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Abstract
Humanity has altered landscapes for decades. Especially the Dutch have extensive experience with
transforming their surroundings. While these alterations of landscape systems provided wealth on many levels,
they have also proven to be major drivers of climate change. The ability to adapt landscapes may both be
cause and solution to the climate crisis, with many complicated transitions that need to be embedded into a
new, sustainable landscape system.
Integration of the energy transition with other climatic goals is slowly becoming a more widespread approach.
In recent years, combinations of energy with agriculture, nature and infrastructure have been proposed
regularly. The combination of energy and these landscape components implies a focus on the open landscape:
outside the city, far from where the energy is consumed, which has regularly led to opposition. To spare these
landscapes, opponents often suggest to ‘use every roof’ for solar energy production. Although it is arguable
whether this will satisfy the energy demand, placing energy production near its user seems tangible and fair.
To investigate the opportunities of bringing production and consumption closer together, this research studies
true integration of energy and housing development. An ‘Energy on the Edge’ approach is developed, reaching
for integration beyond utilizing the roof. The approach is used to study a successful synergy between energy
and housing at the western city edge of Nijmegen. Energy production is used to stimulate housing development
in a housing crisis: all while dealing with future uncertainties of both. Instead of ‘outsourcing’ energy, it is
brought into the city, near its consumer. The Energy on the Edge approach establishes a new concept for living
with renewable energy: Living in the Power Plant. The concept utilizes energy as a means to improve landscape
quality - a hopeful approach to address opposition in the energy transition.
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During my Master in Landscape Architecture in Wageningen I developed a particular interest in the integration
of different spatial challenges as well as different professions, both in design and research endeavours. This
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integrated from a landscape architect’s perspective, while also touching upon the fields of urban design,
architecture and spatial planning. I strongly believe in the (albeit a little bit cliché...) ‘1+1=3’ that emerges
when spatial challenges are successfully integrated. With this research I hope to inspire the creation of more of
such synergies in the development of renewable energy and housing. On one hand, this should be seen as a
way to produce more energy right where it is consumed and ‘preserve’ the open landscape. Moreover, it is an
attempt to show there is nothing ‘scary’ about visible energy production and even has the potential to enhance
landscape quality.
On the road to this end product, the complexity of the spatial transitions we face as a society was at times
overwhelming. The many challenges, opinions and solutions can be dazzling, making it challenging at times
to navigate through and find an angle and approach. I would like to thank my supervisors Sven Stremke and
Igor Sirnik for guiding me in these challenges, their critical reflection on my thoughts, writing and designs and
not in the last place their excitement and encouragement along the way. I would also like to thank my examiner
João Cortesão for his helpful feedback along the way. Thanks to Annick Wolf, whose friendship and critical eye
have been very valuable in the process of this thesis, but in the years leading up to it as well. Finally, thanks to
everyone around me who supported me in any way (you know who you are!) but most of all, a special thanks to
my parents. Thank you for granting me the opportunities to always pursue my passions in every possible way.
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Introduction
The call for integration
Humans have altered landscapes throughout history
(James, 2011) with activities such as changing
land cover for agricultural purposes and urban
development and mining for energy resources (Hooke
& Martín-Duque, 2012). The altering of the landscape
has resulted in so-called cultural landscapes, visually
affected by human influence and interference
(Overmars, 2010). Natural landscapes, in the most
puristic sense, barely exist in Europe and are limited
to fragmented, small remnants spread over the
continent. This, however, does not mean that cultural
landscapes are not still prone to natural processes:
as soon as human control over cultural landscape
seizes, dynamic natural processes soon take back the
reign (Overmars, 2010). Especially in the Netherlands,
famous for the ability to ‘build’ landscapes, humans
have heavily interfered with the natural landscape: the
entire land cover of the Netherlands can be classified
as cultural landscape.
Paradoxically, the ability to alter landscape processes
may be both the problem and solution in the current
climate crisis. While the heavy interference of humans
in natural systems has been a major contributor to
climate change (Mercuri & Florenzano, 2019), a
new ‘era’ of interference to combat climate change
may greatly depend on that same ability to adapt
landscape systems. Humanity will face a combination
of complicated climatic and spatial transitions in
agriculture, energy, nature and housing in order to
move to more sustainable practices. All of these
transitions require their own space in the landscape
and need to be embedded into a large, new
landscape system. Therefore, the call to integrate
these different transitions enforces (CRa, 2018; CRa,
2019).
6 |

Introduction

Nonetheless, we continue to work on spatial transition
strategies such as the Regionale Energie Strategieën
(RES), the agricultural transition and the measures
against the housing crisis. These are all relatively
sectoral and focus on one main topic. There is no
‘overall plan’, leading to fear for a negative impact on
the landscape quality (CRa, 2018; CRa, 2019).
The lack of such plans can be explained by different
transitions each leading to their own land use
conflicts. This is not exclusive for the Netherlands:
it has become clear that landscapes across the
European continent have to accommodate multiple
land uses due to limited land resources (Mann et
al., 2018). The different land purposes and their
sustainable development goals lead to 3 main
conflicts, to be distinguished as (1) agricultural
production vs. nature conservation, (2) urban sprawl/
rural land abandonment vs. landscape integrity and
(3) renewable energy generation vs. landscape
aesthetics. (Mann et al., 2018). In a Dutch context
with especially limited land resources and not
enough space to accommodate our current plans
(NOS, 2020), all 3 conflicts mentioned by Mann
et al. represent limitations for the aforementioned
transitions. These transitions are major actors in
the goals of the Dutch Klimaatakkoord (Ministerie
van Economische Zaken en Klimaat, 2019) and the
Nationale Omgevingsvisie (NOVI) (Ministerie van
Binnenlandse Zaken en Koninkrijksrelaties, 2020a).
The lack of integrated plans imposes a risk on the
coherence of our landscapes (CRa, 2019; CRa,
2020; Figure 1-3) and may lead to autonomous
developments scattered across our landscapes (CRa,
2019). Especially the implementation of sustainable
energy raises concerns about landscapes that
look like ‘chocolate sprinkles’ (van Dinther, 2020).

‘Wanted: a minister of space (with power and money!).
If the national goverment does not take the lead in landscape development,
the Netherlands will become “like chocolate sprinkles” [...]’
De Volkskrant, 24 november 2020

‘Alarming report: the landscape is “cluttering”.
The Dutch landscape is cluttering due to the arrival of wind turbines, solar
parks, data centers, distribution parks and changes to agriculture [...]’
Algemeen Dagblad, 11 november 2019

‘Cluttering of the landscape is a political choice’
De Volkskrant, 31 januari 2021

Figure 1-3: Selection of news headlines about the on-going
debate about landscape ‘cluttering’ and call for integration and
governance.

Therefore, several publications stress the importance
of integration into a new landscape system (CRa,
2019; CRa, 2020; Ministerie van Binnenlandse
Zaken en Koninkrijksrelaties, 2020a). Regarding the
energy transition, over the past years, several design
proposals have drawn the connection between the
energy and agriculture, nature development and
infrastructure. One of the most urgent transitions,
however, has not been explicitly connected to the
energy transition: the housing shortage.
During the 2021 parliamentary elections, the housing
shortage was one of the few topics many researchers
and politicians agreed on. The Netherlands needs
to build 1.000.000 new dwellings by 2030 (Neprom,
2018), with a current shortage of around 300.000
(Kleinepier et al., 2019). Some suggest that space
for more dwellings should mostly be sought for within
existing cities (densification) (Havermans, 2020;
Otten, 2021), while others question whether existing
cities can respond to the demand (Hulsman & Voogt,
2020). Even if densification manages to reach the
goal of 1.000.000, the housing shortage may not end
by 2030. In the two decades after, another demand
of roughly 300.000 is projected (Bureau Stedelijke
Planning, 2019), which is, however, also prone to
many uncertainties. While densification may offer
much needed space for other objectives in the
landscape, a city can’t expand within existing borders
forever (Bouwman & Vahl, 2020). To summarize,
there are several uncertainties: we need strategies
for adaptive plans that allow different developments
according to future needs.

Energy on the Edge
Many plans other than housing are currently projected
outside the city, particularly plans for renewable
energy production and nature restoration. If the
time comes that cities need the space that we are
now planning to use for other purposes, new land
use conflicts may arise. Avoiding conflicts and
ensuring space for all requires thinking ahead from
a landscape architect’s perspective that is able to
integrate the wide variety of plans into a future proof
landscape. We must ask ourselves what forces may
put pressure on our landscapes now and in the future.
According to PBL (2019), there are 3 main factors that
will claim considerable amounts of space between
now and 2050 (indicative): housing (8000 – 13.000
hectares outside existing city borders), the energy
transition (152.500 – 212.500 hectares on land) and
nature development (up to 150.000 hectares). While
housing is clearly allocated to city edges and nature
development to the agricultural landscape, energy is
located somewhere in between: it could be placed
on roofs, city edges or in the current agricultural
landscape.

executed by implementing (temporary) sustainable
energy production and housing development as
catalyzers for city development whilst incorporating
the uncertainty of the future energy and housing
needs.
Energy on city edges can serve as a ‘protector’ of the
open, agricultural (or natural) landscape while also
forcing cities to focus on densification first. As the
lifespan of the renewable energy resources ends, this
land will become available for the kind of development
that is needed at that particular time: whether it be city
expansion or a continuation of energy production.

Uncertainties present themselves in both in the
required size of different space claims as well as
where to allocate them. Especially in the allocation
lie big opportunities for urban peripheries. With
nature restoration located in the open (agricultural)
landscape, peripheries can function as a transition
zone between city and nature, incorporating energy,
housing and natural connections. Successfully
developing these peripheries requires thinking ahead
and dealing with the critical uncertainties. Using an
Energy on the Edge approach, analysis and research
into the synergies between energy and housing in
urban peripheries will be conducted. This will be
Introduction
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Research area
To determine a suitable location for this research,
spatial analysis on a national scale was conducted.
The Netherlands was analyzed on 3 domains, each
with several parameters (Appendix I). Since this
research seeks integration between energy and
housing, the domains were areas with:
• Projected population increase between now and
2050 of >10%;
• High potential for renewable energy production;
• Areas with power plant sites that have been
closed.

for 2030, placing it 6th in the Netherlands by then
(Buijs, 2019), slightly improving from the current
3rd place (Friedrichs, 2019). To address the high
shortage, Nijmegen is part of the Woondeal ArnhemNijmegen (Ministerie van Binnenlandse Zaken en
Koninkrijksrelaties, 2020b), aiming for 50.000-60.000
new dwellings in the coming decades. In conclusion,
the site faces all relevant challenges this research is
addressing.

Figure 5: Historic energy landscape of Nijmegen (Broere, 1963).

The latter category was inspired by previous thesis
research indicating that current (fossil) energy
production sites could highly contribute to the
accommodation of renewable energy (Peters, 2016).
From this analysis, Rotterdam, Amsterdam and
Nijmegen ‘scored’ highest and appear promising
(Figure 4).
From these areas, Nijmegen appears most promising.
Having a long history with energy landscapes (figure
5), Nijmegen consists of a particularly interesting site
for this research (Figure 6). Contrary to Rotterdam,
the Nijmegen site is in the urban periphery, bordered
by industrial area Batavia (that could be used
for densification), the Maas-Waalkanaal and the
Waal river. Additionally, some renewable energy
was already implemented in the area (such as the
solar field in Figure 7), with opportunities for further
implementation. On the long term, the location
could make a popular site for dwellings, located
on the riverside, closed to the city center and in
a distinctive environment with rough, industrial
elements. Finally, Nijmegen as a city is very suitable
due to the extremely high housing shortage projected
8 |
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Figure 6: Historic electricity pylons at the site today.

Figure 4: Map of the Netherlands depicting an overlay of analysis layers indicating suitable areas for the research objective.

Figure 7: Recently constructed solar field with the (former)
energy plant in the back.

N

Context
Nijmegen is located in the southeastern part of the
province of Gelderland and is the most populated
city of the province (CBS, 2021). It is notorious
for its housing shortage, currently placing third
in the Netherlands after Amsterdam and Utrecht
(Friedrichs, 2019). Despite recent building efforts,
the development of housing remains below the
development of the demand (Companen, 2020a).
Meanwhile, Nijmegen, as part of the Arnhem-Nijmegen
region, is also facing a major spatial challenge as a
result of the RES 1.0 bid of 1,62 TWh. This roughly
translates into an estimate of 38 windturbines and
1065 hectares of solar panels (RES Regio Arnhem –
Nijmegen, 2021a). The so-called ‘searching areas’
(zoekgebieden) are mostly allocated to zones around
infrastructure or in the open agricultural landscape
(Figure 8), not in the urban peripheries.

Legend
Search areas wind
Search areas sun
Search areas wind + sun

Disclaimer march 2021: all maps in the RES
1.0 of the RES Region Arnhem-Nijmegen
are still in concept and not yet comfirmed
by the participating governments.

0km

15km

As Figure 8 portrays, the Arnhem – Nijmegen region
is relatively urbanized. Space is scarce, yet the
city edges of Arnhem, Nijmegen and smaller towns
appear underused. Smart combinations between
the RES and the Woondeal Arnhem - Nijmegen offer
opportunities that protect the open landscape from
both urbanization and large-scale renewable energy
implementation.

Figure 8: Regional ‘searching areas’ for renewable energy as suggested by the RES 1.0 Arnhem – Nijmegen (RES Regio Arnhem
– Nijmegen, 2021b). The borders of the municipality of Nijmegen, the (larger) study site for this thesis, are indicated in dark blue
around the city.
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Methodological framework
Objective
Implementation of renewable energy competes with
other land uses, especially in RES regions that are
comparatively urbanized like the Arnhem – Nijmegen
region. Placing renewable energy systems in the
agricultural landscape seems inevitable due to the
high energy demand and the scarcity of space. That
does however not justify overlooking city edges.
Particularly in Nijmegen, where (some) renewable
energy is already part of the urban periphery, some
opportunities seem to be missed. Using city edges
may seem ‘scary’ in the sense that these areas are
likely needed for urban expansion sooner or later.
That is why a smart strategy to combine the two (and
their inherent uncertainties) is important in the current
dialogue.
The objective of this research is to investigate the
opportunities for renewable energy production on the
Nijmegen city edge, incorporating the uncertainties
of the future housing need and how this combination
strategy translates into an adaptive, future-proof
design. The Energy on the Edge approach will act
as a catalyzer for a simultaneous and synergetic
development of both renewable energy and housing.
It brings energy production and consumption closer
together, which is not only equitable, but practical and
cheaper as well. Furthermore, it is an attempt to end
the stigma around the visibility of energy production
by using new techniques.
Additionally, the Energy on the Edge approach
offers protection to the open landscape by acting as
spatial border that prohibits the city from expanding
before it is absolutely necessary. The goal is not to
just protect the open landscape from ‘cluttering’,
but also to increase the landscape quality of the city
10 |
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edge, a quality that is not always a given in these
areas. The city edge is prone to ‘verrommeling’ (LOLA
Landscape Architects, 2011), which is also a common
criticism on the implementation of renewable energy
in the landscape. A design approach to arrive at an
adaptive design that improves landscape quality
for the Nijmegen city edge will be constructed by
developing principles and guidelines based on
literature study and analysis. Additional principles,
guidelines and conclusions will be drawn from
application of the principles and guidelines derived
from literature study and analysis in its spatial context.

Relevance
In order to arrive at relevant conclusions, this research
will eventually conclude in principles and guidelines
for design using an Energy on the Edge approach on
city edges. While these principles and guidelines will
be developed based on site-specific characteristics
and spatial context (van Etteger, 2016), they will be
able to guide design processes in similar contexts.

Concepts
Important concepts for this thesis are those
concerned with designing with uncertainties and those
incorporating and monitoring landscape quality.
The transition towards more sustainable practices in
our landscapes, in this case embodied as the energy
transition, requires adaptations that will stretch out
over multiple decades. For that reason, this scope
of this research extends far into the future (beyond
2050). It is therefore important to consider external
trends and forces (Stremke, van Kann & Koh, 2012)
by creating long term visions (Stremke, van Kann

& Koh, 2012). The long-term visions should embed
change due to current trends, change due to critical
uncertainties and intended change into the design to
arrive at a desirable yet realistic future (Stremke, van
Kann & Koh, 2012). This will be achieved by using the
Integrated Visions approach by Stremke, van Kann
& Koh (2012). The Integrated Visions framework will
be used as a main framework to guide the design
process.
In order to integrate the different spatial transitions
society currently faces, proper allocation of
developments of different dynamics is crucial.
Using the Casco approach (Kerkstra & Vrijlandt,
1988; Sijmons, 1991), the dynamics of different
developments and their interdependencies can
be analyzed and embedded in the design and
thereby consider their implications for other future
developments. Therefore, within the main framework,
the Casco approach will be used as an assessment
and design tool.
Finally, since city edges are not necessarily known
for their landscape quality, redevelopment of such
an edge should be devoted to improving landscape
quality in order to create the aforementioned desirable
future (in short and long term). Therefore, the
landscape quality concept as described by Oudes
& Stremke (2020) will be applied to assess current
landscape quality and the effect of design decisions
on future landscape quality and relate it to the current
landscape quality.
In the Theoretical Framework, the three concepts will
be explored separately. They will then be brought
together in one framework that guides the further
research and design process. Finally, the lessons
learned from these concepts will be translated into
principles as a base for the design.

Questions
The main objective of this research is to develop a
new strategy that deals with the uncertainty of future
city expansion and to investigate how the Energy on
the Edge approach can be a catalyzer for energy
production and housing development. By doing so,
the aim is to improve landscape quality and foster
synergies between different land uses. This translates
into the research and design questions depicted in
Figure 9.
By combining the results from the sub research
questions (SRQ), the different challenges can be
integrated in an adaptive landscape design. The
sub research questions and sub design question
(SDQ) will together help to answer the main research
question (MRQ) (Figure 9).
The answer to the main research question will consist
of a collection of design principles and guidelines. As
described by van Etteger (2016), design principles
have a general nature and are not necessarily sitespecific. Design guidelines are less general and
applicable in certain spatial circumstances, meaning
that they are generally site-specific.
In SRQ 1, principles are derived from the theoretical
analysis. In this phase, no guidelines are derived yet,
as the theoretical analysis is not site-specific. The
main research question includes the principles from
theory, supplemented by principles and guidelines
resulting from the other research steps.

Figure 9: Methodological framework with the research process,
including questions, methods and expected outcomes.
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Theoretical framework
Integrated visions
In the discipline of landscape architecture, strategic
thinking in order to create long-term (regional) designs
often encompasses facilitating gradual adaptation
of the living environment (Stremke, van Kann & Koh,
2012). This is becoming increasingly relevant in a
global context of climate change and the connected
sustainable development goals in the domains of
energy, housing, nature and agriculture. Due to the
various developments the Netherlands must address
as a result of their climate goals (Rijksoverheid,
n.d.), the call for integration of the sustainable
transformation of different spatial entities like energy,
housing, nature and agriculture, enforces (CRa, 2018;
CRa, 2019). Since adaptation to climate change and
the implementation of renewable energy is expected
to take several decades, it is important to include
external trends and forces in the development of
long-term visions (Stremke, van Kann & Koh, 2010).
Stremke, van Kann & Koh (2010) argue that three
modes of change should therefore be integrated into
design processes: change due to projected trends,
change due to critical uncertainties and intended
change. Within this research, the integration of these
three modes means that a future-proof landscape can
be designed by incorporating projected trends and
change due to critical uncertainties. Concurrently,
incorporating intended change will guide that future
by short term design interventions that lay the
foundation for a desirable future, both in the short and
long term.
Many of the external trends and forces face a range of
uncertainties (Stremke, van Kann & Koh, 2010), which
is why scenario studies are important as a foundation
for a long-term vision or design. Stremke, van Kann &
Koh (2010) therefore developed the Integrated Visions
12 |
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Framework to approach long term design while also
incorporating critical uncertainties. They formulate
several prerequisites for proper long-term (regional)
design (Stremke, van Kann & Koh, 2010). The most
important prerequisites for the objective of this thesis
are the following:
•
•
•
•
•
•

Integrate change due to current projected trends;
Integrate change due to critical uncertainties;
Help develop alternative proposals rather than a
single master plan;
Help to identify innovative and robust
interventions;
Enable the evaluation of the robustness of
interventions;
Avoid closing of future options.

