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Studio   
Name / Theme Circular Products & Processes 
Main mentor Olga Ioannou Façade & Product Design 
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Argumentation of choice 
of the studio 

In recent years, I have developed a growing interest in 
bio-based building materials due to their various 
advantages over conventional materials. Since detailing 
with these materials is different from conventional 
materials, I aim to acquire new technical knowledge on 
correctly detailing with bio-based materials through this 
research. By evaluating these details for moisture 
transport and thermal bridges, I seek to validate their 
effectiveness. My personal goal is to contribute to the 
design of sustainable buildings. 

 

Graduation project  
Title of the graduation 
project 
 

Bio-based reference façade wall details: Design and 
analysis of moisture transport and thermal bridges for 
Dutch residential top-up buildings 

Goal  
Location: The Netherlands 
The posed problem,   

The Dutch construction industry suffers from a lack of 
technical design knowledge in the field of bio-based 
structures. This knowledge gap is a significant barrier to 
achieving the Dutch government's stated goal of full 
circularity by 2050. The conservative nature of the 
construction industry hinders the implementation of new 
construction techniques, leading to reluctance among 
professionals to apply biobased materials and thus develop 
technical expertise. In addition, the limited knowledge 
about the building physics properties of biobased materials 
further hinders the implementation of bio-based building 
materials. 
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research questions and  Main question: 
‘How can bio-based façade wall reference details for 
residential top-up buildings be developed according to 
thermal and moisture regulation within the construction?’ 
 
Sub questions: 
‘What are the advantages of using bio-based building 
materials instead of conventional building materials?’ 
‘What makes bio-based building materials relevant to 
residential top-up buildings.’ 
‘What properties of bio-based building materials are crucial 
for analysing thermal bridges and moisture in WUFI?’ 
‘Which bio-based building materials can be used for bio-
based façade wall details with a focus on analysing 
thermal bridges and moisture transport?’ 
‘How can the selected bio-based materials be effectively 
applied to develop validated bio-based façade wall details?’ 

design assignment in 
which these result.  

Research outcomes: 
The achieved results of this research encompass various 
aspects that contribute to the development and application 
of bio-based construction techniques. Arguments have 
been presented for the transition to bio-based construction 
and the value of bio-based materials for residential top-up 
buildings. Following the presentation of these arguments, 
the important building physics properties necessary for 
assessing thermal bridges and moisture transport through 
the construction using WUFI have been outlined. 
Subsequently, a selection of bio-based materials has been 
presented along with the corresponding products and how 
these products can be applied in façade walls. Additionally, 
bio-based products from various suppliers have been listed 
with the associated product properties. If these properties 
were not clear or available from the suppliers, a similar 
product from WUFI can be used to obtain the necessary 
properties. This is less accurate but helps to analyse the 
details. 
 
The expected results of this research include several 
aspects that contribute to the development and application 
of bio-based construction techniques. Firstly, design 
principles have been presented on how to detail with the 
various selected bio-based products. Secondly, a series of 
validated horizontal and vertical 1:5 façade wall details will 
be designed, specifically for bio-based residential top-up 
buildings. Additionally, the research provides an analysis of 
the behaviour of thermal bridges, moisture accumulation, 
and condensation formation in the developed bio-based 
façade wall details, obtained through simulations in WUFI. 



With this analysis, the details will be further optimized to 
prevent thermal bridges and ensure effective moisture 
transport, avoiding moisture accumulation and 
condensation in the developed details. 
 
Research outputs: 
Eventually, multiple horizontal and vertical 1:5 façade wall 
details will be developed and validated for thermal bridges 
and moisture transport using WUFI. These validated 
details will be presented as reference details that can serve 
as tools for designers and architects in the technical 
elaboration of bio-based residential top-up buildings. The 
details should be easily applicable in practice, which means 
the details will be drafted in accordance with the Dutch 
Building Decree. The results of the assessments on 
thermal bridges, moisture accumulation, and condensation 
formation will be presented clearly and comprehensively as 
an addition to the reference details. The overall outcome 
provides insight into the mentioned building physics 
performance of bio-based materials and the application in 
various configurations. 
 
