





The space around the remaining railway track is quite
polluted by heavy metals and soot from the trains. This
pollution can be solved in a revolutionary new manner that
ensures the natural character of the banks, while cleaning
the soil in a relatively short time. This remediation
process involves the growth of mycorrhiza fungi that
process the pollutants in six years time (W. Hassing,
personal communication with Happyland Collective, June
14, 2013). The banks would have to remain inaccessible
while the fungi are busy, which is reconcilable with the
development of the eco banks.
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Figure 72. Detail plan of the Venuslaan/Kromme Rijn (current and future)
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Figure 73. Sections of the Venuslaan viaduct with hub, museum workshop, and broadened banks (current and future)
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Figure 74. Sections of the Kromme Rijn and railway banks (current and future)
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Figure 75. Sections of the area near the Koningsweg with broadened banks (current and future)
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1

The existing
structure of the
Venuslaan viaduct
is to be combined
with a district-
cooling hub and a
workplace for the
Spoorwegmuseum’.

Figure 76. Impression of the Venuslaan hub
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The southern part of the detail plan area contains
the existing Venuslaan viaduct (figure 72). This viaduct
needs maintenance in the near future and becomes an
expensive element to manage in the Oosterspoorbaan
zone now the railway has lost it function. To ensure the
future development of the viaduct for slow traffic mobility
we propose to combine the bridge with new functions.
The first new function we propose is the combination of a
cooling plant and pipeline for the district-cooling network
with the existing bridge (figures 73 to 75). The second
new function we propose is the combination of the
existing structure with the required museum workplace
(figures 72,73 and 76).

The new building could be added as a steel construction to
the concrete viaduct with an outdoor hanging construction
on the side of the viaduct to ensure the slow traffic route
along the Oosterspoorbaan and a connection to the
Venuslaan and Kromme Rijn. The workshop is connected
to the museum by means of one remaining track and can
be used to store or fix trains. The route that passes the
workplace offers a nice view of the trains inside through
a window along the entire length of the building. When
the workplace is not in use for train maintenance or
exhibitions the space can be used for events by third
parties or neighbourhood gatherings.

4. DESIGNING
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Figure 77. Development of the district-cooling network over time - 2020 - 2025 - 2030
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4.6 REALIZATION STRATEGY

As described in paragraph 1.1 the development of
underground infrastructures, Llike a district-cooling
network, are only viable when bundling them with other
systems and when developing them to give an added
value to the aboveground urban systems (J. Verburg, Port
of Rotterdam, personal communication, June 26, 2013).
To repeat the statement of Prof. Dr. Jaqueline Cramer:
‘the need and profit of underground building can best
be discussed from the question what the use of the
underground can contribute to quality of life, solving
problems and creating opportunities above ground’ (COB,
2012, p. 25-26, 35)

Thus the development of the district-cooling network
depends on other developments that require underground
works, as it is too expensive and inefficient to develop
such a network on its own (T. Simon, Arcadis, personal
communication,June 18,2013).The developmentsthatform
the incentives for the development of the district-cooling
system are for example large-scale building projects,
infrastructural projects and the substituting of out-dated
underground systems. Also other developing systems can
be added to the network over time, like thermal energy
from sewage and drinking water. The developments of
urban areas, infrastructures and underground systems in
Utrecht in relation to the development of the network are
clustered in four indicative terms as described below and
shown in figure 77.

2020 Singel,Jaarbeurs (2012-2020), Station District
(2014-2018), inner city

2025 Oosterspoorbaan (2014-2025), Galgenwaard

2030 Cartesius Triangle (2026-2030), Leidsche Rijn
Centre (2012-2030), Lage Weide

4. DESIGNING

The three criteria for the realization of new energy
networks are reliability, sustainability and affordability
(Gemeente Amsterdam, 2011). A district-cooling network
scores high on these three points, because a collective
system is by definition more efficient than a collection
of individual systems (Gemeente Amsterdam, 2011),
as previously argued in paragraph 1.3. The reliability
of a district-cooling system is usually > 99%, due
to its collectivity (Gemeente Amsterdam, 2011). The
sustainability of the network is high, because of the great
energetic performance, efficiency, and flexibility to add
new sustainable sources or new recipient buildings tot
the network. The affordability is high, because collective
district-cooling is very prone to market forces, and
relatively inexpensive compared to individual systems
(Gemeente Amsterdam, 2011). However, the starting
investment of the development of the network is very
high, as it is a costly system to realize. Thus an initiator
of the district-cooling development needs assurance
that many customers will join the network, and he
needs a minimum of four customers to benefit from
collectivity over individual systems before he can start
the realization of the network (Gemeente Amsterdam,
2011). The investment needed to realize a district-cooling
network is substantial and has a long depreciation period,
which is often an issue for private investors (J.P. van der
Hoek, Waternet, personal communication, July 10, 2013).
As fully explained in paragraph 5.5 we did not have
the means and competences to calculate the costs and
revenues of the realization of the network, because we
cannot calculate the cooling demand in Utrecht.