Key to this framework is the integration of near future
developments (current projected trends), possible
far-futures (critical uncertainties) and implementable
design (intended change) into the process (Figure 10,
steps 2-4). This is complemented by prior analysis of
the study region (Figure 10, step 1) and evaluation
of the possible interventions that derive from the
previous steps (Figure 10, step 5). This sequence of
steps should be cycled through at least twice, first to
define context and scope, gather maps and data, etc.,
second to develop the actual visions.

Figure 10: The Integrated Visions framework (Stremke, van Kann & Koh, 2010)

Table 1: The five-step integrated visions approach applied for
the Energy on the Edge approach based on Stremke, van Kann
& Koh (2010). It represents an overview of the different steps
and connected key questions.

In Table 1, the topics and representations are made
specific for this research. After analysis and inventory
in the first two steps, the possible far-futures will
be based on the different developmental paths the
Energy on the Edge approach can take with either
a focus specifically on energy or housing. These
scenarios will be based on external projections on
developments of the housing need and energy supply.
Theoretical framework
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Casco approach
A well-known approach to the complexity of long-term
design and integration of different landscape layers is
the Casco approach.
The Casco Approach (CA) separates spatial
functions with different dynamics. The foundation
for the approach was laid by Kerkstra and Vrijlandt
(1988) and further developed by Sijmons (1991). The
approach aims not to neglect differences in scale, size
and age of different landscape layers and instead to
work with the contrasts and combine them collectively
(Hoekstra & Mulkens, 2014). This is achieved
by separating functions with different process
characteristics, distinguishing ‘low dynamic’ and ‘high
dynamic’ functions (Figure 11). In this distinction, time
is the most important factor. Low dynamic functions
take a long time to develop and therefore require
stability, whereas high dynamic functions require
flexibility in order to adapt in periods shorter than 30
years (Kerkstra and Vrijlandt, 1988). The low dynamics
make up the stable framework of CA, located in
locations where they are granted enough time to
develop (Kerksta and Vrijlandt, 1988).
Within the low dynamic framework, two types of
dynamics can be distinguished, according to Sijmons
(1991). Firstly there are ecological dynamics, in
which natural processes such as sedimentation,
succession and erosion can take place. Secondly
there are the societal dynamics: for instance, the
dynamics of progressive insight that can lead to
different management approaches to ecology. By
combining a low dynamic framework with functions
benefiting society such as forestry, recreation and
nature conservation, societal support for maintaining
the low dynamic framework can increase (Hoekstra
14 |
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& Mulkens, 2014). Especially a long-term framework
requires addressing future uncertainties, steering the
developments in different phases (Kerkstra & Vrijlandt,
1988).
The high dynamic pockets have a considerably
shorter planning cycle that can adapt to technological
and economic advancements, meaning that they
can change after thirty years or less (Hoekstra
& Mulkens, 2014; Kerkstra & Vrijlandt, 1988). By
appointing certain zones as flexible high dynamic
pockets, the low-dynamic framework can develop
without disturbance (Dekkers, 2007). The flexibility
of the high-dynamic pockets does not mean that
they are free of regulation and can even incorporate
low dynamic functions such as cultural heritage
(Sijmons, 1991). Governments can guide the pockets
using preconditions, subsidies, etc. (Kerkstra &
Vrijlandt, 1988). The pockets contain functions such
as agriculture, urban activities and other economic
activities. While the pockets are not necessarily
intended to be designed in advance (Sijmons, 1991),
they must be developed in such a way that their
flexibility does not affect the low dynamic framework
(Hoekstra & Mulkens, 2014).

Low dynamic framework

Casco approach

In this research, CA offers a clear framework to use as
a foundation for scenarios and design. Distinguishing
low and high dynamic (and their expected turnaround
times) provides a demarcated framework for the
Energy on the Edge approach, especially as it helps
to determine which functions will avoid the closure of
future options and which will not.
Additionally, the envisioned future functions can
be clearly allocated. Energy production is a clear
high dynamic function, with a turnaround time
of approximately 25 years. Urban expansion, or
buildings in general, have a turnaround time of
approximately 70-100 years or even more. Although
this would still be a high dynamic function, it
approaches low dynamic characteristics. Urban
expansion and energy production therefore have very
different implications for future options, yet will still
both fit into the high dynamic pockets. This contrast
also implies the need for a strong low dynamic
framework, that should be developed as early as
possible. In this case, the low dynamic framework
encompasses a robust green structure, but also
space (reservation) for water protection and/or water
storage measures. The different developmental paths
and their dynamics are visualized in Figure 12.

High dynamic pockets
Figure 11: Visualization of CA in the two different layers based on Hoekstra & Mulkens (2014).

Theoretical framework
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Figure 12: Different developmental paths of the Energy on the Edge approach. The figure
indicates the level of dynamics of the pockets for the different developments. The higher the
dynamics of the pockets, the more flexible and thus able to adapt. T = time in years.
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Landscape quality
In the coming decades, the range of climatic
transitions our landscape will face is so wide that the
lack of plans that integrate these different transitions
imposes a risk on the coherence of our landscapes
(CRa, 2019; CRa, 2020). The implementation of
renewable energy is a key driver of transformation
that will require substantial landscape interventions
(Oudes & Stremke, 2020). Therefore, protecting and
embedding landscape quality in the design is crucial
to deflect the risks on the coherence of the landscape.
Landscape quality is not only essential from an
intrinsic landscape architect’s motivation, but also
to ensure a support base among local stakeholders.
Renewable energy interventions in densely populated
areas (or, in this case, directly adjacent to a densely
populated area) has proven controversial as it alters
the landscape value of locals (Oudes & Stremke,
2020; Selman, 2010; Wolsink, 2007). Improvement
of landscape quality is therefore key in the pursuit of
more sustainable practices.
According to Lothian (1999), the concept of
landscape quality can be divided in an objectivist and
subjectivist paradigm. In the objectivist paradigm,
landscape quality is regarded as a feature to be
classified, similar to classifications of soil and
vegetation. Analysis of the landscape quality is based
on certain assumptions, e.g. that mountains and rivers
dispose of high landscape quality. This results in an
assessment that categorizes the landscape quality as
high, medium or low. These assumptions, however,
are highly subjective. This approach assumes that
landscape quality is inherent to the landscape
(Lothian, 1999).

The subjectivist paradigm on the other hand,
examines (local) community preferences for the
landscape and then uses statistical analysis to
determine the overall landscape quality. It ensures
that subjective preferences of the researcher or
designer do not influence the assessment of the
landscape. This approach assumes that landscape
quality is in the eye of the beholder (Lothian, 1999).
However, Lothian’s way to operationalize landscape
quality focuses solely on experience and the
preservation of scenic value, which is only one aspect
of landscape quality (Oudes & Stremke, 2020; Apostol
et al., 2016). According to Oudes & Stremke (2020),
there are two more aspects of landscape quality.
Their definition of landscape quality is based on the
Vitruvius triplet of utilitas (functionality, use value),
venustas (experiential value, beauty/attractiveness,
i.e., the aspect of landscape quality Lothian focused

on) and firmitas (firmness, future value). These three
aspects and their relationship together make up
landscape quality, which are then related to four
societal interests: economic, social, ecological and
cultural, based on Hooimeijer, Kroon & Luttik (2001).
Utilizing these three aspects does not only make
landscape quality a less subjective topic, but also
offers a holistic framework to assess the current
landscape and future quality. For that reason, this
framework will be very valuable in this research as
an assessment tool for the scenarios and design.
The framework was translated into a table (Figure
13) that allows ‘scoring’ of these different categories.
The examples by Oudes & Stremke (2020) using this
table are based on mentioning of these topics in postcompletion evaluations. In the case of this thesis, this
table will be used to assess different scenarios based
on the analysis and deliberate design judgement while
in the research and design process.

Figure 13: Landscape quality framework with aspects of
landscape quality at the intersection of design criteria and
societal interests (Oudes & Stremke, 2020). In this research,
each intersection will receive a score based on the amount of
ways in which it is addressed in the scenarios or design.
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Integration of theories
Together, the three pre-described theories and
concepts make up the framework of this research.
The Integrated Visions model by Stremke, van Kann
& Koh (2010) is considered as a main framework, in
which the landscape quality concept and the Casco
approach will be used as complementary methods for
each step (Figure 14).
This theoretical framework also dictates how the
research and design process will be executed. The
remaining specific research questions are connected
to step 1 (SRQ 2) and steps 2 and 3 (SRQ 3). The
specific design question is then answered in steps 4
and 5. In step 4, the context scenarios are translated
into different design models for the far future, step 5
then distills the design interventions required on the
short term that allow the future development of each of
the scenarios from step 4.

Figure 14: Theoretical framework integrating the three concepts.
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Design principles
From the exploration of these different frameworks and
concepts, some principles can be distilled. These will
guide the analysis and design process.
1. Facilitating gradual adaptation: when
designing with far-future developments and
scenarios, there are too many uncertainties
to be assured what the ‘final’ state of this
design will become. The design must leave
enough space for the wishes and demands
of future societal developments. The
designer should leave enough space for the
design to take different directions according
to societal needs. This means that places
should not be ‘over-designed’ in order to
allow these developments, but also to not
set too many rules for future developments.
2. Working with scenarios: in order to
understand what is likely to influence the
design in the future, working with scenarios
is crucial to properly anticipate on these
developments. This helps the designer to
understand what aspects of the design
should be ‘left open’ and what parts can
have a more guiding role in the design to
steer an area towards a desirable future.
3. Frameworks: to separate functions with
different dynamics, the designer should
place low dynamic functions in stable
frameworks that allow gradual adaption of
these low dynamic functions. This allows
for long term developments required for a
desirable future to mature. This provides the
freedom to develop high dynamic spaces

without harming low dynamic functions in
the framework.
4. Allocating dynamics: knowing the
difference between the (spatial) dynamics
of various developments in the design area
helps the designer to determine what goes
where. Proper allocation is crucial in order
to build a framework. Wrong allocation may
result in unstability and ambiguity in what
can placed where.
5. Designing a support base: creating a
desirable future does not only depend on
the design itself, but also the people who
will use the designed space. Functions
that require stability need to serve users
to prolong a support base that maintains
and protects these functions. Support
should also be created by incorporating the
threefold definition of landscape quality to
improve quality and facilitate transition.
6. Balance rules and freedom: the
development of long-term designs highly
depends on societal developments such
as housing demand, energy demand, etc.
Design decisions made on the short term
should allow different developmental paths
depending on future needs, meaning that
the design should be flexible enough to
be adapted in the future. However, design
decisions made on the short term should
also set boundaries for future developments
in order to arrive at a desirable future that is
sustainable, coherent and equitable. These
uncertainties require smart thinking using
external context scenarios in order to make
deliberate design decisions that create a

clear framework that balances spatial rules
and the freedom to pursue societal needs in
the years to come.
7. Be aware of lifespans: spatial
developments each have their particular
lifespan. The Casco approach clearly
distinguishes different landscape layers
each with their different dynamics and
lifespans. Awareness of these lifespans is
crucial in order to make design decisions
on the short term, but also to understand
how the decisions make on the short term
affect the underlying layers that have
longer lifespans. Development of different
scenarios for the far-future should therefore
consider these long-term effects in order to
make deliberate decisions.
8. Landscape quality is no singular term:
the concept of landscape quality is often
operationalized solely as experiential value.
However, the quality of the landscape is
more than the way it is perceived by its
user and as described by Oudes & Stremke
(2020), also includes use value and future
value. In order to assess current landscape
quality and the effect of design models on
this landscape quality a broader definitions
of landscape quality should be used,
weighing experiential value, use value and
future value. In this research, assessment
of future value is especially relevant
considering the focus on designing with
future uncertainties. A clear understanding
of the future value allows to assess the
implications of design decisions on the
future landscape quality and may help to
adjust these design decisions accordingly.
Theoretical framework
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Analysis
1

Analysing present conditions

Nijmegen level
Modern history
Just a few decades after Nijmegen became part of
the Kingdom of the Netherlands, housing shortages
started to occur. As early as 1875, there was a big
shortage as a result of Nijmegen’s fortified city status
that prohibited city expansion outside the fortification
walls (Jacobs, 2020). In 1876 the walls were
demolished after which large scale city expansion
took place for several decades (Erfgoed Gelderland,
n.d.). It wasn’t until 1936, however, that a traffic bridge
was opened by Queen Wilhelmina across the Waal
to Lent (HVDNG, n.d. a). The bridge was destroyed
during the Second World War and reconstructed in
1943 (Oorlogsbronnen, n.d.). Big parts of the city
were heavily damaged or neglected during the war,
leading to large-scale reconstruction of especially
the ‘Benedenstad’ near the southern waterfront of the
Waal between 1950 and 1980 (Roodenburg, n.d.).
Due to both the damage from the war and the rebuild
after, there are few parts of the city that are still in the
original state. As a result, most of the buildings in the
center were build after 1950. Interestingly, this results
in a city where the areas on the edge of the city center
and around it are older than the center itself (Figure
15).
City expansion after the Second World War mostly
took place in a western and south-western direction.
The villages of Hatert, Hees and Neerbosch were
(partly) ‘swallowed up’ by the city and became
neighbourhoods instead. The most notable
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expansions were Dukenburg and Lindenholt starting
from 1966, west of the Maas-Waalkanaal (Topotijdreis,
2022). For many years, the Waal was the northern
border of the city and therefore city expansion efforts
and never occured in northern direction (HVDNG,
n.d. b). This resulted in an ‘imbalance’ with a city
center located in the north of the urban fabric. Finally,
since the late 1990s, VINEX location Waalsprong is
developing north of the Waal (Noviomagus, n.d.) as a
result of land additions from bordering municipalities
(HVDNG, n.d. b; Figure 17).

Figure 15: Image taken from national 3D model showing
individual building ages around Nijmegen center (Parallel,
2020).
N

The Waalsprong development consists of roughly
2 parts, each with several neighbourhoods (Figure
16). First part is the southern part around the village
of Lent (orange). It has an urban character and is
relatively dense. Parts of the area, such as Vossenpels
and De Stelt, are still developing. The areas closest to
the village of Lent have been completed.
Second part is the nothern part around the village of
Oosterhout (green), which has a less dense character
that is more typical of a VINEX location. In this part,
developments are also still taking place, with areas
such as Zuiderveld and Grote Boel.
The two parts are separated by the third part, a natural
and agricultural area called De Waaijer (blue), which
is also still developing (Waalsprong, 2021).

Figure 16: Map depicting the different zones of Waalsprong
VINEX area in Nijmegen, with Lent in orange, Oosterhout in
green and De Waaijer in blue (Waalsprong, 2021).

N

1900

1925
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1975

2000

2020

Figure 17: Schematic overview of the
urban expansion of Nijmegen since
1900 with the Waal river (and Maas-Waal
channel from 1950) in blue and the built
environment in red.
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City edges
In order to understand how the city edges of Nijmegen
are currently used and to assess their suitability for the
Energy on the Edge approach, the unbuilt city edges
within the city borders of the municipality of Nijmegen
were analyzed. The different types of city edges can
be attributed to different typologies. For this thesis, the
typologies defined by LOLA in their Stadsrandenatlas
(LOLA Landscape Architects, 2011) were used. In the
overview on the right, the typologies as described by
LOLA that are applicable to the Nijmegen context are
briefly described.
In total, there are 14 different unbuilt city edges in
Nijmegen (Figure 18). In Table 2, these are each
shortly represented and described, including an
assessment on their suitability for the Energy on
the Edge approach. This assessment looks at the
suitability of these edges in terms of the development
of renewable energy and housing. It also provides
an insight in how these edges are currently used and
what functions should be taken into account in the
possible redevelopment of these edges. It confirms
the suitability of the Engieterrein (edge 12) as the most
suitable for this research and design.
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Green border

Harbour zone

The green border is a city edge in which the city
borders the landscape without an explicit barrier in
between. The city was not designed as a definitive
border, but with the intention of possible future
city expansion. Just across the built city edge,
old landscape structures are still visible, making it
an attractive recreational destination, either more
agricultural or natural (LOLA Landscape architects,
2011).

The harbour zone generally makes up a very clear
city border with harbour and industrial activities taking
place on the city side bordered by a river or canal.
These zones are often inaccessible to the public and
therefore mostly visible from the landscape across the
water. (LOLA Landscape architects, 2011).

Green belt

Free port

The green edge is similar to the green border, but
it has been adapted to recreational use by city
inhabitants. The agricultural or natural landscape
has become more park-like in order to increase
the ‘capacity’ of the landscape with cycling routes,
hiking routes and recreational destinations. (LOLA
Landscape architects, 2011).

The free port (‘vrijhaven’) is a variation of the harbour
zone, different in the sense that they are now
accessible to the public. Buildings that were formerly
used for harbour activities are now occupied by
artists, designers, restaurants, skating halls, etc. Free
ports are attractive destinations for urban recreation
but often have a temporary nature. (LOLA Landscape
architects, 2011).

Tension field
The borders of the city edge have blurred in tension
field areas. The area still has a rural character but
is prone to change, resulting in a mix of agriculture,
allotment parks, sport fields and businesses such
as garden centers. These areas can be seen as city
fringes and have no clear zoning. (LOLA Landscape
architects, 2011).

1
N

2

14

Legend
Buildings
Infrastructure
Water
Municipal borders of Nijmegen
City edge type ‘tension field’

3

13

City edge type ‘green border’
City edge type ‘green belt’
City edge type ‘harbour zone’
and ‘free port’ (combination)

12

4

11
5
10
6

8

7
Figure 18: Map depicting the urban structure of
Nijmegen and the municipality’s (unbuilt) city edges.
The colored hatches refer to the city edge typologies
as explained on page 22. The numbers correspond
with the numbered city edges in Table 2.
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2

3*

4

5

6

7

8

9

10**

11

12

13

14

A15 edge

Ressen

Vossenpels

Stadswaard

Kopsehof

Mariënbosch

Driehuizerbos

Heumensoord

Staddijk / Vogelzang

Bijsterhuizen

Neerbosch West

Engie Centrale

Oosterhoutse waarden

Nieuw Balveren

Type

Tension field

Green border

Tension field

Green belt

Green belt

Green belt

Green border

Green border

Green belt

Green border

Green border

Harbour zone Free port

Green belt

Tension field

Potential

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Energy
Housing

Overall

12/20

5/20

12/20

2/20

2/20

4/20

4/20

2/20

10/20

10/20

10/20

18/20

2/20

13/20

Description

Map

Schematic impression

1

Agricultural remnants combined
with warehouses and a business
park, bordered by the A15 highway
and wind turbines in line set-up.

Start of the original agricultural
landscape north of the city with a
mosaic of arable land, grassland
and mostly orchards.

Recreational landscape combined
with agricultural remnants: urban
‘fringe’ with tennis fields, skate
parks, etc.

New nature preserve on the east
edge of the city with a water trench
next to the river and popular for
recreational purposes.

Table 2: Overview of the analysis of (unbuilt) city edges of Nijmegen in a schematic isometric view, schematic map, description and the corresponding typology using the typologies as defined by LOLA
Landscape Architects (2011). Each is scored from 1-10 on potential for energy production and housing. Energy and housing combined create an overall score indicating the suitability of an Energy on the
Edge approach in the particular city edge. The analysis confirms the choice for the Engie Centrale site as the best option to apply the Energy on the Edge approach.

Suburban park located on the
southeast edge on a higher levee.
Archaeological finds from Roman
times are regularly made here.

Forest on the south edge of the
city with playgrounds and scouting
clubs. Former Allied Forces camp
during the Second World War.

Forest patch on the south side of
the city, spur of the larger nature
preserve ‘Rijk van Nijmegen’ south
of Nijmegen.

24 |

Analysis

Forest patch on the south side of
the city, part of a larger forest and
heather complex extending further
to the south.

Large suburban park and natural
area on the southwest side of the
city, bordered by the A73 highway.
Includes some grassland patches.

Arable land and grassland
enclosed between the western city
border, the A73 highway and the
Bijsterhuizen business park.