Finally, all of the above results will be documented in a 
detailed report, listing the suppliers of the used materials 
along with the corresponding building physics properties. 
This facilitates the direct evaluation of the products by 
designers and increases awareness of bio-based suppliers. 
Visualisations, such such as 3D axonometric images, will 
be added to the report to better illustrate the applicability 
and performance of the details. 

 
[This should be formulated in such a way that the graduation project can answer 
these questions. 
The definition of the problem has to be significant to a clearly defined area of 
research and design.] 
 
Process  
Method description   
 
The method of this thesis is divided into two parts to answer the main research 
question: a literature review and the development of bio-based façade wall details 
tested with WUFI. The literature review combines various methodologies to gather 
the necessary knowledge for developing and analysing the reference façade wall 
details. In the second part, the reference details will be developed and tested for 
thermal bridges and moisture transport using WUFI. This involves applying research 
through design and conducting simulations.  
 



Literature review: 
For the sub-questions ‘‘What are the advantages of using bio-based building 
materials instead of conventional building materials?’ and ‘What makes bio-based 
building materials an ideal candidate to residential top-up buildings?’, a combination 
of Dutch policy documents and scientific literature has been consulted. 
 
Dutch policy documents have been used to describe the ambitions regarding the use 
of bio-based building materials in the construction sector and the addition of extra 
homes to address the housing shortage in cities through top-ups. Subsequently, the 
scientific literature outlines the advantages of bio-based materials compared to 
conventional materials in the construction sector. The focus has been on material 
density, phase shift, temperature amplitude damping, prefabrication possibilities, and 
the reduction of disturbances for nearby residents. Additionally, the hygroscopic 
properties have been investigated, such as thermal conductivity, diffusivity, specific 
heat capacity, vapor permeability, and vapor diffusion resistance. Specific literature 
has been consulted for each property. 
 
 
For the third sub-question, ‘What properties of bio-based building materials are 
crucial for analysing thermal bridges and moisture in WUFI?’, scientific literature has 
been reviewed along with consulting the WUFI database. 
  
Scientific sources have been consulted that describe the thermal performance of 
thermal bridges in lightweight constructions and the consequences of thermal bridges 
for heat loss. Additionally, the impact of mold formation on thermal bridges and how 
correct detailing can influence thermal bridges have been investigated. Furthermore, 
the WUFI database has been consulted to obtain the necessary hygroscopic 
properties required for assessing thermal bridges and moisture transport. Important 
terms for the scientific literature in this context include Moisture Storage Function, 
Liquid Transport Coefficient, Water Vapour Diffusion Resistance Factor, Thermal 
Conductivity and Enthalpy. 
 
 
The sub-question ‘Which bio-based building materials, available on the West 
European market, are most promising for bio-based façade wall details, with a focus 
on analysing thermal bridges and moisture transport?’ combines Dutch policy 
documents, the WUFI database, scientific literature, and material desk research. 
 
Dutch policy documents have been consulted to select bio-based materials with which 
the Dutch construction sector already has some design and construction knowledge. 
For further material reduction, the WUFI database has been consulted. This is 
because many specific properties required for the analyses are often not yet known. 
 
The selection of materials is included in the scientific literature, with explanations 
about the materials, products, and applications. Subsequently, material desk research 
was conducted to describe various suppliers along with product properties. Properties 
not shared by suppliers can be supplemented with values from the WUFI database. 
 



 
For the final sub-question, ‘What principles are essential to effectively detail with the 
selection of bio-based building materials?’, the material and product selection was 
used to conduct a literature review. This review was specified to technical manuals 
and scientific literature that together provide guidelines on detailing with the specific 
materials.  
 
