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IIIABSTRACT

a b st r ac t

As the theoretical knowledge on circular building and reversible design grows, 
so does the interest of architects to be supported and encouraged to decrease the 
environmental impact of their building designs. A possible approach towards 
connecting theory to practice could be done using design tools and strategies. 

This thesis attempts decipher decisions, influencing factors and actors in the design 
process to improve the understanding on when the influence of a design tool could 
be most effective. First a timeline development method is established to analyse 
existing design processes. This method allows to detect how decisions are influenced 
or influence each other, but also when most research was directed towards a certain 
aspect of the design. 

The timeline development method was tested on three case studies to evaluate 
its effectiveness. Three post-war high-rise renovations were chosen to answer to 
the current Belgian renovation tendencies. The information required to build the 
timelines was obtained through several interviews with the project architects. The 
application of the method on this case study provides information on trends and 
actors in the design processes. With this information, key phases are determined. 
They indicate when a certain reversible design tool or strategy would have the most 
significant impact on the design. The key phases are linked to design for change 
assessment tools. The potential of these key phases is then illustrated, by three 
examples where a tool is applied to a case study in the appointed key phase.

From research in this master thesis, it can be concluded that even though a design 
processes is complex and different for each case, certain patterns can be concluded. 
The budget, legislations, being able to convince a client and the state of the existing 
building are the most influencing factors in the design process. The moment 
when information on existing building is received can have a great influence on 
the course of the design process. Design processes start with broad conceptual 
choices, mainly on the functions inside the building. this is when a tool that 
helps to define functional concepts could be most effective, for example, scenario 
planning. Thereafter, the decisions start to narrow down towards calculated choices 
on structural design and structural materials and technical concepts. A life cycle 
analysis could support architects to make decisions in this phase. In the last phase, 
before the construction, detailed designs for all elements and layers in the building 
are determined. 
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t h e s i s  o u t l i n e

CHAPTER 1: INTRODUCTION

This chapter explains the field in which this thesis is situated, the main goals of the 
thesis and the research method.

CHAPTER 2: CASE STUDIES AND DESIGN FOR CHANGE ASSESSMENT TOOLS

This chapter introduces the case studies and design tools that were studied in this 
master thesis. They form the base of the research. For each case study, the main 
concepts are introduced as well as the designing architectural offices. Furthermore, 
the goal, required information and outcome of each design for change assessment 
tool is listed in the second part of this chapter.

CHAPTER 3: TIMELINE DEVELOPMENT METHOD

The first part of this chapter, explains the concepts and parameters required to 
construct the timelines with the timeline development method that is established 
in this masterthesis. Therafter, the method is applied to analyse the design process 
of the three case studies. These analysis are used to retrospectively conclude certain 
trends, influencing factors and main actors  in the design process. The last part of 
chapter utilizes this information to find moments in the design process where a tool 
could be the most effective.

CHAPTER 4: PROOF OF POTENTIAL

Chapter four illustrates the potential of design tools, with three examples where 
a tool is applied on a case study in the moment assigned in chapter three. The 
results were presented to the project architects of each of the case studies to spark a 
discussion between architecture and practice. 

XIthesis out l ine
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CHAPTER 1

introduction

1.1. shifting approaches to the built environment, 
from linear to circular 

As the awareness for the environment grows in Europe, the environmental impact 
of the building sector becomes more and more apparent. Buildings consume 40% 
of Europe’s energy request and account for 36% of Europe’s CO2 emissions.1 Energy 
regulations imposed by the European union were a first attempt to lowering the 
impact. However, these laws currently only focus on energy consumption during 
the usage phase of buildings. The energy consumption of buildings before and after 

their use is currently not taken into account when it comes to regulations.2 

“Scientific research has shown that once the energy consumption of a building is 
minimized, a further reduction of the global energy use and the environmental impact 
can be achieved by managing the building materials and building components over the 
full life cycle of the building.”3 

The impact of the throw-away mentality has been the economic model for decades 
and cannot be neglected when speaking about environmental impact, especially 
that of the building industry. In Belgium, an average of 15 million tons of building 
waste is produced each year.4  By eliminating the waste production of the building 
industry it’s environmental impact would be enormously reduced. This becomes 
urgent, when looking at the decreasing European material reserves and our recourse 

dependency on neighboring continents.5 
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Image 1.1: principle of circular economy compared to linear economy.6

Over the past decade a large amount of research has been conducted to identify solutions 
for the large amount of waste production of the building industry. This research led to 
circular material models and implementation strategies like ‘Design for Change’. Image 
1 shows the principle of circular economy, by designing out waste and closing loops, 
materials and components can be maintained, reused or recycled. In this circular economy, 
these components maintain their value and functionality, resulting in the decrease or even 
complete elimination of waste compared to a conventional linear waste chain.7

Applying strategies like Design for Change allows architects to foster such a circular economy 
by designing so called dynamic buildings; using reversible connection for example, allows 
building components to be reused during the subsequent renovations. More generally 
speaking, Design for Change is a strategy that takes into account the building requirements 
of the future. It brings forward concepts and techniques on how these unsure requirements 
can be fulfilled more easily through adaptability and generality with ecology, economy and 
social aspects in mind.8 

Lately even more detailed and practical research has been carried out, resulting in tools and 
concrete design strategies that architects can adopt in their design to create a more circular 
building Technical and theoretical knowledge is largely already there. The implementation 
of this knowledge in practice, however, is quite rare. 9 10
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Image 1.2: post-war high-rise 
building before renovation11

Image 1.3: Post-war high-rise 
building after renovation12

POST-WAR HIGH-RISE

During the 60’s and 70’s a large number of post-war high-rise building were constructed 
in Belgium. Many of them were social housing buildings with small, but clean apartments 
for the underprivileged, subsidized by the law Brunfaut.13  Today, many post-war high-rise 
buildings no longer meet the requirements of the contemporary living. They suffer from 
various problems, e.g. outdated technical installations, fire safety and circulation issues, 
poor acoustic insulation and insufficient thermal performance of the building shell.14 

One solution to deal with this problem would be to demolish these high-rise buildings. 
However, doing so could have many negative consequences. As population in Belgian 
cities is growing, so is the request for housing15. Demolishing a high-rise tower would 
mean the loss of many dwellings. Moreover, the amount of waste that would be produced, 
especially since their load-bearing structure is generally still intact. The repetitiveness in 
these buildings makes them even more interesting for renovation.Renovating a post-war 
high-rise building will still generate a large amount of waste, due to asbestos removal, 
replacement of deteriorated materials, …  These materials are then replaced by new, 
energetically better performing materials that are often connected in a non-reversible way. 
Meaning that, when these materials become outdated, they will generate once again a 
lot of waste during the next renovation. By taking into account future renovations when 
renovating in the present, the reuse of certain components can be foreseen. For this reason, 
the case-studies in this thesis will focus on post-war high-rise renovations. 
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1.2. research goals & aims 

Today, there is a growing interest among architects to be supported and encouraged to use 
design tools and strategies that will improve the environmental impact of their design. This 
can be seen from initiatives as the Green Deal Circulair Bouwen, the many lectures and 
trainings on Circular Building and engagement of the researchers of VUB Architectural 
Engineering in for example the Open Call projects of Circular Flanders.16 17

As mentioned above, the use of design tools and strategies fostering a building adaptability 
and component reuse, is a way to support architects in making choices that can improve 
the circularity of their designs. However, to understand how these design tools can be 
implemented effectively in the most efficient way, one must first understand the impact 
of all actors, influencing factors and the dynamic development of a design process. The 
objective is to shed light on why existing tools and strategies for circular buildings do not 
find their way into a design process, and understand how a better match could be made 
between tools and designers and which improvements are necessary. 

To achieve that objective, this master thesis explores the evolution of post-war high-rise 
renovations through the analysis of their design processes. Following an adapted time-
line method, it attempts to cast light on the reasons for certain decisions and what and 
who influences them in three different case studies. Being conscious of these factors can 
influence the way researchers and architects look at a design process. By identifying key 
phases in the design process, the research will give insight about where in the design 
process the introduction of a design tool or strategy could be implemented to improve the 
adaptability, circularity and thus environmental life cycle impact of the project.

Finally, testing whether a certain tool will actually make a difference in the final design 
is not in the scope of this thesis; that would require more case studies and longer design 
process observations unfeasible within the time scale of this thesis research. The goal is to 
explore and illustrate the possibilities of an improved match between designers and design 
tools and open the minds of the architects as well as of tool developers. The real testing and 
validation could only be done with multiple and extensive workshops and observations.
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1.3. state of affairs in design research: existing analyses 
of design processes 

Analyses of design processes have been done to serve different architectural research fields. 
This section will introduce several analyses that have been the foundation of the adapted 
analysis method developed, adopted and evaluated in this master thesis. Therefore, three 
perspectives can be taken: process theories, process analysis methods and actor involvement. 

THEORIES ON DESIGN PROCESSES 

To realize the timeline development method in the further chapters, a basic knowledge 
on existing design process theories has to be established. The following paragraphs explain 
different approaches from which theorists analyse design processes to understand the way 
designers think. 

Literature about design processes shows many models, from circular to triangular. Image 
4, developed by Lawson, illustrates for example how the design process can be understood 
as twisting between analysis, synthesis and evaluation. Analysis refers to the gathering of 
information. This information is then used to structure the problem. During the synthesis, 
the designer attempts to find an answer to this problem by creating solutions. Afterwards, 
the solutions are evaluated and reacted upon during the evaluation.

 Image 5 shows another model, wherein the design process is circling initiation, preparation, 
proposal making, evaluation and action. The model, developed by Chokhachian in Image 
6 also introduces that the design process is a transparent layering system, representing  
how earlier decisions work throughout different project stages. Through the final design, 
designers are able to look back at the decisions made in previous stages. 18 

Image 1.4: Practical, graphical 
illustration of a design process19

Image 1.5: the five-step design 
process initiation, preparation, 
proposal making, evaluation and 

action20

Image 1.6: Transparent 
layering system21

The previous models all focus more on a design process as continuous and planned decision 
making. While a design process can also be addressed as a series of ad-hoc choices made 
over time and influenced by different actors in a complex project setting. They are also 
theoretically developed and according to Chokhachian (2014) the writers of these models 
“[…] have not offered any evidence that designers or architects systematically follow their maps.”  
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A more commonly known design process timeline, apparently more closely related to 
practice, is the RIBA plan of work, seen in Image 7. The design process is shown in a 
linear way from start to finish and divides the design process into different phases from 
the strategic definition to the in-use phase. For each phase, RIBA explains what should 
be done, the documents that should be prepared. It also gives a hint of when to look into 
sustainability by assigning sustainability checkpoints. The RIBA plan of work is not an 
analysis of a design process, but rather a description of what architects should do and what 
clients should expect from a contractual point of view.22 

Image 1.7: Riba plan of work23

This type of linear distribution of a design process over time has been critiqued, yet it 
does give a good overview of how the process works in the long term.24 To introduce the 
decision-making models into the RIBA plan of work, Markus/Maver presented a model 
where the designer goes through decision sequences, close to the ones mentioned in Image 
4, 5 and 6. Each line of their model can be linked to the design phases described by the 
RIBA plan of work. This way they portray the circular nature of designing and decision 
making, while still representing the linear nature of design timelines.25 
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Image 1.8: diagram of a design process by Markus/Maver26

“There is a danger with this [theoretical] approach, since writers on design methodology do not 
necessarily always make the best designers. It seems reasonable to suppose that our best designers 
are more likely to spend their time designing than writing about methodology. If this is true then 
it would be much more interesting to know how very good designers actually work than to know 
what a design methodologist thinks they should do!”27

 For this reason, this thesis adopts the idea of the design process as a linear model according 
to the RIBA plan of work and follows a bottom-up research, where the connection between 
theory and practice is key. However, in some cases, further in this thesis, patterns can be 
recognized, corresponding to the decision-making theories, explained in the beginning of 
this paragraph. 