Agricultural landscape between the
western city border and business
park Westkanaaldijk. Also includes
a former ‘Kinderdorp’.

Power plant site between 19362015. Appointed for redevelopment
as a sustainable business park.
Part of the Nijmegen harbour.

Floodplain and newly reconstructed
natural area with wet grasslands
and riverdunes. Agriculture is
located behind the dike.

Sportspark with several soccer
fields on the western city border.
Separated from Oosterhout village
by some grassland plots.

* Vossenpels is a future city expansion area in the Waalsprong VINEX development.
** Bijsterhuizen is a future renewable energy site with approx. 40 hectares of solar panels.

Energy
Within the borders of Nijmegen, there are 2 existing
renewable energy projects (Figure 19).
Energy landscape ‘De Grift’
De Grift citizen cooperative started with 4
windturbines in 2016. Currently, a solar park of
approximately 11.000 solar panels is scheduled to
generate an additional 4,6 GWh, bringing the total
to 27,6 GWh annually (the approximate use of 8600
households) (Zonnepark de Grift, n.d.).
Located on the city edge, the experience of this
energy landscape highly depends on the position
from which it is seen. From the city side (Figure 20),
the turbines are a relatively inconspicuous part of
a messy urban fringe. From the A15 (Figure 21),
however, it becomes clear that the turbines are
actually part of the open landscape between fringe
and highway, rather than the actual urban fringe.

N

2
1

Figure 20: Grift seen from the city side (1) (Google Maps, 2018).

3

Engieterrein
The Engieterrein is a former power plant site that
will be transformed in the coming years. Currently,
some renewable energy has been implemented.
A solar field produces energy for approximately
600 households (Figure 22). Even more recently, 2
windturbines have been added to the site that can
supply energy for up to 6000 additional households
(Engie, 2021). These turbines were placed quite close
to the urban fabric of the city of Nijmegen (and its
current new city expansions around the Waalkwartier)
as well as the village of Weurt on the other side of the
canal.

Figure 21: Grift seen from the A15 (2) (Google Maps, 2018).

Figure 19: Map depicting the locations of the current renewable
energy production sites in Nijmegen. The numbers correspond
to the locations where the images in Figures X-X were taken.

Figure 22: Engie solar field (3) (Google Maps, 2017).
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Key strengths

Housing
In order to initiate new, succesful housing
development in Nijmegen it is important to understand
how existing neighborhoods function and how
they are perceived by their inhabitants. Nijmegen’s
Stads- en Wijkmonitor (Gemeente Nijmegen, 2021)
keeps track of inhabitants’ perception of their
neighborhoods. For future developments, lessons
can be learned from the strenghts and weaknesses
currently present in these neighborhoods.
Key strenghts and weaknesses were selected from
the range perceived by inhabitants. They were
identified as ‘key’ based on which one is particularly
relevant as design input. An overview of the key
strengths and weaknesses are briefly described in
this section. A detailed overview of all Nijmegen’s
neighbourhoods and the key strengths and
weaknesses of each neighborhood can be found in
Appendix II.

Diverse facilities
A diversity of facilities nearby such as schools,
offices, doctors practices, shops, restaurants,
etc. is perceived as a benefit by locals.
Varied urbanity
Neighborhoods varied in urban structure,
building typologies and building ages are
considered beneficial by locals.
Many green spaces
Green spaces are often mentioned as benefits
for neighborhoods, in terms of quantity but in
terms of quality and vicinity as well.
River proximity
Proximity to the river is regarded as a benefits
for neighborhoods. This is naturally the result
of the location in the city, but also stresses the
importance of proper accessibility to the river.
Forest proximity
Similar to the river, proximity to the forest is
seen as a benefit, stressing the importance of
proper accessibility to nearby forests.
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Key weaknesses
Lack of facilities
Whereas a diversity of facilities is considered
a strength, a lack is considered a weakness.
Additionally, long distances from facilities
can lead to an increase in car use, thus traffic
issues.
Lack of green spaces
A lack of green spaces is considered a
weakness. This can be in terms of vicinity,
quantity and/or quality.
Social issues
Social issues are often listed as a weakness.
It stresses the importance of designing with
attention to social cohesion, for instance by
high quality building and public spaces where
people can meet (Bos & Horjus, 2020).
Parking issues
Parking issues are regularly mentioned as a
weakness. It stresses both the importance of
enough parking spaces as well as limiting the
dominance of parked cars in public space.
Traffic issues
Traffic issues are mentioned as a
safety problem. Limiting car access to
neighborhoods while still keeping them
accessible proves important.
‘Verkamering’
The process of turning (family) homes into
student rooms is considered a weakness that
harms the liveability of neighborhoods.

Site level
Modern history
Nijmegen opened its first energy plant as early
as 1886 (Koops, 2019). After fast technological
advancements in the early 1900s, the energy plant
was relocated and opened at the current Engie site
in 1936 (Engie, n.d.; Figure 23-24). In contrast to
the devastation resulting from the Second Word War
in the rest of Nijmegen, the energy plant remained
undamaged. The energy plant in its current form has
been in place since 1981 (Figure 25) and is currently
in the process of demolishment (Figure 26). The
energy plant used coal brought in through the harbour
for energy production, combined with biomass. In
line with the climate agreement, it was taken out of
production late 2015 (Vries & Hermsen, 2016). After
130 years, energy production on the site is taking
a different direction with renewable energy sources
(Engie, n.d.)

Figure 23: Overview of the energy production system of the energy
plant in the 1930s (Vries & Hermsen, 2016).

Figure 24: Elektriciteitscentrale Gelderland before the
opening in 1935. (KEMA, n.d.)

Figure 25: The energy plant after the rebuild in 1981. (Digicla, 2006).

Figure 26: The energy plant in the process of demolition
in 2021.

While the site itself is currently only used for energy
production, energy redistribution and harbour
activities, there is a variety of functions in its direct
vicinity, ranging from arts and culture to housing and
a business park.
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N
City edge characteristics
The site today is one of different worlds, each
corresponding with some of the aforementioned city
edges types. Below, the site will be characterized
according to these different typologies. The numbers
behind Figures 27-32 correspond with the numbers
on the map (Figure 33), indicating the locations where
the pictures were taken.
Harbour zone
Located next to the Maas-Waalkanaal and the Waal
river, the site hosts harbour activities with the BCTN
container terminal (Figure 29) and the Rijkswaterstaat
traffic tower.

Figure 27: Dike and De Klok logistics (1)

Figure 30: ‘Freeport’ function NYMA (4)

5

Free port
Some buildings on the site have been redeveloped,
with examples such as the Waalhalla skatepark,
beachbar Stek and event venue De Vasim (Figure 30,
32).
Tension field
The site has been in transition since the energy plant
shut down in 2015, making its first steps towards
a new energy landscape. Two small solar fields
were constructed on the site (Figure 29) and a new
business location was built on the southern edge of
the area This area will be redeveloped according to
ZUS’ transformation framework for the NYMA area. In
the current state, it qualifies as a tension field with no
clear zoning (yet).

3

6
4

Figure 28: Dike on south side (2)

Figure 31: Historic energy infrastructure (5)

1
2

Figure 29: New solar field and wind turbines and the (partly
demolished) former energy plant (3)

Figure 33: Schematic map of the current situation of the Engie
site. The numbers correspond to the locations where the
images in Figures 27-32 were taken.

Figure 32: ‘Freeport’ functions NYMA/Waalhalla along
connection between Engie/Waalkwartier (6)
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Mapping near-future developments

Nijmegen level
Omgevingsvisie 2020-2040
In light of the Omgevingswet, in 2020, Nijmegen
published an Omgevingsvisie for the period up until
2040 (Gemeente Nijmegen, 2020). Within this spatial
vision, 4 main assignments are distinguished:
•
•
•
•

Economically resilient city (making better use of
economic potential, creating more jobs)
Social and healthy city (creating mixed
neighborhoods that decrease societal differences
in health and social devides)
Attractive city (creating an attractive city with more
facilities and enough dwellings for all generations)
Sustainable city (taking a lead position in climate
adaptation, energy transition, sustainable mobility,
etc.)

These ambitions lead to 8 ‘Integrated Solutions’
(Fiigure 34) that guide the spatial decisions made in
the Omgevingsvisie. The integrated solutions defined
by the municipality of Nijmegen will be part of the
assessment of the current situation and compared
to the final design by assessing that as well. A more
detailed overview of the Integrated Solutions, their
spatial implications and most important conclusions
can be found in Appendix III.

Figure 34: The 8 ‘integrated solutions’ that guide spatial
decisions from the Nijmegen Omgevingsvisie, based on
Gemeente Nijmegen (2020).
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Energy

N

Nijmegen is part of the Arnhem - Nijmegen RESregion. In july 2021, the RES 1.0 for the region was
published, with a bid of 1,62 TWh (RES Regio ArnhemNijmegen, 2021a; RES Regio Arnhem-Nijmegen,
2021b). The region mostly focuses on solar energy,
placing them on roofs as much as possible. Additional
energy production comes from wind turbines. Of the
1,62 TWh, 0,12 TWh has already been realized and
0,52 TWh has been planned (RES Regio ArnhemNijmegen, 2021a). Quite a few of the initiatives are
planned in Nijmegen and its direct surroundings (RES
Regio Arnhem-Nijmegen, 2021c). The current and
planned renewable energy initiatives around Nijmegen
are shown in Figure 37.
As visible in Figure 37, Nijmegen currently already
has a line-up of 4 windturbines on the northern city
edge along the A15 highway. In the same area, there
is a solar field which is possibly expanded, creating
a northern ‘energy edge’. On the western edge, the
Engie site, 2 wind turbines were realised in 2021
(Adelaar, 2021), adding to the solar fields that were
constructed prior. Finally, slightly further south on the
western edge of Nijmegen, 2 search areas for new
solar parks have been assigned for further research
(RES Regio Arnhem-Nijmegen, 2021c; Kuitert, 2019).

Figure 37: Renewable energy in Nijmegen, current
and planned projects, including the RES energy bid
based on RES Arnhem-Nijmegen (2021c).
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Housing
As a result of the Woondeal Arnhem-Nijmegen
(Rijksoverheid, 2020), the ‘Woningmarktmonitor’ was
launched as a tool to keep track of the developments
of the regional housing market (TwynstraGudde,
2020). Within the whole region, there is a housing
need of 32.460 new dwellings between now and
2030. Within the city of Nijmegen, there is a need of
10.290 new dwellings (Companen, 2020a; Companen,
2020b). It is currently predicted that the region as a
whole will meet this goal, as it is still on track since
the first monitoring in 2019. However, Nijmegen is
slightly lagging behind compared to Arnhem and the
region. Building the same amount of dwelling as the
housing need is not enough to fulfill the Woondeal
goal of building 130% of the housing need. Aside
from the quantity of dwellings, monitoring indicates
that the allocation of different types of housing is not
in line with the need. The added housing falls mostly
into higher price categories, both for houses for rent
and sale. In the case of Nijmegen, the development
of houses in the highest price category (> €310.000)
is progressing according to schedule, while houses
in the lowest price category (< €200.000) and social
housing are falling behind. Evenmore, in the past year,
not a single house in the category under €200.000
was built, even though it is the price category with the
highest need.
In the coming decade, Nijmegen is mostly
focusing on new build development (96%), rather
than transformation of existing buildings. New
developments take place within the existing urban
fabric (for instance by building dwellings on
demolition sites) as well as through city expansion
(mostly located in the north of the city as part of the
Waalsprong development). Currently, the total amount

of plans should be able to address the housing need
until 2030. Important to note is that many of these
plans are still ‘soft’ (not definitive). The ‘hard’ plans
projected to only cover about 85% of the housing
need (Companen, 2020a; Companen, 2020b). The
130% goal is only viable if the majority of soft plans
turns into hard plans (Companen, 2020a). For an
overview, see Figure 35.
Projections for after 2030 are still uncertain.
It is important to observe that the current building
plans will push the city to the municipal edges: if the
city needs to further increase the housing stock after
2030, it will barely have any vacant land to fall back
on. The possible need to further expand the housing
stock should therefore be incorporated in other
developments taking place in the coming decade
to ensure that closing of options for future housing
projects is avoided.

Figure 35: Housing market numbers, current and projections,
based on Companen (2020b).
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The spatial distribution of building plans for dwellings
in Nijmegen is mostly concentrated at two locations
(Figure 35). The first big project is located north of the
Waal river and is called Hof van Holland. This area
is currently unbuilt and will host over 1900 dwellings
for various target groups, adding to the larger
Waalsprong development (Waalsprong, 2021). The
second large project is referred to as Winkelsteeg and
adds around 3900 new buildings to the eponymous
business area (Alem van, 2021). Other projects in
the city are considerably smaller and mostly use
smaller sized vacant land, are final steps within
bigger developments or, in older parts of the city,
occasionally transform existing buildings (Companen,
2020b).

N

Figure 36: Current residential building plans and
their scale based on Companen (2020b).
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Site level

N

Overview
Figure 38 depicts the two current plans for the larger
site in relation to one another, originating from the
Gebiedsvisie Waal Energie (Engie & Gemeente
Nijmegen, 2019) and the Transformatiekader NYMA
(ZUS, 2020). The two separate visions indicate the
boundaries of the design site for this research. The
dike is the main boundary between the Engie area
and the NYMA/Vasim area, continued by the border
between the TenneT area and NYMA. The plan
development of NYMA is slightly further along than
Engie’s. It maintains and expands its current function
as a cultural hotspot and focuses on a clearer urban
structure and better connections to the surroundings.
While NYMA hosts functions that benefit urban life,
the redevelopment of Engie mostly focuses on energy
production and creating space for new businesses.
Striking detail about this redevelopment is the mention
of energy production for at least 5000 households
on the site, yet the ambition to host new companies
with a ‘high energy demand’ and/or datacenters is
also mentioned (Gemeente Nijmegen, 2020). The
production of new energy will likely be connected to
the high energy use on site, meaning that households
do not benefit and the renewable energy production
is paired with a (possibly equally) high new energy
demand. Where the vision for NYMA provides value
for city inhabitants, the Engie vision may not, neither in
terms of using the space nor benefitting from the new,
renewable energy production.

Figure 38: Schematic map drawing combining the two
visions for the adjacent areas, based on Engie & Gemeente
Nijmegen (2019) and ZUS (2020).
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Adaptability and dynamics
Two key aspects of designing with uncertainties are
the adaptability of the site and understanding the
dynamics of the implemented functions on the site.
Both of these topics were analyzed and are visualized
in Figures 39 and 40.
The ability to adapt to future developments depends
on the planning and design decisions that are made
today and how permanent these decisions are.
Figure 39 shows the current plan for the site and how

permanent these envisioned functions are expected
to be. Most of the planned site consists of buildings,
which are relatively permanent with functions that
can be expected to be maintained for at least 50
years. Functions that have a more temporary nature
are the energy initiatives. Wind turbines and solar
panels are generally expected to last roughly 25 years
(although this may increase up to 30-60 years in the
future). Since renewable energy sources are prone
to developments in technology, these lifespans may
even be shorter when the implemented technology
becomes outdated.

N

The dynamics of the current plan (Figure 40) are fair,
as it makes a quite clear distinction between low and
high dynamics and initiates a low dynamic framework.
However, the framework is not entirely connected and
results in half a framework and two secluded zones.

N

Figure 39: Adaptability analysis depicting the lifespan of the envisioned functions in the
current plan by Engie & Gemeente Nijmegen (2019) and ZUS (2020).
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Most of the envisioned functions could negatively
affect the adaptability. Moreover, the relatively
permanent functions are scattered over the area. The
lack of more contiguous temporary spaces makes it
even harder to properly redevelop in the future.

Analysis

Figure 40: Dynamics analysis depicting the distinction between low and high dynamic
functions in the current plan by Engie & Gemeente Nijmegen (2019) and ZUS (2020).

Assessment of current plans
The current plan for Engie is assessed based on
the design principles developed in the Theoretical
Framework (see page 19) as well as the ‘Integrated
Solutions’ as formulated in the Omgevingsvisie
(Gemeente Nijmegen, 2020). In the assessment of the
spatial decisions from the Omgevingsvisie, two were
not included as they do not apply to this particular
site. These are ‘larger center area’ and ‘strong
campuses’.
The assessment visualized in Table 3 indicates
that both Nijmegen’s own ambitions and the design
principles for designing with uncertainties are poorly
embedded in the current plans. Especially the ability
of the site to deal with uncertain future developments
is poor. Despite the emphasis on renewable
energy production in the current plan, the ‘energy
assignment’ ambition from the municipality could
also be considered to perform poorly. The complete
overview shows that a new design is needed that
properly embeds Nijimegen’s ‘spatial decisions’ as
well as the design principles.

Design principles

Short description Current score Explanation
As shown in figure X, the current plan hosts many
facilities that have long lifespans, limiting the
possibilities for future adaptations. Additionally, the
‘semi-permanent’ functions are scattered over the area,
making redevelopment extra difficult.

Facilitating gradual
adaptation

The design must leave enough space
for the uncertainties of future needs and
developments.

Poor

Working with
scenarios

The design must be based on future
scenarios to determine what aspects of
the design should be left open and what
should be guided.

Poor

Frameworks

The design must separate dynamics
in order for high dynamic functions to
adapt over time without harming the
development of low dynamic functions.

Fair

As visible in figure X, the current plan incorporates a
low dynamic framework. Attention must be given to
connecting the missing links in the framework, as well
as its precise function.

Allocating
dynamics

The design must properly grasp which
functions have high and low dynamics in
order to achieve stability.

Fair

The current plan has quite clearly allocated low
dynamics, although not creating a solid framework. The
high dynamic functions are placed in clear ‘pockets’.

Designing a
support base

The design must understand the wishes
and demands of its users in order to
maintain, protect and develop the site.

Poor

Compact, dynamic
city

Reducing the impact of the city on the
surrounding landscape by densification
of the city and shorten distances to
facilities.

Poor

The current, monofunctional plan may negatively affect
the surrounding landscape as it does not densify, nor
mix functions. In the long term, it may necessitate city
expansion (for more dwellings) into the landscape

Future-proof
neighborhoods

Increasing liveability of neighborhoods
by improving facilities and mixing
dwelling types and local initiatives.

Poor

The current plan creates a relatively isolated area
with little added value to the city and adjacent
neighborhoods apart from employment.

Green, healthy city

Creating diverse green facilities in and/
or near neighborhoods for recreational
purposes and to combat the effects of
climate change.

Fair

The current plan incorporates green areas and a
clear green structure, as well as an ecological zone.
However, how these areas can be used by locals and
the relation to the river landscape remain unclear.

Sustainable
mobility

Creating better connections for
pedestrians, cyclists and public transport
to avoid (future) mobility issues and
creating central (logistic) hubs.

Fair

The current plan incorporates several slow traffic
connections, as well as a mobility hub on the edge of
the site. However, some more attention is required for
good public transport connections (e.g. busstops).

Energy
assignment

Ensuring climate-neutrality by 2045
by reducing energy use, increasing
renewable energy sources and
abandoning use of gas.

Embracing the
canal

Embedding business areas and
neighborhoods around the canal in the
urban structure and connecting the city
to the canal.

Omgevingsvisie

Poor

Fair

The current plan was not based on future scenarios and
assumes a relatively monofunctional area. Very little is
left open, thereby already defining the function of the
area for approximately the next 50 years.

Within the current plan, there is a sharp contrast
between NYMA, which provides locals of many facilities
and Engie, that barely provides locals of anything.
Additionally, the support base for the new windturbines
has proven very low.

While the current plan focuses on renewable energy, it
also incorporates businesses with high energy demand
on the site. The gains of renewable energy production
are nullified by the newly created high energy demand.
Since the current plan makes the site more publicly
accessible, it improves its incorporation in the urban
fabric. However, the potential of the canal zone is
underused as it does not incorporate facilities that
actually draw locals into the area.