Bridging Utrecht e Infrastructure as Strategy 131



Due to the substantial starting investment and long-term
depreciation an initiator that will build and exploit the
district-cooling network is preferably a large company
specialized in energy production and distribution, like
Nuon or Eneco in the case of Utrecht. However, to
develop a collective system a local government Llike
the municipality would have to take on a directing
role (Gemeente Amsterdam, 2011). In the case of the
Zuidas reference project Nuon developed the network
under direction of the municipality. Nuon takes the risk,
develops and closes supply contracts with customers.
For the development of the cooling energy sources
many other parties are involved, like water and nature
management organizations and TES system owners
(Gemeente Amsterdam, 2011). Looking at this example
we can conclude that a consortium of the supplier,
government and other organisations is needed to come to
the realization of a district-cooling network. In the case of
Utrecht the new and existing cluster of companies could
be brought together in a collective endeavour and thus
offer a starting point for the development of the network.
From there on the system can branch out wherever
demand is situated.

The benefit of the district-cooling network is mostly found
in profits for the initiating parties and cost reduction for
customers, like companies, educational organisations and
governments. However, the development of the system
in relation to the urban realm would have an intrinsic
value for a broader group of stakeholders. Most of the
inhabitants and visitors of the city for example would feel
the benefits for the slow traffic mobility and clean surface
water. For Vitens the development of the network could
mean a stabilization of ground water pollution, which
would lead to the protection of the drinking water sources
in Leidsche Rijn and De Meern.And finally the municipality
would benefit from the CO2 emission reduction caused by
the reduction in unsustainable energy use for cooling,
which would greatly add to its ambition to become CO2
neutral in 2030.
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Result of CO2 emission reduction of the designed
district-cooling network

CO2 emission for the use of electricity is currently
749.808 tons per year (based on data from 2011
in Gemeente Utrecht, 2012, p. 3). The percentage
of electricity used by utilitarian buildings is 78%
or 614.016 tons of the total CO2 emission per year
(Stedin, 2013).

The cooling of utilitarian buildings by means of
air-conditioning is powered by electricity and makes
up 25% of the total CO2 emission by electricity use
by utilitarian buildings (A. Van den Dobbelsteen, TU
Delft, personal communication by email, October 6,
2013). Thus the CO2 emission for cooling energy of
utilitarian buildings is 153.504 tons CO2 per year in
Utrecht.

We deduced that the district-cooling network
supplied by renewable sources as put forward by this
thesis could cause a CO2 emission reduction in terms
of cooling energy for utilitarian buildings of 75%.
This estimation is based on the results of the Zuidas
case in Amsterdam (Gemeente Amsterdam, 2011). As
described above the emission for cooling energy is
153.504 tons CO2 per year for utilitarian buildings

in Utrecht. As we assume that we can reduce this
amount by 75%, the CO2 emission reduction by
means of the district-cooling network would be
114.128 tons per year, assuming that all utilitarian
buildings connect to the network.

The total CO2 emission in Utrecht was 1.6 million
tons per year in 2011 (Gemeente Utrecht, 2012, p. 3).
The CO2 emission reduction by means of the district-
cooling network would be 114.128 tons per year, thus
our plans contribute 7% of CO2 emission reduction
to the total amount of the entire city. As we have no
access to information about the current and future
cooling demand, and the dimensions or capacity

of the sources this outcome must be considered
indicative.
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4.7 CONCLUSION DESIGNING

One possible solution for Utrecht

The design we made for the spatial impact of a district-
cooling network in Utrecht, and the elements that belong
to it, can be considered an inspiration for the discussion
on planning underground developments. We have shown
one possible strategy for a large-scale implementation
that could broaden the scope of landscape architects
by exploring a new catalyst for the development of the
urban realm: underground developments. The detailed
plans have a stronger design component than the
strategic plan, and offer a possible desirable future for
the Oosterspoorbaan area.

Reflection on the designing process

As described in paragraph 1.6 we were guided by the
position of Pierre Bélanger in this thesis, who describes
the need to design, which is by definition a practical act,
and states that research is only a precondition to come
to a design (Bélanger, 2013, pp. 245, 394, 571). Following
from this principle our design process was both iterative
and intuitive. However, as we are conducting research in
a scientific context we used research to argue the choices
we made in the designing phase. Even though we tried
to be as explicit and unbiased as possible we found it
difficult to work without a designer’s bias. We can reflect
that we did not manage to be unbiased, as we did make
intuitive choices and synthesis, which we then argued
by means of research and reasoned back throughout the
preceding phases.

