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Argumentation of choice
of the studio

I chose to work with the chairs of Building physics and Design of
construction as I believe that they are very much interdependent
and a crucial part of the built environment. My interests lie in
designing buildings for comfort and energy efficiency. To achieve
this, facade design plays an important role. Thus, the two main
components of my thesis are the Building envelope and comfort.

Graduation project

Title of the graduation
project

The influence of occupant behavior on fagade design
during a heatwave.

Goal

Location:

Netherlands

The posed problem,

It is a well-known fact that the main driver behind the
aggravating climate change is the increasing greenhouse
gas concentration in our atmosphere. With the increase in
global urbanization, cities’ contribution to carbon emissions
and greenhouse gases is shooting up drastically (Puppim,
2017). As a result, the rate of energy use is steadily rising,
but fossil energy supplies are finite.

As a result of global warming and climate change, there is
a continued increase in surface and air temperatures,
causing heatwaves to become more common around the
world each year. Heatwaves pose a risk of indoor
overheating which can cause extreme discomfort and can
also lead to severe health issues and even death.
Unfortunately, most modern buildings in the Netherlands
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and India are not designed for extreme heat resilience, as a
result, the indoor thermal comfort is affected. A study stated
that over the past 40 years, the frequency of simultaneous
heat waves has increased by a factor of six due to global
warming (7his Is How Concurrent Heat Waves Are
Impacting the World, 2022). If this continues, heatwaves
are predicted to become more frequent and could become
the new norm.

The building envelope plays a crucial role in determining the
indoor comfort in a building as it acts as a buffer between
the outdoor and indoor environments. The design of a
building fagade can have a great influence on the indoor
climate conditions, for example adequate natural
ventilation, overheating during hot days or temperature
drop during cold days. Thus, proper designing of the
building envelope can be greatly advantageous for thermal
comfort and building energy conservation.

This study will investigate the efficiency of passive design
strategies incorporated in the building envelope in
maintaining indoor thermal comfort during a heat wave. The
study focusses on existing non-residential buildings for
possible retrofitting facade solutions. There is a good
amount of research conducted on the effects of various
facade design strategies on thermal comfort of occupants
and to reduce indoor overheating. But, to the author’s
knowledge, there are not many papers which study the
involvement of occupant behavior. Thermal comfort is
subjective and differs based on various aspects like age,
gender, origin etc. Allowing users to take decisions based
on their thermal comfort sensation might help in improving
comfort standards. This thesis also addresses how occupant
behavior can improve thermal comfort in buildings without
the use of energy consuming systems.

research questions and

Following the posed problem, the main research question
can be framed as :

“What is the impact of occupant-facade interaction
on thermal comfort during the cooling season in
non-residential buildings?”




The main question can be further divided in the following
sub-questions for analysis:

1. What is the influence of facades on indoor thermal
comfort?

2. How do heatwaves affect the building envelope and
indoor comfort?

3. What are the existing possible retrofit facade
solutions and which ones will be used for analysis?

4. What is the influence of occupant behavior on
facade performance for thermal comfort.

5. What are the occupant behavior models that can be
considered for analysis?

6. What are the main limitations of considering
occupant behavior?

7. What are the performance indicators to be
considered during simulation?

design assignment in This research will culminate in a fagcade solution / solutions
which these result. which enhances the thermal comfort of the indoor
environment during a heat wave. The result will also look at
the effect of occupant behavior on the fagade solutions to
maintain indoor thermal comfort. A simulation software will
be used to test the solutions and obtain the results. Based
on the results, further improvements can be suggested.

Process

Method description

The process consists of 6 main phases, ranging from research to analysis to the results.
These phases may overlap at certain points for re-evaluation

Phase 1: Research framework

In this phase, the research topic is thoroughly examined and evaluated to determine its
relevance and significance in the field of Building Technology and to society as a whole. The
scope of the topic is assessed, and the research problem is framed based on existing
knowledge. This involves critically analyzing the topic and narrowing it down to specific aspects
that require attention. Supporting questions are formulated to guide the next phase, which
involves gathering relevant literature to inform the final research question.