BOTTOM-UP DESIGN PROCESS ANALYSES TO UNDERSTAND HOW THE ENVRIONMENTAL IMPACT 
COULD BE IMPROVED

The interest in understanding a design process has been the topic in many research papers. 
An example are the researches that attempt to understand how a life cycle assessment (LCA) 
could lower the environmental impact when applied during the early design phases.28 29 
Even though these researches focus mainly on the LCA assessment of the operational 
energy use or material consumption, their way of analyzing a design process, is done with 
the same goal as this thesis; find out when, who, and why decisions are made in order to 
support architects lower the long-term environmental impact of their choices.

In Early Stage Design Decisions: The Way to Achieve Sustainable Buildings at Lower Costs, 
Luís Bragança identifies the early stages of a design process as most influential on the 
environmental impact of the final design. In the beginning of the paper he describes 
different stages of the design process and identifies that the earlier stages in a design process 
have the least access on information about materials that will ultimately be used. He 
therefore attempts to create an LCA method that can cope with those uncertainties in early 
design stages.

The main source used as the base for this thesis is the doctoral thesis by Elke Meex, Early 
Design Environmental Impact Assessment. In her thesis, Meex establishes a methodology that 
allow architects to make better-informed decisions with regard to environmental impact. 
To understand the development of material choices during the design process, Meex 
establishes timelines, based on interviews in different architectural offices.
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The results of the interviews are displayed on one linear timeline, shown in Image 7. To 
structure the timeline, the design process is divided into four design time-based stages (i.e. 
pre-design, design, permit and execution stage). The decisions that were made are further 
divided into categories, each related to one of the building layers identified by Brand30 31. 
For each layer, Meex uses an arrow that changes width expressing how many offices took 
the same decision at the same time in the design process.

Her findings and methods were taken into account while conducting this research. The 
way of structuring into building layers in one dimension and time-based stages in the 
other is a clear, yet versatile way to structure a design process for the topic of this master 
thesis. However, the method had to be adapted in order to fit the case studies and goals of 
this research. For example, Elke Meex focusses on material choices, and on which building 
layer decisions are made. In his thesis, the design process is studied on a variety of aspects 
to find better correspondence with the design tools. Meex concentrates on newly build 
residential buildings, while this research will focus on renovation of post-war high-rise, 
wherein the design process (and stages) is dependent on the existing building. Therefore, 
the timelines in this thesis needed more flexibility in terms of design stages that don’t 
necessarily correspond to the standard Flemish design process of newly build residencies.32 

Image 1.9: Timeline developed by Meex33 Image 1.10: Layers identified by Brand34

MAIN ACTORS IN A DESIGN PROCESS

Finally, the identification of relevant actors below will complete this section. Since the 
architects are not the only ones taking decisions, it is important to identify the different 
actors and their role in the design process. The following paragraphs are based on the book, 
how designers think. The design process demystified. by Bryan Lawson. Many research is done 
on the interaction between client, designer user and legislator, but also on how designers 
make decisions or how designs are experienced differently by the actors.35 These studies 
lean closer to social sciences and will not be in the scope of this thesis. However, attention 
will be paid to the influence of the actors on the design process. Therefore, basic knowledge 
on their role in the design process is required.
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The clients are usually the actors who introduces the design challenge. they usually give the 
designer the task to answer it. Depending on the project and the type of client, the client 
could be a ‘creative partner’. As some clients are well experienced or even professionals. It is 
also a misconception to think that the client is just one person. In many cases a client could 
be an association or a group of people. Another misconception could be that the client is 
always the user. In many cases, for example large apartment buildings, a client has minimal 
contact with the users of the building. 36

The designer is expected to be creative, while still corresponding to all wishes of the client. 
The client-designer relationship is a rather complicated one. Depending on the type of 
client and project, the architect is freer. The designer wants to keep his reputation by 
leaving his mark on a building, while the clients know they want and are afraid the designer 
might have different ideas than theirs. 37

“The relationship between client and designer itself actually constitutes a significant part of the 
design process.  The way that designers perceive and understand problems is to some extent a 
function of the way this relationship works.”38

Perhaps one of the most influential actors in a design process is the legislator. He dictates 
many constraints in which the architects have to work. Legislators often appear as 
unreasonable and stubborn as they often hold on to rules that are not always useful or 
applicable in certain cases. On top of that, there are currently many legislators to which the 
designer has to answer.

“The architect today must satisfy the fire officer, the building inspector and the town planner and 
in addition, depending on the nature of the particular project, the housing corporation, health 
inspectors, Home Office inspectors, the water authority, electricity authority, the Post Office, 
factory inspectors, and so the list goes on.”39

In Lawson stacks the actors from the rigid and inflexible legislators, on the bottom, to 
flexible designers on the top as illustrated in Image 9. The client is more flexible than the 
user, because he is in direct contact with the designer, who could convince him to be more 
agreeable. 

Image 1.12: The four groups of generators stacked in order of flexibility40 
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1.4. research method

The first, and main phase of the research consists of understanding design processes. 
Through a bottom-up approach, a timeline development method is established while 
analyzing the design processes of three case studies. This method allows researchers to 
understand decisions and study the development of designs.  

Information was gathered by interviewing three architectural offices twice about one 
specific project each. During the first interview, the architects explained the design process 
from their point of view, their struggles, their decisions, and their research. Certain strategic 
questions about tools and actors guided the interview. However, it was important to listen 
to their explanations before asking those questions. This would indicate what was most 
significant or influential in their specific design process. Towards the end of the research, 
preliminary timelines were further discussed with the architects in a second interview to 
review their accuracy and discuss certain elements into further detail. After the interviews, 
the preliminary timelines were finalized, using the information from the second interview. 
Detailed information on all six interviews can be found Table 1.1 the full interviews are 
written down the in the annex.

ANALYSE AND UNDERSTAND A DESIGN PROCESS

ANALYSE THREE CASE STUDIES,
through: interviews and  documentsTIMELINE DEVELOPMENT METOD

Define KEY PHASES, where a tool 
could have the largest impact.

POTENTIAL of the tools is illustrated

GOAL 1

GOAL 2
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The information received from the final timelines was then, in a second phase, used to 
connect certain design phases, to design for change assessment tools and strategies. These 
design phases will be called key phases. They indicate a phase in the design process where 
a design tool could have the largest impact. The application of one design tool on a key 
phase in each of the case study timelines illustrates the potential of what design tools 
can accomplish. Presenting the results to the architects sparked an interesting discussion 
between practice and theory. 

Table 1.1: list of all interviews and their place in the annex

PETERBOS #9 COSMOPOLITAN TOUR BRUNFAUT

THE INTERVIEWEES AND 
LEAD ARCHITECTS OF 
THE PROJECT.

Jan Opdekamp

Ruben Janssens

Lourenço van 
Innis

Renaud Van 
Espen

DATE OF THE FIRST 
INTERVIEW

06/11/2018 19/11/2019 20/11/2019

LANGUAGE SPOKEN 
DURING THE INTERVIEWS

Dutch English French

MAIN SUBJECTS 
DISCUSSED IN THE FIRST 
INTERVIEW

The evolution 
of the project 
through the 
design process.

The evolution 
of the project 
through the 
design process.

The evolution 
of the project 
through the 
design process.

PLACE IN ANNEX Annex 1 Annex 2 Annex 3
DATE OF THE SECOND 
INTERVIEW

09/05/2019 06/05/2019 02/05/2019

MAIN SUBJECTS 
DISCUSSED IN THE 
SECOND INTERVIEW

The developed 
timelines + tools 
applied to the key 
moment in the 
project

The developed 
timelines + tools 
applied to the key 
moment in the 
project

The developed 
timelines + 
tools applied 
to the key 
moment in the 
project

PLACE IN ANNEX Annex 4 Annex 5 Annex 6

The next chapter will introduce the case studies analysed in this thesis, as they will be the 
main source of information on the characteristics of design processes. As explained above, 
the analysis of their design processes forms the base for the timeline development method 
established in chapter three. The next chapter will also explain the different reversible 
design tools and strategies that were taken into account for this thesis. 
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CHAPTER 2 

c a s e st u d i e s  a n d 
d e s i g n f o r c h a n g e 

a s s e s m e n t to o l s 
This chapter will introduce the case studies and the design for change assessment 
tools as they form the base for the research carried out in chapter three and four. 
Familiarising with the case studies and explaining their origins is necessary to fit 
the developed timelines within a larger context and understand the relationship 
between the architects and their design. The second part of this chapter explains 
the design for change assessment tools or reversible design tools. Insight in the 
capacities of these tool is important to understand the further development of the 
thesis where the tools will be linked to key phases in the design process.



Image 2.1: conceptual building system for the case study peterbos#9 1
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2.1. IntroductIon of the case studIes

Three case studies were used to develop and test the timeline development method. As 
mentioned before, this thesis will focus on the renovation of post war high-rise buildings, 
showing a different branch of architectural design than the new built case studies used by 
Elke Meex.2 Renovation of post-war high-rise buildings was also chosen for its relevance 
in Belgium’s contemporary building sector. To narrow the scope of the case studies even 
more, one specific type of renovation strategy was chosen. This makes comparing between 
the projects more convenient. The projects, used in this analysis, are applying a second 
façade to the building. This façade can serve as terrace, winter garden, but also as interior 
space. This horizontal extension allows to improve not only the energy performance, but 
also enlarge the apartment size and create extra outdoor spaces.3

This method got the attention through the work of the architectural office, Lacaton & 
Vassal. One of the main examples for this method are the renovations done by architecture 
office Lacaton & Vassal in particular the renovation in Grand parc, Bordeaux, a project 
that won the Mies van der Rohe award in 20194. From their point of view “one must never 
demolish, take away or replace, but protect, add, transform and use”5 With this idea in mind, 
they developed a system where a second façade would be attached to the existing one. 
This façade would serve as a winter garden, increasing living space and enhancing energy 
performance. All of this while allowing the inhabitants to stay in their apartments during 
the renovations. 6

Image 2.2: renovation of grand parc, bordeaux. comparison between before (left) and after (right) renovation7

Image 2.3: close up on one wintergarden of the renovation in 
grandparc, Bordeaux8

Image 2.4: interior view on the wintergardens of the renovation 
in  grand parc, bordeaux9

Since each country has its own challenges and specificities when it comes to its construction 
sector. Therefore, the three case studies in this thesis are all located in Brussels to answer 
to a demand closer to home. These projects are all in a way inspired by the principle of 
Lacaton & Vassal. Yet, each project has given its own twist to the design, due to external 
and internal influences.
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Peterbos #9 – 51n4e + Lacaton & VassaL

Peterbos #9 is one of the many post-war high-rise towers built in the Peterbos park in 
Anderlecht, Brussels. The Brussel based office 51N4E won the competition for its 
renovation in collaboration with Lacaton & Vassal. This project strongly resembles the 
project in Bordeaux, mentioned above. However, due to Belgian regulations and influences 
specific to the Peterbos #9 building, the principles had to be adapted, to match these specific 
circumstances.10 11 At the time of the first interview, the architects had just submitted the 
building permit.