4. DESIGNING

1

Even though we tried
to be as explicit and
unbiased as possible
we found it difficult
to work without a
designer’s bias.”.
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The design for the
district-cooling
network in Utrecht
has been the means
to explore the spatial
value of this specific
underground
infrastructure”.



S. CONCLUSION

Explaining and reviewing the outcomes of this research



From the designing phase we deduced points of spatial
value of underground infrastructures, which form the
outcome of the research. This bundling of systems
connecting the underground systems and aboveground
urban realm leads to the following values: (re)connecting
slow traffic mobility, creating open space, and adding
public functions. In the following paragraphs these points
of value are described, forming the conclusion of this
thesis.

Please note that this is not an exhaustive list of values,
but merely the values that came out of the design process
of this thesis. Further research and application in a wide
variety of international cases is necessary to discover all
possible values and test them. Only then can they become
transferable. The values that form the outcome of this
particular research are derived from the strategic and
detail designs for a new district-cooling system in Utrecht,
and may not work in other contexts (paragraph 5.5).

1

The bundling of

systems connecting the
underground systems
and aboveground urban
realm lead to three
values: connecting slow
traffic mobility, creating
open space, and adding
public functions.”.
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(Re)connecting slow traffic mobility

The first value of an underground system is that it connects
slow traffic mobility where a technical system meets
barriers. This combines for example, slow traffic mobility
connections with technical and distribution pipelines.
The idea of multi-functional bridges and tunnels offers
the opportunity to let a moment where underground
systems meet a barrier become an opportunity for the
development of the public realm. Thus a bundling of
systems connects the underground and aboveground
infrastructures to contribute to the development of
mobility in the city.

Creating open space

The second value of an underground system is that it
creates open space (structures), which can for example
be used for public space. The idea of the infrastructural
duct is that it bundles many underground systems and
at the same time creates a structure of open spaces
aboveground (paragraph 4.3). In this thesis the options
for the use of this space were, for example, public (green)
spaces, roads or buildings. The infrastructural duct can
create a structure of open spaces that influence the
spatial development of the city on the long-term.

Adding public functions

The third value of an underground system is that can
add public functions. In the case of this thesis the
cooling sources, for example, supply cooling for buildings,
improve the surface water quality and solve ground water
pollution on the long-term (paragraph 4.3). These public
functions enhance the liveability of the city and make
the urban system more sustainable. Thus an underground
system influences the entire urban realm and contributes
to the development of the city.

5. CONCLUSION



5.1 SPATIAL VALUE OF
UNDERGROUND INFRASTRUCTURES

Relationship between the three phases in this thesis
Firstly the outcomes of the mapping phase were a thorough
knowledge of the existing infrastructures in Utrecht, and
an exploration of several systems in which underground
and aboveground are working together. Secondly the
outcome of the bundling phase was a combination of
the collective district-cooling network with bundled
systems. And the outcomes of the designing phase are a
strategic plan, plan elements and detail plans the can be
considered an inspiration for the discussion on planning
underground developments. The plans offer principles,
and solutions to case-specific issues. The relationship
between the outcomes and process of the mapping,
bundling, and designing phases in this thesis was that
the mapping gave a thorough inventory of the existing
systems, which the bundling phase then connected to the
design assignment, which was the input for the designing
phase, leading to the answers to the research question. In
our project the mapping and bundling phases were more
research oriented, while in the designing phase research
was only used to argue design choices.

We found that the approach of the mapping phase
determines the focus of the bundling and designing
phases. As described in paragraph 3.4 our mapping
phase was concise in its focus on existing systems, the
bundling phase had to be the study of opportunities,
threats, precedents, and the bundling itself. As described
previously in paragraph 2.6 we realized it would have
been good to conduct a mapping of the problems and
opportunities connected to systems, in order to come
a more structured bundling phase and then the design
assignment.

5. CONCLUSION

Answer to the research question

The research question that we stated as the focus of
this research was ‘how can the design for a district-cooling
network in Utrecht contribute to exploring the spatial value
of underground infrastructures? The answer to this research
question is that the design for the district-cooling network
in Utrecht has been the means to explore the spatial
value of this specific underground infrastructure.

