable futures by using their toolbox of design
and landscape analysis (de Waal and Stremke,
2014).

1.4 Knowledge gap
This thesis will address the design of carbon
neutral regions. The current regional energy
strategies which are or will be created for regions
in the Netherlands, only focus on energy related
CO2eq emissions (Schuurs and Schwencke, 2017),
but not on peat related CO2eq emissions. Many
scholars study the topic of (sustainable) energy
landscapes. However, little has been written
about the design, planning, and development
of these types of landscapes (Stremke and van
den Dobbelsteen, 2013). There is some research
on the ability of landscape to capture carbon.
However, more research on this topic is needed
(H+N+S landschapsarchitecten et al., 2017).
There are discussions about what the future
of the current peat landscape could be. More
perspectives and knowledge of this landscape
can help to further these discussions. This thesis
will research the effects on the peat meadow
landscape when the three municipalities become
carbon neutral.

1.5 Research and design questions
The problem statement and the knowledge gap
result in a design and research questions. The
results of the research questions will inform the
design.
Main research and design question:
What could be the effect of the (spatial)
opportunities, which are created by transition
to a low-carbon society on the Utrecht peat
meadow landscape?
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Research for design questions:
1.

What is the carbon cycle of the project
area?

2. What is the CO2eq emission of different
types of land use on peat soil?
3. How did the project area develop over
time into a carbon emitting landscape, in
a socioeconomic, political, technological,
natural and cultural way?
4. What are the available local renewable
energy recourses in the project area and
which quantity do they have?

Research through design question:		
What would be a way for this cultural landscape
to become carbon neutral?
An overview of these questions and the
methodologies which will be used to answer
them, can be seen in chapter three.

1.6 Relevance
Because of the treaty of Paris and the Dutch
climate agreement, the carbon emissions
have to be reduced. Therefore, municipalities
create policies for the renewable generation
of energy. However, only emissions which
are related to energy are taken into account
(Schuurs and Schwencke, 2017). In the peat
meadow landscape, there is also a debate on soil
subsidence, where atmospheric carbon could
be the game changer. This thesis should be seen
as an attempt to combine two major spatial
issues, of both soil subsidence and the energy
transition.
Both issues have spatial consequences and are
not only a technical challenge, but also a cultural
and emotional one (Sijmons, 2014; Selman,
2010). Therefore, this thesis has social relevance,
because it can provide another way of thinking
and give a glimpse of a possible future. This
glimpse could contribute towards the current

debate. The scientific relevance of this thesis is
the addition to the body of knowledge on carbon
neutral regions.

1.7 Structure of the report
This report consists of eight chapters. The first
chapter introduced the subject and defined the
problem statement, research objectives and
research question. To better understand the
scientific context, a few important key concept
and theories on carbon neutral regions and
cultural landscapes are described in chapter two.
In chapter three, the methods to collect and
analyze the data which are needed to answer the
research question are described. Chapter four
describes the results which are found in relation
to the first three research questions. The results
of this research are used to create the different
scenarios which are described in chapter five.
Chapter six describes why two scenarios are
combined, describes the concept for the regional
design and gives a more detailed explanation in
both text and visuals on the two site designs. In
chapter seven a conclusion will be given and the
different research questions will be answered.
In the last chapter, the outcomes and limitations
of the research will be discussed and further
recommendations will be given.
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2 Theoretical
framework
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Two concepts are introduced to design a carbon
neutral landscape and to take the current cultural
landscape into account.

2.1 Carbon neutral.
The three municipalities StichtseVecht, Ronde
Venen and Woerden are part of a broader and
complex metabolism, consisting of flows of energy, matter and waste. The decision which flows
or aspects are seen as part of the regional metabolism, and which are not, is arbitrary. However,
when projecting a carbon neutral region, it is
necessary to carve out a space within this broader metabolism, which is difficult but inevitable
(Kenis and Lievens, 2017). Therefore three types
of emissions as described by Van Der Heyden et
al. (2013), are distinguished (figure 2.1):
1) Direct emissions, generated by activities
taking place in the region, such as
building heating, transport, industrial
processes and peat drainage.
2) Indirect emissions, which are generated
elsewhere for the production of energy
consumption in the region.
3) Indirect emission, generated outside the
region by the production of goods and
services consumed by inhabitants of the
region or which result from inhabitants’
activities taking place outside the region,
such as commuting or traveling abroad.
The second and third type of emissions are
generated outside the region. Energy potential
mapping will be done to see what the potential
for the generation of sustainable energy in the
region is. Therefore, the second category of
emissions will be included in this thesis. The third
category will be excluded in this thesis, because
this kind of emission does not take place in the
region. Even though it is a pitfall to carve out
a certain space, it is necessary to realize and
formulate sustainability goals (Kenis and Lievens,
2017). A region that has succeeded in this
sustainability goal is the Province of Siena.

Figure 2.1: Scope of the CO₂ equivalence analysis.

The carbon cycle
The carbon cycle is complex and carbon can be
present in different stocks (figure 2.2). This thesis will not focus on the stocks itself, but on the
flows between these stocks, because these flows
are in balance in a carbon neutral region. This thesis will only focus on a few flows, which are highlighted in figure 2.2. Oil, gas and coal are already
extracted and part of the economy before they
are used in the region. Therefore, the geosphere
is not included. Because oceans are not part of
the region, they are also not included. The atmosphere is a receiving environment with regard to
carbon from the primary reservoirs geocarbon
and biocarbon, but also from emissions from
carbon used in the economy. This relationship is
showed in figure 2.2.
Flows from the economy to the atmosphere
Carbon is present in the economy in different
products like plastic, building materials
(concrete, wood) and fossil fuels. These fossil
fuels are burned and enter the atmosphere. The
flow from carbon in the economy towards the
atmosphere will be discussed in this thesis. To
reduce CO2eq emissions, the energy production
has to be changed on a large scale (Hodbod and
Adger, 2014). Currently, there is a transition to
renewable energy, which is energy derived from
endlessly available sources like solar-, wind- and
hydro-power, or it is derived from sources which
could reproduce themselves, such as biomass
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Oceans

Exchange of CO₂ between
biosphere and oceans (e.g.,
absorption of carbon in water by
phytoplankton)

CO₂ dissolved in
oceans

Atmosphere
Carbon in various
gases (e.g. CO₂)

Fugitivie emissions (e.g.,
from mining, disolving,
limestone) and natural
emissions (e.g., from
volcanic activity)

Photosynthesis

Biosphere
Carbon in soil (organic and
inorganic), plants- animals
and other life forms

Respiration, decomposition
and combustion

Extractions of
carbon (e.g., peat,
timber, food, ﬁbre)

Emissions (e.g. from
combustion of fossil fuel
and biomass)

Geosphere
Carbon in oil, gas,
coal and limestone.

Extractions of carbon
(e.g., oil, gas and coal)

Returns of carbon (e.g.
waste food an timber)

Accumulation in
the economy

Carbon in products, ﬁxes
assets and consumer
durables

Figure 2.2: The flows between the different carbon stocks based on Lof et al., 2017

or algae (Stremke, 2010). With this change
towards the production of renewable energy,
substantial landscape transformation will be
almost inevitable (Selman, 2010). Landscape
change is often disputed when well-known
and appreciated landscapes are influenced by
new technologies and their trade-offs. This will
create a paradox in which arguments about
landscape values and the energy transition are
used against each other, both of them in the
name of sustainability (Selman, 2010). Much of
the literature in the current energy landscape
discourse is critical on the capacity of energy
landscapes to improve or preserve the landscape
qualities at a local scale. However, energy
landscapes can contribute to solving a global
issue by mitigating climate change (Stremke,
2015). Therefore, a re-appraisal of the form,
function and value of some contemporary and
familiar landscapes is necessary in a transition
towards an economy with fewer CO2eq emissions
(Bridge et al., 2013). This mutual relationship
between landscape and energy generation
makes the energy transition a challenge for
spatial planners and designers (De Waal et al.,
2015).
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De Waal et al., (2015) describes four keystrategies that are relevant for energy conscious
landscape planning and design: reductions
in energy demand, increasing the use of a
diverse mix of renewable energy, reduction of
fossil fuel emissions, and consideration of the
energy system components. The first three
are based on the concept of “trias energetica”
which is proposed by Lysen, (1996) (figure 2.3).
Reductions in energy demand is the first strategy
in the energy transition (Lysen, 1996), which
aims at increasing energy efficiency, in other
words, providing the same services with a smaller
amount of energy. Energy could be saved in the
built environment, for example by improving
insulation, and on the larger scale by the spatial
organization of the built environment (De
Waal et al., 2015). The second step in the trias
energetica is increasing the use of renewable
energy sources in meeting energy needs (Lysen,
1996). When moving towards renewable energy
sources, there is a need of a diverse mix of
energy sources and conversion technologies.
This is because a limited availability of renewable
energy sources in space and time. The third step

mapping (EPM(van den Dobbelsteen et al., 2011).

1 2

Increase
Minimise
the demand the use of
renewable
for energy
energy sources

3
If necessary
use fossil fuels as
cleanly and eﬃciently as
possible

Figure 2.3: Trias energetica. Based on Lysen, 1996

The ultimate goal would be that energy
conscious planning and design result in a
sustainable energy landscape. In this paper, the
definition of Stremke and van den Dobbelsteen,
(2013) on a sustainable energy landscape will be
used: “a physical environment that can evolve on
the basis of locally available renewable energy
sources without compromising landscape quality,
biodiversity, food production, and other lifesupporting ecosystem services” (p. 5) (figure
2.4).
Next to emissions from energy, CO2eq
emissions are also released, because of waste
decomposition and wastewater treatment. These
emissions are important to take into account.
However, this thesis will not focus on techniques
to reduce the CO2eq emissions of these two
sectors.
Interaction between the biocarbon stock and the
atmosphere

Figure 2.4: Framework sustainable energy landscapes
(Stremke 2015)

is to use the remaining fossil fuels in the most
environmental-friendly way. Negative effects on
the environment could be reduced, for example,
through Carbon Capture and Storage techniques
(CCS), where carbon is captured and sequestered
in geologic layers (Boucher and Gough, 2012).
The fourth strategy, which is not in the trias
energetica, deals with the configuration of the
energy system: the interconnected whole of
energy sources and sinks and the technologies
which are connected to converting, distributing
and storing energy (De Waal et al., 2015). An
energy transition causes a changing approach
towards energy systems, which will affect both
land use and landscape image. Surveying and
environment mapping can guide the location of
potential energy storage and the distribution of
infrastructure the method of energy potential

Biocarbon includes all carbon in the biosphere,
like carbon in living biomass (plants and
animals) and soil organic matter (Lof et
al., 2017). Both plants and soils are natural
regulators of atmospheric carbon. Plants
sequester atmospheric carbon in the process of
photosynthesis, where it is converted into sugar
and stored in their biomass. Atmospheric carbon
is sequestered in the soil, because it leaves
behind slowly decaying carbohydrate remains
of plants, animals and microbes (Kuittinen et al.,
2016). This atmospheric carbon sequestration
differs between (agricultural) ecosystems.
In natural conditions, peat is a carbon sink. But,
when peatlands are drained, they emit carbon.
The Dutch peatlands were reclaimed, mainly
for agriculture, from the 12th century onwards.
Besides CO2eq emissions are released because of
dairy farming, which is an important economic
activity in the region. Livestock emits methane
due to enteric fermentation of ruminants and
manure management (Marchi et al., 2012).
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2.2 Cultural landscapes
The transition towards a carbon neutral society
will cause changes in the current cultural
landscape (Selman, 2010). The definition of
cultural landscapes, which will be used in this
thesis, is the following: a cultural landscape is
a landscape that is modified or influenced by
human activity (Vroom, 2010; Plieninger and
Bieling, 2012). Cultural landscapes are at the
interface between nature and culture, tangible
and intangible heritage, biological and cultural
diversity (Schaich, Bieling and Plieninger, 2010).
The governmental advisor on the landscape,
Berno Strootman, stated that the peat meadow
landscape will perish by that, which defines its
identity (Mooiwaarts, 2017). This means that
this irrevocable landscape change also causes a
change in ecosystem services and goods, which
will have effect on society.
A cultural landscape is not a historic idea, but
it will always be a modern and dynamic place
(Meeus et al., 1990)topography and climate.
In view of the existing lack of a common
terminology required for a description of-and
the distinction between-European landscapes
the authors set up their own topology. Thirteen
types of European (agricultural. The drivers
that produced our characteristic heritage are
increasingly obsolete. However, contemporary
drivers do not seem to create landscapes which
are characteristically place-bound or intuitively
attractive (Selman, 2010). Energy has always
been a driver of landscape change, for example
the very beginning of exploiting wood fuel or
peat extraction. Some energy landscapes of the
past are today’s recreational landscapes, like the
Vinkeveense plassen (figure 2.5).
Landscapes with low carbon emission are
strongly associated with a careful choice
of construction materials, renovation and
maintenance. Choices which contain low
embodied energy. Embodied energy is all the
energy which is required to produce any goods
or services. One example of where embodied
energy is often unseen, is the amount of

11

energy which has been invested in lowering
water tables, to enable intensive year-round
farming, like in the Dutch peat meadow area.
This embodiment of energy transforms the
expression of cultural landscapes at a continental
scale (Selman, 2010). When, in the future, less
energy is to be embodied in structures such as
coastal defenses, transformation of landscapes
by extensive re-wetting will be likely (Selman,
2010).
The development of cultural landscapes is still
ongoing and also includes phenomena fashioned
by modern technologies. There is an increasing
expectation from society that other goods and
services are also provided by rural space, not just
food production (Pinto-Correia and Kristensen,
2013).How the landscape can anticipate on these
changes, like renewable energy production,
depends on the robustness of the landscape.
Landscapes are resilient, but only up to a certain
point. New functions, like renewable energy
production, could contribute or instead detract
from the preservation of cultural landscapes
(Cultural Heritage Agency of the Netherlands,
2016).

Figure 2.5 A former energy landscape, the Vinkeveense
Plassen (Recreatie Midden Nederland, 2017).

3 Methods
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This chapter will describe the process of the
thesis and the different methods that will be
used to answer the (sub-)research questions. This
thesis will be mainly descriptive, which means
that new knowledge is created by systematically
collecting and recording information that is
already available (Deming and Swaffield, 2011).
Available quantitative data on energy use and
carbon emissions will be used to answer the
research questions. The design will be showing
the result of combining and applying all these
insights in an imagined future state of the
landscape.

landscape. An overview of the different research
questions, the used methods and the expected
results are shown in table 3.1.
In order to answer the main question:
“What could be the effect of the (spatial)
opportunities, which are created by transition to
a low-carbon society on the Utrecht peat meadow
landscape?” multiple methods will be used. This
chapter will describe the process of this thesis
and the different methods that are used.