 Image 2.5: conceptual render on the exterior of 
Peterbos#912

Image 2.6: conceptual render of the interior of 
peterbos#913

51N4E 

51N4E was founded in 1998. Currently the office counts 22 members and is led by 
Johan Anrys and Freek Persyn. 51N4E focusses mostly on large scale projects, that range 
from housing to public buildings to even urban design. They strive for innovation by 
participating in research projects as for instance, strategies like Brussels 2040.

LACATON & VASSAL

The Paris based architecture office, Lacaton & Vassal was founded in 1987 by Anne Lacaton 
and Jean-Philippe Vassal. The quote above already explained their main philosophy; to 
renovate before demolishing. Like 51N4E, Lacaton & Vassal are involved in many types 
of projects, urban strategies, housing projects, cultural buildings, … They are active in 
renovations as well as new buildings. 

PETERBOS #9 AND WHY IT WAS CHOSEN FOR THIS RESEARCH

In the proposal of 51N4E for the renovation of the Peterbos #9 building, the goal is to find 
the ‘optimal minimum’ “not to renew everything, but make a qualitative renovation”14.  They 
focus on creating a significant added value for a reasonable price, cheaper than demolishing 
the existing building and rebuilding a new one. 51N4E proposes a method that is not 
unique for this building, but can be applied to other post-war high-rise buildings in similar 
circumstances. This way they want to encourage owners of similar projects to renovate 
instead of demolish, while enhancing the living qualities.15 

The largest intervention in the building is the remodeling of the west and east façades. 
51N4E and Lacaton & Vassal propose to add an extra four meters of terraces to the 
outside of the building using a separate structure. These terraces can be closed off with 
glass windows during wintertime to create a winter garden, that becomes part of the living 
space. In summertime, they can be opened to become big terraces.16 

One of the goals to make this building more sustainable was to build the façade system 



19case studies and design for change assesment tools 

circular and sustainable. A quite large amount of time went to designing façade systems in 
different materials with different structures. However, due to circumstances, they were not 
able choose the most circular solution. For this master thesis, it is interesting to observe 
why. Another interesting aspect to study is the influence of ‘the influence of the presence of 
the inhabitants during the renovation, the inhabited construction, on their design process. 
17

cosMoPoLItan – boGdan & Van broecK
The cosmopolitan project concerns the reconversion and renovation of an office building 
and hospital into a residential tower. This project is different from the other two case 
studies as it is not a social housing project. In 2014, the architectural office, Bogdan & 
Van Broeck, won the competition for this renovation. At the time of the first interview, the 
construction of the building was almost completed.

Image 2.7: photographs of the exterior of the Cosmopolitan18

BOGDAN & VAN BROECK

Bogdan & Van Broeck is a Brussel-based architecture office, founded by Oana Bogdan 
and Leo Van Broeck in 2007. Both founding partners are active in political debates about 
urban design, architecture and building strategies. Van Broeck as the Flemish government 
architect (Vlaamse bouwmeester) and Oana Bogdan as Secretary of State at the Ministry of 
Culture in 2016-2017 in Romania she also promotes the power of cultural heritage to 
create social cohesion together with the civic platform Romania 100.19 The office focusses, 
as the previous architecture offices, mainly on large scale projects (e.g. residential buildings, 
schools, parks, public space) 

THE COSMOPOLITAN AND WHY IT WAS CHOSEN FOR THIS RESEARCH

Although the renovation strategy for the cosmopolitan shows similarities with Peterbos #9, 
applying it to the cosmopolitan resulted in a different outcome. The building is extended 
in the vertical and horizontal direction. Vertically, three extra levels are added on top of the 
existing building. The horizontal extensions are completely carried out in steel and serve as 
terraces, offering an outside space to each apartment. 
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As mentioned above, the building is not owned by a social housing company, but by a 
promotor of high-class apartments. This means that the client of the cosmopolitan will 
not be the future owner, since he will sell all apartments to individuals. Comparing the 
influences of the promotor in the design process to the owners of the other case studies 
could be an interesting track. Another difference with the other two case studies is that 
the cosmopolitan was transformed from an office building and hospital into a residential 
building. 

tour brunfaut – a229 + dethIer archItects
The third case study is also a social housing building. Tour Brunfaut, located along the canal 
in Molenbeek, was threatened to be demolished until the feasibility study by the previously 
mentioned Lacaton & Vassal, proved the“[…] extremely innovative and ambitious nature of 
the tower, not only from a technical but also a social perspective.”20 The study served as the 
base for a competition to renovate the building, won by A229 and Dethier architects in 
2014. At the time of the first interview, the architects were waiting for their building to be 
accepted.

Image 2.8: renovation concept for tour brunfaut by A22921

A229  

The Brussels based architectural office, A229, was founded in 1996 by Grégoire Houyet 
and Renaud Van Espen. Currently the office counts twelve collaborators. Their projects 
are located mainly in the field of residential and educational buildings. They focus on 
rationality and sustainability in their designs. 22

DETHIER ARCHITECTS

Dethier architects is based in Liege. Daniel Dethier established the office in 1992. Since 
then the office has worked on smaller scale projects (e.g. houses, a dentist practice) but also 
on larger projects (e.g. amphitheaters, office buildings). Today, Dethier architects counts 
four collaborators.23

BRUNFAUT TOWER AND WHY IT WAS CHOSEN FOR THIS RESEARCH

In 2010, Lacaton & Vassal published a feasibility study in favor of renovating the tower. Here 
they suggested the same renovation strategy as Peterbos #9, add a horizontal extension and 
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keep the construction site inhabited.24 A229 and Dethier architects won the competition 
for the renovation in 2014. The design for the renovation won a Be.Exemplary price, 
because of its attention for social and environmental sustainability. 

Contrary to both Peterbos #9 and the Cosmopolitan, Tour Brunfaut uses the horizontal 
extension partially as interior space. By the use of façade panels, the new exterior walls 
are attached to the steel frame extension. Timber is used as flooring. A229 and Dethier 
architects show that they also paid attention to certain reversibility strategies, like making 
only reversible connections. Some suggestions from Lacaton & Vassal are, however, 
eliminated. For example, A229 will not work with an inhabited construction. 25

2.2. desIGn for chanGe assesMent tooLs

The following design tools will be considered to be applied to certain phases in the design 
process. They are ‘in-house’ tools, known to the researchers at the VUB Architectural 
engineering department. They inform architects on making better design choices with 
regard to reversible design and decrease the environmental impact. There are two categories 
of design tools: qualitative and quantitative. It is important to consider that these design 
tools are also chosen based on their usability as they should be implemented by architects 
during the design process. As the design tools are an important element in this master 
thesis, their characteristics and capacities will be explained. In the next chapters, the tools 
will be linked to specific moments in the design process, based on their input and outcome. 
A table at the end of each explanation indicates these two characteristics.

24 GuIdeLInes to transforMabLe desIGn – quaLItatIVe

The “twenty-four guidelines to transformable building”, published by OVAM in 2016, are 
design principles that support architects to make better decisions with regard to dynamic 
building design.26 The main focus of these guidelines is to minimise waste by extending the 
lifespan of buildings and their materials. The guidelines to transformable design focus on 
three scale levels i.e. neighbourhood level, building level and element level. 27  Therefore, 
their place in the design process is different. 

Table 2.1: categorization of the guidelines to design for change by OVAM 28 
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NEIGHBOURHOOD LEVEL

The neighbourhood level focusses on an urban scale, e.g. connections of the building with 
its surroundings, how the neighbourhood is structured. It tries to question the flexibility 
of the neighbourhood (simplicity and evolution) and the use of durable solutions. For 
example, creating diversity within the neighbourhood, so it can more easily react to future 
changes. Another important goal is to allow as more greenspace into the surroundings by 
minimizing paved coverings of the ground (dimensioning) and creating multifunctional or 
reusable spaces (i.e. multipurpose spaces and reuse)29

Table 2.2: input and output for the neighbourhood level of the 24 guidelines on transformable desing

INPUT This level could/should be considered when designing the exterior 
spaces around the building and connection with the neighbourhood. 
(e.g. simplicity, evolution, dimensioning, disassembly) The neighbourhood 
level requires information about the surroundings and the building 
itself. 

OUTPUT Making design choices while following the guidelines will allow the 
architect (or urbanist) to design a flexible neighbourhood. It will help 
to define a more sustainable building concept, that could improve the 
adaptability to future changes. Some guidelines, however, could also 
help to define main concepts in a design. (e.g. reuse, polyvalent space, 
diversity, infill functional change) 

BUILDING LEVEL

The building level concentrates on the diversity of the building. Connections between 
elements (e.g. wall-floor) are advised to be accessible in order to be able to reuse those 
elements. The guidelines recommend making a clear division between the main structure 
and the infill elements, since they both have a different life span. (disassembly) To react 
to possible functional changes it is recommended to ensure extensibility for interior 
modifications (e.g. technical) as well as vertical and horizontal expansions. 30

Image 2.9: illustration of buildings with decreased extencibility (left) and increased extecibility (right)31

Table 2.3: Input and output for the building level of the 24 guidelines to transformable design

INPUT The building level requires information about the main goals of the 
client. Basic information of the existing building (in case of a renovation)

OUTPUT Making design choices while following the guidelines will allow the 
architect (or urbanist) to design a building that can react to future 
changes in function, interior, exterior… It could also help to answer 
questions as what will the façade look like? What type of bearing structure 
will be used and how will it interact with the interior spaces? However, 
the detailed method of how the changes will be made, will not be the 
outcome of the guidelines on building level.
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THE ELEMENT LEVEL

The element level focusses on detailed design e.g. how are the facades built? Can you 
reuse components after they have done their duty in one building? simplicity, speed and 
reversibility are the guidelines when it comes to interfaces between components. Elements, 
joined with simple connections that are quickly reversed, are more likely to be reused 
and replaced. In order to ensure that materials can be reused after their function has been 
fulfilled, the materials should still be in good shape. Therefore, one should pay attention to 
the use durable materials. Working with elements that are compatible with others, creates 
more options for the use of the element. The reuse of already existing materials should be 
encouraged. When combining the different materials into one element, attention should 
go to independence and place-layering according to lifecycle. This will improve the ease with 
which the materials can be replaced or removed without demolishing or damaging the 
neighbouring materials.32

Table 2.4: Input and output for the element level of the 24 guidelines of transformable design

INPUT This level could/should be consulted once the main design is drawn and the detailing 
should be elaborated.

OUTPUT Making design choices while following the guidelines will allow the architect (or 
urbanist) to design building elements that can be changed and reused over time. It 
will also ease the replacement and removal of components in the elements without 
damaging any materials.