The knowledge gap we addressed with our research is that
Bélanger does not focus on exploring the spatial value of
a system. We thought the application of the landscape
infrastructures prepositions required researching how a
system influences the quality of the liveable environment.
We realized that this layer should be added to the
method in order to design a landscape infrastructure as
a landscape architect (Prof. Ir. D.F. Sijmons, colloquium
commentary, May 13, 2013). This thesis shows this line
of thought to be true, as shown especially in the detailed
design. In the details we showed how the open space
created by the underground system can result in a higher
quality of the liveable environment. With this result we
believe that we have created a valuable addition and
application example of to the ‘landscape infrastructure’
concept. It also enabled us to reflect on the designerly
method that is proposed by Bélanger. And finally this
thesis explores the edges of the landscape architectural
field, adding a new dimension to the scope of designers.

1

This thesis explores

the edges of the
landscape architectural
field, adding a new
dimension to our scope
as designers’.
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5.2 DISCUSSION OF THE RESEARCH

OUTCOMES

Generally the research leads to new knowledge about
spatial value of underground infrastructures described in
the previous chapter. These values are mostly based on
existing principles, like cable ducts and TES systems, but
we connected these principles to come to new insights in
the topic. To make the explored values transferable it is
necessary to test them in many other cases as described
in paragraph 5.5. To use the explored values worldwide
in landscape infrastructural projects they would need to
be specifically designed for every situation based on local
program, characteristics, needs, underground systems, etc.

Implications for theory and practice in landscape
architecture

This thesis applies the suggested methods from the
landscape infrastructures prepositions, like the mapping
process (paragraph 1.6 and chapter 2). It adds to the
application and testing of the landscape infrastructures
methodology and thus it contributes to developing the
method further. This thesis adds the bundling phase,
which we found necessary in order to translate the
mapping outcomes to the designing phase. This last point
is discussed further in paragraph 5.3. The knowledge gap
we addressed with our research is that Bélanger does
not focus on exploring the spatial value of a system.
This thesis adds a view on how a system can influences
the quality of the liveable environment to the landscape
infrastructures prepositions.

The implication for landscape architecture research
and education is that this thesis is an example of a
combination of landscape architecture research and
practice. It is an application of research as a precondition
to design (research-based design). The implication for
the design field is that the thesis broadens the scope of
landscape architecture practice with the design of spatial
value of underground infrastructures. See paragraph 5.4
for a more elaborate explanation of this last point.
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Implications for local stakeholders and experts

The design for the case of Utrecht could be an incentive
for local stakeholders and experts to see underground
development as a catalyst to redefine the urban realm
and use this approach to develop a masterplan of the
underground. The Oosterspoorbaan details in this thesis
offer a possible solution that can be interesting for the
planning process of the Oosterspoorbaan project. As
we are working on this project within the context of
Happyland Collective we can use our new insights in the
detail plan area and possible solutions to come to a plan
for the Oosterspoorbaan between the Spoorwegmuseum
and Koningsweg. As the approach of the project is to
design together with the stakeholders we can only use
the detail plans as an inspiration during workshops with
local residents and organisations.

]

We conclude that
landscape infrastructures
is currently more of a
paradigm and needs the
development of the tools
and phases in order to
become well applicable
as a method in landscape
architecture research and
design’.
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5.3 REFLECTION ON LANDSCAPE
INFRASTRUCTURES

The prepositions of landscape infrastructures by Pierre
Bélanger were first of all highly relevant to our focus on
(underground) infrastructures and the character of our
case. We found the mapping method was well applicable
as a means to map the systems in Utrecht. The mapping
process is described by Bélanger, but not specified as he
states that the actual operationalization of the mapping
depends on the scale level and case of a project (P.
Bélanger, personal communication, May 21, 2013). This
we found to very true, as we needed the space offered
by Bélanger to specify the mapping ourselves to fit the
situation in Utrecht.

Combining theory and practice

As we focused in our master and the final thesis on
combining theory and practice we found the methods
and tools offered by Bélanger attractive. He describes
the need to design, which is by definition a practical
act, and states that research is only a precondition to
come to a design (Bélanger, 2013, pp. 245, 394, 571). This
described relationship between design and research was
our approach to making a thesis in a scientific context,
as it fits our practical backgrounds and envisioned future
development as designers well.

Critique on landscape infrastructures

In addition to our positive experience with the landscape
infrastructures prepositions we did have critique in
relation to the method. Bélanger states that the program
for a design is derived from the mapping phase (Bélanger,
2013, p. 375). This we found was not the case as it is
necessary to research the possible bundling of systems,
spatial problems, future assignments and developments
to come to an intervention. To design a landscape
infrastructure we think it is necessary to understand the
past and future developments of the city to come to a
relevant integration of underground systems and urban
space. In order to close the gap between the mapping and
designing phases we interviewed experts on the possible
bundling of systems in relation to future developments
in Utrecht. We operationalized this bundling phase as
described in paragraph 1.6 and the results of this process
can be read in chapter 3.

