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Name / Theme Building Technology graduation Energy & Climate
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Argumentation of
choice of the studio

Related to the author’s interest in the field of building renovation and the question
how we can preserve buildings and their cultural-historical values while adapting
their building performance to today’s requirements concerning energy efficiency
and indoor environmental quality.

Graduation project

Title graduation

Providing comfort for multifunctional use in monumental church buildings in the

project Netherlands
Goal
Location The Stevenskerk in Nijmegen, The Netherlands

The posed problem,

The large interior of the Stevenskerk is covered with high vaults, resulting in an
impressive indoor space and a volume of approximately 34.000m? (Nusselder &
Zandijk, 2015). During the winter period, the immense heating load, cold bridges
and air leakages of the building skin together with an ineffective heating system
make it difficult to heat the Stevenskerk to a comfortable temperature (OOM
Advies, 2018). In order to reach a comfortable temperature level inside the
Stevenskerk, a higher heating temperature is necessary which would, however
result in a harmful environment for the monumental inventory such as the organ.
Additionally, the not insulated enclosing building components such as the windows
or the vaults radiate their cold surface temperature increasing the thermal
discomfort for the users.

To conclude, the large heating demand and the insufficient energy performance of
the building skin in the multi-functional Stevenskerk leads to closing the church
during the winter period because the thermal conditions do not correspond with
the requirements for the usability of the space
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research questions
and

The main research question:

How can the renovation of the stained glass windows and indoor space
adaptations improve the thermal comfort for the occupants in the multi-functional
Stevenskerk all year around while incorporating the preservation of heritage values,
proportionate financial investment, sustainability, usability and the indoor
environmental quality?

Sub-questions:

Heritage:

What are the monumental values in the Stevenskerk and what are their
conservation requirements?

Thermal comfort:

How can the thermal indoor comfort in the Stevenskerk be assessed and
measured?

What are the thermal comfort requirements and how can they be combined with
the heritage preservation requirements?

Strategy 1: Stained glass renovation

Which renovation methods for stained glass are already existent and how can their
performance be assessed?

How can the renovation of stained glass improve the thermal comfort in the
Stevenskerk and in other multi-functional church buildings?

Strategy 2: Indoor space adaptations

What are possible indoor space adaptations with the potential to improve the
thermal comfort in a multi-functional church building?

What are the requirements for the spatial adaptations in the Stevenskerk regarding
the monumental values and the utilization of the church?

design assignment
in which these
result.

The main objective of this research is the identification of suitable measures for
the improvement of the thermal comfort for occupants in the Stevenskerk.

First, this research will investigate how the renovation of the stained glass windows
can help to achieve this goal as this strategy has already been identified as an
effective measure to decrease the energy demand in the Stevenskerk (Schoch &
van der Zanden, 2019). Second, the strategy of indoor space adaptations which
was part of other church transformations with the aim to improve their usability
(Parcum, n.d.) will be examined.

Thereby, this thesis should support the Stevenskerk foundation in determining
appropriate renovation methods. As similar challenges regarding the thermal
comfort appear in other multifunctional church buildings in the Netherlands, the
aim is to identify measures that could also be suitable in other cases.




PROBLEM STATEMENT

Thermal discomfort in the multifunctional Stevenskerk due to heat losses
and large indoor space resulting in a high heating demand, a harmful
environment for monuments and closing the church during the winter.

l

MAIN OBJECTIVE

Improvement of the thermal comfort for the users in the Stevenskerk
(and in other multifunctional chuxrch buildings) all year around
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Figure 1: Graduation topic structure: problem statement - main objective - strategies - ambitions



Process

Method description

For illustration see figure on the next page

First literature study

A first visit to the Stevenskerk helped to gain insight in the local conditions, its monumental values and the
challenges the foundation is dealing with. Afterwards, the thermal comfort was identified as the focus for
this research. The first literature review helped to get an overview of existing research while gaining
knowledge about the subject and to define the main research question, the main objective and the
ambitions. The literature review included existing research about the Stevenskerk that had been
conducted regarding the energetic renovation and the heating system. Afterwards, the stained glass
renovation and spatial adaptations were chosen as strategies with potential to deal with the thermal
challenges in the Stevenskerk. The renovation of the windows had been identified as an effective measure
to decrease the energy demand in the Stevenskerk (Schoch & van der Zanden, 2019) whereas indoor
space adaptations were part of other church transformations with the aim to improve their usability
(Parcum, n.d.). For researching both of these strategies a different research methodology was developed.