MaterIaL PassPorts – quaLItatIVe

Promoting a circular economy in the construction sector requires a large amount of 
information. Some of the information is already available, but not in a centralised place. 
Other information is unknown, or is not publicly available. Material passports were 
invented to centralise all available information in a logical and structured way. They are 
coupled to a material, element or component of the building and make it possible to 
update the information during the life cycles. Material passports provide the information 
to improve the circularity of a building and the possibility to reuse its components by 
providing detailed information about the building and its components. This will facilitate 
the future renovations as architects and contractors will be aware of which materials they 
will, and will not, be able to reuse. However, the material passports are only one step 
towards a circular building as the following quote explains.33 34

 “Having a passport does not necessarily make the product good for the Circular Economy. It is 
about what is in the passport. If the product indeed has good circular potential the passport is an 
enabler to fulfil that potential.”35

Table 2.5: Input and output of a material passport

INPUT In order to set up a material passport, one must have all the data on all the materials 
used in a building.

OUTPUT The material passports will create a list that can help with the reuse of components 
during future renovations.
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scenarIo PLannInG –quaLItatIVe 
In the fast-changing society of today, the future of a building is a large uncertainty. 
Economics, lifestyles, politics, … are changing all the time. Reconversion of a building’s 
function into a different one, usually goes hand in hand with an alteration of the building. 
A building that does not allow alteration will often be demolished, creating a lot of waste. 
To help architects imagine possible future changes and how a building should respond 
to those, the method of scenario planning was developed. When using this method, the 
architects envision different plots. Applying these plots to their designs will allow them to 
deduce which parts of the building should be adaptable. 

Another important parameter in the scenario planning method is the speed with which the 
changes will happen. ‘Does a building have to be adapted every 5 years or every 50?’ ‘Will 
the change happen gradually or will the building change its function all at once?’

One example is the change in a single-family home. Four possible scenarios for such a 
house are represented in Image 2.10:  four possible scenarios for a single-family home. 
Scenario 2 and 3 show more divergent household types that have been emerging with the 
change in moral values and family compositions.36 Image 2.10:  four possible scenarios for 
a single-family home also illustrates the rate of change (e.g. scenario 1 and 2 have a higher 
changing rate than 3 and 4.) Other possible scenarios could be the change of a function 
(e.g. an office building turning into housing). 

Image 2.10:  four possible scenarios for a single-family home37

Table 2.6:Input and output of scenario planning

INPUT Scenario planning should be introduced when the main concepts are 
determined, but the design (i.e. wall placement, façade design) has not 
yet started. 

OUTPUT Scenario planning can help to define project strategies

In itself it does not ensure an adaptable building nor does it mean that 
less waste will be produced during a possible reconversion. However, it 
does open the mind of the architects and allows them to imagine which 
building elements should be adaptable (e.g. interior walls) or which 
elements should be over dimensioned (e.g. technical shafts). Scenario 
planning can also improve communication with the client, as it gives a 
clear image of why a certain investment is would be worth making.38
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LIfe cycLe assessMent – quantItatIVe

A life cycle assessment (LCA) is a commonly-used method to evaluate the potential 
environmental impact of a product or service throughout its full lifecycle, i.e. from the 
extraction, uses and reuses to finally the end of life of each material the product or service 
contains 39. An LCA is carried on in four stages: goal and scope definition, life cycle 
inventory, life cycle impact assessment and interpretation of the results. 40

In the second stage, life cycle inventory (LCI) an inventory of all materials and processes 
involved in the life cycle of the product is carried on, including the resources consumed and 
emissions released. In the third stage, life cycle impact assessment (LCIA), the information 
in this LCI is linked to the potential environmental problems the emissions could cause, 
for instance, land-use, greenhouse gasses 41. An example of LCIA method is ReCiPe. This 
method calculates the environmental impact in two phases.  In the first phase, one must 
calculate the impact with low uncertainty.  Eighteen detailed categories, for instance, 
climate change, freshwater use, and marine toxicity are defined in this first phase. The 
second phase categorizes the impacts into three endpoint categories. Damage to human 
health, damage to ecosystem diversity and damage to resource availability, respectively each 
category counts for 40%, 40%, and 20% of the (aggregated) single score.42

Applying the LCA method to buildings is a complicated task, due to the long and 
uncertain lifespan of a building, the combination of many materials of different sources 
and production processes, the evolution of these materials over time and the fact that each 
building is different.43 Due to this complexity, the Flemish Public Waste Agency (OVAM - 
Openbare Vlaamse Afvalstoffen Maatschappij) created several tools allowing designers and 
architects to calculate their environmental impact in an easier way. Two examples of these 
tools are Totem and the ecolizer. Both tools are largely based on the same LCI datapbase, 
ecoinvent, but they both use a different LCIA method. Where the ecolizer is based on 
the ReCiPe method, explained above, Totem utilizes a monetarization method. 44This is 
a method that converts CO2 emissions into € to show the costs needed to repair the 
environmental damage or to prevent the environmental damage the exploitation, use and 
end of life treatment could case.45 However, to simplify the calculations, many assumptions 
are made behind the numbers in these tools, making them less certain than a full lifecycle 
analysis. Another disadvantage is the fact that the ecolizer and Totem take only the first life 
of materials into account.46 Therefore, the information obtained from these tools is rather 
indicative and indicates the potential damage made to the environment even less accurate 
than a full LCA would provide.
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TOTEM

Totem is an inter-regional, online tool, developed to calculate the environmental impact of 
buildings and building elements. It is directed towards architects and engineering offices.47 
The user must indicate the composition of the building, including the type and quantity 
of materials. Users can choose building elements from the Totem library or create their 
own by combining different materials into one element. The library, included in Totem, 
contains many standard Belgian building materials. 

Depending on the amount of information given to the program, Totem can calculate the 
environmental impact on building level as well as element level. Currently, the tool does 
not take reversibility and transformability into account. However, it will probably consider 
them in future versions.48

Table 2.7: Input and output of Totem

INPUT Totem requires the user to be able to indicate specific building 
element setups. The amount of each material in the building has 
to be known to obtain relevant results. 

OUTPUT The user will receive an environmental impact score. Comparing 
different scores can help the user to on which specific material to 
choose.

ECOLIZER

The ecolizer tool focusses on a broader field of designers (e.g. product designers, interior 
designers). The material used in the project and their processing method are listed. Each 
material and processing method corresponds to a number of environmental points given 
by the ecolizer. These points indicate the environmental impact for each material and 
processing method. Adding up all the environmental points will allow the user to calculate 
the effect of the project on the environment.49

However, given the small amount of time designers have to make decisions and do research 
on the materials they are using. The ecolizer appears to be appropriate for small and fast 
calculations on the impact of materials on the environment. 

Table 2.8: input and output of nibe environmental classification system

INPUT The Ecolizer requires the user to know or estimate the amounts of 
each material in a project and how these materials are processed 
before their use.

OUTPUT The user will receive an environmental impact score. Calculating 
scores for different materials and how they are processed, allows 
the designer to compare and make better informed choices. This 
can help when choosing the main materials used in a design.

NIBE ENVIRONMENTAL CLASSIFICATION SYSTEM

Another interesting tool to simplify a LCA is the NIBE environmental classification, 
developed by The Dutch Institute for Building biology and Ecology (Nederlands Instituut 
voor Bouwbiologie en Ecologie, NIBE). The system classifies building products according 
to their environmental impact. The different classes are listed in Table 2.10. For each 
product, the specific impacts (e.g. greenhouse gasses, human toxicity) are specified in a 
series of graphs. This way the user can evaluate for himself which parameters he wants 
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to focus on when making design choices. The NIBE environmental classification system 
quickly informs architects and other actors in the design process of the environmental 
impact connected to choices of materials certain design.50

Image 2.11: exemplary page showing the information on the environmental impact of the building product for specific 
environmental cirteria 

Table 2.9:INPUT AND OUTPUT of the nibe environmental classification system

INPUT To use NIBE classification system information should be given about the materials the 
designer wants to use in the project. For certain products, the tool requires information 
about the function of project and minor structural choices.

OUTPUT The user will be able to trace the environmental class of the product. He will also be 
aware of the specific environmental impact of this product. This will allow him to 
compare different materials and make better informed choices.
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Table 2.10: environmental classes established by Nibe51

CLASS SUBCLASS DESCRIPTION

1 a
b
c

Best choice

2 a
b
c

Good choice

3 a
b
c

Acceptable choice

4 a
b
c

Not an optimal 
choice

5 a
b
c

Not 
recommendable

6 a
b
c

Bad choice

7 a
b
c

Unacceptable 
choice

>7c

The three case studies give versatile, yet similar angles on the design processes of post-
war high-rise renovations. The fact that all three case studies apply the same renovation 
method, makes them easily comparable. However, they differ in the way this method was 
applied, but also in the type of client who owns the building and the previous experiences 
of the architectural offices. The variety of tools, explained in this chapter, addresses 
different elements of a design. Resulting in a diversity of in- and outputs for each tool. The 
knowledge and information explained in this chapter will serve as a base for the timeline 
development method that will be established in the next chapter. 
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CHAPTER 3

timeline 
development 

method

3.1. time line development method

For answering the research goal, a pragmatic yet versatile analysis method was 
developed. It reviews design aspects, design phases and decision moments and visualizes 
them on a timeline. These elements build up the timeline and are explained below. 
The result allows identifying key phases in the design process, etc. Thereafter this 
method is illustrated using the three case studies for which it was iteratively set-up 

and refined during the course of this research.

The proposed method combines elements of the studied design assessment methods 
of Meex and RIBA plan of work, and was developed further during the review of 
the three cases to also fit the larger scale and complexity of high-rise apartment 
refurbishments. This development was only possible through the discussions with 
the lead architects of each project. These discussions intervened with the design 
process in time and content, and might have influenced them. However, this 
approach, so-called action research, was the only way to better understand the 
design process and build with the architects a shared vocabulary and understanding. 
After all, learning by doing, i.e. experimentation, is considered a very effective and 

authentic way to learn and gain new knowledge.

The timeline method builds on the state of the art research methods presented in 
chapter 1. In order to structure the design process, it is broken down into two 
parameters. Firstly, the design process is divided into design phases. These phases 
are progress based. The second parameters are design aspects. These aspects refer 
to subjects the architects focused on during the design. The design aspects can also 
be chosen depending on the purpose of the analysis; in this case design for change 

and circularity. 
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design phases
The concept of design phases is an aspect that recurs in literature. For example, in the work 
of Elke Meex, she divides the design process into stages (i.e. predesign, design, building 
permit and execution stage). These stages are based on interviews with Flemish architects 
and thus on the most common private building practice in Flanders.1

Since the timeline development in this thesis will work with larger, both public and private 
renovation projects, more general labels were needed to characterize the design phases. 
More methodological flexibility is offered by adopting the phases used in the RIBA plan 
of work (i.e. conceptual design, developed design, detailed design phase and execution 
phase)2.  Table 3.1 explains the design phases used for the analysis in this master thesis. 

Even though the determined design phases often correspond to actual stages (e.g. 
competition, execution), this should not be the case for the timeline development in each 
project, as the timeline development method attempts to correspond to a variety of design 
processes. One should still be able to apply the timeline development method to analyze a 
project that, for example, did not go through a competition phase.  It is also important to 
understand that the design phases are not based on exact time periods, but rather on the 
progress of the design. As no progress is made during periods where a project is on hold, 
(e.g. to wait for the acceptance of the building permit or the outcome of the competition), 
these periods are not taken into account for the development of the timelines.