Table 3: Assessment of the current plan for Engie, scored on both the Integrated Solutions from the Omgevingsvisie (Gemeente
Nijmegen, 2020) and the design principles developed in the Theoretical Framework.
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Scenario development
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Illustrating possible far-futures

Four scenarios

Multifunctionality

Looking ahead (beyond 25 years into the future),
the possible future scenario are numerous. In this
research, considering the most urgent societal
needs, the focus will be mainly on the development of
renewable energy production and housing. In some
cases, these will be combined with other functions.
The focus on energy and housing translates into
4 scenarios, illustrated by the matrix in Figure 41.
The X-axis represents the primary focus on either
energy or housing. The Y-axis indicates the degree
of multifunctionality, i.e. other functions in the area
that provide spatial and functional quality according
to residents. This is based on the analysis of current
neighborhoods in Nijmegen (see page 26 and
Appendix II) and can be summarized as the diversity
of facilities, amount of green spaces, variation of
urbanity and traffic flows.
To summarize, the focus of each scenario is:
• Scenario I: Energy Factory (focus solely on
energy)
• Scenario II: Roofscape (focus solely on housing)
• Scenario III: Energy Park (focus on energy in
multifunctional implementation)
• Scenario IV: Streetscape (focus on energy in
multifunctional implementation)

Focus on housing
Focus on energy
Combination with
other functions

III

IV

Hxe

Exh

I

II

Performativity
Figure 41: Matrix depicting the 4 different scenarios. The X-axis represents the functional emphasis of the scenario (E x h
meaning emphasis on energy, H x e meaning emphasis on housing). The Y-axis represents the degree of multifunctionality.
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4

Integrated design

Spatial rearrangement
In order to develop a short-term implementable design
for the Engie site, the 4 scenarios must be further
concretized first. In the following pages, the scenarios
will be translated into far-future sketch designs. An
final design for the near-future will be distilled from
these scenarios.The foundation for these scenarios is
formed by (part of) the functions currently projected
for the short-term development of the area in the
Gebiedsvisie (Engie & Gemeente Nijmegen, 2019).
To allow different developmental paths in the future,
these functions are reorganized according to their
adaptability. The result of this reorganization is a fixed
area in sharp contrast with a ‘tabula rasa’ area where
other developments can be implemented.
Functions 6 and 7 in Figure 42 are not visualized in
the figures 43-44. This is due to the implementation of
function 6 (‘high energy demand businesses’) would
not be sustainable and undermines the purpose
of the site. Function 7 (‘search area for renewable
energy production’) will become part of the design
and will not be limited to one specific location. Figure
44 shows the prerequisites for the design after
rearrangement. As the design will look ahead in the
future, space should be reserved for water safety.
While the site is currently approximately at dike level
(despite being outside the dike), water safety risks
could arise in the future: therefore it should remain
possible to incorporate a new (technical) dike at the
water edge. Figure X also shows main connections,
based on the trucks going to BCTN, the hub and
extended connections towards the city center.

N

N

Figure 42: Currently envisioned functions based on Engie &
Gemeente Nijmegen (2019).

Figure 43: Rearranged functions according to adaptability
based on Engie & Gemeente Nijmegen (2019).

N

Figure 44: Rearranged functions and the pre-requisites for a
new design based on Engie & Gemeente Nijmegen (2019).
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The uncertainty of water safety
Key prerequisite for any of the scenarios and the final
design is to incorporate the uncertainty of future water
safety measures. Even though the current site is approximately at dike level and would be quite safe for
urban development, space must be reserved in case
more measures are necessary in the future.
Figure 45-47 illustrate approximately how much space
should be reserved on the water edges to allow future
measures. This space can still be used in the short
term, however not for construction or trees that could
interfere with raising the ground level in the future.
It is not only uncertain whether a new dike will be
required, but also what height it would have to
become. Therefore, the space reservation grants
enough space for a range of heights.
The possible future dike construction could have
implications for the view from the ground level.
Therefore, there should not be any dwellings on
the ground floor, but facilities instead. This also
contributes to an ‘active plinth’ and a vibrant street life.

Figure 45-47: Sections showing the far-future situation in case a dike
construction is required to either +15.0 NAP or +16.0 NAP.
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Scenario I: Energy Factory
Scenario I (Figure 48) focuses on maximizing the
energy production on site while improving the
landscape quality. In this scenario, no housing is
projected in the area itself, although the edges will be
built. This is done mostly according to ZUS’ plan (ZUS,
2020), but is also extended into the southwestern
direction to create a proper urban edge for this site.
Energy production on the site is functional as well as
educational. The majority of energy production will
come from solar panels and 3 windturbines. The most
northern wind turbine in Figure 48 is located at the
same location as the current windturbine. The second
is moved to the western edge of the site and joined by
a third to create a clearer line arrangement. The solar
panels are located both in solar fields that doublefunction as water retention, as well as on the roofs
of the buildings on the edge of the site. Additionally,
futuristic ‘Vortex Bladeless’ turbines are implemented.
Vortex Bladeless turbines are wind turbines without
blades that are currently developed by a Spanish
startup. The turbines will become available in 3
models: Nano (1 meter tall, 3W nominal power output),
Tacoma (2.75 meter tall, 10W nominal power output)
and Atlantis (9-13 meter tall, 1000W nominal power
output) (Vortex Bladeless, n.d.). In this scenario
(and the others), Atlantis models are implemented in
public space. In the Vortex zone, rapeseed fields are
implemented as alternative energy production as well.
Both the Vortex and fields also have an educational
function and enhance the visitor experience.

Scenario ingredients
Housing

Energy

To maximize the energy
production, no housing.

Energy production is
maximized.

Energy production (annual)

+
Solar energy

10.489.706 kWh

=
Wind energy

Turbines
41.706.141 kWh
Vortex
1.122.740 kWh

Total

53.423.087 kWh*

=

The annual energy use of 19.569 households

A central boulevard is the main connection into
the area, supported by the central green structure.
Figures 49-52 illustrate the atmosphere of this
scenario.
*See Appendix IV for calculations on the energy production
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Scenario I:
Energy Factory
Legend

Detail area (next page)
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Figure 48: Map for the sketch design for Scenario I: Energy Factory.

Figure 49: Reference image of
energy in park-like setting with
wind turbines and solar panels
(Energielandgoed Wells Meer, 2021).

Figure 51: Reference image of the
implementation of rapeseed in a
park-like setting (Global Times,
2017).

Scenario I:
Energy Factory

Figure 50: Reference image of
solar panels implemented with
herbaceous grassland to benefit
ecology (Zee van der, 2021).

Figure 52: Reference image of
Vortex Bladeless implemented
in the landscape (Online Energie
Vergelijker, 2015).
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Scenario II: Roofscape
Scenario II (Figure 53) focuses on housing and
maximizes the building density. In order to do so,
there will not be any large green spaces in the
area. Instead, a rooftop landscape is created for
public functions, such as parks, urban farming,
solar panels, sport facilities and energy production.
The main boulevard will be accesible to cars, as
the only car connection that connects inhabitants
to underground parkings. Buildings mostly provide
space for dwellings, but also host other functions to
support these dwellings on the ground floor, such as
shops, supermarkets, health services, etc. Placing
these functions on the ground floor of larger apartment
buildings is not only space efficient, it also creating
an active plinth, thus a more pleasant and safe living
environment.
Due to the focus on housing, this scenario produces
the least energy. Depending on exact building heights
and dwelling sizes, the energy produced on rooftops
could still allow the dwellings to become energy
neutral. However, since this scenario envisiones a
relatively high-rise building environment, this scenario
will likely use more energy than it produces.
Figures 54-57 illustrate the atmosphere of this
scenario.

*See Appendix IV for calculations on the energy production
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Scenario ingredients
Housing

Energy

Very high density, other
functions on rooftops.

On rooftops, but not in
public space.

Energy production (annual)

+
Solar energy
5.369.190 kWh

=
Wind energy
Vortex
1.122.740 kWh

Total

6.491.930 kWh*

=

The annual energy use of 2378 households

N

Scenario II:
Roofscape
Legend

Detail area (next page)
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Figure 53: Map for the sketch design of Scenario II: Roofscape.

Figure 54: Reference image of a
garden and urban farming on a
rooftop (Eco Urban Hub, n.d.)

Figure 56: Reference image of high
rise (high density) urbanity (MARK
Utrecht, 2021).

44 |

Scenario development

Scenario II:
Roofscape

Figure 55: Reference image of sport
fields on rooftops in a high density
urban setting (Kon, 2015).

Figure 57: Reference image of solar
energy on a rooftop combined with
a (public) green function (Clean
Energy Council, 2021).

Scenario III: Energy Park
This scenario (Figure 58) uses a similar structure as
scenario I, but grants more space for other functions.
Some typical ‘city edge’ functions are introduced,
most notably sports facilities implemented in the solar
park. With the development of dwellings on the edges
and around the area, sports facilities will fullfil an
important role for the community, especially given the
fact that there are barely any sports clubs nearby.
Building will be limited to the edge of the area to utilize
the space as much as possible for energy production
as well as other functions. Since all buildings on the
edges have solar rooftops and since most of the solar
fields from scenario I are implemented, the energy
production remains considerable, albeit substantially
lower due to the absence of two of the three wind
turbines. The area will use the same main boulevard
and connected green structure, but provides more
diverse park spaces than scenario I.
Figures 59-62 illustrate the atmosphere of this
scenario.

Scenario ingredients
Housing

Energy

Only on the edge of the
energy landscape

On rooftops and in
public space

Qualitative
Additional functions
functions

Diverse facilities

Sports, leisure and parks
are part of the energy
landscape.

Varied urbanity

Green space

Traffic flows

The built edge will
consist of various
dwelling typologies.

Green spaces have a
double function and host
energy production.

Only slow traffic is
allowed in the energy
landscape.

Energy production (annual)

+
Solar energy
*See Appendix IV for calculations on the energy production

8.442.092 kWh

=
Wind energy

Turbine
13.902.047 kWh
Vortex
1.122.740 kWh

Total

23.466.879 kWh*

=

The annual energy use of 8596 households
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Scenario III:
Energy Park
Legend

Detail area (next page)
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Figure 58: Map for the sketch design of Scenario III: Energy Park

Figure 59: Reference image of solar
panels implemented in a park-like
setting with trees and shrubbery
(General Construction Master, 2020).

Figure 61: Reference images of a
‘sports boulevard’ that combines
footpaths with sports activities
(LOLA Landscape Architects, 2018).

Scenario III:
Energy Park

Figure 60: Reference image of
sportfields implemented in a parklike setting (Laud8, 2015).

Figure 62: Reference image of solar
parks combined with recreational
activities (Cavanna, 2012).
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Scenario IV: Streetscape
In this scenario (Figure 63), the building density is
decreased. It creates space for public functions
such as parks, playgrounds and sports facilities,
bringing them ‘back to street level’ (in contrast to
Scenario II). Although the decrease in building density
also leads to a decrease in available rooftops, this
scenario produces more energy than scenario II. This
is because all of the remaining rooftops can now be
used for solar panels instead of other public functions.
By maintaining a lower building density than scenario
II, the dwellings should be able to become energy
neutral.
This scenario uses the same traffic strategy as
scenario II, with the central boulevard leading cars
to underground parkings. There is a central park that
connects inhabitants from the other side of the dike
to the area and provides space for public events.
Aside from the central boulevard, the water edge will
become another ‘center’ of the area with facilities such
as shops, restaurants, etc. The area will occupy a new
central position in the western part of the city, where
many surrounding neighborhoods have a perceived
low amount of such facilities.
Figures 64-67 illustrate the atmosphere of this
scenario.

Scenario ingredients
Housing

Energy

High density but with
space for other functions

On rooftops, but not in
public space

Qualitative functions

Diverse facilities

Varied urbanity

Sports, shopping,
services, parks, etc. are
part of the urban fabric.

Solar energy
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One central car axis and
underground parking
avoid traffic nuisance.

Green space

All buildings are directly
connected to a large,
central green space.

Energy production (annual)

+
*See Appendix IV for calculations on the energy production

Traffic flows

The urban fabric will
consists of a rich variety
of building typologies.

8.461.828 kWh

=
Wind energy
Vortex
1.122.740 kWh

Total

9.584.568 kWh*

=

The annual energy use of 3511 households

N

Scenario IV:
Legend
Streetscape
Legend

Detail area (next page)
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Figure 63: Map for the sketch design for Scenario IV: Streetscape.

Figure 64: Reference image of
sportfields implemented in a parklike setting (Laud8, 2015).

Figure 66: Reference image of
varied urbanity both in form and
function (Karres+Brands, 2019).
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Scenario IV:
Streetscape

Figure 65: Reference image of an
active plinth with public functions
on ground floor (Megen van, n.d.).

Figure 67: Reference image of
water retention (wadi) in a park-like
setting (Elpys Landscape + Urban
Design, 2017).

Scenario comparison
In all 4 different scenarios (Figure 68), the landscape
quality increases significantly compared to the current
situation (for detailed scoring, see Appendix V). Some
important conclusions:
•

•

•

•

Comparing the landscape quality scores of the
4 scenarios to the current situation shows that
the landscape quality will increase significantly.
Therefore, all 4 scenarios can be considered
desirable futures.
Examination of the landscape quality scores of
each scenario indicates that the most desirable
scenario is scenario IV, closely followed
by scenario III. The higher scores for these
scenarios can be explained by their increased
multifunctionality resulting in an increase in
economic and social use value, although the
difference in landscape quality scores with the
more performative scenarios I and II is not as
significant as one might expect.
It is important to note that the desirability of
each scenario depends on the perspective. The
landscape quality scores (indicating a preference
for scenarios III and IV) are mostly relevant for
those using and/or inhabiting in the space in
the future. To investors, property developers
and/or land owners who do not use the space
themselves, scenarios I and II may be most
desirable, as these are most performative (thus
profitable) and require less investments.
As these scenarios are made for >25 years in the
future, future value was not assessed:this will be
executed for the final design (distilled from these
4 scenarios) in the next chapter. It is obvious,
however, that the energy scenarios (I and III) are
more adaptable due to the shorter lifespans of the
implemented functions.

= 58

= 56

= 52

= 48

= 21

Figure 68: Comparison of the 4 different scenarios and the current situation in isometric view, section and landscape quality score.
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The scenarios are the foundation of the final
design. In the development of these scenarios,
different (combinations of) ‘design ingredients’
were implemented in each sketch design. In this
development, observations were made about the
relationship between the different design ingredients,
as showcased in Table 4. Some of the ingredients
proved incompatible if they are used at the same point
in time (indicated in red), such as dwellings and a
wind turbine nearby. Most of the ingredients, however,
can coexist at the same point in time (indicated
in yellow) or even create synergies when properly
implemented together (indicated in green). These last
two categories, especially the latter, represent the
design ingredients that are input for the final design.
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Table 4: Overview of the relationships between different
design ingedrients concluded from the scenario development.
Red indicates incompatiblity between the ingredients, yellow
indicates that the ingredients can coexist and green indicates
a synergetic relationship between the design ingredients.
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Spatial interventions

Living in the Power Plant
Aside from incorporating the different design
ingredients, another aim of the final design is to refer
back to the historic character of the site. After roughly
80 years of (fossil) energy production at this location,
it is only natural to redefine the concept of a ‘power
plant’ and implement it in a way that is suitable the
21st century: Living in the Power Plant (Figure 69).
The Power Plant mainly consists of energy production
and dwellings, along with supporting services
such as parks, shops, restaurants and offices, but
also ecological services such as water retention.
The energy production is intertwined with all of the
aforementioned layers of daily life, meaning that it is
integrated in buildings, combined with parks, part of
public space, etc. Energy is directly connected to
its user: small interventions make energy saving and
production part of daily tasks, both through awareness
and tangible opportunities to produce energy and
save money for every inhabitant. It means that energy
is made visible. Energy production will not be hidden,
instead a redefinition of what energy production looks
like will turn it in to something that should be seen.

Figure 69: Collage of the envisioned atmosphere for the ‘Living in the Power Plant’ concept.
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I

II
III
fixed
fixed

In order to deal with future uncertainties, the spatial
concept (Figure 70) of Living in the Power Plant
balances fixed and flexible spaces. The boulevard
and perpendicular road are the fixed foundation of
the area. (Semi)-permanent functions are directly
connected to this central structure. There are 3
different flexible spaces adjacent to the fixed central
boulevard that can be adjusted according to future
needs, with a short term design (T=10, Figure 71) that
loosely anticipates this future.

Figure 70: Spatial concept indicating the central boulevard and road as the fixed foundation for the 3 adjacent flexible spaces
(I = battery zone, II = innovation zone, III = parkvoltaic zone).

Design

| 54

N

Legend

Figure 71: Masterplan for Living in the Power Plant.
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Open and closed options
The final design (for T=10) (Figure 71-72), is rooted in
spatial decisions previously made during the scenario
development, especially the following:
•
•
•
•

Rearrangement of the selected functions from the
Engie Gebiedsvisie;
Construction of a central boulevard with
accompanying green structure;
Straightforward traffic flows with little disturbance
by cars;
A variety of energy sources of solar panels,
rapeseed and Vortex bladeless.

Keeping all future options ‘open’ would imply to
refrain from building in the area until the city finishes
the building efforts that are currently taking place or
scheduled. Given the extent of current housing crisis,
however, it is sensible to start building dwellings in the
area as soon as possible. Although this raises conflict
with some of the future scenarios, the urgent need
for housing justifies the closure of (some) options.
In order to still (mostly) connect to the scenarios,
it is important to cluster the buildings and leave
space for future developments. Therefore, buildings
are concentrated along the central boulevard and
road, allowing enough space for a multifunctional
energy landscape to develop around, against and
on buildings. In the future, the flexible spaces are
programmed according to the size of demand, both
in energy and housing. If additional housing proves
necessary, first the rapeseed field can be slightly
densified by increasing building heights, then the
fields around the battery can be turned into buildings
and finally, in an extreme case, the park(voltaic) area
can be transformed into dwellings. Need for additional
housing is not necessarily the only motivation to
remove energy resources. It is conceivable that
renewable energy resources will become more
efficient in the future. In that case, removal of (some)
energy resources is proposed. Base principle is to
remove energy in public space: energy production

on and against buildings is never removed. These
spaces can then be used for other functions than
housing or energy, such as sports and recreation.

Figure 72: Isometric view of the Living in the Power Plant
masterplan.

The buildings in the short term design (Figure 72)
will consist of apartments only, 1455 in total (for
housing calculations, see Appendix VI). Apartment
buildings best respond to the need for a substantial
amount of housing in a short period of time while also
accommodating a mix of uses that creates an active
plinth. The apartments itself will be mostly mediumsized, between 50 and 100m², with an average of
75m², corresponding to the dwelling type that is
currently most in demand (Companen, 2020b). All
buildings will consist of an equal mix of social rent (<
€750/month) and medium-priced rent (€750 - €1000/
month).
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Energetic buildings
Buildings are rather permanent functions in the design
and should therefore be optimally equipped for the
far-future. This implies energy self-sufficiency for each
building, but also embedding other functions into
buildings such as food production, sports fields and
outdoor space. This is particularly relevant given that
the area may need to be densified further in the future,
implying more inhabitants but less public space:
rooftops will become increasingly valuable. Therefore,
self-sufficiency for buildings is not reached by solely
using rooftops, but with a main focus on facades.
Facades can not be used for other public functions
and these surfaces should therefore be optimally
used for energy production. Based on the position

relative to the sun, different facade types were created
(Figure 73). Dependent on the availability as a result
of technological advancements, it is sensible to use
different solar panels for buildings than in public
space. Solar panels in public space are considered
temporal, therefore the current ‘basic’ 25 years
lifespan suffices. It is expected, however, that these
lifespans will increase in the near-future up to possibly
60 years. If these kinds of solar panels are available
at time of construction, it is sensible to equip the more
‘permanent’ buildings with these more permanent
solar panels.

buildings that (primarily) consist of offices, restaurants,
stores, etc. a solar roof with maximum density will
be constructed. Applying these double functions,
however, imposes lower energy efficiency. In some of
the rooftop types, the density is as low 10%. While this
may seem very low, other measures for the climate
adaptive city should also be incorporated into these
buildings as well: (slightly) less energy production
means more water infiltration, more food production,
etc. Additionally, the energy potential ‘lost’ on roofs
is more than compensated by the use of facades for
energy production.