Methodology strategy 017 - Stained glass

Firstly, literature review about the renovation of stained glass windows was conducted to gain an overview
about existing techniques and their advantages and disadvantages. Furthermore, the analysis of the
stained glass windows in the Stevenskerk and their performance is important to identify challenges,
restrictions and potentials. For this, photographs with a thermal infrared camera were taken. After
identifying protective glazing as a measure with potential for improving the thermal performance of
stained glass, a physical calculation model is set up for examining this system mathematically. In order
to check if the calculation model indicates a realistic physical behaviour it needs to be validated with the
actual conditions in the Stevenskerk. Therefore, in-situ measurements at the windows of the Stevenskerk
with sensors available at the climate design department of the TU Delft will collect data about the windows'’
performance. This data will be analysed and help to improve the physical calculation model for protective
glazing on stained glass windows.

Furthermore, other renovation measures for stained glass will be investigated and compared according
to their suitability for the Stevenskerk. Subsequently, computational simulations of the indoor space of the
Stevenskerk, such as one of the side chapels, will help to understand and visualize the influence of selected
window renovation methods on the thermal indoor climate for the user. Finally, the findings and collected
data will help to assess different strategies for stained glass window renovation with regards to the
improvement of the indoor thermal comfort and other research ambitions.

Methodology strategy 02 — Spatial adaptation

In order to identify concepts for spatial adaptations that could be suitable for the requirements in the
Stevenskerk, literature and case study projects will be reviewed. Then, concepts appropriate for the
achievement of the research objective are selected and organized according to the type of resulting indoor
space.

A few selected concepts showing potential will serve as the basis for creating designs for the indoor space
of the Stevenskerk. In order to assess and test the influence of the different designs on the thermal indoor
comfort of users in the Stevenskerk, a computer simulation will be set up. This will generate data which
will be analysed and help to compare the different concepts.

Final result

Finally, the conclusions from both research paths will lead to recommendations for renovation and
adaptation strategies in the Stevenskerk to improve the thermal comfort. The final product should support
the foundation Stevenskerk in the decision making process and illustrate a broad overview for strategies
with potential to improve the thermal comfort.
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Reflection

What is the relation between your graduation (project) topic, the studio topic (if applicable), your master
track (A,U,BT,LAMBE), and your master programme (MSc AUBS)?

The graduation topic combines the building physical challenge of improving the thermal comfort on the
one side with the architectural design challenge of preserving heritage values on the other side. The thesis
is related to several elements of the Building Technology Master such as climate design, fagade design,
research and innovation etc.

What is the relevance of your graduation work in the larger social, professional and scientific framework?

Social relevance

Although the preservation of monumental buildings such as the Stevenskerk is protected by law as they
contain cultural-historical values which are relevant for future generations, the usability and the
accessibility are crucial arguments for the existence of a building. «/nvesting in a monument that does not
have a function is useless since the monument will deteriorate anyhow. Additionally, monuments should
keep their central place and function in society» (former minister of Education, Culture and Science van
Engelshoven, 2019). Enabling the accessibility of the Stevenskerk all year around is one central aspect in
developing a sustainable future perspective for the building in which it can take its social responsibility

in the use of the space for the community.

Scientific relevance

Stained glass windows

The literature research on stained glass renovation has shown that there is few scientific research
available about the physical performance of second glazing on the preservation of the stained glass and
the thermal performance of the glazing. Besides, those documents focus on specific types of protective
glazing while there is no broad overview of renovation methods and their advantages and disadvantages
available. Furthermore, there is a lack in scientific literature about the impact of stained glass window
insulation on the thermal indoor comfort.

Sustainable transformation of monumental buildings

Referring to the responsibility of the transformation of the existing built environment for the fight against
the climate crisis, this thesis provides and compares ideas how to improve the energy performance of a
monumental building while enabling usability and preservation of its heritage values. The proposed
interventions for the Stevenskerk are an example for the sustainable transformation of the built
environment in a challenging case. The results of this thesis may not only be relevant for the foundation
Stevenskerk, but also for the owners of other multi-functional churches aiming for a sustainable
improvement of their building’s climate performance.

Professional relevance

Finally, there is not sufficient research available for the foundation Stevenskerk to decide on which
measures to implement on this specific building with its specific requirements. « Heritage buildings are
always an intrinsic part of the built environment and apart from the influences of weather and changing
tastes of occupants also subject to various usage requirements and building codes. Due to this physical
reality, a heritage building cannot be treated exactly like other heritage objects. » (Kuipers & de Jonge, 2017).
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