Table 3.1: Understanding design phases, inspired by both Meex and RIBA plan of work

C O N C E P T U A L 
DESIGN PHASE

The main concepts are defined. 

No final choices are made yet.

This is when the client gets his first idea of what the project will 
look like.

This phase usually corresponds to the competition phase.
D E V E L O P E D 
DESIGN PHASE

More specific choices are made, like the type of structure or general 
choices for the materials. Usually the actors are in the possession 
of more information during this phase. Therefore, they sometimes 
review and change some choices, made in the conceptual phase, 
due to budget, structural restrictions, …

D E T A I L E D 
DESIGN PHASE

To make the choices, made in previous phases buildable, the 
building details are worked out.

E X E C U T I O N 
PHASE

In preparation of the execution, detailed drawings are developed 
including also all technical designs. Specific choices are made about 
brands, materials, products, …3
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design aspects
As mentioned above, the second way to structure the design process is the categorization of 
design decisions into aspects. The aspects are chosen depending on the desired information 
to be received from the timeline development. In specific analysis, only one aspect could 
be chosen. However, by choosing different design aspects, the interactions between them 
could become clear, offering more nuanced information and in-depth insights.

For this thesis, five design aspects were chosen to structure the timelines of the three case 
studies. These design aspects are the common denominators for the three post-war high-
rise cases studied in this thesis. The first one, ‘Function’ indicates the way the vertical 
and horizontal extensions of each building are planned to be used (e.g. as winter garden, 
terrace, thermal buffer). In each of the studied case these extensions are essential to make 
the buildings fit-for-purpose again. The second aspect, ‘Structural design’ illustrates how 
those extensions structurally work and what they look like. This is closely related to the 
third aspect: ‘Material’. This aspect is common in all building projects and depending on 
the design phase, it focuses on structural material use, finishing materials, etc. The fourth 
selected aspect is the ‘Inhabited construction’. As mentioned in chapter two, this concept 
was introduced in the projects by Lacaton & Vassal. From the interviews, it became clear 
that this aspect took interesting paths over the course of the case study design processes 
and was applicable on other projects too. The last aspect is ‘Techniques’ since the first 
review of the design proposal already indicated that including this aspect would give a more 
complete story on post-war high-rise renovations.

design process
Now that the main frame is set, the timelines themselves can be developed. As explained 
in chapter two, information on the design process can be obtained by interviewing the 
architects, who designed the project. This information can then be completed with 
information from plans and documents that were created over the course of the design 
process.

The timeline development method makes a distinction between gradually flowing timeline 
arrows and punctual decision moments. 

TIMELINE ARROWS

Each design aspect has its own timeline. They are continuous over the design phases, 
becoming wider around the times when more attention was paid or research was done on 
the specific design aspect. Contrary to many theories on design processes, the timelines in 
this thesis are developed linearly.4 However, this model leaned the closest to the information, 
received from the interviews on the case studies. 

Two types of transitions in thickness are indicated by the timeline. The first one is a smooth 
transition. This refers to a certain decision, that is studied, made and developed further or 
put aside for later development. The second transition is very abrupt. It usually means that 
a certain aspect was dropped or instantaneously implemented without further research. 
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Figure 1: arrow thickness transitions

DECISION MOMENTS

To indicate punctual choices, decision moments were introduced. They are usually preceded 
by a growing timeline and followed by a gradually decreasing one, indicating the research 
done to reach a decision and the further development and testing of this decision.

Decisions are characterised by an objective, influencing factors and an outcome. The 
objective is usually the intended result, defined by the client, the legislator or the architects 
themselves. Influencing factors guide the research towards the outcome, the final choice 
or decision. Influencing factors could be external (e.g. preferences of client, state of the 
existing building, budget cuts) and internal (e.g. a previously made decision).
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3.2. case specific timeline development

In this subchapter, the timeline development method will be applied to the case studies, 
presented in chapter 2. Each timeline will be introduced by a small text explaining the 
design process, influencing factors and decisions for each design phase, followed by the 
timeline of the design process. A more elaborate and detailed timeline for each case study 
can be found in Annex.

peterbos #9 – 51n4e & lacaton&vassal
INFORMATION USED TO BUILD THE TIMELINES

Two interviews with the project architects: Jan Opdekamp and Ruben Janssens. 
(full interviews can be found in annex 1 and 4)5 6

plans and detailed presentations over the whole design process

The design process of the Peterbos #9 project follows the trajectory indicated by Elke 
Meex quite closely. However, at the moment of the interviews, the project had just handed 
in their building permit, meaning that they were in the beginning of the detailed design 
phase. Many choices in terms of detailing were not yet made.

CONCEPTUAL DESIGN PHASE

As mentioned in chapter 3.1.1, the competition phase and conceptual design phase can 
be linked. This was also the case for Peterbos #9. The function of the horizontal extension 
plays the main role in this phase. The goal of 51N4E and Lacaton & Vassal was to create 
a generic renovation solution for high-rise buildings with problems, similar to the ones 
of Peterbos #9. The main principles are largely based on the design principles of Lacaton 
& Vassal. However, 51N4E attempts to challenge these principles by adding an extra 
parameter, circularity and sustainability. However, this last argument stays rather vague in 
the final competition proposal. 

By the end of the conceptual design phase, some assumptions are made about structure, 
material and techniques. Image 3.1:  render of the competition project shows the first 
intension of the renovation, but no real decisions are made yet.

Image 3.1:  render of the competition project7
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DEVELOPED DESIGN PHASE

“[…] we took a few steps back, to look at a number of obvious decisions. That was, for example, 
researching whether we could make a structure that was circular. In the end, this was the biggest 
intervention.”8

The words “circular building” were already mentioned as a strategy in the conceptual 
design phase. In the developed design phase, the architects tried to find ways to make the 
horizontal extension in a more sustainable way. From the beginning of this phase, they 
also decided to work with an inhabited construction. This gave extra boundary conditions 
to the design of the external façade. Mainly this meant that all the elements had to be 
prefabricated and quickly mountable.

Four different structural scenarios were established. The structures in the scenarios are 
not always standard structures. Table 3.2: scenarios, influences on the scenarios and why 
a certain scenario was prefered to another show these scenarios along with the reasons for 
their particular shape. The table also shows the main reasons for why the scenarios were 
(not) chosen. An overall problem the architects ran into, was the lack of information and 
tools to make choices based on sustainability and circularity. They found it then even 
harder to convince their client to spend more money on a structure that was black on white 
not proven to have a lower environmental impact.
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Table 3.2: scenarios, influences on the scenarios and why a certain scenario was prefered to another

SCENARIOS MAIN INFLUENCING FACTORS ON THE 

DESIGNED SCENARIOS

MAIN REASONS FOR (NOT) 

CHOOSING A CERTAIN SCENARIO

 
OPTION 1: PREFABRICATED 
CONCRETE BEAMS & SLABS

(CHOSEN OPTION)

Material usage reasons

Standard concrete beams are 
connected to concrete slabs.  The 
concrete slabs are ribbed to use as 
little material as possible

Most efficient and least 
expensive construction.

OPTION 2: CONCRETE 
MUSHROOM STRUCTURE

Modular reasons

A modular system of alternating 
prefabricated, concrete 
mushrooms and slabs. This 
system could be used as a 
standard for many other designs

Too expensive.

Dimensions were too large 
for prefabrication and 
transportation.

 

OPTION 3: PREFABRICATED 
STEEL COLUMNS & CONCRETE 
SLABS.

Structural reasons

To keep the foundations of the 
horizontal extension far away 
from the existing foundations, 
only one column carries the 
structure. Mass is created around 
the point where beam and 
column meet to counter the 
bending moment.

To improve the fire 
resistance the structure 
must be coated. The 
architects were not sure 
whether this would still be 
better for the environment.

OPTION 4: TIMBER BEAMS & 
CONCRETE COLUMNS

Fire standards

The timber beams require to 
have a large diameter so they 
are able to stand for at least 
two hours.

“Due to large diameters, 

you lose the elegance of the 

structure”9



40 RENOVATION OF RESIDENTIAL POST-WAR HIGH-RISE: 
UNDERSTANDING THE DESIGN PROCESS AND IMPACT OF REVERSIBLE DESIGN TOOLS AND STRATEGIES

The one of the main things the architects were comparing of during the comparison in 
table 3.2, above, was the environmental impact of the materials used to build the structure, 
before their use. However, after they make the choice for concrete, attention is still payed 
towards whether or not option one should could still be a reversible structure. This search 
is put on hold because the team had to start the preparations for the building permit.

The function remains an interesting aspect of the developed design phase as well. Even 
though the user function was already fixed, the thermal function of the horizontal extension 
stayed an important research topic. The thermal regulations system in Belgium (EPB) 
cannot take into account the function of the winter garden as a thermal buffer. This has an 
impact on the material used in the detailed design phase. The insulation in the building 
will have the same thickness as it would have had without the winter gardens.

“Therefore [by not taking into account the buffer effect], we now have to submit the building 
as if there is little difference to a standard building. towards our client, we can prove with the 
dynamic calculations that we make an effective improvement in terms of energy consumption. 
In the classical [static] calculations, the building will also answer to the classical criteria. 
Unfortunately, the preheating buffer effect will not be taken effectively into account.”10

The buffer effect of the winter gardens is however taken into account in for the choice of 
the ventilation system. The chosen ventilation system, system C, takes fresh air from the 
exterior to interior through the winter gardens, where the air is already warmed. The heating 
system, on the other hand, is influenced by the choice for the inhabited construction. It is 
integrated into the horizontal extension. As soon as the element of the new structure is in 
place, the existing heating system can be demounted and be replaced by a new one.

Image 3.2: The schemes show the main principles of the buffer effect of the wintergardens11

DETAILED DESIGN PHASE

At the time of the interview, the architects had just started the detailed design phase. 
Therefore, the timeline of this case study only documents the beginning of this phase. 
However, they did explain the different decisions they would still have to make in the 
future, for example, whether the connections between the structural concrete elements 
would be reversible or not. A research track, they already started without making decisions 
yet.
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cosmopolitan

INFORMATION USED TO BUILD THE TIMELINES:  

Two interviews with the project architect: Lourenço Van Innis (two full 
interviews can be found in annex 2 and 5)12 13

Detailed final construction plans

Competition plans and renders

Sketches made over the course the design process

The client had bought the -then office and hospital- building with a building permit, made 
by another architect. However, he wanted many changes to the design of the building. 
The façade had to change from red panels to white steel terraces. The hospital, located 
on the four bottom floors, had to be removed and replaced by two floors of offices. The 
others had to become residential like the rest of the tower. The client also wanted a vertical 
extension of three building levels. Therefore, a building permit modification was requested 
and granted. However, this meant that the speed of the design process was augmented.

“The evolution of these plans was very peculiar. When we passed this competition, there was 
actually almost no predesign phase because the client had bought the building permit with the 
building. Therefore, we had to go really fast.” 14

In this project, the conceptual and developed design phase passed quickly to the 
execution phase. The most important influencing factor in the whole design process of 
the cosmopolitan is the building analysis, held at the beginning of the execution phase. 
The structure was revealed to be in bad condition on certain levels. This influenced many 
choices, for example, the material choice of steel instead of concrete for the flooring of 
horizontal extension.