Sub-research question: “What is the carbon cycle
The border of the project area is the outer border of the project area?”
of the municipalities Ronde Venen, Stichtse Vecht
Quantitative data on carbon emissions will
and Woerden those borders are chosen to make
be used to determine the carbon cycle of the
data collection easier. However, this project
region. The focus will be on the flows between
area does not only consist of the peat meadow
carbon in the economy and atmospheric carbon,
landscape. Therefore, not all the analyses are
and carbon in the atmosphere and biocarbon.
made for the whole project area (figure 3.1).
Only the first and second type of emissions
For each research question it will be made
(Kenis and Lievens, 2017) as described in the
clear whether they will be answered for the
theoretical framework will be used. The data
whole project area or only for the peat meadow
will be gathered from the Klimaatmonitor, ECN,
Table 3.1: Used methods

Research question

Method

What is the carbon cycle of the
project area?

Literature study on the
carbon cycle

A ﬁgure of the carbon cycle of
the project area.

What is the CO₂eq emission of
diﬀerent types of land use on
peat soil?

Use data on the emmission
of diﬀerent vegetation
types.

An overview of the CO₂eq
emmissions of diﬀerent types
of land use.

Expected results

What are the available local
Energy potential mapping
renewable energy resources in the
project area and which quantity
do they have?

Current and future energy
demand (2030), Energy
Potential Map

How did the project area
developed over time in a carbon
emitting landscape in a socioeconomic, political, technological,
natural and cultural way?

Studying the diﬀerent
landscape change drivers.

An overview of the development
of the cultural landscape and the
responsible landscape change
drivers.

What would be a way for this
cultural landscape to become
carbon neutral?

Research through design
and development of
scenarios.

Four scenarios and a design on
the regional and local scale.
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PBL and the SEEA EEA carbon account for the
Netherlands. This data will be gathered for the
whole project area (figure 3.1).
Sub-research question: What is the CO2eq emission
of different types of land use on peat soil?
To determine the greenhouse gas emissions
of different types of land use, Greenhouse Gas
Emission Types (GESTs) are used, whereby
vegetation is a proxy parameter to indicate
greenhouse gas fluxes of peatlands (Couwenberg
et al., 2011). Vegetation is seen as a well-qualified
indicator, because vegetation is a good indicator
of the water tables, which in turn correlate
with greenhouse gas fluxes (Couwenberg et al.,
2011). Vegetation is also controlled by a variety
of site factors which also determine greenhouse
gas emissions from peatlands such as nutrient
availability, soil reaction and (historical) land
use. Vegetation by itself is directly and indirectly
responsible for greenhouse gas emissions,
because of the regulation of CO2 exchange,
the formation of CO2 and CH4 by supplying
organic matter, the reduction of peat moisture
and the provision of possible bypasses for
methane fluxes via aerenchyma, like reed and
cattail. Vegetation also reflects on long-time
water level conditions, therefore providing an
indication of average annual greenhouse gas
fluxes (Couwenberg et al., 2011). A described
disadvantage of GESTs that vegetation reacts
slowly to environmental changes, which means
it may take several years before rewetting is
reflected in the vegetation composition. The
data, which will be collected from literature, will
only be used for the peat meadow landscape and
not for the whole project area (figure 3.1).

Analysis

-Energy demand
-CO₂ eq emissions
-Energy potenial
mapping
-Driving forces
cultural landscape

- Land use change

Scenarios and design

Sub-research question: What are the available local
renewable energy resources in the project area and
which quantity do they have?
To understand the present energy system of
the peat meadow landscape of Utrecht, the
current demand will be calculated. To study
the energy potentials, the method of energy
potential mapping (EPM) is used, which is
described in Broersma, Fremouw and van den
Dobbelsteen (2013). By using EPM, energy

Figure 3.1: Scope of the research
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becomes part of the spatial domain. This is
important because compared to fossil energy,
renewable energy systems have a low energy
density. This causes renewable energy to have
a higher impact on our environment than fossil
energy (Sijmons, 2014). Renewable energy
sources are not proportionately distributed. The
spatial distribution is affected by geographic and
topographic factors like climate, terrain, altitude
and latitude (Wang et al., 2014). EPM is designed
to map these local available energy sources
(van den Dobbelsteen et al., 2011. The required
data will be gathered by studying established
policies of the three municipalities, the province
and the national government. Due to time
constraints, there will be no involvement of
local stakeholders, as seen in a Spatial Transition
Analysis (STA) (Oudes and Stremke, 2018b).
Instead, preferences, aversions and constraints
will be collected from policy documents. This
data will be used “to provide a comprehensive
overview of the characteristics of energy sinks,
sources and infrastructures within an area”
(Broersma et al., 2013, p. 494). The future
energy demand and the energy potential will be
calculated for 2030. This year is chosen, because
most policy like the Dutch climate agreement use
2030 as the year in which the set goals have to
be achieved. The EPM will be used for the whole
study area.

project area. Both the temporal and institutional
scale will differ for each driving force. For
each driver, the most relevant scale will be
determined, by using maps and literature. The
landscape changes will be reconstructed in maps
and the main drivers will be described. This will
help in understanding the development of the
current landscape. The description of the current
driving forces will help to develop the different
scenarios.
Sub- research question: What would be a way
for this cultural landscape to become carbon
neutral?

Sub-research question: How did the project
area develop over time into a carbon emitting
landscape, in a socioeconomic, political,
technological, natural and cultural way?

Research through design from a pragmatic
worldview is suitable for answering the research
question. A pragmatic knowledge claim values
both objective and subjective knowledge
and employs ‘what works’. Research through
designing is a process to generate, test and prove
new knowledge (Lenzholzer and Brown, 2016).
Therefore, the gap that exists between academic
knowledge and the applicability can be reduced
(Lenzholzer et al., 2013). Research through
design is concerned with the applications
and solution of problems within a specific
(spatial) context. It is also a multidisciplinary
approach, because both natural and cultural
aspects are involved. This combination of (post)
positive(natural processes) and constructive
knowledge (socio-cultural processes) helps to
create a ‘fully’ integrated design, a design which
consists of accumulated knowledge (Lenzholzer
et al., 2013).

Cultural landscapes are shaped by both society
and nature. Both are dynamic; change is an
inherent characteristic of cultural landscapes
(Bürgi et al., 2012). It is important to understand
the cultural landscape and the drivers, since both
could support landscape policy (Hersperger et al.,
2010).

The results of the research for design questions
will be used in answering the research through
design question. In the research through design
process, four scenarios will be distinguished,
based on the current carbon cycle, Energy
Potential Mapping, the GESTs and the landscape
change drivers.

Burgi, (2004) identifies five major types of driving
forces: socioeconomic, political, technological,
natural and cultural driving forces. All driving
forces are scale specific, for the spatial, temporal
and institutional scale. The main focus of the
spatial scale will be on the regional scale, the

The transition to a sustainable future is a
process that will require decennia. Therefore,
it is important to deal with uncertainties by
considering external trends and forces (Stremke
2012). This will be done by the development of
four scenarios for 2030. The year 2030 has been
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different scenarios will be evaluated, after which
these evaluations will be the starting point for
the design of a carbon neutral peat meadow
landscape. An overview of the whole research
and design process can be seen in figure 3.2.

chosen, since this matches with the goals for the
Dutch climate agreement.
A scenario is, in essence, an image of a possible
future and a plausible account of a development
path (Salewski, 2012). In this thesis prospective
scenarios are used. The characteristic of this type
of scenario is that they have a neutral desirability
on the mid and long term, whereby there aim is
to research and the scenario should be possible
to occur in the future (Salewski, 2012). The
scenario is used as an analytical tool to see what
the effect is of the different expected land use
changes on the CO2 emission balance. The CO2eq
balance for all four scenarios will be calculated
and visualized in maps and impressions. The

Problem statement

Analayzing carbon
cycle

Carbon cycle of the
project area

Scenario:
Agricultural production
for the world

Potential energy
mapping

Preconditions
renewable energy

Scenario:
Bottum up farming

Literature study on
emmissions from land
use on peat soil

Cultural landscape
drivers approach

Graph of emmissions
from land use on peat
soil

Preconditions carbon
neutral region

Scenario:
Fragmented landscape

Scenario:
Nature park

Research
for
design

Research
through
design

Evaluate scenarios

Design on regional and
local scale

Evaluation, conclusion,
discussion and
recommendations

Figure 3.2: Flow chart of the thesis process
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4 Research for
design
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In chapter four the results of the research for the
design process will be described.

4.1 CO2 equivalence analysis
This chapter will describe the calculated CO2eq flows in the project area between carbon
in the economy and the atmosphere, and the
flows between the biocarbon stock and the
atmosphere.
Flows between the biocarbon stock and the
atmosphere.
Carbon sequestration is the net ammount of
carbon that is annually stored in vegetation and
soils. It is a flow from the atmosphere towards
the biocarbon stock. It can be seen as an addition
to the biocarbon stock by natural expansion.
However, biocarbon stocks can also act as a
net emission source, like in drained peatlands
(Lof et al., 2017). Emissions related to land use
are, unlike industrial emissions, controlled by a
combinantion of climatological, biological and
management factors. These factors also show a
large spatial and temporal variability. Therefore,
knowledge on the emission and sequestration of
carbon by terrestrial surfaces is needed (Hendriks
et al., 2007).
Van den Akker et al., 2008 found a relation
between different factors for the emmissions of
peat soils. They found a relationship between
subsidence, ground water tables and ditch water
levels. Another finding was that peat soils that
have a clay cover, have lower subsidence rates
than peat without a clay cover.
The described relationship for subsidence is:
subsidence (in mm) = 15.5 * ditch water level (in
m below soil surface) + constant.
Without a clay layer this constant is 2.7 and with
a clay layer it is -3.5. Van den Akker et al., 2008
found an average CO2 emission of 2.259 ton CO2
ha-1 yr-1 per mm subsidence. In the SEEA EEA

Carbon account the carbon emissions of peat
soils were calculated by using the ditch level
data of PBL (Lof et al., 2017). The data from the
SEEA EEA Carbon account is used to calculate the
CO2eq emission of the project area (figure 4.1).
The sequestration in vegetation and soil was
calculated for the project area with the data that
was derived from the SEEA EEA carbon account.
The carbon sequestration is based on the
average sequestration of the different ecosystem
types (Lof et al., 2017) (figure 4.2).
Flows between carbon in the economy and the
atmosphere
The CO2 equivalence is analyzed for the following
four sectors, derived from the ‘klimaatmonitor’:
(1) built environment, (2) traffic and transport,
(3) industry, energy, waste and water, (4)
Agriculture, forestry and fishery.
The CO2 emission caused by energy use
is calculated for the different sectors by
‘Rijkswaterstaat’ by multiplying the energy
carriers with the emission factor of the energy
carrier. Examples of energy carriers are: kWh
electricity, m3 gas and liters gasoline. These
emission factors change per year, because
they depend on the fuel mix of the electricity
production, the amount of blended biofuel, and
the calorific value and carbon content of natural
gas. This data, derived from the ‘Klimaatmonitor’,
is used to calculate the emissions of the
project area. Remaining, not energy related
greenhouse gasses of the different sectors are
also included in the calculations. The included
greenhouse gasses for the different sectors are:
hydrofluorocarbons, nitrous oxide, methane and
sulfur hexafluoride. This data is also derived from
the Klimaatmonitor.
Farm-based emissions, also manure, are
considered direct flows from the economy to
the atmosphere (Lof et al., 2017). In the CO2
equivalence analysis N2O is also included. This
greenhouse gas does not play a significant role
in natural peatlands. However, in intensively
managed peatlands, high inputs of chemical
fertilizer and manure lead to increasing N2O
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emissions. CH4 is also emitted in natural
peatlands, but it is also a farm based greenhouse
gas. Cows emit CH4 via manure, burps and farts.
Data derived from Jan Peter Lesscher from the
Wageningen Environmental Research was used
to calculate the CH4 and N2O emissions from
farms in the project area.
Farm-based emissions are variable. Studies
in several European countries showed that
shorting the in-house manure storage could
reduce greenhouse gasses from manure by
0-40% (Sommer et al., 2009). In the same study
greenhouse gas reductions of 49% to, in one case,
82% were found by combining slurry separation
and incineration. This contributed to greenhouse
gas emission reduction because of the
substitution of fossil fuels (Sommer et al., 2009).
Enhancing the productivity has a significant
effect on reduction of the net CH4 emission per
hectare. Other adaptations could be changes in
the fodder and changes of stables and manure
storage (Kroon et al., 2010).

Figure 4.1: Emissions of peatlands in C/ha/ yr. Based on
Lof et al., 2017. In the map is the unit C (carbon) in the
calculations CO₂eq.
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CO2 equivalence balance
Figure 4.5 shows the CO2 equivalence balance of
the project area. The amount of sequestration
of biocarbon is low compared to the emissions
of biocarbon (figure 4.3). The region is a netto
emmitter of CO2, contributing a high percentage
because of energy use. The carbon cycle in
the project area is out of balance (figure 4.5).
Also the demand of energy compared with the
generated renewable energy is in imbalance
(figure 4.4). The emmission of carbon is not in
proportion with the sequestration of carbon.
In the next paragraph, we will elaborate on the
carbon emmision and sequestration of different
land use types in peat landscapes. In chapter five
and six, options to restore the balance between
emmission and sequestration will be discussed.

Figure 4.2: Sequestration in C/ha/ yr. Based on Lof et al.,
2017. In the map is the unit C (carbon) in the calculations
CO₂eq.

420 t CO₂eq

310,412 t CO₂eq

Figure 4.3: The current imbalance between CO2eq
sequestration and emission. Based on Lof et al., 2017
and Lesshen, 2017

420 TJ

17469 TJ

Electricity
Heat
Fuel
Figure 4.4: The current imbalance between renewable
energy produciton and energy demand. Based on the
Klimaatmonitor.
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Nature
19,210

Drained peat
310,412

Agriculture
375,675

Mobile
equipment

Inland
Boating
navigation

Road traﬃc
highways

27,319

7,070

414,532

5,115
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4.5: CO₂
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Road traﬃc
highways

414,532

Carbon emissions in the economy
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Rail
Road traﬃc
traﬃc exclusive
highways
1,443 174,278

Biocarbon emissions
310,412 ton CO₂
equivalence

Commercial Consumers Dwellings
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Biomass sequestration
17,922 ton CO₂
equivalence

Energy,
Industry Construction
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industry
and water
23,987
53,624
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4.2 Greenhouse Gas Emission Site
Types

table will rise. Therefore, the land will be (more)
unsuitable for agriculture, even though there
will be chances for nature- development. The
agricultural related emissions will disappear, but
there is a possibility that they will reappear on
a different location when agricultural activities
are moved to a different location (Kroon et al.,
2010). Empirical research in the Horstermeer and
Ilperveld, both in the province of North-Holland,
showed that the rewetting of former agricultural
land decreased the emissions of CO2eq
emission and could even sequester CO2eq. The
accumulation rate of peat depends on climatic,
hydrologic, and hydrochemical conditions.
In general, peat accumulation declines from
nutrient poor to nutrient rich, from equatorial
to polar, and from oceanic to continental
conditions (Kaat and Joosten, 2009).