For the rooftops on apartment buildings, base
principle is to have a double function: energy
production combined with another purpose. On

Rooftop types

Facade types

South/east

Pocketpark

Pergola garden

Greenhouse

Pool

Modular

Vortex

(Semi) public park,
various sizes.
10% solar density.

(Semi) private garden
with pergola terrace,
20% solar density.

(Semi) public greenhouse
with local food production,
33,3% solar density.

(Semi) public pool with
solar roof.
40% solar density.

Modular solar panel system,
adaptable by each user.
66,7% solar density.

Vortex ‘turbines’ on facades
with low solar exposure.
2 per household.

Sports

Agri-PV

Solar roof

Stepped

(Semi) public sportsfield
with solar roof.
55% solar density.

(Semi) public fruit
production with agri-PV,
60% solar density.

Solar roof with maximed
production.
80% solar density.

Stepped building with gardens
climate-controlled by PV screens.
55% solar density.
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Figure 73: Overview of the rooftop and facade types applied in the Living in the Power Plant masterplan.

A bolt out of the blue

Public space

In an area where energy becomes integrated with
several very different functions, the ‘standard’ blue
solar panel no longer suffices. Instead, a wide variety
of energy resource types and colors is applied (Figure
74). In public space, each zone will have its own
typology and/or colors:

Battery zone

•

•

•

•

In the battery zone, solar panels are combined
with wet nature. The panels will have a soft,
green color that matches the colors of reeds and
grasses.
In the innovation zone Vortex are meant to stand
out. They have an educational purpose and are
built to impress and showcase contemporary
technology. Bright white ‘turbines’ will therefore
stand out against the yellow flowers and grass.
In the parkvoltaic zone, solar panels respond to
developing trees and plants and are dark green.
In some locations, bifacials are used and doublefunction as artworks in as many colors as desired.
On water, panels blend in with their blue color.

On buildings, the solar panels and Vortex are made to
match the building:
• On facades, the colors of solar panels match
‘conventional’ building colors found in stone,
concrete and bricks like brown and grey. Vortex
on north facades should match the color of the
facade material, making them appear as modern
day facade ornaments.
• On rooftops, the solar panels are generally not
visible from dwellings, public space as well as
on the rooftops itself. Therefore, ‘basic blue’ solar
panels can be used as a cheapest option.
By adjusting solar panels to their specific location, the
design plays around with the visibility of solar panels:
sometimes they blend in, sometimes they stand out.
Not only does it improve the overall visual aesthetics,
but it could also improve acceptance of locals.

Innovation zone

On water

Parkvoltaic zone

Facades

Rooftops

Figure 74: Overview of the variety of energy
resources and colors applied in the Living in the
Power Plant masterplan.
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Beyond self-sufficiency
The aforementioned approaches to energy production
aim for increasing the landscape quality and
intertwinement in daily life. However, they are not
the necessarily cheapest alternatives to producing
energy. Therefore, an indication of the (annual)
financial potential of the approach is shown in Figure
75, for the solar fields, Vortex and each building.
Not only will the area produce considerably more
energy than it will consume, each individual building
produces energy beyond self sufficiency. To illustrate,
the building on the top left in Figure 75 (296.984 kWh)
will host 67 households using approximately 182.910
kWh (based on 2730 kwh on average, see Appendix
IV). Even when considering communal spaces in
the building, an energy surplus would still occur. It
justifies the additional investment of not opting for the
cheapest alternatives in this area.
In total, the area could produce about 34 million
kWh per year, while the dwellings would only use
about 4 million of those kWhs. Energy use in public
space, by rooftop functions, companies, offices, etc.
will also use several million kWhs. Nonetheless, the
energy resources still lead to a (very) energy positive
neighborhood that could produce a considerable
amount of energy for other neighborhoods as well. For
all housing and energy calculations, see Appendices
VI and VII.
In the following pages, the design will zoom in on each
of the different zones as explained on page 54.

Figure 75: Exploded isometric view of the Living in the Powerplant
masterplan, depicting an indication of the energy production and financial
revenue per building/solar field.
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Central boulevard
The ‘fixed’ central boulevard (Figure 76) consists of
two parts: a small area with car access (Section A)
that leads to underground parking garages for the
whole area and the majority that is only accessible to
pedestrians and cyclists (Section B).
The first part (Section A) hosts dwellings in 2 different
building typologies. The plinths host commercial
functions that typically attract (car) traffic flows from
outside the area, such as supermarkets, drugstores,
fashion boutiques, etc. The building on the left side
has an agrivoltaic roof that produces food for locals
while also producing energy. The street layout ensures
a balance between enough space for sunlight for the
solar panels while also embedding trees at strategic
locations, providing enough shade in summer.

The second part (Section B) uses the road space in
Section A for a bike lane and running track instead.
Located further into the neighborhood, functions in
the plinth are more small-scale and local, such as
restaurants and gyms. Trees are placed strategically:
providing joggers and cyclists of shade, without
taking sunshine away from the panels. The edges
with full sun exposure are marked with rapeseed, also
indicating the edge of the next zone. Buildings are
full of smart measures to produce energy. Not only
are facades covered with solar panels that look like
bricks, moveable panels are also added to close off
balconies and windows from the sun (and produce
even more energy), while also keeping out the cold in
winter.

B

A

Section A: section depicting the start of the central boulevard and ‘final stop’ for cars that can park underground. The street and buildings play with light and shadow to provide a proper street climate with enough shade while
assuring enough sun exposure on the solar panels attached to the buildings. Water collected on the adjacent solar field is used as irrigation for the agrivoltaic rooftop.
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Section B: section depicting the other end of thecentral boulevard both in summer and winter. Near the crossing with the innovation zone, buildings are surrounded by rapeseed, whereas the other parts of the street are
provided with shade from the sun. The buildings are equipped with ‘solar screens’, sun screens that double-function as solar panels but also function as extra insulation against the cold in winter.
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Figure 76: visual depicting the central boulevard looking towards the circle square at the crossing with the
innovation zone. The boulevard hosts a bike lane, running track and footpaths and is guided by a network
of trees and street lighting that uses Vortex technology, meaning it produces its own energy. The buildings
are equipped with solar panels in the same color as the facade material. Some balconies are using their solar
screens to keep out the sun while also producing extra energy.
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Battery zone
C

The battery zone (Figure 77-78) is one of the flexible
zones and consists of relatively large solar fields.
These are projected to be temporary, but stay in
place for at least the first 25 years until their life
cycle ends. The fields have a ‘triple function’. Next to
energy production, the fields are used for wet nature
development. The panels are placed at enough
distance for natural conditions to develop as well as to
implement recreational paths.
At the center of the solar fields is the central battery.
Not only is this is energy storage facility for the larger
area, it also functions as an awareness tool. For a few
hours every night, the LED lights in the transparent
battery indicate the amount of energy that is currently
in storage. It makes the ‘invisible’ half of energy

landscape visible: the ‘comsumption landscape’.
Furthermore, each building in the area is directly
connected to the battery through the energy grid
that shows the use of each floor of each building by
the brightness of the LEDs on each floor’s individual
‘grid plug’. Especially the visibility of each plug from
the battery that doubles as a watching tower will
encourage people to use energy wisely (Section C).
The concept of the battery not only visually suits the
idea of Living in the Power Plant, it also encourages
saving of energy as it becomes visible where the
energy is consumed. Naturally, this cannot be traced
back to particular dwellings for privacy and safety
reasons.

Section C: section depicting the battery and adjacent building during night time. The energy storage facility double-functions as a watching tower from which visitors can look out over the (water collection) solar field towards
the buildings along the central boulevard. Due to the grid, visitors on the tower and square get a good impression of the energy consumption per floor of the building.
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Figure 77: visual depicting the battery from the northern side with the central boulevard buildings in the back.
From this side, visitors look at the back of the solar panels in the solar field, therefore the edges are densely
planted with plants that are normally found on water banks. Here, these plants will function well in the wet
conditions of the water collection underneath the panels, while not blocking any sun exposure from the
panels as they are placed on the northern edge.

Figure 78: The battery seen from the back of one of the buildings along the central boulevard during day time.
The ground floor of the building is part of the active plinth, in this case housing a clothing store. The colored
solar panels refer to the color of the battery (when it’s turned off) as well as the planting around the water
collection underneath the panels. Some distance is kept between the building and the first row of solar panels,
giving space for some small puddles and accompanied planting.

Design

| 64

Innovation zone
D

The innovation zone (Figure 79) ‘punches’ through
the central boulevard with a bike lane guided by
Vortex and bright, yellow rapeseed fields. Buildings
are placed on the edges of the zone, being the only
‘flexible’ zone with buildings. The zone is quite large
scale, providing the right size and scale for the Vortex
turbines. The energy grid running through the area
bends upwards across the bike lane, connecting
buildings further east to the central battery. The
Vortex are placed on grass fields that can be used
for a wide range of activities such as picknicks,
flying kites, playing soccer, etc., in a technological,
futuristic setting. The rapeseed fields (as well as the
Vortex) have an educational and experiential purpose
showcasing the innovation of energy resources while
also creating a visual border between dwellings and
public space (Section D).

Harvesting the rapeseed is optional: the surface area
is limited and is not counted in the energy production
of the neighborhood. Given the contemporary nature
of the functions in this area, an additional need for
housing in the future would initially be addressed
by increasing building heights, but not in the first 25
years.

Section D: section depicting the innovation zone. The buildings on each side have the same typology, but with different ground floors and roofs. The buildings are placed in substantial rapeseed fields, creating a border between
building and the Vortex zone in public space. The Vortex zone hosts 4 rows of Vortex turbines, one of which double-functions as street lighting. The battery grid ‘folds’ over the slow traffic infrastructure running through the area.
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Figure 79: innovation zone seen from the central boulevard. The Vortex turbines create a futuristic, but
minimal landscape that can be used for a range of activities. The interface with the rapeseed fields is harsh,
and creates a sharp contrast between the minimalistic Vortex zone and the lush flower fields. The battery grid
runs across the area and double-functions as seating.
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Parkvoltaic zone

Legend

N

The parkvoltaic zone (Figure 80) is the final flexible
zone and the last zone that can be built if additional
housing is needed. The aim is rather to develop it into
a ‘fully grown’ park over time, using a solar panels on
a parkvoltaic structure that grows along with the trees
and planting underneath the structure. The structure
will allow park development and simultaneous energy
production. In fact, the taller the trees grow, the more
energy production as the panels will grow along with
the tree.
Eventually, after 25 years, the structure could be
removed: what is left is a park with mature trees
and many public functions. However, the structure
is designed to create more quality and functions in
public space than without the structure, so preferably
the structure proves its value to inhabitants and
evolves from a flexible zone into a fixed zone.

Figure 80: detail design for the nothern parkvoltaics.

Design

| 67

The structure is built up from units sized 5 by 5
meters, with a height of 3,5 meters. The height is
chosen to be able to connect it to the floor height of
the buildings adjacent to the park.
Within this base structure, 3 different solar models are
developed (Figure 81):
• South model: this model is used for the central
connection in the park. It differentiates this central
zone from the rest of the park and plays with light
and shadow on the ground, illustrating the daily
movement of the earth relative to the sun.
• East-west model: this model is used for areas
where both shade and shelter from rain are
desirable. Above terraces, sport fields, balconies,
etc.
• Vertical model: this model is used around
developing trees. Vertical panels are placed
around trees, guiding their growth upwards. By
using transparent solar panels, up to 78% of
sunlight is let through (Deboutte, 2021) for the
developing tree to capture sunlight, avoiding
obstruction of its growth from a lack of sunlight.
This strategy allows tree development and energy
production in the same place simultaneously,
without negatively affecting one another.

Figure 81: solar models for the parkvoltaic structure. Left to right: south model, east-west model, vertical model.

Together, these will allow park development while
also producing considerable amounts of energy. This
does not mean that the whole park will be covered by
either one these three models. The 5x5 structure will
be implemented in the whole zone, but not all will be
covered with panels (Figure 82), meaning that there
will be open and closed areas.

Figure 82: schematic example of the 3 models, combining open and closed spaces.
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By implementing this base structure in the area, it
becomes very flexible. The structure can adapt to
developing trees, but also to park programming, such
as sports fields. In Figure 83, this is illustrated by the
basketball field: the height such a field requires (in
order to throw the basketball) pushes the structure
upwards, the same way a tree would.
The construction of a 5x5 structure on such a large
scale offers opportunities to also use the created
verticality. This is done by using the structure for
climbing plants such as Boston Ivy (Parthenocissus
tricuspidata) and Common Ivy (Hedera helix).
Additionally, frames are implemented in the structure
to grow food, with species that can develop vertically
such as raspberries (Rubus idaeus) and blackberries
(Rubus occidentalis). The plants are watered through
an irrigation system sourced with water from the
wadi swamp that is also implemented in the structure
(Section E). Finally, the verticality is used to integrate
a bridge that connects the buildings on each side
directly (Figure 83, Section E-F), as well as playground
elements (Section G).
Connecting the buildings with the structure is an
important aspect of the design. The buildings are
relatively high rise (at least by Dutch standards), so
the structure is used to create interaction with the park
on street level. Simultaneously, the structure provides
access to the public functions on the rooftops from the
park (Section E).
The central boulevard in the structure is a flexible
space that can host a variety of activities, such as
performances, markets, sports activities, etc. (Section
E-F). It is partly roofed with east-west panels to also
accommodate these activities during rain.

Figure 83: visual depicting the parkvoltaic zone seen from the structure attached to the building on the west side of the area. The
building across the parkvoltaic zone is partly hidden behind the vertical solar structure guiding the tree lane. In the front, another
vertical solar structure guiding a solitary tree depicts Mondrian’s Tableau I using colored, semi-transparent solar panels. In the
structure itself, all kinds of activities are visible: roofed basketball and soccer fields attached to the bridge, vertically growing fruit
shrubs and group activities on the central boulevard.
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E

Section E: section depicting how the structure connects between the buildings on both sides of the park. The structure provides roof access and access to private balconies. In the
park, a terrace, several vertical solar structures, a basketball field, water retention, fruit walls and even the road are integrated into the structure - creating an innovate park.
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F

Section F: section depicting the extension of the structure and interface with the innovation zone, rapeseed field and building. In the park, a terrace, several vertical solar structures,
a basketball field, water retention, a bridge and a soccer field are integrated into the structure. On the central boulevard, sports activities are taking place.
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G

Section G: longitudinal section depicting the full length of the parkvoltaic structure with the central boulevard in front. The three different approaches to solar energy are all visible
in this section, south orientated above the central boulevard, east-west orientated above sports fields and vertical around developing trees.
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Design principles

Design assessment
To conclude the design, it was assessed on the
design principles from the Theoretical Framework,
the Integrated Solutions from the Omgevingsvisie
(Gemeente Nijmegen, 2020) and landscape quality.
The current site scored 21 in the landscape quality
analysis on page 51. The scenarios ranged between
48 and 58. The final design further improves the
landscape quality to 78 (Table 5). Important to note is
that the higher score is partly due to the incorporation
of future value, which was excluded in the scenarios.
However, by combining the strengths the different
scenarios, the combined score of use value and
experiential value (62) still surpasses the scenarios.
As described on page 35, the current plan scored
poorly on three design principles and fair on two. The
final design scores good on four design principles and
fair on one (for further details, Table 6).
The current plan scored poorly on three Integrated
Solutions and fair on three (see page 35). The final
design scores good on five Integrated Solutions, and
fair on one (for further details, Table 6).

= 78
Table 5: landscape quality assessment for the final design.

Short description Current score Explanation

Facilitating gradual
adaptation

The design must leave enough space
for the uncertainties of future needs and
developments.

Good

The design limits the amount of (semi)-permanent
functions. The remaining ones are now clustered in the
‘fixed’ zone, whereas the other 3 zones are flexible and
can adapt to future needs and developments.

Working with
scenarios

The design must be based on future
scenarios to determine what aspects of
the design should be left open and what
should be guided.

Good

The final design is based on 4 scenarios. The fixed
zone is guided and is the base of scenarios and
final design, the other zones are left more ‘open’: the
maximum of each future scenarios remains possible.

Frameworks

The design must separate dynamics
in order for high dynamic functions to
adapt over time without harming the
development of low dynamic functions.

Good

The fixed zone serves as a strong central framework.
It connects the main design area to the adjacent
area with offices and the NYMA area, but in terms on
infrastructure and green structure.

Allocating
dynamics

The design must properly grasp which
functions have high and low dynamics in
order to achieve stability.

Good

Low dynamic functions were allocated in two ways.
Some are attached to the fixed zone (e.g. main green
structure), others can develop underneath flexible (high
dynamic) spaces (e.g. tree growth under park-voltaics).

Designing a
support base

The design must understand the wishes
and demands of its users in order to
maintain, protect and develop the site.

Fair

Compact, dynamic
city

Reducing the impact of the city on the
surrounding landscape by densification
of the city and shorten distances to
facilities.

Good

Future-proof
neighborhoods

Increasing liveability of neighborhoods
by improving facilities and mixing
dwelling types and local initiatives.

Fair

Green, healthy city

Creating diverse green facilities in and/
or near neighborhoods for recreational
purposes and to combat the effects of
climate change.

Good

The area has a clear green structure along the fixed
central boulevard, which connects the other green
spaces (parkvoltaic/battery/innovation zone) that each
serve their own type of public green function.

Sustainable
mobility

Creating better connections for
pedestrians, cyclists and public transport
to avoid (future) mobility issues and
creating central (logistic) hubs.

Good

The hub next to the area will become a combination
distribution transport as well as public transport and is
directly connected to the area. There are several slow
traffic connections. Car access is good but limited.

Energy
assignment

Ensuring climate-neutrality by 2045
by reducing energy use, increasing
renewable energy sources and
abandoning use of gas.

Good

The site produces beyond energy-neutrality and
supplies surrounding neighborhoods of renewable
energy. The electricity production eliminates the need
for gas, buildings will use electric heating systems.

Embracing the
canal

Embedding business areas and
neighborhoods around the canal in the
urban structure and connecting the city
to the canal.

Good

By creating a mix of businesses, dwellings and public
functions, the area becomes an integrated in the city.
The area connects the city to the northern part of the
canal and uses the waterside location as a strength.

Many measures were taken to improve the public
acceptance of the energy implementation on site.
It remains, however, likely that the unconventional
approach is not unanimously appreciated.

Omgevingsvisie
The plan incorporates many facilities into the active
plinth, both in quantity and diversity.

The dwelling variety is fair in terms of sizes and building
typologies. However, as a response to the housing
need, buildings only host apartments. Local initiatives
are incorporated in public space and on roofs.

Table 6: Assessment of the final design for Engie, scored on both the Integrated Solutions from the Omgevingsvisie (Gemeente
Nijmegen, 2020) and the design principles developed in the Theoretical Framework.
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Discussion
The discussion of this research consists of three parts.
First, the limitations of this research are discussed.
Second, the ‘positioning’ of the research is related to
contemporary landscape architecture works. Finally,
some recommendations resulting from this research
are outlined.

Limitations
The inevitable closure of options
Designing with uncertainties was a central theme
for this thesis. ‘Merging’ two themes that are
unpredictable in so many ways - from technological
advancements in renewable energy production to
societal views on housing - asked for a way to embed
the uncertainties into the design without obstructing
(too many) options for future developments. Naturally,
designing with uncertainties is to some extent part
of any (landscape) architectural design and is not
exclusive to this study case. What makes working with
uncertainties extra relevant for this case, however,
is that it guides the way in a context where the major
complexity of both the energy transition and housing
crisis can lead to an impasse. In a time where the
need for change is so pressing, it is crucial to break
out of a state where we ‘do nothing because we do
not know’. This also means that in the process of
working with these uncertainties, some closure of
future options could not be avoided: not being allowed
to do so would obstruct any kind of development. It’s
all about balancing open and closed options. Not only
in the city edge, but at any location.
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The risk of leaving it open

Ownership is key

Designing with uncertainties in this research implied
an aim to avoid the closure of future options when
possible. The occasions in which this was achieved,
the ‘openness’ for future options also imposes a risk
on the landscape. Although the design tries to guide
the site to a desirable future, for instance by initiating
park development, the flexiblity of spaces could also
lead to implementation of undesirable functions in
the future. Ultimately, the far-future depends on the
decision makers and their interpretation of the societal
needs of that time.