CONCEPTUAL DESIGN PHASE

In this case, the competition phase can be seen as the conceptual design phase. As in Peterbos 
#9, the function played the largest role in this phase. The design included a vertical as well 
as horizontal extension of the building. Since the client wanted a diversity of apartment 
sizes, the architects played with different functions they could assign to the horizontal 
extension. At the end of the conceptual phase, the architects propose to use the extension 
as winter gardens, terraces and as the vertical circulation space in duplex apartments. Not 
many decisions are made for the other design aspects. For the competition, the architects 
made renders to show their intension.
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Image 3.3: conceptual render made for the competion of the 
cosmpolitan15

Image 3.4: interior sketch of the wintergarden serving as 
circulation space for duplex apartments16

DEVELOPED DESIGN PHASE

After winning the competition, the project was worked out for the permit modification. The 
design gets more specific as the client also influences the design from this point onwards. 
The functional choices are revisited and changed. Since the client was a promotor, he 
wanted the building to be spatially efficient. Therefore, the idea for the design of duplexes 
was eliminated. Later during the development phase, after many discussions with the 
firemen, the idea to make winter gardens proved to be complicated and expensive and was 
therefore canceled as well.

 “Unfortunately, it [duplex apartments] is not very interesting for a promotor. Because you lose 
a lot of space. You have the stairs and everything inside the apartment and it is lost space. And 
so, we proposed that in the design phase, but in the end, for the building permit, we decided to 
take it out and there were no duplexes anymore.” […] “For the winter gardens, those were even 
in the building permit. but in Brussels it is quite difficult to have winter gardens because of fire 
regulations.”17

Without any actual knowledge of the state of the building, the architects started to develop 
the structural system for the horizontal and vertical extension. Concrete slabs would be 
anchored into the existing structure. they chose concrete for its fire resistance. A non-
bearing steel façade would be placed around the building to carry the balustrades and the 
sun protection screens. The architects, together with the client, determined the main look 
of the building; white steel sunshields, white steel frame to shape the terraces, aluminium 
windowframes, etc.

Towards the end of the developed design phase, the engineers started calculations on a 
ventilation system D for the building. the existing shafts would be used as their calculations 
confirmed that they would be large enough. Each apartment would have its own ventilation 
group. 

DETAILED DESIGN PHASE

The choices, made in during the previous phases are designed to be buildable during this 
phase. The main design aspect here is the material choice. The type of insulation, flooring, 
facade, interior materials are all determined to match the main look appointed during the 
developed phase. 
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EXECUTION PHASE

As mentioned above, all choices before this phase were made without knowing the actual 
state of the building, especially of the bearing structure. The building analysis was only 
possible in the beginning of the execution phase. From the analysis, it became clear that the 
existing concrete was in really bad shape in some parts of the building. This posed problems 
for many choices, made in previous phases. 

“what was quite complicated was that because we add three more levels, and because the building 
was quite old, the concrete was in bad shape. It was really of the worst and we worked with utile, 
stability engineers. We found solutions to reinforce the structure. So, we put “micropalen” into 
the foundations and we reinforced the columns in all the structures. There is even a floor, the 
fourth floor, where we demolished all the columns and rebuild new ones. There was a moment 
where the building was hanging. What we also had to do is, the central core, because the central 
core was not solving the bracing of the whole building when 3 extra floors were added. We had 
to change the core, so what we had to do was demolish the whole core and build a new one. You 
can think that it might have been cheaper to just demolish the whole building and build a new 
one, […]”18

The horizontal extension could no longer be anchored into the existing structure and it 
had to become lighter. This led to the choice to build the horizontal and vertical extensions 
completely in steel rather than the previously chosen concrete. Since the fire resistance of 
steel is much lower than the one of concrete, a new solution had to be found to correspond 
to the fire safety regulations. The firemen were able to accept the construction if it could 
stand for one hour during a fire. This lead to a structural system where the horizontal 
extension is partially self-bearing and partially carried by the original concrete structure. In 
case of a fire, the vertical steel structure would not be able to stay up, while the steel floors 
would stay stronger as they are attached to the existing concrete slabs. This is an example 
where the design process can be represented by the looped systems discussed in chapter 
one. As a design choice had to be revisited and redesigned.

During construction, it became clear that the technical shafts were not wide enough to fit 
all the ventilation shafts, calculated by the engineer, meaning that a recalculation had to be 
done. While building, the engineers noticed that they would need a ventilation unit on the 
roof of the building, something that was not foreseen.

Image 3.5: photoghaph of the built facade19
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tour brunfaut – a229 & dethier

INFORMATION USED TO BUILD THE TIMELINES:  

Two interviews with the project architect: Renaud van Innis (two full interviews 
can be found in annex 3 and 6)20 21

The application for Be.exemplary22

Feasibility study by Lacaton&Vassal23

Final detailed sections

Conference document Brussels heritage24

What makes the design process of Tour Brunfaut different from the previous two casestudies 
is the fact that most decisions are made in the conceptual design phase. Afterwards the 
architects had to make minor changes to answer to regulations, but overall nothing 
significant changed. The reason for this particular difference is due to the feasibility study 
composed before the start of the competition phase. This feasibility study contained a full 
building analysis, some first design proposals and main fire and energy legislations, that 
the architects had to keep in mind. This allowed them to create concepts that take all these 
issues directly into account, leaving less room for surprises in further design phases.

FEASIBILITY STUDY

As explained before, the project started with a feasibility study held by Lacaton & Vassal. 
Their first step was to do a thorough building analysis on nearly each design aspect. As 
in the building analyses of the previous case studies, the bearing structure, materials, for 
example the presence of asbestos, and technical installations were examined. Particularly in 
this building analysis, they investigated social, functional aspects as well. Lacaton & vassal 
visited every apartment to check the number of residents in relation to the number of 
bedrooms in each apartment. This proved an irregularity in apartment occupation. 

From these analyses, Lacaton & Vassal set up a list of propositions, for example, build 
with lightweight materials as the structure will not be able to bear more, replace technical 
installations, increase the apartment height if possible, but also guidelines on how much 
each apartment had to be enlarged and how the number of apartments could not be 
decreased. These propositions served as the base for the competition that followed. 

CONCEPTUAL DESIGN PHASE

As in the previous case studies, the conceptual design phase and competition phase can 
be linked. Because of the propositions and building analysis in the feasibility study, the 
architects were able to develop a relatively detailed design concept during the conceptual 
design phase. They were able to make decisions on all five design aspects. Creating a 
concept where all aspects are closely linked. Therefore, this phase can be associated with 
the transparent layer scheme introduced in chapter one. As each decision on each design 
aspect is connected to the other.

To keep the same number of apartments while enlarging them, A229 proposed to add four 
additional floors as a vertical extension on the top of the building and a horizontal extension 
on the east- and west facades. The horizontal extension in Tour Brunfaut would serve as 
interior space and wintergardens. An insulated façade panel system would be attached 
to the horizontal extension. The first concept for this system can be seen in Image 3.7: 
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schemes made for the competition. a clear material concept is already developed. Because 
the existing bearing structure was not strong enough to bear the load of the extra floors, a 
structural concept was developed, where the vertical and horizontal extensions would work 
together as a bridge system. The bottom level of the vertical extension would be a structural 
floor that transfers the loads of the floors above to the columns of the horizontal extension. 
Image 3.6: the structural concept to bear the extra four level added to tour brunfaut shows 
the main principle of this structural concept.

Image 3.6: the structural concept to bear the extra four level added to tour brunfaut25

The fire safety laws combined with the weakness of the bearing structure and the low ceiling 
height, did not leave much choice in terms of structural floor material. As concrete would 
be too heavy and steel would not be fire resistant enough, full timber floor slabs seemed to 
be the best fit. The low height of the ceiling and the weakness of the building also influenced 
the technical concept. To prevent the load of very heavy technical ventilation and heating 
units on the existing structure, the installations were distributed over the building; one on 
the ground floor, one in the middle and one on the roof. Extra vertical ventilation shafts 
were installed to minimize the length of shafts that run horizontally, reducing the surface 
of false ceilings to keep the apartments as high as possible. For this reason, the electricity 
is also kept visible on the apartments ceilings. Because Lacaton & Vassal had proposed to 
work with an inhabited construction for this project as well, A229 had incorporated this 
idea into the concept as well.

 

Image 3.7: schemes made for the competition. a clear material concept is already developed26
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DEVELOPED DESIGN PHASE

As mentioned before, the concepts were discussed with the client during the following 
phases, while little was changed to the design. Discussions with the client allowed for 
certain functions to be added while others were removed. During this phase, the architects 
developed the construction plan for the inhabited construction further into detail. Since 
Tour Brunfaut was in poor conditions, the whole interior had to be replaced. As a result, 
the inhabitants would not be able to stay in their apartments. They would have to move a 
few times during the construction works. Moreover, the whole process from the feasibility 
study, the competition and then the development phase had taken many years, allowing 
Tour Brunfaut to decay even more. Over time the social housing company had stopped 
replacing departing residents with new ones. The building started to become empty over 
time. Therefore, the client and the architects did not see the profit of making a large 
investment into an inhabited construction for the few residents still present in the building.

Image 3.8: scheme for the planning of the inhabited construction in Tour Brunfaut27

DETAILED DESIGN PHASE

As in the previous case studies, material was the most significant design aspect in the 
detailed design phase. The detailed materials were chosen with the client, fire regulations 
and energy performance in mind. The materials chosen for the façade and floorings seem 
to be keeping sustainability and reversibility in mind as is explained in their candidacy for 
be.exemplary.28



F
E

A
S

IB
IL

IT
Y

 S
T

U
D

Y
 &

 B
U

IL
D

IN
G

 A
N

A
LY

S
IS

FU NCTIONSTR UCTU RAL DESIG N
D

E
V

E
LO

P
E

D
 D

E
S

IG
N

 P
H

A
S

E
MATE R IALTECH N ICS

D
E

TA
IL

E
D

 T
IM

E
L

IN
E

B
R

U
N

FA
U

T
 TO

W
E

R
B

Y
 A

2
2

9
 A

N
D

 D
E

T
H

R
IE

R
 A

R
C

H
IT

E
C

T
S

I N HAB ITE D 
CONSTR UCTION

C
O

N
C

E
P

T
U

A
L

 D
E

S
IG

N
 P

H
A

S
E

D
E

TA
IL

E
D

 D
E

S
IG

N
 P

H
A

S
E

Th
e process is devided into progress based param

eters, horizontal direction. 
In the vertical direction, the process is classified into design aspects, 

subjects architects focussed on during the design process. Each aspect has 
an arrow traveling allong the design phases. Th

e thickness of this arrow 
indicates the am

ount of research done, leading to a decision. 

BUILDING PERMIT

S
m

ooth transition
a decision is m

ade and w
orked out

A
brupt decision

usually it m
eans that an idea or aspect is dropped

D
ecision event

C
losely connected research

Influences

suggestion

* see description

BU
ILD

IN
G

 AN
ALYSIS

M
O

RE D
IVERSE AN

D
 LARG

ER APARTM
EN

TS
N

O
 RED

U
CTIO

N
 IN

 N
U

M
BER O

F APART-
M

EN
S PO

SSIBLE

H
O

RIZO
N

TAL EXTEN
TIO

N
 AS IN

TERIO
R SPACES AN

D
 

W
IN

TERG
ARD

EN
S.