The current greenhouse gas fluxes of peatlands
were described in the last chapter. To develop
scenarios for future land use, data is needed on
the greenhouse gas fluxes of different land uses.
The most important effect of rewetting drained
peatlands, according to Kaat and Joosten (2009),
is not the reactivation of carbon sequestration,
but the avoidance of carbon emissions from peat
oxidation. Both the avoidance as well as the
increase in sequestration will help to create a
carbon cycle that is more balanced.
Greenhouse gas emissions from peatlands will
decrease when the management intensity of
dairy farming will lessen and the ground water
80
70

t CO₂-eq ha-1 yr-1
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Figure 4.6: CO₂eq emmision of peat with different types of land use. Based on: van den Born et al. (2002), Franken en van
den Born (2006), Hendriks et al. (2007), Kaat and Joosten (2008), Verhagen et al. (2009), Kroon et al. (2010), Couwenberg
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A literature study has been done to find and
compare the different CO2eq data of different
greenhouse gas emission site types (GESTs)
(figure 4.6). The different data has been
converted to the same units. When different
numbers of the same vegetation type were
found, a range was shown. The GESTs in this
figure are used to calculate the CO2eq balance of
the four different scenarios. In this chapter, I will
shortly describe the different numbers, to clarify
the differences between the CO2eq balances of
the different vegetation types.

methane will be formed from large amounts of
available labile carbon (Couwenberg et al., 2011).
This means that temporally flooding peatlands
to prevent water nuisance in cities could work
as an adaptation measure to climate change,
even though it will enhance the emission of
greenhouse gasses.
The land use types with high CO2eq emissions
that come after drowned land are related to
dairy farming. The farm-based emissions, like
the CH4 emission from cows and the emission of
CH4 from storage of the manure are not taken
into account. There is a difference between
grasslands with or without a thin layer of clay.
The clay layers are about 25-30 cm thick, and
it reduces the average subsidence with 4 mm
per year and the annual CO2eq emission around
9 t CO2 per hectare (Verhagen et al., 2009).

Figure 4.6 shows the CO2eq emissions from
high to low. Drowned crops and grassland
have the highest CO2eq emission. This means
that temperate flood water storage may cause
big changes in the greenhouse gas balance
(Schrier-Uijl et al., 2014). When fields are flooded,
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Therefore, these peatlands are more suitable for
dairy farming then the peatlands without a clay
cover. When submerged drainage is applied with
a water table of 30 cm below the surface, the
emissions from grassland are the lowest. One of
the measurements to reduce soil subsidence and
CO2 emissions of agricultural peatland while still
keeping intensive farming possible, is submerged
drainage. Hendriks et al. (2008) calculated the
emission reduction of submerged drainage.
When it is applied to a water level of 60 cm
below the surface level, there is a small increase
of the CO2eq emissions because they increase
the drainage of the soil, when they are located
on this depth. When submerged drainage is
used at a water level of 30 cm below the surface
level, it could reduce the emissions with 32%. This
reduction is realized through the infiltration of
ditch water during the summer, when the largest
part of peat degradation takes place. There are
on this moments no empirical measurements
known on the greenhouse gas fluxes of peat
lands with submerged drainage. The model data
which is calculated by Hendriks et al., (2008)
probably shows a smaller reduction than it will
be in the field (Riet et al., 2014). Submerged
drainage reduces the emission, however, there is
still soil subsidence (Riet et al., 2014).
The methane emissions which are measured in
intensive and extensive managed grasslands
primarily originate from ditches. Emissions
from ditches seem directly related to land
management.
Crops that function on wet conditions can be
grown in the peat meadow landscape. One of
these crops are cranberries. The cultivation of
cranberries can create a significant decrease
in CO2eq emissions. The fields will only be
inundated in the winter, but have to be drained
during the growing season,. Currently, the
Netherlands are importing the most of its
cranberries from Canada, the USA and Chili
(Verhagen et al., 2009). Dutch cranberries are a
niche market, but research could be done as to
whether it will be profitable on a larger scale.
The next land use in figure 4.6 is a marsh
dominated with sedge. This is a marsh plant,
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which naturally grows on Dutch peatlands.
The plant still has a relatively high emission in
comparison to other wetland species, because
it is an arenchymous type of plant. This type of
plant works as a chimney for CH4 therefore the
CH4 emission of this type of plant is relatively
high (Wahlen, 2005) (figure 4.7). This means
that vegetation will be a better proxy for
methane fluxes than the water table when
there are arenchymous plants in the vegetation
(Couwenberg et al., 2011). Other plants which are
arenchymous are reeds and cattail. Management
of these plants, like the moment of mowing,
could influence CO2eq emissions. Sedge and
reed fens could also sequester CO2eq as is found
by (Hendriks, 2007) in the Horstermeer. The
Horstermeer is a former intensively managed
polder, where no management had taken place.
Currently, it is a nature development area with
reed and sedges as the dominant vegetation. In
this polder, empirical research was done on the
greenhouse gas balance.
(Very) moist cultivated wetlands have
relatively low CO2eq emissions in comparison
to intensively managed grasslands (figure 4.6).
The disadvantage of this type of land use for
farmers is a poorer carry capacity for cows and
agricultural machinery. Next to this, the yield
of the grass is lower. The advantage of these
grasslands is that, in general, they have a higher
biodiversity.
O2

CH4

CH4

Soil
Water table

Methane oxidation

Methanogenesis

Figure 4.7: Principle of arenchymous vegetation. Based
on Wahlen, 2005.

Bog heath is oligotrophic and can be found
at fens and peat meadows. It is a very rare
vegetation type nowadays. Areas where this
vegetation type can be found are: Botshol, the
Vechtplassen and the Nieuwkoopse plassen
(Bij12, n.d.). Bog heath consists mainly of
sphagnum and heather, and the vegetation stays
low. Bog heath was one of the stages of open
water that is slowly turning into a swamp forest.
To make sure bog heath remains intact, mowing
is needed to slow down or to stop the process of
the bog heath turning into a forest. In moist bog,
there is an absence of sphagnum in contrast to
very moist bog heaths (Couwenberg et al., 2011).

Nowadays, peat is excavated as a substrate
for use in horticulture. A new strategy is to
cultivate sphagnum mosses on rewetted peat
bogs as an alternative (Günther et al., 2017). An
experiment on this so called ‘sphagnum farming’
started in the Ilperveld near Amsterdam. In this
experiment, the CO2eq emissions fluctuated
around zero, but they expect it will be a net
sequester in the future (Riet et al., 2017). The
emission of very wet sphagnum hallows is
conservative. This number is based on the CH4
emission, and the potential CO2 sequestration is
not taken into account (Couwenberg et al., 2011).
The emission of water, which is shown in figure
4.6, is only based on the CO2 emissions, because
the total GWP of water in peatlands is unknown
(Schrier-Uijl et al., 2014). What is known,
however, is that the current summer CH4
emissions in lakes appear to be less significant
than the emissions from drainage ditches
within managed and restored ecosystems of
peatlands (Schrier-Uijl et al., 2011). CH4 and
CO2 emissions of ditches lessen when the water
becomes poorer in nutrients (Kroon et al., 2010).
The supply of organic matter and nutrients
strongly depends on the amount of manure that
is used in the direct environment. According
to Kroon et al., (2010) it is plausible that when
the amount of manure on the land lessens, the
CH4 emissions of ditches will also lessen. The
greenhouse gas balances are based on the

current amount of water in the research polders.
Changing these amounts of water may cause
large changes in the GHG balance (Schrier-Uijl et
al., 2014).
The CO2eq balance of swamp forests is negative,
which means it sequesters more CO2eq than it
emits (Franken and van den Born, 2006; Kaat
and Joosten, 2009). This is also true for willow
forests, but when willow forests are used as
biomass instead of fossil fuels, 5,9 t CO2eq ha-2
yr is avoided (Franken and van den Born, 2006).
Willow forests could also be placed on wet
grounds, but some trees only grow on peat
when the soil is drained. The research on the
fluxes of greenhouse gasses from these drained
treed sites are inconclusive on the net effect.
On the one hand, drainage of the soil leads to
CO2 emission, on the other hand, though, more
carbon is sequestered than would be the case
with original peat vegetation (Couwenberg et al.,
2011).
Figure 4.6 shows that most GESTs contributes
to climate change instead of mitigating against
climate change. The second observation is that
new business cases, like cranberries or cattails
also emit more CO2eq than they sequestrate.
Only sphagnum, wet reed and sedge fens,
willows and swamp forests sequestrate
more CO2eq than they emit, under the right
circumstances. However, a change from intensive
dairy farming to extensive dairy farming, or
paludiculture will already be a step in the right
direction.
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4.3 Energy potential mapping
To study the energy potentials, the method of
potential energy mapping which is described by
Broersma et al. (2013) is used. First, the current
and the expected energy demand in 2030 will be
described.

Table 4.1: Used renewable energy technologies

Renewable energy
source

Renewable energy
technology

Solar energy

Photo-Voltaic (PV) panels
Solar thermal collector

Wind energy

Wind turbine

Heat-cold storage

Open - system
(pumping stations)

Build environment

Residual heat

Energy demand
Energy sinks are the places where energy is consumed, the energy demand describes the amount
of energy that is needed. By determining the current energy demand, data from the Klimaatmonitor is used. A distinction in energy use is made for
different sectors (figure 4.8) and different energy
types (figure 4.9). These numbers show the energy consumption in the three municipalities of
TJ in 2015. Because of intended and determined
policy, economic growth and societal changes,
the energy consumption will have been changed
in 2030. This autonomic scenario, which is based
on the ‘Nationale energie verkenning 2017 van
het PBL’, is shown in figure 4.9. The PBL based
this study on a reference scenario which includes
external factors such as economy, demography,
fuel and CO2 prices. It also assumes certain technological developments and takes assumptions
of human behavior into account (PBL, 2017). Another scenario which is not autonomous is when
all passenger cars will run on electricity. Due to
current techniques, heavier transport on roads,
like trucks, still depends on fuel from oil products
(figure 4.9).
Energy sources
Energy sources are the components which
produce energy. In this thesis, we will focus on
(wind, water, sun, underground heat, biomass
and the built environment). For each of these six
energy sources, renewable energy technologies
are selected (table 4.1).
There is a difference between the theoretical
energy potential and the annually defined energy potential. The theoretical energy potential is
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Biomass

Deep geothermal
energy

Combustion ( woody
biomass) Fermentation
(manure, biodegradable
waste, residual ﬂows
derived from arable
farming)
Pump

only limited by the laws of physics. The annually
defined energy potential also takes the different
restrictions caused by conversion techniques and
social, political and economic features into account (Broersma et al., 2013). Oudes and Stremke
(2018) distinguish four types of restrictions that
would affect the introduction of renewable energy technologies:
– Physical restrictions that prevent the implementation of a specific technology.
– Exogenous policy restrictions. Restrictions
that are dictated from outside the region. The
legislation is formalized and therefore difficult to
change for regional stakeholders.
– Endogenous policy restrictions that are formalized in regional or local legislation. This makes it
possible for the responsible legal bodies within
the study area to change these restrictions.
– Normative restrictions which are not (yet) formalized in legislation. However, they do reflect
the sentiment or attitude of regional stakeholders towards certain renewable energy technologies or renewable energy technology locations.

For each source, the technical limitation of the
conversion technology is based on present- day
energy techniques. Now, the energy potential
of the four different energy sources will be discussed.
Wind power
In general, wind power is considered a mature
and cost-effective means of achieving renewable
energy targets. However, scarcity of appropriate
installation sites, visual and noise constraints
often limit its development. The visual impact is
considered one of the most important negative
features of wind parks (Kaldellis et al., 2013). Ac-

cording to (Pasqualetti et al., 2002 a, p.3) in Warren et al., (2005) this opposition originates from
concerns about the transformation of natural
landscapes into ‘landscapes of power’. According
to Warren et al. (2005), the site selection and
scale of the wind park is crucial, and cumulative
impacts must be considered. To generate possible locations for wind turbines, a restriction map
is made for a generic type of wind turbine of
3MW (figure 4.10). The restrictions are concerned
with external safety, sound nuisance, the flickering of shadows and the interference in nature
conservation areas. The restrictions and types of
restrictions are shown in table 4.2.

Built environment 2015
Built environment 2030
Industry* 2015
Industry* 2030
Agriculture* 2015
Agriculture* 2030
Transport 2015
Transport 2030
Transport (electric) *
2030

0
TJ/yr

2000

Electricity

4000

6000

Heat

8000

10.000

12.000

14.000

16.000

18.000

10.000

12.000

14.000

16.000

18.000

Fuel

TJ/yr

Figure 4.8: Energy demand by sector. Based on klimaatmonitor.
2015
2030 transport
2030 electric
transport

0
2000
TJ/yr
Electricity

4000

Heat

6000

8000

Fuel

Figure 4.9: Energy demand by energy type. Based on klimaatmonitor.
* Indusrty: includes the energy sector, mineral mining,
extraction and distribution of water, waste- and waste
water management and the construction industry.
* Agriculture: includes forestry and fishing

* Transport (electric)* all passenger cars run on
electriciy. This is not yet possible for large vehicles such
as trucks. Therefore they still run on petroleum based
products.
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Solar energy

6,5

Solar energy has several environmental advantages such as reducing CO2 emissions and reclaiming degraded land (Tsoutsos, Frantzeskaki
and Gekas, 2005), for example, the current peat
meadow lands. Important issues for citizens to
take into account are the impact of land use and
visual intrusion. Aspects like impact on fauna and
flora are minor compared to other anthropogenic activities (Kaldellis et al., 2013). The different
techniques that are taken into account to harvest
solar-energy are shown in table 4.3. Because of
technical developments, an expected increase in
7,0

7,5
8,0

8,0

8,0

7,5

7,0

1

2

3km

Legend
Estimated amount of windturbines: 542
Estimated energy production: 17.138 TJ/year

7,5

Wind speed
Possible to built windturbines

Figure 4.10: The potential of wind energy. Based on: RVO
(2014), RVO (2016) and Franssen, Heershe & Nagtegaal
(2007).
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Table 4.2: Restrictions for wind energy. Based on:
Franssen et al., (2007), RVO (2014) and RVO (2016).