5. CONCLUSION

We found that Bélanger does not offer any tools for
bundling and designing phases. Also his checklist of
biophysical systems that we considered a tool for the
mapping phase was very general and leaves much room
for interpretation. Bélanger also does not clearly relate
the three phases to each other,which makes it hard to use
them effectively. Though we could say we may have only
deduced the three phases, as Bélanger does not mention
them explicitly as three phases in his work (Bélanger,
2013). We conclude that landscape infrastructures is
currently more of a paradigm and needs the development
of the tools and phases in order to become well applicable
as a method in landscape architecture research and
design.

Reflection on the landscape machine (LaMa) group
Before and during our thesis process we were part of
a research group concerning landscape machines, a
concept of our supervisor, Paul Roncken. He is developing
this concept, and we found it might be interesting as a
starting point for our thesis. However, when we started
working on the thesis project we found the landscape
infrastructures prepositions of Pierre Bélanger fit our
case of infrastructures in Utrecht better, as described in
paragraph 1.4.

During our involvement with the LaMa group we found
the discussions were very interesting, and valuable for
the development of our thesis, because we got feedback
on the process and product from different viewpoints, like
experiential design, aesthetics and technology. This broad
inclusion of non-LaMa topics is great, but it does make
the name and expectations of the LaMa group somewhat
unclear. We would have liked the approach of the Lama
group to more constructive, with a clear structure and
focus, like learning to research or building a paradigm.
However, as a broad think tank the group is a valuable
platform within the Wageningen University.
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5.4 REFLECTION ON THE THESIS

Developing a critical approach

The research started from a fascination for infrastructures
in Utrecht, which originated from the Oosterspoorbaan
project of Happyland Collective. As we started from the
location and topic, we encountered some difficulty in
finding the research gap. Only when we read the thesis
work of Pierre Bélanger, which came out in May 2013,
we could define the gap and plunge into the research.
We figure that our process would have benefited from
a critical starting point instead of an approach from
fascination, because it would have given a clear relevance
from the start, saving us several months of pivoting. Our
struggle can be considered to be a process of developing
a research attitude.

Combining research and practice through design

When we started this master together our mutual ambition
was to combine our practical backgrounds with landscape
architectural research. During the courses of the master
we both focused on this ambition and we strove to take
position as landscape architects. During our minor thesis
we learned how to conduct a scientific research, and in
the major thesis we combined this experience with design
practice. We applied research-based design methodology
and learned to be explicit in our methods and arguments.
Overall we have experienced a valuable learning curve
during the research process of this thesis. We feel that
our ambition to combine research and practice has been
fulfilled and that we can take this experience with us in
our future practice.

1

With this thesis we wanted
to show the extent of the
spatial possibilities that arise
when underground and
aboveground developments
are linked together’.
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Broadening the scope of landscape architecture

By doing a research in our minor without design the
position of design as a tool in landscape architecture
became much clearer. We came to understand how design
can be used as a link between practice and different
research domains. During the project we consulted many
references and experts, making us realize the worth of a
generalist, such as a landscape architect, when making
a systhesis of expert knowledge. It also made us realize
that many people see the need for bundling underground
and aboveground systems, and some have an idea of
how to bundle from their particular expertise. However,
it is not yet recognized enough that a holistic approach
is crucial when developing a large-scale (underground)
infrastructural project. The need for a masterplan for
underground developments is slowly becoming clear
(COB, 2012), but a masterplan that links under- and
aboveground developments is still relatively new. With
this thesis we wanted to show the spatial possibilities that
arise when underground and aboveground developments
are linked together.

The involvement of landscape architects in such large-
scale projects is vital in our eyes. They have considerable
knowledge of underground and aboveground systems,
spatial perception problem solving and implementation.
Landscape architects use imagination and a designerly
way of thinking and working to come to a synthesis.
This position turned out to be stronger than we thought
it would be and has much added value to the current
discussion on bundling underground and aboveground
systems in which designers are usually hardly involved.
Thus this thesis explores the edges of landscape
architectural field, adding a new dimension to the scope
of designers and exploring new fields of employment.
We feel that we want to develop the expertise to design
the bundling of underground systems to the public realm
further as landscape architects. Thus the thesis has given
us a start for our future development in this specific field.

5. CONCLUSION



5.5 RECOMMENDATIONS

The outcomes of this research are points of spatial value
of underground infrastructures. These points should
eventually be able to become of general significance,
however, further application in a wide variety of
international cases is necessary to test the principles as
they are derived from the design for a district-cooling
network in Utrecht, and may not work in other contexts.