Development of bio-based façade wall details 
Following the literature review, the technical details of the horizontal and vertical 
façade wall details will be developed and tested for thermal bridges and moisture 
transport after P2. During this phase different combinations of materials will be 
experimented to identify the most effective solution. If certain design detail 
challenges are not sufficiently understood, additional literature research will be 
conducted. This method aligns with the approach used during the literature review 
for the final sub-question. 
 
The building physics research focuses on setting up and analysing simulations using 
WUFI software. Utilizing this software, the thermal bridges and moisture transport 
within the details will be analysed and evaluated. Through an iterative process, the 
details will be continuously adjusted and improved based on the simulation results. 
The iterative process consists of multiple cycles of design, simulation, and 
adjustment. It is expected that at least two iterations will be performed to achieve 
optimal details. By following this process, thermal bridges are prevented, and 
moisture and mold formation are excluded. Ultimately, the details will be validated 
based on the simulation outcomes. Multiple rounds will take place in which different 
configurations of details are drafted, tested, improved, and validated. Each round will 
be executed one after the other as also can be seen in the planning. 
 
The obtained details and the corresponding simulation results will eventually be 
documented and published in the thesis. In this way, designers can benefit from the 
acquired knowledge and make the application in future projects possible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Planning: 
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Because the main part of the literature review is already completed, the most 
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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)?  
 
This graduation project focuses on the development of biobased reference façade 
wall details, which are analysed for thermal bridging and moisture transport 
performance by running WUFI simulations. The subject aligns with the Building 
Technology (BT) master track within the MSc Architecture, Urbanism, and 
Building Sciences (AUBS) program, which emphasizes innovation and sustainable 
construction solutions, integrating technical, architectural, and environmental 
considerations. 
 
The BT track's focus on sustainable building materials and advanced building 
physics is strengthened by this project, which investigates how biobased 
materials can serve as a viable alternative to conventional materials. This 
research, through the developed and tested details, makes a valuable 
contribution to advancing sustainable construction practices and promoting 
environmentally friendly solutions in architecture and building engineering. 
 
 

2. What is the relevance of your graduation work in the larger social, professional 
and scientific framework.  
 
The problem statement shows that the application of bio-based materials in 
construction projects is hindered by limited technical design knowledge and the 
need to apply new construction techniques. This research is relevant because it 
indicates that the limited Research & Development capacities of construction 
companies and poor knowledge exchange from academia to industry result in 
limited knowledge about the technical elaboration of designs with bio-based 
materials. This research develops façade wall reference details that are publicly 
available for use in various designs of residential top-up buildings. This 
contributes to the expansion of technical design knowledge, resulting in a 
broader application of bio-based materials in designs. Currently, designers do not 
know how to design buildings with bio-based materials, which hinders the 
application of these materials. Additionally, the research provides a solid 
foundation for further studies within academia. The used methodology in this 
research can be used to develop and analyse more bio-based materials using 
WUFI. Furthermore, it can serve as a starting point for developing details for 
floors and roofs. Finally, it can act as a starting point for elaborating other 
building physics elements, such as fire safety, acoustics, or structural aspects. 
The focus on sustainable and environmentally friendly building materials also 
supports academic goals related to sustainability. The research contributes to 
scientific efforts to achieve a sustainable world. 
 
Regarding the social relevance, the research addresses reducing CO2 emissions, 
combating material scarcity, and reducing construction waste. This supports the 
transition to a more sustainable construction sector and helps reduce the 



construction industry's impact on the environment. Promoting bio-based materials 
supports the principles of a circular economy. Bio-based materials can offer 
benefits for the health and safety of residents, such as improved air quality and 
the reduction of harmful substances. This improves the living environment and 
contributes to people's well-being. Thus, the research not only partially addresses 
the housing shortage in the Netherlands but also provides healthy housing. By 
ensuring that no thermal bridges occur, more energy-efficient buildings are 
created as well. 

 