Object

Mandatory Type of
distance in restriction
meters

Waterways
(external saftey)

50

Exogenous

67.5

Exogenous

Noise zone outside the built-up 300
area (buiten de bebouwde kom)

Normative*

Railway (external
saftey)

Meadow bird core area

500

Normative

Designated quiet area
(stiltegebied)

1000

Normative

Limited vulnerable objects

60

Exogenous

Vulnerable objects

198

Exogenous

National roads

60

Exogenous

Residential areas

400/500

Normative*

198

Exogenous

High voltage line
7,0

N

the efficiency of the different solar technologies
has taken place (table 4.3). In the province of
Utrecht, there is a preference to first install PV
panels on roofs before building solar parks in the

*Residential houses are vulnerable objects,
however often a longer distance is used

environment (Roncken, 2017). Roofs of residential, public, commercial and industrial buildings
are (partly) suitable for both PV panels and solar
thermal collectors, thanks to physical restrictions.
The roofs of buildings with heritage states and
protected village- and cityscapes are less suitable,
because of physical, endogenous and normative
restrictions (table 4.3). For example, PV panels or
solar thermal collectors on monuments should be
invisible for the public on the ground and should
be dismountable without causing damage to
historical roof surface (Rijksdienst voor het Cultureel Erfgoed, 2014). In general, PV parks could be
installed on (degraded) agricultural land. To maintain and enhance the spatial quality of the prov-

Table 4.3: Restrictions for solar energy on roofs. Based on: TOP10 and Oudes & Stremke, 2018.
Yield in TJ/yr
(2030)

Roof
surface in
hectares

Percentage of Type of
suitable roof restrictions
surface

Buildings 85%¹,²

707

30%

Physical³

1146

1680

Utility buildings 85%¹,²

168

60%

Physical³

543

796

Monumental buildings

26

Physical* and
normaive

21

31

Monumental utility
buildings

3

15%

Physical* and
normaive

5

8

Total

904

30%

1715

2516

1 other 15% will be used for
solar thermal collectors

2. Excluding greenhouses
and utility buildings

Yield in TJ/yr
(2014)

3. An assumption on the
physical restrictions

TJ/ha/yr
Eﬃciency 2014

5,4

Eﬃciency 2030

8

*All buildings excluding greenhouses and utility
buildings

Legend
Buildings, 30 % of the roof surface is
suitable for PV
Utility buildings, 60% of the roof
surface is suitable for PV
Monumental buildings, 15%
(residental buildings) and 30%
(utility buildings) of the roof
surfaces are suitable for PV
10% of the agricultural peatlands
could be used for PV ﬁelds

N

1

2

3km

0

4000

8000

12000

TJ/yr
Figure 4.11: Energy potential of solar energy. Based on TOP10 data.
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ince, the independent advisor of the living environment of the Province of Utrecht recommends
introducing a “Drie – plussen beleid” to guide the
installation of PV-parks (Roncken, 2017). In the
EPM it is assumed that 10% of the peat meadow
landscapes could be used to generate electricity
with PV-panels (figure 4.11).
Heat
!

Three different sources of heat are researched
and mapped, namely geothermal energy, heatcold storage (pumping station) and residual heat
from the built environment (figure 4.12). Because
of a lack of knowledge on the three heat sources,
the three different potential restrictions are not
taken into account. Geothermal energy is an alternative for gas to heat spaces and hot domestic
water. The surface above ground that is needed
for this technology is small. The disadvantages
are high initial costs and uncertainties about the
reservoir capacity. The high initial costs are only
feasible when most buildings in the neighborhood are connected to the geothermal source
(Francisco Pinto and Carrilho da Graça, 2018). The
economic feasibility for geothermal energy is calculated for the province of Utrecht for small- and
big scale users of heat.
For the working area of the water board Stichtse
Rijnlanden, the different types of pumping stations and whether they are suitable for heat-cold
storage have been mapped. The working area
of the Stichtse Rijnlanden does not include the
whole project area. Therefore, the actual potential of this technique will be higher. In the pumping stations, a heat exchanger will be installed.
This relatively small investment will create a high
warming and cooling potential (Scholten and van
der Meer, 2016).
Currently, there are buildings which produce residual heat like, hospitals and sewage treatment
plants. This residual heat could be used to heat
houses or greenhouses. Current policy steers towards a reduction of the production of residual
heat and, when this is not possible, towards reusing the residual heat (Oudes and Stremke, 2018).
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Legend
15 % of the suitable roof surface is
placed with solar thermal collectors
Economically feasible geothermal
energy: small consumers
Economically feasible geothermal
energy: large consumers
!

Sources with residual heat
Technical potential of buckings
(gemalen)

0
TJ/yr

1000

2000

3000

Figure 4.12: Energy potential of warmth. Based on:
Greenvis 2016a, Greenvis 2016b, Greenvis 2016c, IF
Technology 2017 and TOP10 data.

Biomass
Biomass is organic material that can be used
to produce heat by combustion or biogas by
digestion. With this process, CO2 is emitted
into the atmosphere. However, CO2 is also
sequestered by the production of biomass.
CO2 is also emitted by transportation and the
processing of land with machines when these
machines run on fossil fuels. Consequently,
the machinery to grow biomass should also
run on renewable energy. Another critical
point of biomass is that energy crops could
compete with food production, for example,
when land that was used for food production
is transformed into land that will be used for
energy crops (Matejicek, 2017). For the EPM,
only current biomass products are taken into
account, meaning that potential future land
use changes are not taken into account. The
different sources that have been mapped are
total potential woody biomass, potential biogas
from biodegradable waste, potential biogas from
residual flows from arable farming and potential
biogas from liquid manure (figure 4.13). Biogas
is formed by anaerobic digestion. The different
biomass types are digested in a digester.
When only manure or only residual flows from
arable farming are digested, it is called a monodigester. When the two flows are digested
together, the installation is called a co-digester.
The end product, biogas, could be converted
into electricity and heat by cogeneration.
There are restrictions for the construction of
these digestion installations, but no research
has been done for potential locations of these
installations.
Total energy potential
The total potential energy generation is shown in
figure 4.14. The demand for the scenario where
all cars that are meant for passenger transport
are electric, is shown. The electricity production
is much higher than the electricity demand in
2030. This will happen, because of electricity
produced by wind turbines and PV panels on
former agricultural land. The energy potential of
heat is a bit bigger than the energy demand for
heat. However, electricity could be turned into

N
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2

3km

Legend
Biogas from biodegradable waste*
Woody biomass
Biogas from arable farming
Biogas from liquid manure, grassland*
Heat
Electricity
0
TJ/yr

4000

8000

*All buildings excluding greenhouses and utility
buildings
Figure 4.13: Energy potential of biomass. Based on:
Rijksdienst voor Ondernemend Nederland (2018a)
Rijksdienst voor Ondernemend Nederland (2018b)
Rijksdienst voor Ondernemend Nederland (2018c)
Rijksdienst voor Ondernemend Nederland (2018d)
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heat and the percentage of PV panels on roofs
could decrease, which can lead to an increase
in the amount of solar thermal collectors. It
will remain necessary to import fuel for the
transportation sector. However, the region has
the potential to produce more renewable energy
than is needed within the region itself. The region
is located between two major cities: Amsterdam
and Utrecht, meaning that energy sinks are close
by.

Fuel
Electricity *
Heat
0
TJ/yr

10.000

20.000

30.000

40.000

Biomass
Solar
Wind
Demand
Geothermal energy,
residual heat and heat
derived from pumping
Figure 4.14: Energy demand and potential supply. The demand is based on data derived from the Klimaatmonitor.
stations.

TJ/yr
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4.4 The driving forces of landscape
change
The development of the current peat
meadow landscape will be described based
on socioeconomic, political, technological,
natural and cultural landscape change drivers.
This chapter will give a short overview of the
development of the landscape in five time
periods: before 1000 AD, 1000-1600 AD, 16001800 AD, 1800-1900 AD and 1900-2018 AD
Before 1000 AD
The Dutch coastal plain developed itself during
the Holocene with a relative sea level rise, fluvial
and marine sedimentation and peat growth
(Vos et al., 2011). When the relative sea level
rise slowed down during the late Holocene,
ombrotrophic peat bogs (hoogveen) dominated
by sphagnum and surrounded by minerotrophic
fens (laagveen) composed of carex, reeds and
alnus started to develop (Erkens et al., 2016). The
project area largely consisted of marsh forests
(figure 4.16; Pons, 1992). When the water level
of the rivers was high, the peat cushions could
flood. When this happened regularly, clay was
deposited on top of the peat (Borger, 1992). This
resulted in a landscape of bogs, fens and river
flooded plains (figure 4.16). Far into the dark
ages, the peatlands were inaccessible and rather
uninhabited. Therefore, the main landscape
change drivers of this era were natural.

It also needed to happen fast, because  the
excavation of the peatlands could stop the
expansion drift of the count of Holland. It indeed
happened fast, because the land was cultivated
with an average of 2000 hectare per year. In the
early 14th century the job was done (Blijdenstijn,
2015)
The cultivation of the peatlands started on the
higher grounds, the levees. The peat cultivations
could be divided into five different sub areas:
the (1) Ronde Venen cultivation, (2) the Vecht
cultivation, (3) the Zegveld-Kamerik cultivation
(4) the Angstel/ Vecht cultivation in westward
direction, (5) the Vechtplassen cultivation and (6)
the Oude Rijn cultivation in northward direction
(figure 4.15).
1. De Ronde Venen: From the peat rivers and
the quay in the south of the peat cushion, the
peat cushion was cultivated radially. About halfway through, they started to construct radially
shaped reclamation quays. This did not happen
simultaneously, which can be seen in the fact
that the excavation axes are staggered.  

1

1000 – 1600 AD
The Netherlands saw a strong increase in
population and a transition towards a more
urbanized society during the High Middle Ages.
In order to feed the growing population and to
increase the revenues of the rulers, the coastal
peatlands were drained (Erkens et al., 2016;
figure 4.17). In 1058 Koenraad, the Bishop of
Utrecht, donated the peatlands north of the
Oude Rijn and west of the Vecht to the chapters
(kapittels) of Sint Jan, Sint Marie and Sint Pieter.
The bishop wanted the exploitation to take place
quickly, at other people’s expense (Blijdenstijn,
2015). He decided that only the chapter of St. Jan
had jurisdiction, when the area was inhabited.

2

4

5
6

3
6

Figure 4.15: The different peat cultivation complexes
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Figure 4.16: The project area around 1000 AD. Based on Jonker 2001, Vos et al. 2011, Blijdenstijn 2014,
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2. The Vecht: The reclamation of the land around
the river Vecht was entirely directed from the
city of Utrecht. The oldest reclamations took
place on and from the levees in irregular block
land parcels. Later on, the wetter basins were
reclaimed in an irregular strip parcellation.

5. Vechtplassen: It took almost five hundred
years before the bogs between the river Vecht
and the higher sand grounds were excavated.
The reclamations did not have a fixed depth
gauge. When they reached the sand grounds,
some parcels had a length of seven to twelve
kilometers. During the excavation, the villages
moved to the direction of the ‘Gooi’.
6. Oude Rijn: From the Oude Rijn, the land was
cultivated in one or two phases perpendicular on
the levee. At first, this happened with free depth
gauge. Later on, polders were also subject to a
cope-reclamation. Southwards from the Oude
Rijn were block allotments with different plot
directions, but with a fixed depth gauge around
1250 meters.
After the reclamation, the land was used as
arable land (grain crops) and hay land. Around
the fifteenth century, the production of grain
was not possible anymore due to oxidization
and subsidence (‘inklinking’) (Blijdenstijn,
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4. Angestel / Vecht complex: This peat cultivation
type is called ‘cope reclamation’. The term ‘cope’
is used for regular peat excavations and has been
established under the control of the local ruler.
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in a contract (cope)(Borger, 2010). To attract
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3. Kamerik and Zegveld: The reclamations of
Kamerik and Zegveld for the most part have
their orientation on the Oude Meije. The reclamation in this area, but also in the ronde Venen,
was done with a free depth gauge. Before the
land consolidation of 1958, the Lagebroek near
Zegveld was a polder that had to be reached by
boat.
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Figure 4.18: The relation between soil subsidence and
drainage mechanisms. Based on Erkens (2017).

2015). Another
reason for the decline of grain
Based on: gilles erkens
production might have been be the falling prices
of agricultural products, because of the import
from cheap grains from the Baltic and France
(Borger, 1992; De Bont, 2008). At the same time,
drainage improved (figure 4.18) and enabled
farmers to cultivate the land with more certainty.
The area switched to intensive livestock
production, with the corresponding butter and
cheese industry. From the fourteenth century
onwards, pumps operated by man- or horsepower were used in the Netherlands. In the
middle of the fifteenth century, the windmill was
a common component in the polder drainage
system (Borger, 1992).
Traditionally, woods were the main source
of energy. However, in the peat areas, local
peat excavation took place for local household
purposes. The peat was dug from drainage
ditches, which also caused a widening of the
drainage ditches (Haartsen, 2010; Blijdenstijn,
2015). Because of urban growth in the fifteenth
century, the demand for fuel was growing and
private cutting increased (Borger, 1992). The city
brought waste and earth containing manure back
to the countryside to raise and fertilize the peat
meadows.
Since the start of the big reclamations in the 12th
century, the care for the water (defense) system

was governed by the local or regional operating
water boards. The water boards are the oldest
governmental bodies of the Netherlands. In 1850,
the Netherlands counted 3.500 water boards.
Nowadays, there are only 24 left (Blijdenstijn,
2015). One major intervention concerning water
management is the construction of the

Bijleveld. Silting of the Hollandsche IJsel, caused
a search for new drainage options. Therefore,
the Bijleveld, a 23 kilometers long canal that
transported the water to the Amstel, was dug.
It developed into a much-used boating route towards Amsterdam.
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Figure 4.19: The project area around 1800 AD. Based on Jonker 2001, Vos et al. 2011, Blijdenstijn 2014,
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1600-1800 AD
The demand for fuel increased for households
and industry. Deeper cuttings for peat
excavation were made, and as a result the
land was filled up with water and became
useless for agriculture. The digging of peat
was replaced by the dredging of peat. At first,
the rural economy benefitted from the large

scale fuel production. However, wave erosion
and illegal excavation ditches turned the land
into broad lakes (plassen) (Borger, 1992; figure
4.19). When the peat excavators moved out, the
fuel resources were exhausted and depopulation
and poverty followed. Regulations to stop
the creation of lakes did not work. The losses
of land ended by draining the lakes, like the
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Figure 4.20: The project area around 1900 AD. Based on Jonker 2001, Vos et al. 2011, Blijdenstijn 2014,
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Rondeveense polder in 1674 (Blijdenstijn, 2015).
The regulation that actually was effective for the
expansion of the lakes, was the law that followed
in 1790. Permission for a peat excavation was
only given when the excavated land would be
diked and made dry (drooggemalen).