Succesful implementation of the design largely
depends on ownership of the renewable energy
resources. It is crucial to increase acceptance In the
design, in particular the renewable energy resources
integrated in the new buildings. Solar panels and
Vortex wind turbines are directly connected to each
individual dwelling. It is key to give the residents of
each dwelling ownership over these renewable energy
resources. By doing so, inhabitants will benefit in
avoiding energy costs and are therefore encouraged
to use these resources sensibly. For instance, the
‘solar screens’ will only work if people are rewarded
for closing them because their energy production
increases. The design assumes that this construction
is possible by (mandatory) selling or renting of
the renewable resources to inhabitants. This might
however prove complicated in terms of construction
and/or willingness of property developers to take
on this challenge. To cater to these developers,
the (temporary) energy production in public space
could be owned by private oject developers/
energy companies (as long as they remain publicly
accessible) as an extra financial incentive to invest in
quality housing in the area and get the developments
off the ground.

From NIMBY to IMBY
The shift in focus from expanding cities to densifying
them implies a different way of living than most people
are used to. More often people will live in apartments
on less square meters, will people have balconies
instead of gardens and will cars be abandoned.
With this major shift already happening, now should
be the time to further redefine our way of living. The
implementation of renewable energy production
resources has proven controversial in many contexts,
and despite all design efforts, this would likely be
the case at this location as well. However, the time
for radical ideas is now: the the energy transition is
becoming more urgent by the day and we simply
cannot ‘outsource’ all renewable energy production to
the scarce open landscape. The tight housing market
will push people to live in neighborhoods like this
and to get more used to a system in which energy is
produced at the same place where it is consumed.
The housing crisis should be an opportunity to
redefine our way of living to one that is smarter,
greener and healthier, even if that is not the path of
least resistance.

Land use competition
Housing and energy in this research are intended as a
synergetic development. In reality, there is a risk that
housing and energy as land uses compete with each
other rather. In this context, especially the timeframe
for return on investment imposes a risk. The return on
investment is very different for housing and energy:
energy requires substantial initial investments which
are gradually recouped over the course of years

before profit is made. Return on investment (and
profit) in housing development, on the other hand, is
earned as soon as dwellings are completed and sold.
Therefore, without proper regulations, housing may
become the preferred use of space in the area and
‘outcompete’ energy production in public space.
Overestimation of profits
Although the financial benefits from energy
production will always be substantial, the research
may overestimate these benefits. Concerning the
calculations, t is important to note that:
• The calculations were based on a price of
€0,35 per kWh (Milieucentraal, 2022). This is
the price the consumer pays for energy as of
february 2022. This price was used for these
calculations instead of the much lower return price
(‘terugleververgoeding’) of around €0,05 - €0,10
per kWh (Milieucentraal, 2022). This was done as
the first aim for the buildings is self sufficiency.
Each kWh produced can be seen as an avoided
cost of €0,35 . On the other hand, for a project
developer/energy company that owns the solar
fields in public space the €0,35 represents their
turnover (not profit) per kWh as they can sell it
directly to consumers.
• €0,35 is the price per kWh as of february 2022.
It is likely a temporarily high price as a result of
the high demand and lower supply of natural gas
in early 2022. These prices may drop again as
the summer of 2022 approaches. Therefore, the
annual financial turnover from energy production
in the area may in reality be lower.

Subjectivism of landscape quality
Although the landscape quality concept by Oudes
& Stremke (2020) was selected due to its objective,
holistic approach, the application of the framework
in this research is, in some measure, subjective. As
visible in Appendices V and VIII, specific aspects of
the scenarios and design were analyzed for each,
but the relevance of each aspect was subject to the
author’s judgment. It is possible that relevant aspects
remained unseen. To be as consistent as possible,
all scenarios and the final design were compared
applying the same aspects.

Positioning
Balancing the convential and the radical
Many of the ideas in this design would likely be
considered radical in contemporary urban landscape
architecture. The field of landscape architecture has
become increasingly involved in the design of energy
landscapes, to good effect. Proper implementation
of renewable energy resources in the landscape is
crucial and in recent years several good examples
were designed and/or constructed. However,
these designs are often located in agricultural or
natural settings. The aim here regularly seems to
be to decrease the impact of renewable energy
resources, for instance by ‘hiding’ solar panels using
vegetation. This design, in many occasions, rejects
hiding of energy resources but instead shows them
in a more engaging and aesthetically pleasing way.
Paradoxically, as a strategy to achieve the exact
same: increase acceptance. Additionally, another
motivation is the intrinsic belief that energy should
be seen. We are all dependent on energy: hiding it

seems evasive. Moreover, energy can be aesthetically
pleasing and improve lanscape quality. There is no
need to hide it if implemented properly.

Recommendations
The city edge is not the limit
The principles and guidelines presented on page 78
are not exclusive to the city edge. Although many
of the findings and design decisions were based on
the city edge, most of the principles and guidelines
could be applied more widely. For instance in other
transformation areas where redevelopments also
stretch out over longer time periods, such as office
parks that are redeveloped into residential areas.
Considering the focus on densification (‘verdichting’)
in the Netherlands as a response to the housing need,
the principles and guidelines in this thesis could be
helpful in many different transformation contexts.
Efficiency is not sacred
Several design decisions in this research lower the
efficiency of solar panels. Using colored solar panels,
implementation vertical panels in all directions (south,
east, west and even north), keeping more space
between panels than necessary for production, etc.
all lower the energy efficiency. These measures are,
however, crucial in order to increase acceptance of
(visible) renewable energy in urban environments.
These design decisions may lead to a (slightly)
lower production, but could also make the difference
between opposition and acceptance. Avoiding
opposition through properly executed design
could accelerate the energy transition and make a
considerable impact on the climate goals.
Discussion
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Conclusions
This chapter provides the answers to the research
questions as formulated on page 11. First the SRQ’s
will be answered, as a prelude to the answer to the
MRQ at the end.

SRQ1:

What are the principles for an energy on the
edge design approach in urban peripheries pursuit
through integrated visions, the casco approach and
landscape quality?
The analysis and integration of the different theories
led to 8 principles for an Energy on the Edge
approach in urban peripheries. The principles mostly
refer back to the adaptability and dynamics of the
site and how to work with these concepts in order to
properly handle future uncertainties. An overview of
these principles and concepts can be found below.

3. Frameworks

To separate functions with different dynamics, the designer should
place low dynamic functions in stable frameworks that allow gradual
adaption of these low dynamic functions. This allows for long term
developments required for a desirable future to mature. This provides
the freedom to develop high dynamic spaces without harming low
dynamic functions in the framework.

4. Allocating dynamics

Knowing the difference between the (spatial) dynamics of various
developments in the design area helps the designer to determine what
goes where. Proper allocation is crucial in order to build a framework.
Wrong allocation may result in unstability and ambiguity in what can
placed where.

5. Designing a support base

Creating a desirable future does not only depend on the design itself,
but also the people who will use the designed space. Functions
that require stability need to serve users to prolong a support base
that maintains and protects these functions. Support should also be
created by incorporating the threefold definition of landscape quality
to improve quality and facilitate transition.

6. Balance rules and freedom

The development of long-term designs highly depends on societal
developments such as housing demand, energy demand, etc. Design
decisions made on the short term should allow different developmental
paths depending on future needs, meaning that the design should
be flexible enough to be adapted in the future. However, design
decisions made on the short term should also set boundaries for
future developments in order to arrive at a desirable future that is
sustainable, coherent and equitable. These uncertainties require smart
thinking using external context scenarios in order to make deliberate
design decisions that create a clear framework that balances spatial
rules and the freedom to pursue societal needs in the years to come.

7. Be aware of lifespans

Principles
From theory

1. Facilitating gradual adaptation

When designing with far-future developments and scenarios, there
are too many uncertainties to be assured what the ‘final’ state of this
design will become. The design must leave enough space for the
wishes and demands of future societal developments. The designer
should leave enough space for the design to take different directions
according to societal needs. This means that places should not be
‘over-designed’ in order to allow these developments, but also to not
set too many rules for future developments.

2. Working with scenarios

In order to understand what is likely to influence the design in the
future, working with scenarios is crucial to properly anticipate on these
developments. This helps the designer to understand what aspects
of the design should be ‘left open’ and what parts can have a more
guiding role in the design to steer an area towards a desirable future.
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Spatial developments each have their particular lifespan. The Casco
approach clearly distinguishes different landscape layers each with
their different dynamics and lifespans. Awareness of these lifespans is
crucial in order to make design decisions on the short term, but also
to understand how the decisions make on the short term affect the
underlying layers that have longer lifespans. Development of different
scenarios for the far-future should therefore consider these long-term
effects in order to make deliberate decisions.

8. Landscape quality is no singular term

The concept of landscape quality is often operationalized solely as
experiential value. However, the quality of the landscape is more
than the way it is perceived by its user and as described by Oudes
& Stremke (2020), also includes use value and future value. In order
to assess current landscape quality and the effect of design models
on this landscape quality a broader definitions of landscape quality
should be used, weighing experiential value, use value and future
value. In this research, assessment of future value is especially
relevant considering the focus on designing with future uncertainties.
A clear understanding of the future value allows to assess the
implications of design decisions on the future landscape quality and
may help to adjust these design decisions accordingly.

SRQ2:

What synergies and possible trade-offs can
be found between the implementation of sustainable
energy, housing and possible other transitions in
Nijmegen’s city edge?
General synergies in this project occured in the
following ways:
• Synergies between energy production and
housing were found when energy was integrated
into daily life through everyday tasks. Blending
housing and energy production generates many
advantages:
o Placing energy production near its consumer
increases awareness about what it takes to
produce (renewable) energy. In this research,
awareness about energy consumption was
created at the same time.
o Awareness will quickly lead to more energy
saving. This can be either from an intrinsic or
financial motivation.
o Energy costs for households are decreased.
The energy production could even
generate income, depending on the energy
consumption of a particular household.
o Energy is not only produced and consumed
in the area, it is also stored in the area as
much as possible. This decision derived from
the stark contrast between the return price
for energy (€0,05 - €0,10 per kWh, february
2022) and the consumer price (€0,35 per
kWh, february 2022). This means that selling
energy back to the net earns far less money
than purchasing it. Therefore, storage during
production surpluses then using it during
shortages is a more attractive alternative.
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As illustrated on page 78, the landscape quality
improved from 21 (current site) to 78 (final design).
This was achieved by the Energy on the Edge
approach in the following ways:
• Use value was increased by implementing a
wider variety of different functions, in some cases
synergies, while also maintaining current functions
when necessary.
• Experiental value was increased by making the
site accessible and clearly defined, decreasing
nuisance, maintaining the historic character,
improving access to river and canal and by
showcasing innovative energy resources
• Future value was increased by creating flexible
spaces that can adapt according to future
needs, creating revenue models, using design
approaches that improve acceptance and

in
W

What is the impact of the Energy on the Edge
approach on the landscape quality of the site and its
industrial heritage as a fossil energy landscape?

ro

SRQ3:

la

General trade-offs in this project occured in a few, but
very different ways:
• The main trade-off found between energy and
housing was not necessarily found directly in
the relation between the two, more so in the
underlying dynamics. Energy production has
(or can be) a more temporary nature (this thesis
assumes approximately 25 years), whereas
buildings have a longer lifespan, generally ast
least 50 years, but regularly also surpassing 100
years. This suggests that opting for housing in a
specific location has more extensive implications
for the future options. Thereby avoiding the
closure of options is challenging when seeking
synergies between energy and housing. There will
always be a trade-off between the decisions made
today and the range of future options.
• More obvious trade-offs were found in the
combination of different functions, as visible in
Table 7 (a larger version can be found on page

So

•

•

52). Table 7 shows that some functions are
mutually exclusive (indicated in red in Table X),
such as wind turbines and (nearby) housing.
In this particular case it led to the exclusion of
wind turbines in the final design since housing
(in synergy with energy) would then simply be
impossible.
Another (indirect) trade-off was found between
profitability and landscape quality. In the research,
multifunctionality was found to contribute positively
to landscape quality. As illustrated by the scenario
matrix on page 36, however, multifunctionality
implies a decreased performativity. Less
performativity, in the case of energy and housing,
means less space for housing and energy, thus a
lower production. As mentioned in the discussion
on page 75, efficiency is not sacred, but it is
important to an increase in multifunctionality (thus
landscape quality) can lead to lower profitability
and may negatively effect the willingness to invest.

So

•

Additional synergies were found between housing
and energy production were found on the ‘extreme
ends’ of the energy spectrum.
o On one hand, synergies arise when energy
blends in with the built environment and
what they are supposed to look like according
to conventional norms.
o Paradoxically, synergies were also found
when energy is implemented in a more
prominent way: such as the parkvoltaics or
Vortex zone. Energy production then suddenly
becomes something exciting and unknown.
Synergies between energy production and
climatic measures were found when they were
directly brought together, such as solar fields and
water retention, solar panels that double functions
as sun screens and solar panels above food
production on agrivoltaic roofs.
Synergies between energy production and
‘greening’ the city were found in the parkvoltaic
approach to tree development.

So
la

•

Table 7: Overview of the relationships between different
design ingedrients concluded from the scenario development.
Red indicates incompatiblity between the ingredients, yellow
indicates that the ingredients can coexist and green indicates a
synergetic relationship between the design ingredients.

preserving the historic character of the site for the
future.
The Energy on the Edge approach brings the
industrial heritage of the site into the 21st century,
in which energy landscapes have a different
interpretation. The rough, industrial character of the
site is maintained, but the fossil aspects are divested.
That way, the historic character of the site is preserved
for future generations, but in a way that is clean, green
and sustainable.

Conclusions
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MRQ:

What are the landscape design principles
and guidelines for an energy on the edge approach
to catalyze both the energy transition and housing
development in Nijmegen’s city edge?
Below, a full overview of the design principles and
guidelines of the Energy on the Edge approach is

Principles
From theory

1. Facilitating gradual adaptation

When designing with far-future developments and scenarios, there
are too many uncertainties to be assured what the ‘final’ state of this
design will become. The design must leave enough space for the
wishes and demands of future societal developments. The designer
should leave enough space for the design to take different directions
according to societal needs. This means that places should not be
‘over-designed’ in order to allow these developments, but also to not
set too many rules for future developments.

2. Working with scenarios

In order to understand what is likely to influence the design in the
future, working with scenarios is crucial to properly anticipate on these
developments. This helps the designer to understand what aspects
of the design should be ‘left open’ and what parts can have a more
guiding role in the design to steer an area towards a desirable future.

3. Frameworks

To separate functions with different dynamics, the designer should
place low dynamic functions in stable frameworks that allow gradual
adaption of these low dynamic functions. This allows for long term
developments required for a desirable future to mature. This provides
the freedom to develop high dynamic spaces without harming low
dynamic functions in the framework.

4. Allocating dynamics

Knowing the difference between the (spatial) dynamics of various
developments in the design area helps the designer to determine what
goes where. Proper allocation is crucial in order to build a framework.
Wrong allocation may result in unstability and ambiguity in what can
placed where.

5. Designing a support base

Creating a desirable future does not only depend on the design itself,
but also the people who will use the designed space. Functions
that require stability need to serve users to prolong a support base
that maintains and protects these functions. Support should also be
created by incorporating the threefold definition of landscape quality
to improve quality and facilitate transition.

6. Balance rules and freedom

The development of long-term designs highly depends on societal
developments such as housing demand, energy demand, etc. Design
decisions made on the short term should allow different developmental
paths depending on future needs, meaning that the design should
be flexible enough to be adapted in the future. However, design
decisions made on the short term should also set boundaries for
future developments in order to arrive at a desirable future that is
sustainable, coherent and equitable. These uncertainties require smart
thinking using external context scenarios in order to make deliberate
design decisions that create a clear framework that balances spatial
rules and the freedom to pursue societal needs in the years to come.
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described. The design principles are more general
(in line with the definition by Etteger, 2016). The first 8
principles were derived in the Theoretical Framework
(page 19). After application of these principles in
the analysis, scenario development and design, 6
additional principles were distilled. They derive from
the challenges encountered in the design process,

as well as observations in the evaluation of the
design process. The guidelines are more site-specific
(also in line with the definition by Etteger, 2016) and
correspond to specific elements of the final design.

7. Be aware of lifespans

13. Multifunctionality ≠ landscape quality

Spatial developments each have their particular lifespan. The Casco
approach clearly distinguishes different landscape layers each with
their different dynamics and lifespans. Awareness of these lifespans is
crucial in order to make design decisions on the short term, but also
to understand how the decisions make on the short term affect the
underlying layers that have longer lifespans. Development of different
scenarios for the far-future should therefore consider these long-term
effects in order to make deliberate decisions.

Although multifunctionality showed a positive effect on the landscape
quality in some occasions, simply adding more functions in the same
space does not automatically result in an increase of landscape
quality. Both the scenarios and the final design illustrate
that landscape quality is (among other things) improved through
synergetic measures, not ‘just’ multifunctionality.

14. Uncertainty does not justify lack of action

Aiming to avoid the closure of future options may lead to a state of
paralysis in which no short-term decisions can be made. This is due to
that decisions made today will (almost) always close some options in
the future. Aim to not close too many options should be key, but may
not lead to a lack of action to address the urgent challenges of today,
such as the energy transition and housing crisis.

8. Landscape quality is no singular term

The concept of landscape quality is often operationalized solely as
experiential value. However, the quality of the landscape is more
than the way it is perceived by its user and as described by Oudes
& Stremke (2020), also includes use value and future value. In order
to assess current landscape quality and the effect of design models
on this landscape quality a broader definitions of landscape quality
should be used, weighing experiential value, use value and future
value. In this research, assessment of future value is especially
relevant considering the focus on designing with future uncertainties.
A clear understanding of the future value allows to assess the
implications of design decisions on the future landscape quality and
may help to adjust these design decisions accordingly.

Guidelines
From design
•

From design
9. Clear carriers

When designing with fixed (permanent) and flexible (temporary)
spaces, fixed elements should be tied to clear spatial carriers (in
this thesis, the central boulevard). This creates a spatial distinction
between fixed and flexible, leaving as many future options open for the
flexible spaces as possible.

10. Confrontation as a tool

The designer can use confrontational interventions to raise questions
and create awareness. By holding up a mirror to society by showing
something that is usually invisible (in this thesis, the battery) behavior
may change, either as a result of intrinsic motivation or (mild) societal
pressure.

•
•

•

•

11. Daily intertwinement

•

12. Quiet and bold

•

If the designer aims to change behavior of those using the intended
space should incorporate design interventions into easy, daily tasks
that benefit users directly, e.g. in a practical or financial way (in this
thesis, for instance, solar sun screens in buildings).
Conventional solar panels and wind turbines face a lot of public
resistance: not in the last place because people consider them boring.
By either blending them into buildings using colors that match the
facades (quiet, in this thesis used for all buildings) or, instead, using
unconventional, yet very visible approaches (bold, in this thesis, for
instance, the Vortex and parkvoltaics) will help improve the willingness
to accept the implementation of energy on the city edge.

Energetic buildings: make use of the buildings for the energy assignment.
Both facade and roof surfaces can be a major contributor to energy
production. This decreases the required density for energy production and
leaves more space for developments other than (or combined with) energy
in public space.
A bolt out of the blue: capitalize on the ability to produce solar panels in
any color imaginable. It avoids uniformity of the landscape and is used to
instead define different spaces and zones in the landscape.
Beyond self sufficiency: aim beyond self sufficiency. The wide range
of opportunities for energy production are (by far) not all possible in
surrounding neighborhoods: a surplus in energy production can be used to
help bordering neighborhoods to abandon energy from fossil resources.
Central boulevard: design a central boulevard that connects the different
zones in the area as well to surrounding areas. Use this central connection
for ‘fixed’ functions in order to keep the other zones flexible for future
developments.
Battery: make the ‘invisible half’ of the energy landscape, consumption,
visible by creating a storage unit that is connected to all the buildings and
visualizes the energy flows towards the buildings.
Innovation zone: use the zone that is preferred for future redevelopment
as a place where innovative energy production can be ‘showcased’. It
becomes be an attraction for visitors and broaden their horizon in terms of
renewable energy production. After a certain period of time these means
of energy production are no longer considered innovative and can be
removed if the area needs to serve other purposes.
Parkvoltaics: use the concept of parkvoltaics to encourage park
development while simultaneously producing energy. The park will serve
all kinds of purposes using the solar structure. In the far-future, the panels
can be removed if needed: what is left is a developed park with mature
trees and planting.
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Appendix I
Location analysis map base layers

Figure 84: Map of the Netherlands depicting high potential areas for renewable energy production according to the Nationaal
Programma Regionale Energiestrategie (2020).
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Figure 85: Map of the Netherlands depicting the municipalities
with closing power plants according to inventories by Trouw
(2015) and NOS (2019).