VERTICAL EXTEN
TIO

N
: AD

D
ITIO

N
 O

F 4 FLO
O

RS

SERIES O
F D

ECISIO
N

S 
TO

 CREATE CO
M

M
U

N
AL SPACES CERTAIN

 SO
CIAL 

FU
N

CTIO
N

S ARE CU
T 

FRO
M

 TH
E PRO

-
G

RAM

STREN
G

TH
EN

 EXISTIN
G

 STRU
CTU

RE
The existing building cannot bear m

ore 
then it is carrying now

H
O

RIZO
N

TAL AN
D

 VERTICAL 
EXTEN

SIO
N

 W
O

RK TO
G

ETH
ER 

AS A BRID
G

E ARRO
U

N
D

 TH
E 

EXISTIN
G

 BU
ILD

IN
G

.

STREN
G

TH
EN

 EXISTIN
G

 STRU
CTU

RE
The existing building cannot bear m

ore 
then it is carrying now

U
SE LIG

H
TW

EIG
H

T M
ATERIALS

The existing building cannot bear m
ore 

then it is carrying now

EN
SU

RE FIRE SAFETY
STEEL CO

LU
M

N
S

TIM
BER FLO

O
RIN

G

W
O

RK W
ITH

 FACAD
E PAN

ELS 
W

ITH
 ALU

M
IN

U
M

 FIN
ISH

IN
G

FACAD
E PAN

EL:
- 

Tim
ber fam

e
- 

Rockw
ool insulation

- 
Alum

inum
 finishing

-  
O

nly dry connections

PLAN
 O

F H
O

W
 TH

E IN
H

ABITED
 

CO
N

STRU
CTIO

N
 W

O
U

LD
 W

O
RK

BU
ILD

IN
G

 IS D
EVID

ED
 U

N
TO

 
CO

M
PARTM

EN
TS W

ITH
 EACH

 ITS 
O

W
N

 TECH
N

ICAL U
N

ITS

W
O

RK W
ITH

 IN
H

ABITED
 

CO
N

STRU
CTIO

N

PLAN
 FO

R IN
H

ABITED
 CO

N
-

STRU
CTIO

N
 IS D

RO
PPED

REPLACE 
ALL TECH

N
ICAL 

IN
STALLATIO

N
S TO

 
CO

RRESPO
N

D
 TO

 CO
N

TEM
PO

RARY STAN
D

ARD
S

VISIBLE BU
ILT-U

P TECH
N

IQ
U

ES

CEN
TRAL VEN

TILATIO
N

 W
ITH

 H
EAT 

EXCH
AN

G
ER.

 H
EATIN

G
 TH

RO
U

G
H

 AIR PU
LSATIO

N



50 RENOVATION OF RESIDENTIAL POST-WAR HIGH-RISE: 
UNDERSTANDING THE DESIGN PROCESS AND IMPACT OF REVERSIBLE DESIGN TOOLS AND STRATEGIES

3.3. retrospective reflection and findings

The following paragraphs describe observations made after applying the timeline method. 
First, some observations are made on the method itself. They indicate the weaknesses 
and the strengths of the method. Second, the results, found by applying this method, are 
explained.

retroactive reflection on the analysis method
The accuracy of the timelines is strongly depended on the information received by the 
researcher who develops the timelines. Because the presented timelines are based on 
interviews, they portray the subjective view of the project architects, based on what they 
could recall from previous discussions with clients and engineers. Therefore, they were 
only able to explain the decisions that were most important to them and the project.  
Furthermore, as mentioned in chapter 2, the architects were aware of the main subject of 
this research. This could have influenced the information provided during the interviews. 

In order to build extremely accurate timelines, one must have very detailed information. 
One way to obtain this level of accuracy could be by following each design meeting. The 
topics that were discussed during the different meetings should then be added to the 
timeline. However, this was not possible for the creation of the timelines in this research. 

The timelines in this master thesis still give a good indication of what was most important 
for the architects and clients throughout the design process. During the interviews, the 
biggest struggles and most significant solutions came forward. Therefore, these timelines 
should be seen as an important overview, indicating the main evolutions and decisions of a 
project throughout a design process. 

insights received from the method
The timelines, developed in this thesis also allow to compare the process of the different 
projects and indicate where they differ or where they are similar. The following paragraphs 
compare the different design phases over the three case study projects. Further observations 
can be made over the whole design process such as recurring drivers, discussions and the 
main focusses, but also the length of the phases, the speed of the process, … It is important 
to understand the dynamics in the design process to be able to evaluate whether a certain 
intervention in the process would have an impact.

COMPARISON OF DESIGN PHASES OVER THE THREE CASE STUDIES

Feasability study

Although only one case study in this thesis, Tour Brunfaut, was preceded by a feasibility 
study, it proves to be an interesting medium to test design proposals. The study served as 
competition guidelines and thus as a base for Tour Brunfaut. Even in the final design, its 
influence is still visible. 

Conceptual design phase

The main focus in this phase is usually the function as this will have a large impact on the 
concept and the further design of the building. The other aspects are kept in mind, but are 
in most cases not worked out yet. However, as mentioned above, these changes when the 
state of the existing building is already known (e.g. in the Tour Brunfaut). 
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Since this phase is linked to the competition phase, in the three case studies, the architects 
have the ambition to win the competition. This is when an original design tool or 
proposition is welcomed. However, the ambitions of this phase only reach the final design 
if they are proven or strong enough to convince the client.  The client is usually not yet 
present during discussions in the conceptual design phase. The architects are only aware 
or their main intensions and preliminary budget. Most decisions in this phase will thus be 
revisited once the competition is won. 

Developed design phase

In many cases this phase leads up to the submission of the building permit, or building 
permit modification. Therefore, the main choices for the ‘final look’ of the building are 
made here. The structural concept is worked out, as well as the main choices for the 
materials. The façade and interior spaces are designed and fixed as well. 

The influence of legislators and clients becomes more apparent. In this phase, it is important 
to prove the client which aspects are the most important to invest in. The architects are 
chosen for the project and are able to spend more time to research certain paths. If necessary 
they check with legislators how the building can be adapted to meet the legal requirements 
like, Fire safety, budget, energy performance, … The building becomes a realistic design 
that tries to answer the requirements of all the actors.

detailed design phase

For all three projects, the building permit, or building permit modification, is prepared and 
handed in in the beginning of this phase. This obliges the architects to elaborate further 
details. During the rest of this phase, architects are preparing for the execution phase. The 
material and techniques aspects play the largest role. Detailing of the building elements, 
like walls, floors and others is one of the main focusses in this phase.

execution 

Even though only one case study, Cosmopolitan, had reached this phase at the time of the 
interviews, some interesting observations can be made in terms of predictability. One could 
argue that the redesign that the cosmopolitan had to go through was due to the fact that 
the design was made before knowing the exact state of the existing building. This is mostly 
true, however, not every redesign that had to be done was because of the late building 
analysis. The recalculation of the ventilation units for example, was done after installing 
and realising it did not work. Design uncertainties must always be kept in mind until the 
last moment of construction.

SPEED OF THE DESIGN PROCESS

The speed with which a design process progresses is often linked to external influences (e.g. 
existing building permits, state of the building). Receiving certain documents on different 
moments in the design process can have a large influence on the moment when certain 
decisions are taken and how fast phases flow into each other. The development of the three 
case studies shed light on the influence of the building permit and the building analysis. 
The speed and development of the design process is dependent on when these documents 
arise.

For example, during the feasibility study of the Tour Brunfaut, a building analysis was 
already done. This allowed the architects in the competition to go into more detail about 
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the structure and material choices compared to the other two case studies. It also meant 
that the difference between the conceptual design and the developed phase was minimal 
for this case study. An opposite situation occurs in the cosmopolitan project, where the 
building analysis could only be done in the beginning of the execution phase. This analysis 
showed that the existing structure of the building was in bad shape. Therefore, many core 
decisions had to be rethought. 

In general, having sufficient insight into the building’s condition and potential is crucial for 
the resulting decisions. The building analysis was in all three case studies something that 
largely influenced the design process. Predominantly because of structural problems with 
the existing structure that led to extra unforeseen costs, resulting in budget cuts, but also 
pushed the architects and engineers to work together on creative solutions.

The building permit on the other hand, forces architects to make decisions at a certain 
point in the design phase.  Usually the building permit is handed in around the end of 
the developed design phase and the beginning of the detailed design phase, 29 as done in 
Peterbos #9. However, variations are possible and have a certain influence on the design 
process.

“with a buildng permit, you reach a moment where you suddenly have to narrow down to be 
able to decide on certain things”30

As mentioned before, in the Cosmopolitan project, the client was already in the possession 
of a building permit. This allowed them to ask for a building permit modification, giving 
the architects a strict timeframe. Yet it was easier for the city to accept the building permit. 

INFLUENCE OF THE BUDGET

In all three case studies, the budget was the main driver in each design process. It became 
clear very early in this research that budget is often the reason why certain decisions are 
made or dropped. For instance, in Tour Brunfaut, A229 had to redesign parts of the 
project in order to meet the client’s budget (a social housing company). In Peterbos #9, 
the architects had the intension to design with sustainable materials and designed different 
structural scenarios. In the end, they were not able to convince the client to pay more for 
a more sustainable solution. Providing the client insight into the short- and long-term 
financial consequences of a design choice is one of the most important tasks. If the client 
has the long-term responsibility of the building or can valorise the added-value during the 
sale of the building, it can convince him to allocate budgets differently or do an additional 
investment in sustainable material use, adaptability and generality.

DIFFERENT ACTORS IN THE DESIGN PROCESS

Relationship with the client changes as the design develops, during the competition phase 
he gives his requirements in the briefing and is not present further in the conceptual 
phase. The architects are designing by themselves. Once the competition is won, the client 
revisits the conceptual design with the architects and starts giving feedback. He becomes 
an influencing actor, as he is the one who makes the final decisions. This allows the design 
to go into more detail and adapt even more to the client’s requirements. This is also the 
phase where the architect can influence the client and propose him different alternatives.  It 
is important to inform the client correctly to convince him of certain choices. Convincing 
the clients is one of the most important tasks as the clients make the final choices. Proving 
them that sustainable choices will not only lower environmental impact, but will also have 
other advantages as was done in Tour Brunfaut, could be one way to convince a client to 
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invest more.

The same evolution is true for the influence of the legislators. During the competition phase, 
they only give very rigid boundary conditions. After the competition is won, architects 
have the time to speak with them and convince them of certain choices. Convincing 
legislators is, however, often a hard task. For example, in Peterbos #9, the architects were 
not able to convince the legislators that the winter garden could be perceived as a buffer. 
Fire regulations is also an influencing factor that keeps coming back in all three case 
studies. Especially when it comes to the creation of winter gardens or the material choices. 
The architects of all three projects held meetings with the firefighters to discuss the matter 
of the fire safety with regard to winter gardens and the material use, specifically the use 
of steel. This influenced many decisions in the projects as can be read in the timelines in 
chapter 3.2. 