In this period, inundating the land was also a
strategy to stop the enemy. This was the idea
behind the “Oude Hollandse Waterlinie”, which
was built as a defense line for Holland. The
construction started in 1672. After the French
left in 1673, the Staten van Holland decided to
strengthen the defense line.
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Figure 4.21: The project area at 2018 AD. Based on Jonker 2001, Vos et al. 2011, Blijdenstijn 2014,
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1800 – 1900 AD
The Ronde Venen were pumped dry in three
phases: “De Eerste (1845), de Tweede (1856) en
De Derde Bedijking (1864)(Figure 4.20). Within
the heavy ring dikes, directly behind the ribbon
village of Mijdrecht, a grid parcel of 1000 by
1000 meters with plots of 50/100 by 500 meters
was set out. The polder of Groot Mijdrecht was
pumped dry in 1879, the allotment scheme was
based on topographic coordinates. The polders
(‘droogmakerijen’) of the Ronde Venen had failed
as arable land, because they had bad soil quality,
oxidation, subsidence and salt seepage. During
the agricultural crisis of 1880, many farmers left
the polders of the Ronde Venen.
For centuries, water was the main transport
route of the peatlands. Water connected the
different cities (‘trekvaarten’) to each other and
functioned as transport routes for goods like
peat. All that changed with the arrival of the
railway in 1843-1845, and around 1900 with the
arrival of the car. The Amsterdam-Rijnkanaal was
constructed, because the railway did not meet
the requirements for the transport to the Ruhr
area and the Vecht had too many obstacles.
The construction of the “Nieuwe Hollandse
“ defense line started in 1815. It consisted of
defense works and inundation fields. The defense
line was abolished in 1951. In 1874 it was decided
that a defense line around Amsterdam should
be established, because Amsterdam, as the
economic center of the Netherlands, should stay
protected till the very last moment. When the
defense line was almost finished, it was already
outdated again, because of the fast development
of war gear. In 1996, the ‘Stelling of Amsterdam’
became Unesco World Heritage.
1900-2018 AD
New infrastructural works like the AmsterdamRijn canal and the A2 created sharp distinctions
in the landscape (Figure 4.21). The car gained
importance and became an important sink of
energy. The roads and connections between
houses and villages were improved, for example
in Zegveld during a land consolidation project.
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The project also improved the suitability of
plots for agricultural land use, for example,
by merging different plots. At first, some
farms were only reachable by boat, but after
the land consolidation, they were connected
to each other by roads. This was part of the
intensification of Dutch agriculture (Van den
Bergh, 2004). This agricultural intensification
changed the Netherlands into one of the greatest
export countries of agricultural products. The
land became more suitable for agricultural
production, because of the lowering of the water
table and the use of fertilizers and pesticides.
But the agricultural intensification also had
some negative side effects, that were recently
described as ‘landscape pain’ (‘landschapspijn’),
a feeling that the landscape has negatively
changed. Reasons could be a loss of landscape
quality by focusing on intensive agricultural
production, monotonous business parks and
industrial buildings on farmyards, but also a
loss of biodiversity, insects and (meadow) birds
(Piersma, 2016).
The size of dairy farms in Utrecht is on average
smaller than in the Netherlands as a whole. In
Utrecht, the average farm has 75 cows and the
average farm in the Netherlands as a whole
has 85 cows. There is a current decrease in the
amount of farms, from 2835 farms in 2006 to
2500 farms in 2015. However, the average size
of a farm increased from 23 to 26 hectares.
In the province of Utrecht, 45 percent of the
agricultural businesses are engaged in secondary
activities such as agricultural nature management
and rural tourism. It has been estimated that
less than 1% of the total consumed food has
an explicit regional or local origin. The current
agricultural production in the region is based
on agricultural production for the world. The
province of Utrecht wants to strengthen the
connection between the city and the countryside
and strengthen the recreational possibilities.
However, the current dominant development
direction of the Dutch agriculture sectors still
seamlessly fits together with the post-war values
of providing sufficient affordable food and
produce food for export. For the vast majority of
Dutch farmers, reducing the cost price through

further intensification and scaling up is still the
most important development strategy (Vink and
Boezeman, 2018).
To keep agricultural practice possible and to
diminish soil subsidence, pilots with submerged
drainage were started in the project area.
This is a technical intervention which makes it
possible to keep intensive agricultural practice
possible, but at the same time diminish soil
subsidence and emissions of greenhouse
gasses. The diminishment of greenhouse gasses
becomes a new landscape change driver in this
area, because of the targets that are included
in the Dutch Climate agreement to diminish
the emission with 1 Mton CO2 eq. The energy
transition will change the landscape as well,
with techniques to generate renewable energy.
The different municipalities in the project area
also have the goal to become energy neutral. As
already stated in the introduction, (inter)national
treaties will change the local landscape.

plans to transform agricultural land into marsh
lands. One of the projects that is currently
constructed, is the marshland in the north east
of the polder Groot-Mijdrecht. Because of local
resistance and changing governmental policy,
the number of hectares of agricultural land
that will be transformed into marsh land are
diminished (Provincie Utrecht, 2012).

The current landscape is in a phase of transition;
it used to be a production landscape, but is now
gradually changing towards a consumption
landscape, where recreation for residents of
different cities becomes more important (Sijmons
and Eekhout, 2008).The discourse changes from
a focus on primary production to a hedonist
discourse, where the rural area is seen as a
garden for citizens.
The focus of the water board is changing as
well. First, the water management was focused
on facilitating agriculture, but now they are
shifting their focus to the demands of the whole
society, making sure that the diminishing of soil
subsidence receives more attention from the
different water boards. First, the water table
was regulated with the concept of the water
level following the function of the land, but now,
there is a change going on in some polders. In
those polders, the function follows the water
level, meaning that on some plots, intensive
agriculture is no longer possible and the land use
will change.
Because of water related problems, like soil
subsidence and salinization, there are several
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Figure 4.22: Peat related emissions in the past centuries.
emmissions
Based
in
2017on Erkens et al. (2016) and CBS (2018).
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The landscape change drivers
The landscape with forests, marshes and peat
cushions, which was here before the excavation
started, is gone and replaced by a landscape that
is seen as the “real and original” one. This is not
true, as Borger stated: “The history of the peatlands is very largely the history of its destruction”
(Borger, 1992) p. 131. The former swamp forest
totally disappeared. Figure 4.22 shows that since
the start of the excavation of the peat meadows
in the region, a lot of CO2 has been released.
Natural drivers made it possible to sequester
carbon in the soil, and by burning and draining
of the soil, CO2 is released into the atmosphere.
The landscape was drained to make agriculture
possible, and thanks to different technological
innovations, the Dutch managed to keep the land
dry. Now, new decisions should be made. Will we
keep the land dry by the use of new technologies,
like submerged drainage, or will we stop draining
and create a different landscape than we have
now? The current body of knowledge on climate
change and the emissions of the peat meadow
landscape will influence these decisions.
There is also a socio-economic change going on.
First, the landscape was a production landscape
for agricultural products and fuel. At the end of
the last century, however, it gradually changed
into a consumption landscape, where recreation
became more important. In politics, there is a call
to make the agricultural sector more sustainable
and to produce for the local market. The water
boards are also discussing their water management strategies that influence the land use. First
it was aimed at facilitating agriculture, but now
soil subsidence is also taken into account. Relatively new political issues, like climate change,
influence the landscape as well. With the disappearance of peat and wood as energy sources,
the signs of energy production disappeared from
the landscape. Cultural, political and socio-economic changes bring the generation of energy
back to the peat meadow landscape.
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5 Scenario 		
		 study
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5.1 Introduction
For the development of four prospective
scenario’s, the results of the research for the
design process are used. Additionally, the
water and soil maps are analyzed to determine
what soils are more suitable for (dairy)farming.
Figure 5.1 shows the soils that are suitable for
submerged drainage. Submerged drainage is
most effective in pure peat soil or peat with a thin
clay cover. Scenarios explore the unknowable
future, therefore, they cannot be falsified or
proved, and this means they are speculative by
nature. Scenarios could be described as possible
and imaginable narratives (Salewski, 2012).
To compare alternative possible future
developments, the four different scenarios
are developed. To create divergent scenarios
on the possible future development, the
different scenarios have to focus on specific
developments (Salewski, 2012). To make the
differences between the scenarios clear, an axe
cross is developed (Figure 5.2).In the vertical
axe a distinction is made between top down
and bottom up. The horizontal axe is divided in
cases based on new business cases and based on
current business cases.
Vertical axe: top-down versus bottom-up
In the current debate on the future of the peat
meadow landscape there is discussion if the
change should come from top-down or bottomup. When it is directed from top-down, it will
be driven by the (national)government, like the
room for the river projects. Landscape architect
Peter de Ruyter argues for such an approach
(Ruyter, 2017).
The opposite is a bottom-up approach where
the developments are steered from initiatives
suggested by local farmers and communities,
instead of large scale plans and big gestures
driven by the (national) government (Nolden,
2017). Large scale plans are often described as
unrealizable because of big environmental and
governmental impact. The proposal by Sander
Hermens in his master thesis has by several water
boards been described as an unworkable project,
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because of the big impact (Nolden, 2017). Erik
Jansen of the VIC (Veenweide Innovatie Centrum)
in Zegveld states that the time for big gestures
is over. The development of the peat meadow
landscape should be step by step, together with
the farmers, with good business cases and local
communities (Nolden, 2017).
Horizontal axe: current business cases versus
new business cases.
Current business cases can be described as the
business cases that are already present in the
project area. Currently, dairy farming is the main
agricultural sector in the project area. Around
Mijdrecht different greenhouses are also located.
In that region there are also extensive farms
with ancillary activities, like canoeing or farm
shops. Therefore, horticulture (greenhouses),
intensive dairy farming and extensive dairy
farming are seen as current business cases.
For the most Dutch farmers, the possibilities
to choose alternative development paths are
limited, because increased dependencies and
choices from the past have made alternative
development paths relatively expensive,
risky and unattractive. Therefore, the current
development path of reducing the cost price
through further intensification and upscaling is
still the most important development strategy.
Other reasons for this persistent developing
strategy are a fragmented farmers’ organization,
a government that has reduced its governance
tools, and the lack of fundamental political
debate about agriculture, all three of which make
it difficult to organize a change of course (Vink
and Boezema, 2018).
The scenarios that are focused on the left side
of the axe are based on the development of
current business cases, whereas the right side
the land use will be based on new business cases.
For the development of new business cases,
bigger changes are needed. Not only the land
use will change, but there should also be a new
distribution system. Customers must be found
for the new business cases and the new business
cases should become profitable. Wiebren van
Stralen of LTO Nederland (Dutch horticulture

and agriculture organization) does not believe
in a large scale transition to new business cases,
because current markets for these business cases
is small, just like the market for cranberries or
cattails is small and not yet a competitor against
the production of milk for the world market
(den Braber, 2017). The difficulty of new business
cases is that they consist of many uncertainties
and assumptions. In this thesis, new business
cases are seen as businesses that are not present
yet in the current peat meadow landscape. The
large scale implementation of wet nature is seen
as a new business case, because all the current
farmers should stop. Van de Riet et al., (2014)
describes different alternative business cases of
paludiculture for the peat meadow landscape. In
the article, they state that paludiculture makes a
significant contribution to climate gains in terms
of emission reduction, and, therefore, these
business cases could partly be funded by the sale
of carbon credits. Carbon credits are certificates
or permits representing the right to emit one ton
of CO2eq. This allows companies or organizations
to compensate for their CO2eq emissions.
With this assumption, paludiculture has higher
revenues than current dairy farming (Riet et al.,
2014). Germany already has experience with the
sale of carbon credits in rewetting projects, like
MoorFutures.

Top down

Based on
current
business
cases

Agricultural
production
for the
world
Global and
local
agricultural
production

Nature

Fragmented

Based on
new
business
cases

Bottum Up

Figure 5.1: The axe with the different scenarios.

5.2 Building blocks
The different scenarios are based on different
GESTs, which were analyzed in chapter 4.2. In
this chapter sixteen GESTs are used as building
blocks for the different scenarios. Some land use
types, like reed, were divided into different subtypes in chapter 4.2. For the different scenarios
a range of the CO2eq emissions were calculated.
The different land use subtypes were also used
for the calculation of this range. To position the
different building blocks on logic places in the
landscape, a study has been done on the physical
landscape. Figure 5.2 shows the current possible
locations for submerged drainage. In figure
5.3-5.18 are the different characteristics of the
sixteen building blocks explained.

Submerged drainage
Suitable:
Not suitable:
Figure 5.2: Locations were submerged drainage is
suitable. Based on van den Born et al., 2016
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Figure 5.3: Cranberries
Crop: Small perennial shrubs
Cultivation: Open field with drainage
Water table: -40 till -10 cm, avoid flooding exept
when harvisting
Harvest: First berries after 3-4 years
Possibilities for distribution: Juice, berries, food
supplements
Soil subsidence: Reduction
CO₂eq emissions: Reduction
Biodiversity: Adds diversity to the landscape
Recreation: Cycling, hiking, self-picking farms,
tours and tastings

Figure 5.4: Cattail
Crop: perennial crop
Cultivation: Open field
Water table: -10 till +20 cm, fluctuations are no
problem
Harvest: After 1 year, harvest with machines for
reed farming
Possibilities for distribution: Roughage and stable litter, Bio-construction and insulation material, Herbal medicines, biomass for energy
Soil subsidence: Stops
CO2eq emissions: Reduction
Biodiversity: Dragonflies and aquatic fauna
Recreation: Recreational fishing, bird watchers,
cycling and hiking.