Figure 86: Map of the Netherlands depicting the municipalities
with a high projected population increase (above 10%)
according to CBS & PBL (2018).
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Figure 87: Schematic map depicting the different neighborhoods of Nijmegen.
The ones indicated in yellow are neighborhoods with a main residential
function, the ones in grey black have other main functions such as industrial
parks, farming, nature, etc. Numbers correspond to Table 8.
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Table 8: Overview of Nijmegens different neighborhoods including their numbers corresponding
to Figure 84, their main functions, developing period, key strengths and weaknesses and 2
streetview impressions (Google Maps, 2022) for each.
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Integrated
solution

Appendix III
Compact,
dynamic city*

Future-proof
neighborhoods*
N

Sustainable
mobility

N

Energy
assignment**

N

Larger
center area

N

Strong
campusses

N

Embracing
the canal

N

N

Important ambitions
(relevant implications for Engie in yellow)

Spatial
implications

N

Green,
healthy city

Summary

Summary

•

•

•

•
•

Emphasis on intensification:
reducing the spatial impact of the
city on the surrounding landscape
by using densification strategies;
Adding quality: development of
housing should be paired with
other assignments such as mobility,
energy, climate adaptation, etc.
Mix of functions: by mixing
amenities, working and living, travel
movements can be reduced.
Urban hubs: locations where many
traffic movements come together
have priority in mixing functions and
increasing density between now
and 2040.

•

•

Mix of dwelling types: to increase
social cohesion, neighborhoods
should mix dwellings from different
categories and price ranges;
Living in the green: living
environments should incorporate
nature and ecology and encourage
a healthy lifestyle;
Short chains: sustainable, local
food initiaves are stimulated.

Summary
•

•

•

Close to green: not only should
there be green in neighborhoods
themselves, but distances to larger
nature areas should be limited;
Climate adaptation as
precondition: addressing the
negative impacts of climate
change, particularly heatstress and
flooding, is a precondition in (re)
developments.
Green routes: short and long
distance green routes are created
for cyclist and pedestrians to
increase the use of ‘slow traffic’.

Summary

Summary

Summary

Summary

Summary

•

•

•

•

•

•

•

Stimulating pedestrians and
cyclists: by improving cycling
connections and creating more
amenities close-by, ‘slow traffic’
should increase;
Creating hubs: mobility hubs
should spread peak times in traffic
using high quality public transport,
P+R locations, etc.;
Limiting car traffic: by lowering
parking norms, decreasing areas
with free parking and appointing
designated traffic zones the amount
of cars in the city should decrease.

Table 9: Overview of the eight Integrated Solutions as defined in the Omgevingsvisie Nijmegen with the corresponding schematic maps and summary each Integrated Solution,
based on Gemeente Nijmegen (2020). The most important points from the Integrated Solutions for this research are highlighted in yellow.
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•

•

Reduction of energy use:
reduction of current energy use has
the first priority.
Self-sufficiency: the remaining
energy demand should be
sustainably produced within the city
as much as possible.
Focus on roofs: implementation of
renewable energy should be in the
form of soloar panels, placed on
roofs as much as possible.

•

From ‘place to buy’ to ‘place
to meet’: instead of just a center
to shop, sectors such as culture,
hospitality, services and events are
stimulated in the center.
Embracing the Waal: by
redeveloping the areas around the
city center and mixing functions,
the center spreads out across and
along the river.

•

Improving the attractiveness of
campusses: improving the direct
surroundings of campusses and
adding more dwellings nearby
to nourish the attractiveness
for companies and knowledge
institutes.
Retaining alumni: creating more
opportunities and improving the
attractiveness of the city to retain
the knowledge of high educated
citizens.

•

•

Connecting the canalzone: by
transforming the canalzone with
more dwellings and improving
the amenities, the psychological
distance between this zone and the
city should be decreased;
Increasing employment: by
creating more jobs in this area of
the city mobility can be decreased
and the city economy can be
improved;
Sustainable business parks:
business parks should be
more mixed and contribute to
sustainability goals.

Appendix IV
Energy calculations for wind turbine

Energy calculations scenario I

Energy calculations scenario II

Envisioned wind turbine type for the site: Nordex N131 (Kuitert,
2021).
The Nordex N131 has a power capacity of 3000 mW, a hub height
of 105 meter a rotor diameter of 131 meter.
The site in Nijmegen has a mean wind speed of 7.91 m/s (Global
Wind Atlas, 2021).
Data entry in wind-data.ch (Suisse Eole, 2021):

Solar energy
Surface available for solar panels: 110.442 m² (roofs 43.460 m²,
public space 66.982 m²)
Covered surface at 55%: 0,55 x 110.442 = 60.743 m²
2 m² per panel at 350 Wp each.
Total amount of panels: 60.743 / 2 = 30.372 panels.
Total capacity: 33.595 x 350 = 10.630.200 Wp (= 10.630 kWp).
Data entry in PvGIS (European Commission, 2019) (fixed south):

Solar energy
Surface available for solar panels: 88.879 m² (roofs 43.460 m²,
public space 45.419 m²)
Covered surface at 55%: 0,55 x 88.879 = 48.883 m²
2 m² per panel at 350 Wp each.
Total amount of panels: 48.883 / 2 = 24.442 panels.
Total capacity: 24.442 x 350 = 8.554.700 Wp (= 8.555 kWp).
Data entry in PvGIS (European Commission, 2019) (fixed south):

PvGIS output indicates an annual energy production from solar
panels of: 10.489.706 kWh

PvGIS output indicates an annual energy production from solar
panels of: 8.442.092 kWh

Wind energy
Turbines: 3 x 13.902.047 = 41.706.141 kWh
Vortex (see Appendix IV): 140 x 8766 = 1.122.740 kWh

Wind energy
Turbine: 1 x 13.902.047 = 13.902.047 kWh
Vortex (see Appendix IV): 140 x 8766 = 1.122.740 kWh

Total energy production
10.489.706 + 41.706.141 + 1.122.740 = 53.423.087 kWh
Average energy use Dutch households: 2730 kWh (Nibud, 2021).
Thus, the annual energy production of this scenario equals the
energy use of: 53.423.087 / 2730 = 19.569 households.

Total energy production
8.442.092 + 13.902.047 + 1.122.740 = 23.466.879 kWh
Average energy use Dutch households: 2730 kWh (Nibud, 2021).
Thus, the annual energy production of this scenario equals the
energy use of: 23.466.879 / 2730 = 8596 households.

Wind-data.ch output indicates an annual energy production from
Nordex N131 wind turbines on this site of: 13.902.047 kWh
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Energy calculations scenario III

Energy calculations scenario IV

Solar energy
Surface available for solar panels: 56.533 m² (roofs 56.533 m²,
public space 0 m²)
Covered surface at 55%: 0,55 x 56.533 = 31.093 m²
2 m² per panel at 350 Wp each.
Total amount of panels: 31.093 / 2 = 15.547 panels.
Total capacity: 15.547 x 350 = 5.441.450 Wp (= 5441 kWp).
Data entry in PvGIS (European Commission, 2019) (fixed south):

Solar energy
Surface available for solar panels: 89.087 m² (roofs 89.087 m²,
public space 0 m²)
Covered surface at 55%: 0,55 x 89.087 = 48.998 m²
2 m² per panel at 350 Wp each.
Total amount of panels: 48.998 / 2 = 24.499 panels.
Total capacity: 24.499 x 350 = 8.574.650 Wp (= 8575 kWp).
Data entry in PvGIS (European Commission, 2019) (fixed south):

PvGIS output indicates an annual energy production from solar
panels of: 5.369.190 kWh

PvGIS output indicates an annual energy production from solar
panels of: 8.461.828 kWh

Wind energy
Vortex (see Appendix IV): 140 x 8766 = 1.122.740 kWh

Wind energy
Vortex (see Appendix IV): 140 x 8766 = 1.122.740 kWh

Total energy production
5.369.190 + 1.122.740 = 6.491.930 kWh
Average energy use Dutch households: 2730 kWh (Nibud, 2021).
Thus, the annual energy production of this scenario equals the
energy use of: 6.491.930 / 2730 = 2378 households.

Total energy production
8.461.828 + 1.122.740 = 9.584.568 kWh
Average energy use Dutch households: 2730 kWh (Nibud, 2021).
Thus, the annual energy production of this scenario equals the
energy use of: 9.584.568 / 2730 = 3511 households.
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Appendix V
Landscape quality assessment scenarios
Current situation

Scenario III

Scenario I

Scenario IV

Scenario II
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Appendix VI
Housing calculations final design

Amount of dwellings per building calculations:

Basic assumptions:
The average dwelling size in Nijmegen is currently 115 m² (CBS,
2018), which is relatively large. At the same time, a sharp increase
in dwellings between 15-50 m² is observed since 2012, mostly
because these generate the highest profits for builders (AD, 2018).
The strongest demand, however, is for affordable housing in the
‘medium sized’ category.

•

This area therefore consists of dwellings between 50-100 m², with an
average of 75 m².
For each appartment building, a 20% space deduction is estimated
for communal spaces and infrastructure for ventilation, energy,
water, etc.
If the ground floor of a building is used for commercial of public
services, the entire floor is not counted in the calculations.
Building 2, 4 and 19 use the ‘stair’ typology and therefore have
different surfaces per floor.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

The average annual energy use per household is 2730 kWh (Nibud,
2021).
The ‘number’ of each building can be found in Figure X.

•
•
•

•
•
•
•
•
•
•

N

Building 1: (1250 m² (surface per floor) x 5 (amount of floors))
x 0,8 (correction for communal spaces/infrastructure) / 75
(average surface per dwelling) = 67 dwellings.
Building 2: ((1050 + 900 + 750 + 600 + 450 + 300 + 150) x
0,8) / 75 = 45 dwellings.
Building 3: ((1750 x 5) x 0,8) / 75 = 93 dwellings.
Building 4: ((1531 + 1312 + 1093 + 874 + 655 + 436 + 217) x
0,8) / 75 = 65 dwellings.
Building 5: ((675 x 6) x 0,8) / 75 = 43 dwellings.
Building 6: ((1000 x 5) x 0,8) / 75 = 53 dwellings.
Building 7: ((1000 x 5) x 0,8) / 75 = 53 dwellings.
Building 8: ((675 x 6) x 0,8) / 75 = 43 dwellings.
Building 9: ((675 x 6) x 0,8) / 75 = 43 dwellings.
Building 10: ((675 x 6) x 0,8) / 75 = 43 dwellings.
Building 11: ((675 x 6) x 0,8) / 75 = 43 dwellings.
Building 12: ((1000 x 5) x 0,8) / 75 = 53 dwellings.
Building 13: ((1000 x 5) x 0,8) / 75 = 53 dwellings.
Building 14: ((675 x 6) x 0,8) / 75 = 43 dwellings.
Building 15: ((675 x 6) x 0,8) / 75 = 43 dwellings.
Building 16: ((1400 x 5) x 0,8) / 75 = 75 dwellings.
Building 17: ((1800 x 3) x 0,8) / 75 = 58 dwellings.
Building 18: ((1800 x 5) x 0,8) / 75 = 96 dwellings.
Building 19: ((547 + 469 + 391 + 313 + 235 + 157 + 79) x 0,8)
/ 75 = 23 dwellings.
Building 20: ((2500 x 4) x 0,8) / 75 = 107 dwellings.
Building 21: ((1680 x 4) x 0,8) / 75 = 72 dwellings.
Building 22: ((1690 x 4) x 0,8) / 75 = 72 dwellings.
Building 23: ((1750 x 4) x 0,8) / 75 = 75 dwellings.
Building 24: ((500 x 4) x 0,8) / 75 = 21 dwellings.
Building 25: ((1700 x 4) x 0,8) / 75 = 73 dwellings.
Building 26 - 34: n/a

Total amount of dwellings: 1455
Total annual energy use by the dwellings: 1455 (amount of
dwellings) x 2730 kWh (average annual energy use per household)
= 3.972.150 kWh

Figure 88: Map of the research site depicting a numbering of
the individual buildings (1-34) and lettering of the different solar
fields in public space (A-F) corresponding with the numbers
and letters in the calculations in this section.
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Appendix VII
Energy calculations final design

Roof, south orientation calculations:

Solar energy

In order to calculate the energy production, first the roof surface of
each building must be calculated. This was done using measuring
tools on the map and then calculating the surfaces. This was then
multiplied by the density to determine the part of the surface that
is covered by solar panels. The total amount of roof surface was
then divided by the surface per panel and multiplied by the power
output per panel. Finally, this was entered in the PVGIS interactive
tool to calculate the annual energy production. The ‘number’ of each
building can be found Figure X..

Basic assumptions:
The solar radiation database used for the calculations is PVGISSARAH, the PV technology used is Crystalline sillicon.
1 solar panel has a 2 m² surface, 500 Wp output and a system loss
of 14%.
All calculations use coordinates 51.856000, 5.830000.
Solar fields on ground level have a maximum 55% density (LOS
Stadomland, 2020)
Roofs use 55% in case of south orientation, 80% in case of eastwest orientation.
There are 5 ‘typologies’ of panels in the design, each with their own
additional calculation inputs.
•
Roof, south orientation (mounting position free-standing, slope
35°, azimuth 0°). Within the roof typology, there are several
types each have different assumed densities:
Park = 10% (incidental structure in the park, roughly 1/6 of
the park)
Pergola = 20% (1/3 of the roof is covered)
Greenhouse = 33% (each slanted part consists of 6 parts,
of which 4 are windows and 2 are solar panels)
Agrivoltaics = 40% (maximized but with extra space in
between let light through for plant growth)
Pool = 40% (maximized but only 2/3 of the roof consists of
pool space)
Sportsfield = 55% (maximized but raised)
•
Roof, east west orientation (mounting position free-standing,
slope 35°, azimuth 0°). Density = 80% (maximized)
•
Solar field on land, south orientation (mounting position freestanding, slope 35°, azimuth 0°). Density = 55% (maximized,
raised at some locations)
•
Solar field on water, east-west orientation (mounting position
free-standing, west (50%) slope 35°, azimuth 90°, east (50%)
slope 35°, azimuth -90°). Density = 100% (floating structure
with east west panels attached to each other).
•
Building facade, south orientation (mounting position building
integrated, slope 90°, azimuth 0°). Density = 66,67% (each
floor consists of 1/3 window, 2/3 solar panel).
•
Building facade, east orientation (mounting position building
integrated, slope 90°, azimuth -90°). Density = 66,67% (each
floor consists of 1/3 window, 2/3 solar panel).

N

•
Building 15: 675 x 0,33 = 225 m²
•
Building 16: 1400 x 0,10 = 140 m²
•
Building 17: 1800 x 0,55 = 990 m²
•
Building 18: 1800 x 0,60 = 1080 m²
•
Building 19: 625 x 0,55 = 344 m²
•
Building 29: 850 x 0,55 = 468 m²
•
Building 32: 2500 (sports tribune only) x 0,55 = 1375 m²
•
Building 33: 2500 (sports tribune only) x 0,55 = 1375 m²
Total roof surface: 11359 m².
11359 m² (total roof surface) / 2 m² (surface per panel) = 5679 solar
panels.
5332 x 500 Wp (power output per panel) = 2.839.500 Wp = 2840
kWp.
Data entry in PvGIS (European Commission, 2019):

Figure 89: Map of the research site depicting a numbering of
the individual buildings (1-34) and lettering of the different solar
fields in public space (A-F) corresponding with the numbers
and letters in the calculations in this section.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Building 1: 1250 (roof surface in m²) x 0,33 (density of this roof
type) = 417 m²
Building 2: 1200 x 0,55 = 660 m²
Building 3: 1750 x 0,40 = 700 m²
Building 4: 1750 x 0,55 = 963 m²
Building 5: 675 x 0,20 = 135 m²
Building 6: 1000 x 0,10 = 100 m²
Building 7: 1000 x 0,60 = 600 m
Building 8: 675 x 0,55 = 371 m²
Building 9: 675 x 0,10 = 68 m²
Building 10: 675 x 0,10 = 68 m²
Building 11: 675 x 0,33 = 225 m²
Building 12: 1000 x 0,55 = 550 m
Building 13: 1000 x 0,10 = 100 m²
Building 14: 675 x 0,60 = 270 m²

Total annual energy production by south oriented roof surfaces:
2.895.606 kWh
Roof, east-west calculations:

In order to calculate the energy production, first the roof surface of
each building must be calculated. This was done using measuring
tools on the map and then calculating the surfaces. This was then
multiplied by the density to determine the part of the surface that is
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covered by solar panels. The total amount of roof surface was then
divided by the surface per panel and multiplied by the power output
per panel. This was then equally divided into two parts, representing
east and west. Finally, both were entered in the PVGIS interactive
tool to calculate the annual energy production. The ‘number’ of each
building can be found at the beginning of this chapter.
•
•
•
•
•
•
•
•
•
•
•

Annual energy production by west orientated panels on roofs:
3.235.403 kWh
Data entry in PvGIS for east orientation (European Commission,
2019):

Data entry in PvGIS (European Commission, 2019):

Building 20: 2500 x 0,80 = 2000 m²
Building 21: 1680 x 0,80 = 1344 m²
Building 22: 1690 x 0,80 = 1352 m²
Building 23: 1750 x 0,80 = 1400 m²
Building 24: 500 x 0,80 = 400 m²
Building 25: 1700 x 0,80 = 1360 m²
Building 27: 1450 x 0,80 = 1160 m²
Building 28: 675 x 0,80 = 540 m²
Building 30: 1400 x 0,80 = 1120 m²
Building 31: 10350 x 0,80 = 8280 m²
Building 34: 16775 x 0,80 = 13420 m²

Total roof surface east-west: 32376 m².
32376 m² (total roof surface) / 2 m² (surface per panel) = 16188
solar panels.
16188 x 500 Wp (power output per panel) = 8.094.000 Wp = 8094
kWp.
8094 kWp (total power output) / 2 = 4047 kWp east, 4047 kWp west.
Data entry in PvGIS for west orientation (European Commission,
2019):

Annual energy production by east orientated panels on roofs:
3.299.588 kWh
Total annual energy production by east-west oriented roof surfaces:
6.534.991 kWh
Solar field on land, south orientation calculations:
In order to calculate the energy production, first the land surface of
each solar field must be calculated. This was done using measuring
tools on the map and then calculating the surfaces. This was then
multiplied by 90% to correct for paths in between the fields. Larger
structures such as the ‘battery square’ where already excluded from
the surface measurements. It was then multiplied by the density to
determine the part of the surface that is covered by solar panels.
This was then divided by the surface per panel and multiplied by
the power output per panel. Finally, this was entered in the PVGIS
interactive tool to calculate the annual energy production. The ‘letter’
of each solar field can be found at the beginning of this chapter.
•
Solar field A: (24600 (solar field in m²) x 0,90 (correction for
paths)) x 0,55 (solar field density) = 12177 m²
•
Solar field B: (13300 x 0,90) x 0,55 = 6584 m²
Total solar field surface: 18761 m².
18761 m² (total roof surface) / 2 m² (surface per panel) = 9380 solar
panels.
9380 x 500 Wp (output per panel) = 4.690.000 Wp = 4690 kWp.
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Total annual energy production by solar fields on land:
4.781.829 kWh
Solar field on water, east-west orientation calculations:
In order to calculate the energy production, first the land surface of
each solar field must be calculated. This was done using measuring
tools on the map and then calculating the surfaces. Because the
density in this case is 100%, the density multiplier was simply 1. This
was then divided by 2, representing 50% east, 50% west orientated
panels. These were then divided by the surface per panel and
multiplied by the power output per panel. Finally, this was entered in
the PVGIS interactive tool to calculate the annual energy production.
The ‘letter’ of each solar field can be found at the beginning of this
chapter.
•
•

Solar field E: 2800 ((solar field in m²) x 0,80 (solar field density)
= 2240 m²
Solar field F: 2750 x 0,80 = 2200 m²

Total solar field on water surface: 4440 m².
4440 m² (total surface solar field on water) / 2 m² (surface per panel)
= 2220 solar panels.
2220 x 500 Wp (power output per panel) = 1.110.000 Wp = 1110
kWp.