In terms of the application of the landscape infrastructure
method by Pierre Bélanger we realized that landscape
infrastructures is currently more of a paradigm and
needs the development of the tools and phases in order
to become well applicable as a method in landscape
architecture research and design, as described previously
in paragraph 5.3.

The scope of us as researchers revolves around landscape
architecture practice and research. That is why technical
detailing and calculations are not part of this research,
like the calculation of cooling demand and production,
calculation of costs of realization and development of
business models. Thus the outcomes of the research need
further research and detailing before they can be realistic.

In order to transfer the outcomes of this research,
an inter-disciplinary team of experts, researchers and
practitioners would have to refine and test the research
outcomes. As we are students in a university context
and we conducted the research, though the process was
of course under supervision, it would be important to
have fully qualified researchers repeat or peer-review
the research. Also, in the same line, the product was not
made by an inter-disciplinary team of experts, but only by
landscape architects and with input from experts.

The results of the thesis can serve as an inspiration for
landscape architects, researchers and educators and serve
for interested parties to broaden their view. The thesis
can stimulate synthetic thinking processes concerning the
explored values,the project area or the related challenges
and solutions.

5. CONCLUSION

1

The thesis can stimulate
synthetic thinking
processes concerning

the explored values, the
project area or the related
challenges and solutions”.
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EXPERT PROFILES

The experts that we approached for this thesis were
selected based on their expertise or publications. The
methodology of the interviewing process is described
in paragraph 1.6 of this document. The experts, their
backgrounds and the reasons for interviewing them are
shortly described below (table 8). The interviews were as
follows:

Table 8. Experts contacted during the research process
QOrganization

Eneco
Gemeente Utrecht

Expert

A. Bruinsma

Ir. M. Degenkamp
Prof. Dr. Ir. A.AJF.
van den Dobbelsteen
Drs. M.E. Elzerman

R. Glas Fietsersbond Utrecht
Ing. A. Harting Gemeente Utrecht
Prof. Dr. Ir.J.P. van der Hoek MBA Waternet/TU Delft

TU Delft
Vitens

L. de Jel Lekker Utrechs
M.van Langen - van der Meer AVU

N. van Pagee LSNed

Ir. EW. Rebergen Gemeente Utrecht
Msc. T. Simon Arcadis

Ir. ). Verburg POR/COB

Ir. R. Verburg Arcadis

Gemeente Utrecht
Gemeente Utrecht
Gemeente Utrecht

C.van der Vliet
Drs. S.F. van der Weide
J.A.C. Wiegers

A. Bruinsma

Eneco

Auke Bruinsma is Account Manager Heating and Cooling
at Eneco. We were advised to contact him by Arno Harting
of the municipality of Utrecht, because we needed more
information about the development and capacity of the
district-heating network in Utrecht.

Ir. M. Degenkamp

Gemeente Utrecht

Mark Degenkamp is Senior Advisor Mobility Policy at
Gemeente Utrecht. We contacted him, because he is
currently working on the new mobility policy for Utrecht
and knows al the issues concerning mobility in the city.

Prof. Dr. Ir. A.AJ.F. van den Dobbelsteen

TU Delft

Andy van den Dobbelsteen is Head of Department of
Architectural Engineering + Technology and Professor
of Climate Design & Sustainability at TU Delft. We
were advised to contact him by Cees van der Vliet of
the municipality of Utrecht, because we needed more
information about energy usage of utilitarian buildings
in Utrecht.

Drs. M.E. Elzerman

Vitens

Mark Elzerman is Environmental Manager at Vitens.
We contacted him through Hanneke Wiegers of the
municipality of Utrecht. He knows all about the drinking
water system in Utrecht, because Vitens is the supplier for
the entire region.

R. Glas

Fietsersbond

Ria Glas is an active member of the Fietsersbond Utrecht
and works as an accountant for Administer. We had spoken
to her before in the context of the Oosterspoorbaan
project of Happyland Collective. We interviewed Ria Glas
as she knows the system for slow traffic in Utrecht very
well and is active within the Fietsersbond organisation
as a representative towards politics and working on
optimisations of the cycling network. We anticipated her
knowledge could be valuable to bundle district-cooling
with the public realm and slow traffic mobility.

Ing. A. Harting

Gemeente Utrecht

Arno Harting is Environmental Advisor Sustainable
Building and Energy at Gemeente Utrecht. We contacted
him through the website of the municipality of Utrecht.
He is specialized in energy systems and in particular the
district-heating network in Utrecht.
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Prof. Dr. Ir. J.P. van der Hoek MBA

Waternet/TU Delft

Jan Peter van der Hoek is Head of the Strategic Centre of
Waternet and Professor at the Chair on Drinking Water
Engineering at TU Delft. We contacted him after reading
an article of him on energy from surface water (Hoek,
2012). We interviewed Jan Peter van der Hoek to find out
how surface water can be used as energy source, how
a surface water energy system can solve surface water
pollution, and how a collective TES system can supply a
district-cooling system.