Figure 5.5: Swamp forest
Vegetation: Alder, sedge and willow
Water table: -20 till +5
Harvest: First harvest after a few year.
Possibilities for distribution: Timber and biomass
Soil subsidence: Stops
CO₂eq emissions: Sequestrate
Biodiversity: Diverse plants like: alder, sedge,
Recreation: Hiking and cycling

Figure 5.6 Drowned crops
Vegetation: Grass
Water table: Above ground level
Possibilities: Adaptation to climate change
Soil subsidence: Stops
CO₂eq emissions: Increases
Biodiversity: Increase of meadow and marsh
birds
Recreation: Hiking and cycling
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Figure 5.7: Water
Soil subsidence: stops
CO₂eq emissions: reduction
Biodiversity: aquatic fauna and flora
Recreation: Boating, canoeing and swimming

Figure 5.8 Sphagnum
Crop: Slowly growing multi-year crop
Cultivation: Open field with ditches for irrigation
Water table: -10 till 0, with few fluctuations
Harvest: after 3 year
Possibilities for distribution: Sustainable potting
soil, orchid substrate, decorative material
Soil subsidence: Stops
CO₂eq emissions: Reduction and sequestration is
possible
Biodiversity: Rare raised bog and fen species
Recreation: Hiking and cycling

Figure 5.9 Fen
Vegetation: Reed, sphagnum and sedge
Management: Mowing
Water table: -10 till 0
Soil subsidence: Stops
CO₂eq emissions: Sequester
Biodiversity: Meadow and marsh birds, rare
plants like lesser butterfly-orchid
Recreation: Hiking, bird watching and cycling

Figure 5.10 Willow
Crop: Productive multi-year wood crop. 1,5 - 5 m
high
Cultivation: Open field
Water table: -40 – 0 cm
Harvest: After 1 year
Possibilities for distribution: Cattle feed (young
branches and twigs), energy crop, timber
Soil subsidence: Reduction
CO₂eq emissions: Reduction
Biodiversity: Shelter and foraging area for animals
Recreation: Hiking and cycling
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Figure 5. 11 Azolla
Crop: Very fast-growing annual floating freshwater fern
Cultivation: Shallow puddles, drainage below
ground level (onderbemaling), sawas,
Water table: Above groundlevel
Harvest: After 2-3 months
Possibilities for distribution: High-protein cattle feed, amino acid extraction, oils, sustainable
paint.
CO₂eq emmissions: Reduction
Soil subsidence: Stops with sawas
Biodiversity: Migratory birds and aquatic species
Recreation: Boating and sport fishing

Figure 5.12 PV fields on rewetted former agricultural land.
Vegetation: Sphagnum
Water table: -10 till 0
Possibilities for distribution: Renewable Energy,
Carbon Credits
Soil subsidence: Stops
CO₂eq emissions: Sequestration is possible
Biodiversity: assumed are marsh and
meadow birds

Figure 5.13 Reed
Crop: Perennial crop. 1-3 m high
Cultivation: Open field
Water table: -15 cm till +15 cm
Harvest: A maximum of 50 percent should be
harvested for sustainable cultivation.
Possibilities for distribution: Roofing material,
medicine and energy crop.
Soil subsidence: Reduction, reed peat growth is
possible
CO₂eq emissions: Reduction
Biodiversity: Marsh birds, aquatic fauna
Recreation: Hiking and cycling

Figure 5.14 Submerged drainage
Vegetation: Grass
Harvest: Mowing 6-7 times
Possibilities for distribution: Milk for the world
market
Water table: -60 till -30
Soil subsidence: Reduction
CO₂eq emissions: Redcution
Biodiversity: Could decrease, more research is
needed (Riet et al., 2014).
Recreation: Reduction
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Figure 5. 15: Bog heather
Cultivation: Fen and peat meadows
Water table: -20 till 0 cm
Management: Annually mowing and removing
the biomass in late summer
Harvest: Biomass
Possibilities for distribution: Carbon credits
Soil subsidence: Stops
CO2eq emissions: Reduction
Biodiversity: Bog heather is currently rare in the
Netherlands and Europe
Recreation: Hiking and cycling

Figure 5. 16: Moist grasslands (blauwgraslanden)
Water table: +5cm till -25 cm.
Management: Annually mowing and removing
the biomass in late summer
Harvest: biomass
Possibilities for distribution: Carbon credits
Soil subsidence: Reduction
CO2eq emissions: Reduction
Biodiversity: Rare plants and the habitat for different passerines.
Recreation: Hiking and cycling

Figure 5.17: Extensive used grassland
Vegetation: Grass
Harvest: Mowing 2 times
Possibilities for distribution: Milk for the local
market
Water table: -30, winter level: 15-35, summer
level: 20-45
Soil subsidence: Reduction
CO₂eq emissions: Reduction
Biodiversity: Meadow birds
Recreation: Cycling and hiking

Figure 5.18: ‘Common’ grassland for dairy
farming.
Vegetation: Grass
Harvest: Mowing 4-5 times
Possibilities for distribution: Milk for the world
market
Water table: - 60
Soil subsidence: Continuing
CO₂eq emissions: Continuing
Biodiversity: Meadow birds
Recreation: Cycling and hiking
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5.3 The scenarios			

Agricultural production for the world.
This scenario (Figure 5.19 and Figure 5.20) is
focused on producing agricultural products
for the world market. The current agricultural
production will be intensified. Large scale
submerged drainage, which is imposed by
the national government, will be used where
suitable. This installation of submerged drainage
will extend the growing season of grass and will
increase grass yield. Where submerged drainage
is not possible, intensive agricultural practices

will continue. Therefore, the soil subsidence
will also continue. To achieve this, the water
level should be lowered by the water board.
Intensive dairy farming will therefore remain
possible. The soil in the polder Groot-Mijdrecht
is not very suitable for soil-bound agriculture,
because of salinization and the disappearance of
the peaty top layer. Therefore, this polder will be
designated to the concentration of greenhouses.
The polder is located near the greenport of
Aalsmeer and Schiphol Airport, meaning that this
location has good connections with important
distribution centers. Water structures, which

Figure 5.19: Impression of the scenario: Agricultural production for the world.
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surround the greenhouses, will be used for
water retention and for the reduction of water
nuisance. Electricity will be generated by wind
turbines in several wind parks. This will be the
main source of renewable electricity. PV panels
will not be placed on agricultural lands, so all

the land could be used for agricultural purposes.
Manure produced from the dairy farms will be
used to produce renewable energy in digesters.
Geothermal will be a main heat source. Drilling to
geothermal energy will be centrally regulated.

Wind turbine
Greenhouses
Common agriculture
Submerged drainage

N
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Figure 5.20: Map of the scenario: Agricultural production for the world.
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Nature
All the agricultural land will be transformed into
nature (Figure 5.21 and 5.22). The largest part will
be transformed in fens and marshes. On creek
ridges and on the edges of the peatlands, swamp
forest will be planted. The edge will contain
forests, while the center will remain open. The
new nature will provide habitats for different
meadow and marsh birds, but also for mammals
like otters and beavers, both of which are red list

Figure 5.21: Impression of the scenario: Nature
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species. Because of the size and vastness of the
land, this large nature area will attract residents
and tourists from cities nearby, like Amsterdam
and Utrecht. The area will not only function as a
refuge for animals and rare plants, but also for
humans. It will be a place to relax from the busy
life of the city. The current agricultural buildings
will be transformed into (second) homes and will
provide facilities for the different tourists and
visitors, for example beauty farms.

To contain the open character of the landscape,
no new wind turbines will be installed. The
electricity will mainly be produced by PV panels
on roofs. The biogas production from manure
and residual flows of arable and grassland will
reduce to zero in the peatlands, because of the
absence of agricultural land. The increase in
forest will ensure an increase in woody biomass,

although the significance for the energy supply is
very small. Grass clippings from the marshes and
fens could be used as an input for the different
digesters. However, the use of grass clippings
is not used in the energy calculations, because
data on the energy yield of these clippings was
lacking.

Water
Swamp forest
Fen with cattail
and reed
Fen Sedge
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Figure 5.22: Map of the scenario: Nature.
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Global and local agricultural production
In this scenario, dairy farming will remain
the most important type of land use (Figure
5.23 and 5.24). The most land will be used for
intensive agriculture. There will be no large
scale implementation of submerged drainage,
because the government will not steer towards
this development. Some farmers will make this
investment for their farm, while other farmers
continue farming without submerged drainage.

These individual choices of farmers will cause
further fragmentation of the water management
system and increase the management costs
of this system. Not all farmers will intensify
or will increase scale. Around 25% of the grass
will be extensively managed. The extensively
managed grassland is not suitable for keeping
Holstein-Friesian cows. More suitable breeds
are, for example, blister heads (‘Blaarkoppen’).
The Blaarkop is suitable for both milk and meat
production. The milk and meat can be sold
as regional products in the cities and in farm

Figure 5.23: Impression of the scenario: Global and local agricultural production.
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shops. Farmers will sell the wettest and least
profitable land, so nature development and the
development of PV parks can take place. The
renewable energy provision will be arranged
by local communities. The different villages will
have their own wind turbine, that will generate
electricity for the local village. The wind turbine is
managed by local energy cooperation’s. This way,
the profits of the wind turbine will go to the local

community. The manure from the dairy farms will
be used in digesters and will produce heat and
electricity for the local communities.

Wind turbine
Common agriculture /
PV panels
Common agriculture /
submerged drainage
Common / extenisve
agriculture
Common agriculture
Fen

N

1

2

3km

Figure 5.24: Map of the scenario: Global and local agricultural production.
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Fragmented landscape
This scenario will be a mosaic of different types
of land use (Figure 5.25 and 5.26). New business
cases will be introduced, but dairy farming will
remain as well, albeit on a much smaller area. All
the different types of land use contain the same
amount of hectares. The different land use types
could profit from each other. For example, the
azolla could be used as food for the cows on the
different dairy farms. Cattails could also be used

as roughage. 7% of the grass lands will be used
for temporal water retention to reduce water
nuisance of agricultural land and build up areas.
The downside of this possible water retention is
the production of CH4. The future landscape will
become interesting for tourists and residents
from nearby cities, because of the large variety
of land use in the area. Products from the region
could be sold as regional projects to tourists
and residents of the cities. Not only the land

Figure 5.25: Impression of the scenario: Fragmented landscape
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use will be diffuse, the energy production will
be so as well. Electricity will be produced by
both windmills as well as PV panels on former
agricultural land. The locations for wind and PV

panels are not clustered but spread around the
region. The energy provision is decentralized
and, therefore, there is no central drilling for
geothermal energy.

N
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Cattail
Common agriculture (clay on peat)
Common agriculture (peat)
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Wet cultivated grasslands
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Bog heath
Moist meadows

Figure 5.26: Map of the scenario: Fragmented landscape.
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Comparison of the four different scenarios.

or emission of fen decides if the scenario is
a net sequester or emitter. In all the other
scenarios, more CO2eq will be emitted than
sequestered. From the three other scenarios is
the fragmented scenario, the scenario with the
lowest CO2eq emission. In this scenario, there
is a high decrease of land that is used for dairy
farming. The dairy farming is replaced by less

The different scenarios differ significantly in the
amount of emissions of CO2eq from land use
and the renewable energy production for the
whole region (Figure 5.27 and 5.28). The nature
scenario
18.000could be a net sequester as seen in
the two ranges. The amount of sequestration
16.000
14.000
12.000
10.000
8000
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2000

Agricultural
production for
the world

Nature

Global and local
agriculture

Fragmented

Biogas from biodegradable waste

PV panels on
suitable roofs

Solar thermal collectors on suitable roofs

Woody biomass

PV panels on
agricultural land

Geothermal energy

Biogas from arable
farming

Wind energy

Biogas from liquid
manure, grassland

Demand

Residual heat and
heat storage from
pumping stations

Figure 5.27: The energy generated by the different scenarios.
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CO2eq emitting paludiculture, which is why this
scenario scores so well. In the global and local
scenario, there is a trend of intensification of
agriculture, but the construction of submerged
drainage decreases the Co2eq emissions. The
scenario of agricultural for global production
has high CO2eq emissions due to “common”
agriculture. In this scenario is no agricultural land
used for the generation of electricity, therefore

is the total energy production is relatively low.
While the energy demand increases, because
of the greenhouses. In the nature scenario the
demand for energy exceeds the generation of
energy, because no windmills and PV panels on
agricultural land are placed. This exploration of
the different scenarios helped to create the final
design, which has been described in the next
chapter.
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6 Design
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6.1 Introduction
The scenarios showed that a large transformation
towards natural ecosystems is needed to be
able to sequester CO2eq. This means that the
landscape has to change drastically compared
to the current situation. This asks for a tailormade approach to bring the CO2eq emissions
back in balance. The design, which envisions
the future state of the landscape, will restore
the CO2eq balance in the region (figure 6.1). The
design is envisioned from a top down approach,
to ensure carbon neutrality. New GESTs who
sequester CO2 will enter the project area. Swamp
forest, willow, sphagnum and reed fen are
carbon sequestering landscape types which will
compensate for the emissions of dairy farms.
These emissions consist of two groups. The first
group are emissions that are derived from peat
soil, and the second group of emissions are farmbased emissions, like the storage of manure
and the methane emission of cows. The CO2eq
emissions of peat soil will diminish, because
of the installation of submerged drainage.
Diminishment of farm based emissions, for
example, because of new stable systems, are not
taken into account.

88,667 t CO₂eq

80,323 t CO₂eq

Willow

Reed

Swamp forest

Cattail

Marsh and reed
fen

Submerged
drainage

Figure 6.1: The balance of emission and sequstration of
land use is restored

The production of renewable energy is not
balanced with the energy need. The different
scenarios helped to explore the consequences
of the generation of renewable energy for
the landscape. In the envisioned design, more
renewable energy will be generated than is
needed in 2030 (figure 6.2). Big energy sinks like
Amsterdam and Utrecht will be nearby and can
use that energy.

6.2 The regional design.
The design process was an iterative one. The
physical landscape and the size of the different
land use types influenced each other. The current
landscape is perceived as an open landscape
(figure 6.3. The change to a landscape with forest
will change the perception of this landscape,
because forests tend to affect what we perceive.
They are able to control views and enclose
space (Bell, 2008). To steer this process in the
right direction and to pay tribute to the cultural

11761 TJ

11299 TJ

Electricity
Heat
Fuel
Figure 6.2: More energy, than needed will be generated.
(Fossil) fuel will be imported from outside the region.
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landscape, the design is based on five principles
(figure 6.4-6.8).

Figure 6.4: Principle 1. The forest will be planted in
clumped patches.
When concentrating the forests, the landscape
will maintain its open character between the
different forest areas.
N

1 2 3km

Figure 6.3 mass and space of the project area. Black
lines and polygons are objects, which (partly) block
viewlines. Example of objects are: sound barriers, row
of trees, buildings etc.

Figure 6.5 Principle 2. Take the current soil and
water systems into account.
There is a difference in the CO2eq emissions from
different types of soil, as is shown in figure 4.2.
This difference between those emissions depends on the soil, water table and land use. The
soils with the highest emission will not be used
for agriculture. Next to that, not every peat soil is
suitable for submerged drainage. Other polders,
like Groot-Mijdrecht, are less suitable for agriculture because of salinization.
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Figure 6.6. Principle 3, Take current landscape
structures into account.
As described in chapter 4.4, the different excavations caused a diverse pattern of landscape
structures and polders. The design will take the
differences between these polders into account,
so the distinction between the different polders
remains clear.

Figure 6.7: Principle 4. Maintain the view on landmarks, like dikes, churches and fortifications.
In the open landscape, the view was dominated
by important landmarks like churches. Although
the number of church visitors is declining in the
Netherlands, churches remain important landmarks in local communities. To keep the landscape legible, important landscape structures
should remain visible. For example, dikes stay
free of plants.

Figure 6.8: Principle 5, hold onto the openness
around the villages that are surrounded by the
peat meadow landscape, and enclose the villages
that are surrounded by polders.