Phase 2: Background research, literature review and theoretical framework

Literature review is conducted on the relevant topics which support the main research problem.
In this phase, existing literature is reviewed and analyzed to create a foundation for further
phases. A theoretical framework is formed by exploring various reports, books, articles, papers,
and websites. The information gathered is critically analyzed to identify the missing links or
research which then forms the basis for the thesis. This phase is sub-divided into various
sections, each addressing a specific topic which helps in answering the main research question




and sub-questions. The first topic for the background research is thermal comfort and its
models, this section defines thermal comfort and the important parameters that affect thermal
comfort. It also talks about the thermal comfort models used for analysis. The next topic is
about the cooling season and rising temperatures. The main literature review consists of two
main sections, the first looks at facade strategies and how they affect the indoor thermal
comfort. The second is about occupant behaviour. On the whole, this section forms the
groundwork required for the main research of the thesis.

Phase 3: Identifying facade archetypes and occupant behaviour models for
window operation.

In this phase, specific facade archetypes are identified for comparison in terms of their
performance. These archetypes are developed based on key factors that have a significant
impact on the research, such as window-to-wall ratios and construction typology. Additionally,
from the studied occupant behaviour models, two models are selected that have different
influencing factors and levels of complexity. For comparison purposes, two additional cases are
created without occupant behaviour, one with windows always closed and one with windows
always open. This phase focuses on establishing a range of scenarios that will be used in the
simulations to generate comparative results.

Phase 4: Case build-up

The identified facade archetypes and occupant behaviour models are combined to create 36
different scenarios. These scenarios encompass various combinations of archetypes, occupant
behaviour models, base cases, and cases with night ventilation. These scenarios are used in
the simulations to generate comparative results. Models are created for these scenarios in
design builder simulation software.

Phase 5 : Simulation in design builder

In this phase, the simulation models created in the previous phase are used to conduct thermal
performance tests. The models incorporate the selected occupant behaviour models to simulate
realistic occupant interactions with the building facade. The study adopts a scenario-based
approach, categorizing occupant behaviour and facade solutions into predefined scenarios.
Simulations are run using weather data specific to Netherlands locations, and the thermal
performance of each scenario is assessed.

Phase 6 : Results, analysis and conclusions

The final phase involves analyzing and discussing the results obtained from the simulations.
Statistical analysis is conducted to compare the thermal comfort and occupant behaviour
across different scenarios. The findings are critically examined, and conclusions are drawn
based on the analysis. The limitations of the research are discussed, and recommendations
are provided for further development in the field. Opportunities for future research in the
topic are identified and highlighted. This phase brings together all the findings and insights
from the study to provide a comprehensive understanding of the impact of occupant
behaviour on facade performance and thermal comfort.
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Reflection

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

The sustainable design graduation studio mainly focusses on innovative technical
solutions in the built environment. The master course of Building technology
combines Architectural design with technical innovation which is crucial in today’s
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professional world. The course accentuates the importance of sustainability and
healthy living in the built environment, in terms of material usage, energy
conservation and circularity. In accordance with this, the thesis topic presented
addresses energy conservation, and health.

This graduation topic mainly deals with 2 chairs: Design of construction and
Building physics - Climate design and relates to ongoing research conducted at TU
Delft. The design of construction chair is about building constructions and
innovative methods to improve design. This chair ranges from structural level to
building component level. In this project, the facade or building envelope is chosen
for performance analysis and enhancement. Along with this the chair of building
physics looks at building health and indoor comfort aspects, and for this project
Thermal Comfort is taken in consideration for performance analysis. Both these
topics are extremely crucial in the built environment today, thus being relevant to
Building technology and the field of Architecture.

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

Facade design has a significant impact on building design, both in terms of
technical and aesthetic factors. The fagade holds a very important function in a
building and thus has influence on other factors like Indoor comfort. As explained
in the problem description, the world is facing an unavoidable climate crisis. Since
the construction industry has a significant contribution to this crisis it is of at most
importance that designers and engineers, consider innovating towards a better
future. Energy efficient design and thermal comfort are two aspects that have been
researched extensively in the professional world. In this project the occupant factor
is also considered as occupants can play a crucial role in influencing indoor comfort.
This topic addressed the social part by being inclusive to users and designing for
users. In terms of professional and scientific framework, this topic has the potential
to bring out solutions for the current global energy crisis while giving importance
to healthy design.