•
•
•
•
•
•

1110 kWp (total power output) / 2 = 555 kWp east, 555 kWp west.
Data entry in PvGIS for west orientation (European Commission,
2019):

Annual energy production by east orientated panels: 437.912 kWh
Total annual energy production by solar fields on water:
868.445 kWh

Building 26: 95,0 x (1 x 2,33) = 221 m².
Building 27: 60,0 x (1 x 2,33) = 140 m².
Building 28: 27,5 x (1 x 2,33) = 64 m².
Building 31: 130,0 x (6 x 2,33) = 1820 m².
Building 32: 110,0 x (6 x 2,33) = 1540 m².
Building 33: 110,0 x (6 x 2,33) = 1540 m².

Total south facade surface: 12737 m².
12737 m² (total south facade surface) / 2 m² (surface per panel) =
6369 solar panels.
6369 x 500 Wp (power output per panel) = 3.184.500 Wp = 3185
kWp.
Data entry in PvGIS (European Commission, 2019):

Building facade, south orientation calculations:

Annual energy production by west orientated panels: 430.533 kWh
Data entry in PvGIS for east orientation (European Commission,
2019):

In order to calculate the energy production, first the solar panel
surface of each south facade should be calculated. This was done
using measuring tools on the map to determine the length of the
building. This was then multiplied by the amount of floors, multiplied
by the height of the floor that was used for solar panels. A floor
height of 3,5 meters was assumed, of which 2/3 is covered by solar
panels, resulting in a 2,33 multiplier per floor. If a particular floor
is not used for solar panels at all (for different reasons in different
buildings), this floor was not counted in the calculations. The total
solar panel surface was then divided by the surface per panel and
multiplied by the power output per panel. Finally, this was entered in
the PVGIS interactive tool to calculate the annual energy production.
The number of each building can be found at the beginning of this
chapter.
•
Building 1: 47,5 (building length in meters) x (5 (number of
floors covered with solar panels) x 2,33 (height covered in solar
panels per floor)) = 554 m².
•
Building 3: 66,5 x (5 x 2,33) = 775 m².
•
Building 5: 23,5 x (3 x 2,33) = 165 m².
•
Building 6: 43,5 x (5 x 2,33) = 507 m².
•
Building 7: 31,0 x (5 x 2,33) = 361 m².
•
Building 8: 23,5 x (3 x 2,33) = 165 m².
•
Building 9: 23,5 x (3 x 2,33) = 165 m².
•
Building 10: 23,5 x (3 x 2,33) = 165 m².
•
Building 11: 23,5 x (3 x 2,33) = 165 m².
•
Building 12: 39,5 x (5 x 2,33) = 461 m².
•
Building 13: 26,0 x (5 x 2,33) = 303 m².
•
Building 14: 23,5 x (3 x 2,33) = 165 m².
•
Building 15: 23,5 x (3 x 2,33) = 165 m².
•
Building 16: 71,0 x (5 x 2,33) = 828 m².
•
Building 17: 68,0 x (3 x 2,33) = 476 m².
•
Building 18: 68,0 x (5 x 2,33) = 793 m².
•
Building 20: 71,5 x (4 x 2,33) = 667 m².
•
Building 24: 24,0 x (4 x 2,33) = 224 m².
•
Building 25: 33,0 x (4 x 2,33) = 308 m².

Total annual energy production by south facades: 2.192.650 kWh
Building facade, east orientation calculations:
In order to calculate the energy production, first the solar panel
surface of each south facade should be calculated. This was done
using measuring tools on the map to determine the length of the
building. This was then multiplied by the amount of floors, multiplied
by the height of the floor that was used for solar panels. A floor
height of 3,5 meters was assumed, of which 2/3 is covered by solar
panels, resulting in a 2,33 multiplier per floor. If a particular floor
is not used for solar panels at all (for different reasons in different
buildings), this floor was not counted in the calculations. The total
solar panel surface was then divided by the surface per panel and
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multiplied by the power output per panel. Finally, this was entered in
the PVGIS interactive tool to calculate the annual energy production.
The ‘number’ of each building can be found at the beginning of this
chapter.
•
Building 1: 26,3 (building length in meters) x (5 (number of
floors covered with solar panels) x 2,33 (height covered in solar
panels per floor)) = 307 m².
•
Building 3: 26,3 x (5 x 2,33) = 307 m².
•
Building 5: 28,7 x (3 x 2,33) = 201 m².
•
Building 6: 12,5 x (5 x 2,33) = 146 m².
•
Building 7: 18,0 x (5 x 2,33) = 210 m².
•
Building 8: 28,7 x (3 x 2,33) = 201 m².
•
Building 9: 28,7 x (3 x 2,33) = 201 m².
•
Building 10: 28,7 x (3 x 2,33) = 201 m².
•
Building 11: 28,7 x (3 x 2,33) = 201 m².
•
Building 12: 26,5 x (5 x 2,33) = 309 m².
•
Building 13: 26,5 x (5 x 2,33) = 309 m².
•
Building 14: 28,7 x (3 x 2,33) = 201 m².
•
Building 15: 28,7 x (3 x 2,33) = 201 m².
•
Building 16: 8,5 x (5 x 2,33) = 99 m².
•
Building 17: 26,5 x (3 x 2,33) = 186 m².
•
Building 18: 26,5 x (5 x 2,33) = 309 m².
•
Building 20: 18,0 x (4 x 2,33) = 168 m².
•
Building 22: 54,0 x (4 x 2,33) = 504 m².
•
Building 23: 57,5 x (4 x 2,33) = 536 m².
•
Building 24: 40,5 x (4 x 2,33) = 378 m².
•
Building 25: 48,0 x (4 x 2,33) = 448 m².
•
Building 31: 98,0 x (6 x 2,33) = 1372 m².
•
Building 32: 110,0 x (6 x 2,33) = 1540 m².

Total annual energy production by east facades: 1.040.636 kWh
Park voltaic calculations:
In order to calculate the energy production, first the surface of each
solar type must be calculated. This was done using measuring tools
in the 3D model (Figure X) for the detail design that was made for
‘Field C’ (Figure X) and then calculating the surfaces. As a final step
in the calculations, everything is multiplied by 2. This is because
‘Field D’ was not part of the detailed design, but is approximately
the same size as Field C, meaning that the amount of solar panels
(thus electricity production) are assumed to be approximately the
same as well.
There are several types of solar panels in this zone. Densities are at
100% because the panels itself were measured in the 3D model:
•

Total east facade surface: 8535 m².
8535 m² (total east facade surface) / 2 m² (surface per panel) =
4268 solar panels.
4268 x 500 Wp (power output per panel) = 2.134.000 Wp = 2134
kWp.

•

Data entry in PvGIS (European Commission, 2019):

•

•
•

•

Figure 87: Aerial view of the 3D model used for the development
of the detail design and the calculations for the parkvoltaics.
Vertical solar panels south orientation surface: 600 m².
600 m² (total surface solar field on water) / 2 m² (surface per panel)
= 300 solar panels.
300 x 500 Wp (power output per panel) = 150.000 Wp = 150 kWp.
Data entry in PvGIS (European Commission, 2019):

Vertical solar panels, south orientation: mounting position free
standing, slope 90°, azimuth 0°). Density = 100%.
Vertical solar panels, east orientation: mounting position free
standing, slope 90°, azimuth -90°). Density = 100%.
Vertical solar panels, west orientation: mounting position free
standing, slope 90°, azimuth 90°). Density = 100%.
East oriented solar panels: mounting position free-standing,
slope 35°, azimuth -90°). Density = 100%
West oriented solar panels: mounting position free-standing,
slope 35°, azimuth 90°). Density = 100%
South oriented solar panels: mounting position free-standing,
slope 35°, azimuth 0°). Density = 100%

Total annual energy production by vertical south: 110.231 kWh
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Vertical solar panels east orientation surface: 2520 m².
2520 m² (total surface solar field on water) / 2 m² (surface per panel)
= 1260 solar panels.
1260 x 500 Wp (power output per panel) = 630.000 Wp = 630 kWp.
Data entry in PvGIS (European Commission, 2019):

Total annual energy production by vertical west: 319.630 kWh
East oriented solar panels surface: 3513 m².
3513 m² (total surface solar field on water) / 2 m² (surface per panel)
= 1756 solar panels.
1756 x 500 Wp (power output per panel) = 878.000 Wp = 878 kWp.
Data entry in PvGIS (European Commission, 2019):

Total annual energy production by west panels: 2.808.493 kWh
South oriented solar panels surface: 420 m².
420 m² (total surface solar field on water) / 2 m² (surface per panel)
= 210 solar panels.
210 x 500 Wp (power output per panel) = 105.000 Wp = 105 kWp.
Total annual energy production by vertical east: 327.487 kWh

Data entry in PvGIS (European Commission, 2019):

Vertical solar panels west orientation surface: 2520 m².
2520 m² (total surface solar field on water) / 2 m² (surface per panel)
= 1260 solar panels.
1260 x 500 Wp (power output per panel) = 630.000 Wp = 630 kWp.
Data entry in PvGIS (European Commission, 2019):

Total annual energy production by east panels: 2.864.208 kWh
West oriented solar panels surface: 3513 m².
3513 m² (total surface solar field on water) / 2 m² (surface per panel)
= 1756 solar panels.
1756 x 500 Wp (power output per panel) = 878.000 Wp = 878 kWp.
Data entry in PvGIS (European Commission, 2019):
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Total annual energy production by south panels: 428.224 kWh
Total annual energy production by Field C: 6.858.273 kWh
Total annual energy production by parkvoltaic zone: 6.858.273 x 2
(to include Field D) = 13.716.546 kWh
Wind energy
Basic assumptions:
The Vortex bladeless windturbines are still under development. The
following types and specifications are expected (Vortex Bladeless,
n.d.):
•
Vortex Nano (1 meter high, 3W nominal power output)
•
Vortex Tacoma (2.75 meters high, 100W nominal power output)
•
Vortex Atlantis (9-13 meters high, 1000W nominal power
output)
In this case, Vortex Atlantis will be placed on land at 3 different
locations.
Vortex Tacoma will be used attached to the north side of some
buildings facades (buildings 1-7, 12, 13, 16, 17, 18). In these
buildings, roughly half of the dwellings (the amount of dwellings
per building was calculated in Appendix IV) will have a north facing
wall. Each dwelling with a north facing wall in the aforementioned
buildings will obtain 2 Vortex Tacoma windturbines.
Vortex Atlantis calculations:
In order to calculate the energy produced by the Vortex Atlantis
wind turbines, the annual energy production of one turbine should
be calculated from the nominal power output. In order to calculate
the total annual production, this should then be multiplied by the
amount of Vortex Atlantis placed.
Nominal power output Vortex Atlantis: 1000W.
(1000 x 8766) / 1000 = 8766 kWh / year.
Amount of Vortex Atlantis: 15 (north square) + 15 (south square) +
98 (vortex ‘boulevard’) = 128.
Total annual energy production by Vortex Atlantis: 128 (amount of
vortex) x 8766 (annual production per vortex) = 1.122.048 kWh.
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Vortex Tacoma calculations:

Overview

In order to calculate the energy produced by the Vortex Tacoma
wind turbines, the annual energy production of one turbine should
be calculated from the nominal power output. In order to calculate
the total annual production, this should then be multiplied by the
amount of Vortex Atlantis placed.

•
•
•
•
•

Solar on roof, south orientation: 2.895.606 kWh
Solar on roof, east-west orientation: 6.534.991 kWh
Solar on building facades, south orientation: 2.192.650 kWh
Solar on building facades, east orientation: 1.040.636 kWh
Vortex Tacoma on building facades: 596.360 kWh

Nominal power output Vortex Atlantis: 100W.
(100 x 8766) / 1000 = 877 kWh / year.

•
•
•
•

Solar field on land, south orientation: 4.781.829 kWh
Solar field on water, east-west orientation: 868.445 kWh
Parkvoltaic zone: 13.716.546 kWh
Vortex Atlantis on land: 1.122.048 kWh

•

Annual energy production from buildings (solar on roofs + solar
on facades + vortex on facades): 13.260.243 kWh (39%)
Annual energy production in public space (solar on land
+ solar on water + vortex on land + parkvoltaic zone):
20.488.868 kWh (61%)
Total annual energy production: 33.749.111 kWh.

Amount of Vortex Tacoma per building:
•
Building 1: (67 (amount of dwellings) x 0,5 (half has a north
facing wall)) x 2 (each dwelling gets 2 vortex) = 66 vortex.
•
Building 2: (45 x 0,5 ) x 2 = 22 vortex.
•
Building 3: (93 x 0,5 ) x 2 = 92 vortex.
•
Building 4: (65 x 0,5 ) x 2 = 64 vortex.
•
Building 5: n/a
•
Building 6: (53 x 0,5 ) x 2 = 52 vortex.
•
Building 7: (53 x 0,5 ) x 2 = 52 vortex.
•
Building 8-11: n/a
•
Building 12: (53 x 0,5 ) x 2 = 52 vortex.
•
Building 13: (53 x 0,5 ) x 2 = 52 vortex.
•
Building 14-15: n/a
•
Building 16: (75 x 0,5 ) x 2 = 74 vortex.
•
Building 17: (58 x 0,5 ) x 2 = 58 vortex.
•
Building 18: (96 x 0,5 ) x 2 = 96 vortex.
Amount of Vortex Tacoma: 680.
Total annual energy production by Vortex Tacoma: 680 (amount of
vortex) x 877 (annual production per vortex) = 596.360 kWh.

•
•

Financial revenue

•

In order to calculate the financial revenue from the energy
production in the area, the amount of produced kWh should
be multiplied by the current energy price. In january 2022,
the consumer price per kWh is as high as €0,35 on average
(Milieucentraal, 2022). For figure X.X, this was calculated for each
separate building/solar field.

•

To calculate the energy production and the accompanied financial
revenue from the buildings, the total amount of produced kWh (for
south roofs or east-west roofs, south facade and east facade) was
divided by the total surface, then multiplied by the surface from
each particular building. The amount of Vortex Tacoma on this
building (if any) was multiplied by 877 kWh (see above) and added
to the total energy production of the building. This total was then
multiplied by the aforementioned €0,35.
•

•
•
•
•
•
•
•
•

Building 1:
(2.895.606 (total energy production roof south) / 11359
(total roof surface for solar panels) x 417 (roof surface
building 1) = 106301 kWh.
0 (total energy production roof east-west)
(2.192.650 (total energy production south facades) /
12737 (total south facade surface for solar panels) x 554
(south facade surface building 1) = 95370 kWh.
(1.040.636 (total energy production east facades) /
8535 (total east facade surface for solar panels) x 307
(east facade surface building 1) = 37431 kWh.
(66 (amount of vortex on building 1) x 877 (kWh per
vortex)) = 57882 kWh.
106301 + 0 + 95370 + 37431 + 57882 = 296.984 kWh.
293.373 x €0,35 = €103.944,- revenue per year.
Building 2: (168245 + 0 + 0 + 0 + 19294) x €0,35 = €65.639,Building 3: (178442 + 0 + 133415 + 37431 + 80684) x €0,35 =
€150.490,Building 4: (245485 + 0 + 0 + 0 + 56128) x €0,35 = €105.565,Building 5: (34414 + 0 + 28404 + 24507 + 0) x €0,35 =
€30.564,Building 6: (25492 + 0 + 87279 + 17801 + 45604) x €0,35 =
€61.662,Building 7: (152950 + 0 + 62145 + 25604 + 45604) x €0,35 =
€100.206,Building 8: (94574 + 0 + 28404 + 24507 + 0) x €0,35 =
€51.620,Building 9: (17334 + 0 + 28404 + 24507 + 0) x €0,35 =
€24.586,-

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Building 10: (17334 + 0 + 28404 + 24507 + 0) x €0,35 =
€24.586,Building 11: (57356 + 0 + 28404 + 24507 + 0) x €0,35 =
€38.593,Building 12: (140204 + 0 + 79360 + 37675 + 45604) x €0,35 =
€105.995,Building 13: (25492 + 0 + 52161 + 37675 + 45604) x €0,35 =
€56.326,Building 14: (103242 + 0 + 28404 + 24507 + 0) x €0,35 =
€54.654,Building 15: (57356 + 0 + 28404 + 24507 + 0) x €0,35 =
€38.593,Building 16: (35688 + 0 + 142539 + 12071 + 64898) x €0,35 =
€89.319,Building 17: (252368 + 0 + 81942 + 22678 + 50866) x €0,35 =
€142.749,Building 18: (275311 + 0 + 136513 + 37675 + 84192) x €0,35
= €186.792,Building 19: (87692 + 0 + 0 + 0 + 0) x €0,35 = €30.692,Building 20: (0 + 391192 + 114823 + 20484 + 0) x €0,35 =
€184.275,Building 21: (0 + 262881 + 0 + 0 + 0) x €0,35 = €92.008,Building 22: (0 + 264446 + 0 + 61451 + 0) x €0,35 =
€114.064,Building 23: (0 + 273834 + 0 + 66352 + 0) x €0,35 =
€119.065,Building 24: (0 + 78238 + 38561 + 46088 + 0) x €0,35 =
€57.010,Building 25: (0 + 266010 + 53022 + 54623 + 0) x €0,35 =
€130.779,Building 26: (0 + 0 + 38045 + 0 + 0) x €0,35 = €13.316,Building 27: (0 + 226891 + 24101 + 0 + 0) x €0,35 = €87.847,Building 28: (0 + 105622 + 11017 + 0 + 0) x €0,35 = €40.824,Building 29: (119301 + 0 + 0 + 0 + 0) x €0,35 = €42.755,Building 30: (0 + 219067 + 0 + 0 + 0) x €0,35 = €76.673,Building 31: (0 + 1619533 + 313309 + 167282 + 0) x €0,35 =
€735.043,Building 32: (350511 + 0 + 265108 + 187766 + 0) x €0,35 =
€281.185,Building 33: (350511 + 0 + 265108 + 0 + 0) x €0,35 =
€215.467,Building 34: (2624896 + 0 + 0 + 0) x €0,35 = €918.714,-

and on water) was divided by the total surface, then multiplied by
the surface from each particular field. The energy produced by the
Vortex Atlantis (1.122.048 kWh, see above) was added to the total
energy production in public space. This total was then multiplied by
the aforementioned €0,35.
•

•
•
•
•

•
•

Solar field A:
(6875542 (total energy production solar fields on land)
/ 27919 (total solar field surface on land) x 12177 (surface
solar field A) = 2.998.799 kWh.
2.998.799 x €0,35 = €1.049.580,- revenue per year.
Solar field B: ((6875542 / 27919) x 6584) x €0,35 = €567.499,Solar field C: (6858273 (energy production Field C)) x €0,35 =
€2.400.396,Solar field D: (6858273 (energy production Field D)) x €0,35 =
€2.400.396,Solar field E:
(868445 (total energy production solar fields on water)
/ 5550 (total solar field surface on water) x 2800 (surface
solar field E) = 438.134 kWh.
438.134 x €0,35 = €153.347,- revenue per year.
Solar field F: ((868445 / 5550) x 2750) x €0,35 = €150.609,Vortex Atlantis: 1122048 x €0,35 = €392.717,-

Total annual revenue from energy production in public space:
€7.114.544,Total annual revenue from energy production on buildings and in
public space combined: €11.685.143,-

Total annual revenue from energy production on buildings:
€4.570.599,To calculate the energy production and the accompanied financial
revenue in public space, the total amount of produced kWh (on land
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