Enclosed

Polder (droogmakerij)

Polder (droogmakerij)

Openness

Peat meadows

Peat meadows

The villages of Mijdrecht, Vinkeveen, Waverveen
and Wilnis are surrounded by polders. These
villages expanded into the peat with residential
and business areas. This caused a decrease in the
quality of the landscape (figure 1.3). The different
ribbon villages in the peat meadow landscape,
like Kanis, Kamerik, Kockengen and the Hoef,
stayed relatively small. In these villages, the connection with the open peat meadow landscape
is preserved better. In the envisioned future, this
connection will be maintained.
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Figure 6.9: The different layers of the regional design.

Figure 6.9 shows the different layers of the
regional design. The design is both based on the
scale of figure 6.1 and on the design principles
(figure 6.4-6.8). The first layer (figure 6.9) is
agricultural grassland, which is suitable for dairy
farming. This is positioned on soil that is suitable
for submerged drainage. Dairy farming has been
included, because of its socio-economic and
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Construction material,
Timber,
Milk,
Heat,
Electricity

cultural value. Dairy farming is inseparably connected to the current peat meadow landscape,
but has relatively high CO2eq emissions. Because
these emissions should be compensated, swamp
forest, willow and fens are part of the design.
These are respectively shown as the second and
third layer in figure 6.9. Because of the height of
trees, forests have a high impact on the perception of the landscape. Therefore, the distribution

Figure 6.10: An impression of the open fen landscape.

and the amount of hectares is based on the design principles (figure 6.4-6.8). To (partly) maintain the open landscape, fens will be part of the
design as well, as is shown in the third layer.
The fourth layer is paludiculture with reed,
sphagnum and cattail. These three crops stop
soil subsidence and reduce CO2eq emissions
from soil compared to dairy farming. Sphagnum
tolerates shadow and is therefore suitable to be
placed as ground cover for PV panels. Reed could
be used as a roofing material with low embodied

energy. The use of local materials gives new characteristics to local architecture. The same is true
for cattail, which could be used as construction
and isolation material. The area that cattail uses,
is based on the minimum number of hectares
that a factory needs, which is 500 hectares. Cattail could also be used as roughage for the cattle
on dairy farms.
Figure 6.11 shows the envisioned regional design,
the spatial distribution of the different land use
types is based on the soil and water table map
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Forest, including patches of
fens with PV panels
Fen
Cattail and reed
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clay on peat
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N

Figure 6.11: The envisioned regional design
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and the design principles (figure 6.4-6.8). The
clustering of forest will ensure that parts of the
current landscape will maintain the open character, because of the presence of dairy farming and
fens (figure 6.10). The increase of variety in the
landscape will make the landscape more attractive for visitors and tourists. A recognition point
for the tourists are the “chimneys” showed in
figure 6.10 and 6. 27. These chimneys will refer to
the former CO2eq emitting landscape and will be
used as guiding singe for the recreational routes
and will provide local information.

For the different land uses, more CO2eq is
sequestrated than emitted when using the
most positive numbers (highest sequestration
rate and lowest emission rate). In the second
range with the highest emission and lowest
sequestration rate, more CO2eq is emitted
than sequestered (figure 6.12). This mainly has
to do with the sequestration rate of the fens.
However, in the nearby located Horstermeer
were empirical research was done, the highest
sequestration rate for fens was found. The
managers of that nature area could exchange
information to achieve the same sequestration
rates in this project area. In the calculations
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Figure 6.12: The CO₂eq emission and sequestration ranges of the design.
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there is assumed that all the different types of
forest sequester the same amount of CO2
Energy
Figure 6.13 shows the different renewable
energy sources and techniques. Electricity will be
generated by both wind turbines and PV panels
on former agricultural land. The PV fields are
placed on fens, so both carbon sequestration
as well as energy production will take place.
Twenty windmills are placed in the swamp forest
instead of the open field. Within the forest, they
will not be visible, but from the open field they
will be. The dairy farmers will also contribute
to renewable energy production. The manure
produced by the different dairy farms will be
used to produce biogas and on the roofs of the
stables PV panels will be placed.

ditches will rise. The water level could fluctuate
when necessary, so the water could be used as
an extra water inlet for the submerged drainage.
The different peatlands are already connected
to each other, because of the current ‘boezem’
system.

Water
When submerged drainage is realized, extra
water inlet and drainage is needed. The
estimated increase of surface water inlet is 10%.
The extra drainage during the winter is only
limited to a few percent (Jansen et al., 2009).
The changes in water management, because of
the implementation of submerged drainage, are
small compared to a dry summer or a different
climate (van den Akker et al., 2011). The extra
water inlet of the current submerged drained
fields in the project area comes from the
Amsterdam-Rijnkanaal. It is non-local water, but
has a fine water quality (Hendriks et al., 2013).
To increase the water storage capacity of local
water in peatlands, Gerits (2005) describes four
options. The first one is to store more water in
the ditches, to let the water level of the ditches
rise and to increase the capacity of the ditches.
The second one is central water storage. The
third one is decentral water storage and the
fourth one is increasing the ‘waterboezem’.
This last option is showed in the master thesis
of Hermens (2015). In this thesis, the option to
store more water in the ditches has been chosen,
because the main area of the project area will
be transformed to fens and swamp forest. This
means that the water level of these lands and
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Figure 6.14: Change in landscape experience.

Ecology
In the proposed design, new fens and swamp
forests arise, which will attract different bird
species. Especially the alternation of reed, fens
and forest will lead to favorable situations for
a varied bird life with no less than 42 species
(Stortelder, Hommel and de Waal, 1998). The
Great cormorant, the Purple Heron, the Eurasian
bittern, the Black Tern, the Bearded reedling
and the Eurasian reed warbler are the most
characteristic of those species. The larger marsh
birds only use the swamp forest for breeding.
Typical forest birds who could live in the swamp
forests are the European pied flycatcher ,
the Long-tailed tit, the Common redstart, the
Eurasian Golden oriole and different birds of
prey. In older swamp forests the Eurasian Golden
oriole, the hawk and the long-eared owl will
settle. Kingfishers can be found in the root ball
of fallen alder. Next to birds, large mammals will
also enter into the region like roe deer and hares.
The fen will also be interesting for reptiles, like
viviparous lizards and the grass snake.
The landscape will develop from meadow
into forest, which will also create a change in
the perception of the landscape (figure 6.14).
Forests are important elements in the landscape,
because they tend to affect what and how much
we perceive. Mainly because of the height of
the trees, which can control views and enclose
spaces (Bell and Apostel, 2008).

6.3 Site design
Mijdrecht is the largest village of the municipality
Ronde Venen. The village and the nearby located
industry area expanded during the last century
and are still expanding into the peat (figure
6.15). To prevent that the different villages will
continue to grow towards each other, forests
will be planted in the current polder (figure 6.16
and 6.17). The concept for planting the different
types of forest is the barcode (figure 6.16). The
different plots of forest will differ in width (from
1 to 4 plots).
To ensure the view on important landmarks like
churches are different view sheds preserved

>1950
1980
1990
2000
2017
< 2018
1980
2000
2017

Figure 6.15: The development of Mijdrecht, Vinkeveen,
Waverveen and Wilnis.

figure 6.16, 6.18, 6.20 and 6.22). The view sheds
stops at the town border, because it was only
important to see the church of your own town.
The most towns, excluding Waverveen, have
more than one church. In this case the highest
church of the town was chosen.
Figure 6.16 and 6.17 show that soil will be
moved. The soil will be excavated (orange) in
the plots in the middle of the polder and will
be placed (green) on plots on the edges of
the polder. By removing the top soil (10 cm),
the amount of nutrients decrease and a more
varied and more biodiverse vegetation can be
found. The soil cycle (digging and adding) will be
closed within the polder. On the higher grounds
(+40cm) different vegetation, like oak, elm and
walnut tree can be found. In this dryer forests,
residents from the surrounding villages can
wander around and pick fruit and nuts from the
trees and bushes. On the edge of Mijdrecht and
Wilnis new houses will be built to create a new
urban edge (figure 6.21).
In the forest on the excavated soils, willow,
tupelo and bald cypress forest, alder forest,
fens with PV will alternate figure 6.19, 6.20 and
6.21. Willow will be used for the production of
energy, in the other forests only residual wood
will be used as biomass. Figure 6.23-6.25 show
three different sections of forest in this polder.
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In section 6.23 the difference in height between
the alder forest and the higher located forest
can be seen. Section 6.24 shows an impression
of a bridge in the area. The layout of the bridge

is based on the concept of the polder landscape.
The bars of the bridge differ in with, like the
patches of forest in the polder.

Current situation, all four villages have land
in the polder. The borders are in orange.

Land from the plots in the middle will be
moved to plots on the edge of the polder.
Land need to be moved to get rid of the
nurient rich soil.

Diﬀerent types of land use will be added, so
the polder changes to a varied landscape.

It was always possible to see the church of your
own village, when you were in the ﬁelds. By
adding view sheds this will remain possible.

Figure 6.16: The concept of the spatial configuration of the polder.
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Figure 6.17: The concept on the development of the polder from peat meadow to forest.
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Figure 6.18: The envisioned design in the droogmakerij.
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Dike
Figure 6.19: Legend for figure 6.20 and 6.21.
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Figure 6.20: Zoom in on the polder near Waverveen.

Figure 6.21: Zoom in on the landscape near Mijdrecht and Wilnis
with the new urban edge.
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Figure 6.22 View on the church of Vinkeveen.

Figure 6.23: Section between typelo and bald cypres forest and the forest with elm and oak.
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Figure 6.24: Design of the bridge, which is based on the concept for the landscape.

Figure 6.25: Section of the alder forest and willow plantation.
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The surroundings of the village of Kockengen
will stay largely open (figure 6.8), however the
growth of reed and cattail can reduce the sight
(figure 6.26). In the forest recreational paths
will be laid out to experience the forest (figure
6.27). The swamp forest will differ with the forest
in the “droogmakerijen” (figure 6.17 and 6.27).

r

o

The edges of the different parcels will be raised
(+50cm) with excavated soil. On these edges
different species like, oak and elm could grow to
get a more differentiated forest (figure 6.28 and
6.29). By cycling or hiking through the landscape
the old landscape pattern could be recognized
by the ditches and the differentiation in forest
(figure 6.29).
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Figure 5.26: Zoom in on the surrounding of Kockengen.
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Figure 6.27: Cycling through the forest.

Figure 6.28 Principle of the forest on the peat meadows.
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Figure 6.29 section on the border of the high and low forest.
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7 Conclusion
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The peat meadow landscape has become part
of the discussion on climate change. According
to the Dutch climate agreement, a reduction on
the emissions of the peat meadow landscape is
needed. In addition to this reduction, an increase
in the production of renewable energy is needed.
In this thesis, I went one step further than the
current policy goals. Which are a reduction of 1
Mton CO2eq emissions for the total Dutch peat
meadow landscape. In this thesis I explored
the spatial consequences of a carbon neutral
peat meadow landscape in the western part
of the province of Utrecht. Recently, more and
more studies have been done on the impact of
renewable energy generation on the landscape.
However, generating renewable energy is not
enough on its own, land use change is also
needed to become carbon neutral. Currently,
only little research has been done on the effects
of land use change on CO2eq emissions in the
Dutch peat meadow landscape. In this thesis,
I contribute to the landscape architectural
research on both the carbon neutral landscapes
and the peat meadow landscape. My design
purpose was to create a design for a carbon
neutral peat meadow landscape, while taking
the current cultural landscape into account. The
design purpose was addressed by the following
design question: What would be a way for this
cultural landscape to become carbon neutral?
To design the future state of the peat meadow
landscape, insights in the current cultural
landscape, insights in the needed actions
regarding land use change and insights in the
renewable energy potential of the landscape
are needed. Therefore, my design question
was: “What could be the effect of the (spatial)
opportunities, which are created by transition to
a low-carbon society on the Utrecht peat meadow
landscape?
The effect could be the arrival of new types of
landscape and the disappearance of (a part of)
the grass which is used for dairy farming. In the
proposed design, land use will consist of swamp
forest, willow, sphagnum, reed, cattail and dairy
farming. The distribution of the different land
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use types and renewable energy technologies
made it possible to create a carbon cycle that is
balanced. In answering the next sub-question,
it became clear that the current CO2eq cycle is
imbalanced.
1.

What is the current CO2eq cycle of the project area?

In this thesis, the CO2eq flows between three
different carbon stocks were described. The
described carbon stocks were: carbon in the
atmosphere, carbon in the economy and
biocarbon. The flows from biocarbon and
carbon in the economy towards the atmosphere
were respectively:
320.412t CO2eq and 1.526.358t CO2eq. Opposite
to that, the flow from the atmosphere to the
biocarbon stock only contains 17.922t CO2eq. This
means that there is an imbalance between the
different flows. The CO2eq emission is 104 times
bigger than the current CO2eq sequestration.
From the total CO2eq emissions, 17% was derived
from peatlands. To be able to change the CO2eq
cycle of the area, I conducted a desk study on
the emissions of different types of landscape.
Therefore, I was able to answer the following
question.
2.

What is the CO2eq emission of different types of land
use on peat soil?

During the desk study, I found that the land
use types could be roughly distinguished into
three groups: dairy farming related land use,
paludiculture and nature. Dairy farming has the
relatively highest CO2eq emissions, even when
the farm-based emissions were not taken into
account. Submerged drainage or more extensive
land use could diminish the CO2eq emissions.
The next group which could be distinguished is
paludiculture, these are crops which could grow
on wet conditions like cattail and cranberries.
Another paludiculture crop, sphagnum, is even
capable of sequestering CO2eq. The last group
consists of vegetation that naturally occurs on
peatlands, like swamp forest and fens. These two
vegetation types are able to sequester CO2eq.

3. What are the available local renewable energy
recourses in the project area and what quantity do
they have?
The energy potentials for wind, solar,
geothermal heat, the built environment, heat
and cold storage (pumping stations) and
biomass are calculated. First, the demand for
the current (2015) and future energy (2030) has
been determined. For the future energy demand,
two scenarios are determined, an autonomous
scenario and a scenario in which all passenger
cars become electric. In the autonomous
scenario, the total energy demand increases,
while in the scenario in which all passenger
cars become electric, the total energy demand
decreases.
Physical, endogenous, exogenous and normative
restrictions decrease the renewable energy
potential of the region. Change of endogenous,
exogenous and normative restrictions due to a
change in policy or public opinion could change
the energy potential of the region. The analysis
for the energy potential in 2030 was made with
the current restrictions. The energy potential
shows that the need for electricity and heat
could be fulfilled in 2030 with renewable energy.
The energy demand for electricity and heat are
assumed to be respectively 3388 TJ and 4159 TJ,
while the potential electricity and heat supply
are assumed to be 33300 TJ and 4301 TJ. No
energy (fuel) will be generated in the region
to meet the energy demand for transport.
However, in total there is a surplus of energy
generation in the region.
4.