L. de Jel

Lekker Utrechs

Louis de Jel is the chairman of Stichting Aarde and one of
the Project Managers at Lekker Utrechs. We approached
him through Happyland Collective, for which we had
contact with him previously for the Koningshof project.
He knows much about food production and distribution
in Utrecht, and especially about sustainable and local
production.

M. van Langen - van der Meer

AVU

Monique van Langen - van der Meer is Senior Policy
Advisor at AVU (Afval Verwijdering Utrecht). We contacted
her through the AVU website. She knows all about the
waste cycles in the province and city of Utrecht.

N.van Pagee

LSNed

Niels van Pagee is Projectmanager at LSNed
(Leidingenstraat Nederland). We contacted him through
the LSNed website in order to find out how cable ducts
are developed and what dimensions they can have.

Ir. EW. Rebergen

Gemeente Utrecht

Erwin Rebergen is Manager Ground and Surface Water
at Gemeente Utrecht. We contacted him through the
website of the municipality of Utrecht. He is specialized
in the ground- and surface water systems and policies in
Utrecht.
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Msc. T. Simon

Arcadis

Tristan Simon is Energy and Climate Consultant at Arcadis.
Rachelle Verburg suggested including him in the interview
and thus they were interviewed together. We interviewed
them to explore ways to cluster TES systems and use this
to contribute to solving ground water pollution.

Ing. J. Verburg

Port of Rotterdam/COB

Sjaak Verburg is currently Business Developer and
previously Consultant Underground Infrastructure at
the Port of Rotterdam and Chairman of the Platform
Kabels en Leidingen of the Nederlands Kenniscentrum
Ondergronds Bouwen en Ondergronds Ruimtegebruik
(COB). We contacten him though an article of the COB
(COB, 2012). We interviewed Sjaak Verburg to explore
the possibilities of bundling systems, and connecting
developments underground and aboveground.

Ir. R. Verburg

Arcadis

Rachelle Verburg is Senior Consultant at Arcadis,
specialized in ground water pollution and thermal energy
storage. We contacted her through a publication on this
topic (Verburg, 2010). We interviewed Rachelle Verburg
to explore ways to cluster TES systems and use this to
contribute to solving ground water pollution.

C.van der Vliet

Gemeente Utrecht

Cees van der Vliet is Environmental Advisor Development
and Energy at Gemeente Utrecht. We contacted him
through his collegue Arno Harting. He is specialized in
energy systems and in particular the sustainable energy
systems, like TES systems, in Utrecht.

Drs. S.F. van der Weide

Gemeente Utrecht

Sieb van der Weide is the coordinator of underground
infrastructures at the municipality of Utrecht. He is also
the secretary of the Gemeentelijk Platform Kabels en
Leidingen (GPKL). We found him through the Dienst
Stadswerken website when looking for the expert on
underground infrastructures in Utrecht.



We interviewed Sieb van der Weide to discover the
policy of the municipality of Utrecht on underground
infrastructures, and discuss the necessity, possibilities,and
challenges of a district-cooling system for Utrecht.

J.A.C. Wiegers

Gemeente Utrecht

Hanneke Wiegers is Environmental Advisor Soil at
Gemeente Utrecht. We contacted her through the website

of the municipality of Utrecht. She is specialized in soil-
and groundwater pollution in Utrecht.
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GLOSSARY

Biophysical systems

Bélanger describes biophysical systems as hydrology,
geology, biomass, and climate. His checklist of biophysical
systems consists of water resources, waste cycling, energy
generation, food production, and mass mobility (Bélanger,
2013)

‘Bio washing machine’ principle

The use of thermal energy storage systems to treat
groundwater pollution has so far been tested in the
‘bio washing machine’ pilot in Utrecht. The TES systems
generate groundwater movements that stimulate
naturally existing bacteria to break the pollutants. By
adding nutrients this process is accelerated, but it is still
a long-term solution (R. Verburg and T. Simon, Arcadis,
personal communication, June 18, 2013).

Bundling

Bundling is the process of combining certain systems
that can together come to an added value. ‘The new
design imperatives are found in the basic processes and
essential services that support urbanization including the
integrated ecologies of water, energy, food, mobility and
waste, which have traditionally been treated as separate
components or separate districts in municipal planning.
Through the bundling of multiple ecological services,
strategies can achieve greater economies and ecologies
of scale. Forming a geographic field, these urban- regional
strategies can be considered synergistic, self-perpetuating
and self-maintaining. It is at this precise moment that the
region becomes infrastructural’ (Bélanger, 2013, p. 337).

Design(ing)

Design is a form of synthesis that often revels in complexity
when dealing with diffuse, indeterminate, fluctuating
processes or dynamics, most often found in biophysical
processes, social networks, or urban conditions (Bélanger,
2013, p. 394). ‘Designing is the process of giving form
to objects or space on diverse levels of scale and when
we speak about design, we mean the results of a design
process’ (Lenzholzer, Duchhart, and Koh, 2013, p. 121).
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District-cooling system

A district-cooling network is very similar to the existing
district-heating system in Utrecht: one or more sources
produce thermal energy that is distributed throughout
the city by means of pipes. In case of a district-cooling
network the buildings connected to the system are
supplied with air-conditioning.

Evidence-based design

Evidence-based design (or research-based design) is a
process for the conscientious explicit, and judicious use
of current best evidence from research and practice in
the making of critical decisions about the design of each
individual and unique project’ (Hamilton and Watkins,
2009 in Deming and Swaffield, 2011, p. 239).

Infrastructures

An infrastructure is ‘the basic system of essential services
that support a city, a region or a nation’ (Bélanger, 2013, p.
69). ‘Mature technological systems - cars, roads, municipal
water supplies, sewers, telephones, railroads, weather
forecasting, buildings, even computers in the majority of
their uses - reside in a naturalized background, as ordinary
and unremarkable to us as trees, daylight, and dirt. They
are the connective tissues and the circulatory systems
of modernity. In short, these systems have become
infrastructures’ (Edwards, 2003, in Bélanger, 2013, p. 67)

Landscape Infrastructures

‘Landscape infrastructures is an analytical tool and a
design strategy’ (P. Bélanger, lecture TU Delft, May 21,
2013). According to Bélanger ‘The merger of biophysical
systems with contemporary infrastructure is now rapidly
becoming the dominant order for urban regions’ (Bélanger,
2010). We deduce that this merger of biophysical systems
with contemporary infrastructure can be described as
landscape infrastructures.



Mapping

Mapping is the process of researching and visualizing
systems by means of the checklist of biophysical systems:
water resources, waste cycling, energy generation,
food production, and mass mobility. As a projective
method, representation through the mapping of complex
levels of information is instrumental to the design of
infrastructure and ecology. Whether by diagrams or maps,
composite imaging provides an important alternative to
the conventional orthographic methods of visualization
inherited from engineers and architects’ (Bélanger, 2013,
p. 371). Mapping is conducted in order to understand the
workings of systems as well as possible.

Public space

Public space is the ‘unbuilt space and public property
in the city, which is an ‘essential condition for the
functioning of the city’ (Meyer, De Josselin de Jong, and
Hoekstra, 2006). We do not necessarily mean that a public
party owns the area, but it should be publicly accessible.
In the context of this thesis we use many synonyms to
indicate public space, such as urban space, urban realm,
public realm, spatial domain, etc.

Renewable sources

Renewable sources are sources of energy that do not
compromise the environment and prospects of future
generations. We distinguish natural sources (wind, water,
soil, etc), and human sources, like energy put forward by
walking of cycling in this thesis.

Surface water source

A surface water source is a water body with sufficient
depth that can be used to pump cold water from the
deepest point into a cooling plant. In this plant the cold
from the surface water is transferred to the water in the
distribution network through a thermal exchanger. The
distribution network then transports the cooling to the
connected buildings. The warmer water coming back from
the buildings is then treated and pumped back into the
surface water source (Agentschap NL Energie en Klimaat,
2010; Roelen, 2009).

Thermal energy storage (TES) system

A thermal energy storage system supplies a building
with heat in winter and cooling in summer by storing
thermal energy in the groundwater (R. Verburg and T.
Simon, Arcadis, personal communication, June 18, 2013).
The groundwater is extracted by deep pipes and led
through a thermal exchanger. Many thermal energy
storage systems have a cold source and a warm source,
that are situated approximately 100 metres from each
other. The cold source pumps cold water up in summer
to cool the building, and the warmer water residue
after the extraction of the cooling is then stored in the
warm source. In winter the heat from the water stored
in the warm source is extracted and the colder residue
is pumped back into the cold source (R. Verburg and T.
Simon, Arcadis, personal communication,June 18, 2013).

Transformation
‘A marked change in form, nature, or appearance”
(Stevenson, 2012)

Urban Ecology

“The study of the interactions of organisms, built
structures and the natural environment, where people are
aggregated around city or town. Essentially, organisms are
plants/animals/microbes; built structures are buildings/
roads; and the natural environment is soil/water/air”
(Forman, 2008).
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