How did the project area develop over time in a carbon
emitting landscape in a socioeconomic, political,
technological, natural and cultural way?

The history of the peat landscape, according to
Borger, (1992) is the history of its destruction.
The peat is formed by natural processes
and because of political, technological,
socioeconomic and cultural drivers it is drained
and burned. The landscapes with swamp forest,
marshes and peat cushions that existed before
the excavations have disappeared. From the

start of the excavations of the peat landscape,
3000 MT CO2 in total is emitted by draining
and burning peat. The landscape subsidized
for several meters and the use of different
new techniques, like mills and steam pumping
stations, made sure that agriculture remained
possible. Currently, a socioeconomic change is
going on. First, the landscape was a production
landscape for agricultural products and fuel. At
the end of the last century, however, it gradually
changed into a consumption landscape, where
recreation became more important. Cultural,
political and socioeconomic changes bring the
generation of energy back to the peat meadow
landscape.
The agricultural sector is also changing due
to pressure from politics and society. There
is pressure from politics and society to make
the agricultural sector more sustainable and
that products should be produced for the local
market. The water boards are also discussing
their water management strategies, which
influence the land use. First, the water boards
were there to facilitate agriculture, now, soil
subsidence is also taken into account. Relatively
new political issues, like climate change,
influence the landscape as well.
Currently, there is a debate about the approach
of land subsidence and CO2eq emissions . In
the Dutch climate agreement is stated that the
emissions of the Dutch peat meadow landscape
should be reduced with 1Mton. However, some
organizations, like the Frisian environmental
federation, state that the reduction of CO2 in the
peatlands should be more than the currently
agreed upon 1Mton.
New technology and submerged drainage could
reduce the soil subsidence and CO2eq emissions.
At the same time, there are pilots going on
with paludiculture. The current system of water
boards and legislation is designed to facilitate the
current farming practice, but that is changing.
Water boards do not automatically adjust their
water levels to the wishes of the farmers, they
also take soil subsidence into account.
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Research through design question: What would be
a way for this cultural landscape to become carbon
neutral?
A research through designing (RTD) method was
used to combine and apply the insights that were
gained during the research for design process.
Besides the insights that were gained during
the research for design process, such as energy
potential mapping, the desk study on the CO2eq
emissions of different land use types and the
landscape change driver analysis, the design is
based on the following objectives:
- Generate at least as much renewable energy as
is used
- Sequester at least as much CO2eq because of
land use as CO2eq is emitted because of land use.
In order to explore the different opportunities,
a scenario study was done with four scenarios:
agricultural production for the world, nature,
global and local production and fragmented. The
four scenarios were based on an exploration on
the current debate about the future of the peat
meadow landscape.
The scenario study shows that a transition to
a system with a different land use is needed
to become carbon neutral. The current main
land use, dairy farming, has a great impact on
the CO2 emissions. However, dairy farming is
inseparably connected to the cultural landscape.
To compensate for these CO2eq emissions, other
land uses, like paludiculture, fens and swamp
forest are needed.
Enough renewable energy (heat and electricity)
could be generated to meet the future energy
demands. However, this mean that PV-panels will
be added on former agricultural land and wind
turbines will be placed in the landscape.
With the arrival of new land use, the cultural
landscape will change. Forests are best at
sequestering carbon. Therefore, a big share of
the total project area will be transformed into
forest. The forest will change the landscape
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experience and create a highly attractive new
landscape for tourists and citizens of the Green
Heart and the Randstad. The described principles
will help to preserve landscape structures and
land marks. Fens, which also sequester CO2eq,
will be placed on strategic places to keep part of
the landscape open. Although there is currently
no forest on this landscape, there was in the past.
This shows that (cultural) landscapes are fluid.
This design is an exploration of the possible
future of a carbon neutral peat meadow
landscape.

8 Discussison
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This thesis was written to contribute to
landscape architecture research and practice,
and to society in general. The contribution of this
thesis is twofold. Firstly, this thesis visualized
the imbalance between carbon emissions and
sequestration in the region. CO2 is invisible for
the human eye, which makes the emission of this
gas very abstract. However, when CO2 reduction
leads to land use change or the placement of
wind turbines, it becomes visible and will affect
the living environment of the residents and
visitors of the peat meadow landscape. The
envisioned design shows that major interventions
are needed to restore the CO2eq balance.
The second contribution is one to the current
debate on the future peat meadow landscape.
The current transition of the peat meadow
landscape seems to be steered by technological
and agricultural developments, and not by
design ideas. However, landscape architects
are now going to actively participate in the
debate. Recently, several landscape architects
(/students)(Hermens, 2015,Plambeck, 2018)(de
Kort, 2018)( Dietz et al., 2018) conducted a design
research on this problem and are presenting
their ideas during several events that focus
on soil subsidence and/or the peat meadow
landscape. In this thesis, I specifically focused on
finding a balance between CO2eq emission and
CO2sequstration.
Methodological reflection
In this paragraph, the reliability and the internal
and external validity of the research will be
discussed.
Reliability is ensured in several ways. The
reliability of the research for the design part
is ensured by documenting the used sources
and methods to collect and analyze data. In
the design process, the reliability is ensured by
documenting the steps and the decisions that
were taken to make the scenarios and the design.
Reliability is also ensured by documenting the
collected data, such as GIS maps, data on energy
demand and data on CO2 emissions. However,
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complete reliability can never be ensured,
because designing is a creative process, which is
influenced by my personal experience.
Internal validity
Internal validity in this thesis is ensured by
triangulation in using multiple methods to
answer the same research question. Different
methods to collect data were used: collecting
existing secondary data and making observations
about the landscape (pictures and notes). Data
triangulation was applied by using different data
sources when determining the GEST’s and during
the energy potential mapping.
However, there were a few limitations that might
have had an impact on the quality of my findings
and the ability to effectively answer my research
questions. These limitations were the starting
point, the data and the time limit. Since the use
of data was an important part of my thesis, this
will be described in more detail.
Starting point:
An agreed approach in landscape architecture
to design carbon neutral regions does not exist.
Therefore, different methods were combined,
namely EPM, calculations on the current CO2eq
balance and the use of GEST’s. This means that
I had to rely on literature from other fields of
expertise, like ecology, water management and
environmental system analysis. I was no expert
at GIS either, so I had to learn the basic skills to
complete the EPM and the calculations for the
different scenarios.
Data:
Data on CO2eq emissions was only available
for each municipality. Therefore, the river area
by the Oude Rijn and Vecht, which contains no
peat, was also included in the CO2eq balance
and EPM calculations. In the research through
design phase, the focus was only put on the
peat meadow landscape. There was no data
available on indirect emissions that were
generated outside the region for the production
of goods and services which were consumed by

inhabitants of the region. Therefore are these
indirect emissions not taken account. Therefore,
these emissions were not taken into account.
The increase of the production of products that
are locally used, may create an increase in direct
emissions, but a decrease in indirect emissions.
Because of a lack of data and time, this link has
not been researched in this thesis.
In the EPM, the data that was used, derives
from 2015, because not all the data for 2016 and
2017 were available. Therefore, the data does
not represent the most recent situation. When
determining the current CO2eq balance, only the
emissions of the following greenhouse gasses
were taken into account: NO2, CH4 and CO2. Data
from other greenhouse gasses, like sulfur or
fluorides, which are emitted by industries, are not
taken into account in this research. The reason
to do this is twofold. Firstly, these emissions are
generated by industries, and only the reduction
of emissions of land use and energy were part of
the scope of this thesis. Secondly, it has not been
taken into account because of the lack of data on
the location and type of industry.
The data that was used to calculate the CO2eq
emissions in the region was derived from the
Klimaatmonitor. The CO2 emissions, which
are related to the electricity and gas use, was
calculated using annually determined emission
factors. The emission factor for electricity is
nationally determined, but influences the local
CO2 emission. For transport, the CO2 emission
was based on a traffic model, for which data was
derived from traffic measurements. This data is
partly based on models and assumptions, so the
actual CO2 emissions could deviate.
Data for the EPM was derived from the Nationaal
Georegister. The data for the technical potential
of heat and cold storage of pumping stations
was only available for the water board Stichtse
Rijnlanden and not for the water board Amstel,
Gooi and Vecht. Therefore, the technical
potential in the region will be higher. Next to
that, only the technical potential was available.
These pumping stations should be located

close to energy sinks, otherwise it will not be
economically feasible. Because of time limits and
lacking expertise, I did not calculate whether
it is economically feasible or not. When the
economic situation changes or when grants will
be provided, the economic feasibility will change.
In the energy calculations for the heat and cold
storage, only heat was taken into account and
cold was not. Most buildings are cooled with the
use of electricity and the demand for cooling
was unknown. By using the cold, derived from
the heat cold storage, the electricity use will
decrease. For geothermal heat, only data on
economic feasibility was available. Test drillings
should be executed to show whether it is also
technically possible.
Because of a lack of data and time, the use of PV
panels on, for example, noise barriers, asphalt
and landfills are not taken into account. In
general, the resistance against placing PV panels
on these locations is smaller than it is against
placing PV on agricultural soil. Therefore, this
should be included in future calculations.
Data on the possibility to place wind turbines in
the province of Utrecht was lacking. Therefore,
I calculated the restrictions for a 3MW wind
turbine. To make the calculations for wind
easier, all the calculations were made with the
same wind turbine. However, the size of the
wind turbine influences the restrictions and the
amount of generated energy. Calculations with
other types of wind turbines could be done
to research the possible energy generation of
alternative wind turbines.
CO2eq data to determine the GESTs was
derived from literature and based on both
model and empirical studies. These GESTs are
assumptions about possible CO2eq emissions.
The comparability of the different GESTS has its
limitations, because of the different measuring
systems that were used (Hensen et al., 2010),
different unrelated sites (Couwenberg, 2011),
difficulties in measuring the different greenhouse
gasses (Couwenberg, 2011) and differences in the
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types of management (Schrier-Uijl et al., 2014).
Empirical research from several years on pilot
plots, like in the Ilperveld, could help to improve
the reliability of the different assumptions (Riet
et al., 2013).
Time:
The time that was available to investigate the
research problem, to finish the research for
design process and to finish the research through
design process was limited. This of course
affected some conclusions, research decisions
and design decisions that were made.
External validity
The research applies to the peat meadow
landscape of Utrecht. Because of the
specifications of the landscape and land use,
these results and the envisioned design cannot
be used for other peat meadow landscapes.
However, the approach to create a carbon
neutral landscape can be applied to other peat
meadow landscapes in the Netherlands, and can
be used to make a comparison. For example, to
see where the biggest reduction in CO2eq can
be achieved. The same is true for the different
building blocks, because those can also be used
for other peat meadow landscapes. When placing
the different building blocks in the landscape,
the water level and soil type should be taken into
account.
Reflections
This thesis was data driven and the design was
based on this data, that was generated in excel.
However, the spatial consequences of decreasing
CO2 emissions and thereby land use is not visible
in excel. A small change in excel could have a
huge spatial impact. Therefore, it was important
to visualize the different spatial impacts of the
scenarios. Using the toolbox for landscape
architects shows what the consequences are
of the land use change and choosing possible
locations for renewable energy generation.
The changes in the landscape should make the
landscape more attractive, because according to
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(Selman, 2010) our heads will accept the need for
these landscape changes, but our hearts need to
learn how to love them.
The scenarios were chosen to look at different
views of the current debate on the peat meadow
landscape. Scenarios could be described as
possible and imaginable narratives (Salewski,
2012). This axe was chosen, because it functions
as an umbrella for the most important opinions
on the debate of the peat meadow landscape.
However, it does not include all the different
narratives. An example of this narrative, is that
the cows will stay in their stables, so the different
grasslands could transform, and dairy farming
could continue.
In the different scenarios, the emissions that
will be created by establishing a new industry,
like the factory that processes the cattail, or
the transport to the new nature area, are not
included in this thesis, because of a lack of
data. Therefore, the demand in all the different
scenarios will remain the same, except for global
agriculture (greenhouses).
Farmers manage the peatland in the project area.
Sometimes, the farm has been in their possession
for generations. They generate their income from
their farm and are part of the local community.
When the landscape will change, the impact on
the current farmers will be huge. Some farmers
will have to move, other farmers will be able
to stay, but in a changing landscape. Within this
project, farmers and citizens were not consulted,
because it looked at the spatial impact and not
the social impact. However, another student
project did include farmers in an action research
project on the future of the peat meadow
landscape of Landelijk Noord in Amsterdam
(Bicker et al., 2018).
One of the results of this research is that the
amount of agricultural land should diminish
to make room for CO2 sequestrating land use.
Whether this plan was achievable in monetary
terms was not the scope of this thesis. The
oxidation of peat and the CO2eq emissions from

the generating of energy are societal problems.
If society is willing to pay for a CO2eq neutral
landscape, it will be possible. Money could be
earned by transforming the different farms into
houses. The money that is earned by selling these
houses, could be used to transform agricultural
land into forest. The same is true for project
developers of solar energy, who could also
contribute to the creation of forest. Another
way to collect money, is to sell carbon credits
to companies or organizations, that want to
compensate for their CO2eq emissions.

different way of dealing with the peat meadow
landscape.

An alternative to reduce CO2eq emissions is
carbon capture storage. Carbon capture and
storage (CCS) has the potential to reduce future
world emissions from energy by 20% (Haszeldine
et al, 2009). However, the process of CCS will
lead to an increase of environmental impacts, like
toxicity and eutrophication (Schakel, 2018). CCS is
seen as an intermediate solution in the transition
towards renewable energy. Because CCS does
not tackle the problem but only reduces the
impact, this technique was not included in this
thesis.
Recommendations
Additional research on other case studies could
be done to see which peat meadow landscape
has the biggest potential in terms of CO2eq
reduction. In further research, more calculations
on the scenarios could be made, like calculating
the change of energy demand in the different
scenarios. Another recommendation for research
is to start empirical research to see if the land use
change has the expected effect on the reduction
of CO2eq emissions. In this research, only 23
GESTs are researched. While there are over a 100
different paludiculture crops. Other types of land
use could therefore also be researched.
The topics of CO2eq reduction, soil subsidence,
and the renewable energy transition were
chosen for their relevance in the larger social
and scientific realm. Not just one, but multiple
solutions could be found for this problem. I
would like to see my thesis as inspiration for a
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Appendix A: CO₂eq Balance
CO2eq emission not from energy. Klimaatmonitor

Emissions from nature and peat are derived from GIS maps as shown in chapter 4.2.
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Appendix B: GESTs
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Appendix C: Energy
Total energy demand 2015. Based on klimaatmonitor

Calculated energy potential and demand in 2030. For data sources see the different sources for each
energy source in chapter 4.2
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Appendix D: Scenario Energy and CO2
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