Yet in some cases the architects were able to convince legislators. For example, in the 
Cosmopolitan, the legislators were not pleased with the previous building permit, so they 
were more eager to accept any changes that differed from the original design.31 

For all three cases, the client was not the same person as the user. As in both the cosmopolitan 
and Tour Brunfaut, the users were not yet known, there was no direct contact between the 
architects and the users. Because Peterbos #9 will be construction on an inhabited site, it 
was important to involve the users in the building design. Presentations were held to keep 
the users of the building informed. There will also be a try-out unit on the ground floor 
of the building, so inhabitants can see what will happen to their apartment during the 
renovations. However, it is not clear whether the users had a real influence on the design 
process and the design itself.

HOW IMPORTANT WAS SUSTAINABILITY FOR THE ARCHITECTS?

All 3 offices showed an interest in sustainability, but each had its own view on the matter. 
51N4E and Lacaton & Vassal saw social sustainability as an important factor in their design 
(Hence the attention for the inhabited construction). Even though circularity started as a 
project goal or ambition, it was not the most important one for them. Similarly, Bogdan 
& van Broeck approached sustainability from urban perspective. They aspired for example 
high rise and large apartments in the city center, close to public transport, with limited 
carpark lots provided. One office, A229, consciously applied circularity as a sustainability 
goal until the end. However, their main driver for the choices of timber floors and reversible 
connections was not necessarily sustainability, but rather practicality and other boundary 
conditions particular to the project.  

The energy performance of the building was usually not specifically mentioned as a 
sustainable quality, but as an obvious fact. This is most likely due to the fact that energy 
regulations in Brussels are rather strict. One exception would be Peterbos #9, where the 
architects tried to convince the authorities, overseeing the energy regulations, that a winter 
garden serves as a buffer and improves the energy performance of the building shell. 

Reusing and renovating the existing structure was in many cases seen as a sustainability 
aspect. However, usually this was not the only and probably also not the main reason for 
the reuse and renovation. Both Tour Brunfaut and the Cosmopolitan are located in an area 
where the buildings are not higher than five floors. Because of urban planning regulations, 
this would mean that, when demolishing the original building, they would not be allowed 
to rebuild as many stories. 
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The reason for not using circularity principles differed between the architects. 51N4E 
explained that, even though they examined many options of structure, connections and 
materials, they were not able to convince the client of the benefit of paying more to 
enhance circularity. Bogdan & van broeck did not explicitly mention why they did not 
apply circularity. 

The possible impact of the inhabited construction on circularity principles and 
environmental impact cannot be neglected. As the architects wanted to limit the disturbance 
on inhabitants, they investigated which parts of the building are still intact and can be 
reused, increasing the lifespan of the materials, contrary to uninhabited constructions, 
where most of the elements are stripped, without any research into their condition. 

“Take for example the bathrooms, there you have a shaft with technical pipes. We replace those 
pipes, but, if possible, we keep everything else in the room, the bath, the tiles, the finishing. As 
much as possible. This means that instead of replacing all eighty bathtubs, we might only replace 
forty. The other forty can be replaced by the client over the course of 10 to 20 years. This way we 
can use materials as long as possible” 32

CONCLUSION

Because the findings are based on only three case studies, no general conclusion can be 
drawn. However, they do give an idea of the solutions and struggles architects face while 
designing a post-war high-rise renovation. Renovation projects, especially of this size, can 
be very complex and unpredictable. Timing is crucial: the available information at the 
right moment can change the course of a design process drastically, so can the state of the 
existing building. Design is complex, external factors must meet internal ambitions, but 
social, spatial and economic gains can be created with circular, and thus material-wise, 
design choices

As all three projects were competition projects, the influence of the client is slowly introduced 
with little influence during conceptual phase to having to make the final decisions in the 
other design phases. sustainable choices must be proven or have other advantages in order to 
convince the client to invest in them. Legislations, like fire safety, energy performance, have 
a lot of influence on the design itself, as they often dictate the shape of certain elements. 
Not all design ambitions are as important, and the less knowledge and certainty about its 
consequences, the less importance is given to a design aspect.



55TIMELINE DEVELOPMENT METHOD

3.4. selecting key phases for each of the design aspects

As mentioned in chapter one, the goal of this thesis is to be able to associate design tools 
and strategies to moments of decision in the design process. In order to do so, key phases 
are related to the relevant design tools and strategies presented in chapter 2. These key 
phases indicate a place in the design process where the tool could prove to be most effective 
and thus have an impact. 

Pages 56 - 59 show links between phases by overlapping the different timelines of the 
case studies. For each design aspect, the most significant design phases are indicated by 
rectangles on the first page. The rectangles with thicker lines indicate the key phases. These 
are phases where the design aspect could have the most influence in the design. The key 
phases differ for each aspect. Therefore, the paragraphs on page 60 - 63 explain the key 
phases and how they relate to the design tools for every design aspect individually. 

Key in associating design phases with the tools is to fully understand the characteristics of 
each design phase. Section 3.3.2 explains more in detail the similarities between the case 
studies for each design phase. This knowledge was used to understand which information 
is available in each design phase. As a design tool or strategy requires input to give an 
outcome, it is important Generally, already the scope and goal of a design phase defines 
whether the tool could be relevant at that point in the process. Moreover, since the tools 
will not be the only influencing factor guiding the design decision, it is important to be 
aware of the other influencing factors of the decisions. They might undermine the outcome 
of the tool if not taken into account.  The input, objectives, influencing factor and outcome 
of each key phase is listed to obtain an overview of the different characteristics of this key 
phase. On pages 60 - 63 These characteristics are linked to tools with a corresponding 
input or output. 
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e design aspect, function, plays an im

portant role during both the conceptual and 
developed design phase. H

owever, the m
ost influential decisions are m

ade in the conceptual 
design phase, while in the developed design phase the functional concept is worked out 
further and m

ore specific decisions are taken or dropped. D
eterm

ining the function in the 
early stages of the design will have the largest influence on the rest of the aspects, since no 
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m

ostly influenced by external factors as project requirem
ents, surroundings, etc. 
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ain goal and outcom
e of the function in the conceptual design phase is to create an 

overall concept and determ
ine project strategies. Applying the scenario planning strategy 

will help the designer to design strategies that will incorporate transform
ability from

 the 
beginning of the design process. the strategies will look further than just one renovation.
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Research on structural design is done throughout the whole design process, 
however, the m

ost significant decisions are m
ade during the developed design 

phase. Th
e reason for this can be appointed to the fact that the structural design has 

to answer to internal influencing factors as, for exam
ple, the m

ain function or the 
choice for inhabited construction. Furtherm

ore, this design aspect is closely linked 
to the m

aterial aspect, as each structural m
aterial will need a different structural 

design. Th
erefore, the developed design phase is chosen as a key phase for both the 

m
aterial and structural design. In this key phase tools will be appointed to both 

design aspects at the sam
e tim

e. 

Even though certain criteria in the 24 guidelines to transform
able can advise on the 

structural design, the dim
ensions, system

 and connections depend m
ostly on the 

chosen structural m
aterial. In m

ost cases the structural m
aterial is one of the m

aterials 
that is used in the largest quantities. Th

erefore, checking the environm
ental im

pact of 
this m

aterial thoroughly and using this inform
ation to m

ake better inform
ed choices, 

could m
ake a difference in the overall environm

ental im
pact of the building. D

uring 
the developed design phase, could design different structural scenarios without going 
too far into detail, as done in Peterbos #9. It is im

portant that checking different 
scenarios can go fast and give a clear answer. Being able to prove which scenario 
has a lower environm

ental im
pact will also help architects to give better argum

ents 
to convince a client of a certain scenario. Th

e ecolizer and N
IBE environm

ental 
classification system

 could both answer to these criteria.
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As m
entioned above, the developed design phase will be chosen as a key phase for both 

m
aterials and structural design. Since m

aterial choices have large effects on the environm
ental 

im
pact, it is im

portant to look at m
aterials over the course of different phases. 33  Th

erefore, 
the detailed design phase is also appointed as a key phase for the m

aterial aspect. Th
e choice 

of m
aterials is influenced by both external factors (e.g. legislations, fire safety, budget) but 
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inhabited construction

The decision to work with an inhabited construction is usually chosen in the beginning of 
a design in the conceptual design phase or at the very beginning of the developed design 
phase. It is only over the course of the developed design phase that it starts to influence 
other aspects or is completely eliminated. As explained above, the decision to work with 
an inhabited construction can be seen as a sustainability strategy in itself that can influence 
architects to do more research in what can and can’t be reused. It will therefore not be 
linked to reversible design tools or strategies. 35

techniques

In all three case studies, most decisions on techniques are taken during the developed design 
phase. It was only in Tour Brunfaut that a technical concept was already determined during 
the conceptual design phase.36 Defining technical concepts in the beginning could be an 
interesting way to incorporate technical aspects better into the design, instead of adding 
them afterwards as is often the case in design projects.37 However, the technical choices are 
often influenced by internal factors as for example, the inhabited construction, whether 
winter gardens will be attached to the facades. Therefore, it is not always convenient to 
work on a technical concept from the start of the design. The tools to design technical 
concepts for buildings are not in the scope of this master thesis. Making informed choices 
on technical concepts could, however influence the environmental impact of a building. 
the scheme on page 56 shows a possible and interesting key phase for these tools.
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CHAPTER 4

proof of 
potential

In the previous chapter, key phases for each of the discussed design aspects were 
appointed to reversible design tools and strategies. This chapter will illustrate the 
potential of a design tool by applying it on each case study in the assigned key 
phase. This will result in one alternative design for each case study. It is important 
to realize that the succeeding of a design tool does not solely depend on the phase 
in which it is applied. The type of project and the opportunities it presents also 
have an influence on the potential of the tool. Therefore, the key phases and tools 
in this chapter are also chosen with the best tool possible in mind. Table 4.1 gives 
an overview of the key phases and tools illustrated in this chapter. After applying 
the tools, the research results were presented to the architects of each case study to 
spark a discussion between practice and theory. 



Table 4.1: overview of the key moments, tools and case studies that will be discussed in the following chapter.

KEY PHASES KEY PHASE 1 KEY PHASE 2 KEY PHASE 3

DESIGN ASPECT Function Material and structural 
design 

Material

DESIGN PHASE the conceptual design 
phase

the developed design 
phase

the detailed design 
phase

DESIGN TOOL Scenario planning Ecolizer & NIBE 
environmental 
classification

24 guidelines to 
transformable design 
(on the element level)

CASE STUDY Cosmopolitan Peterbos #9 Tour Brunfaut
REASON FOR APPLYING 
THE TOOL TO THE 
CASESTUDY

With its open floorplan, 
the existing cosmopolitan 
building shows a high 
transformable capacity. 
There is a significant 
potential to perform a 
renovation that will still 
be flexible for future 
transformations. 

As explained above, the 
architects of Peterbos#9 
already created different 
structural scenarios that they 
wanted to compare based 
on environmental impact. 
However, they were not able 
to prove in a simple way, why 
one scenario would be better 
than the other. It would thus 
be interesting to see whether 
the Ecolizer and/or NIBE 
could provide this desired 
proof.

The façade and floor 
materials and connections 
in Tour Brunfaut were done 
with keeping reversibility 
in mind. It is therefore 
interesting to see where they 
did not choose a reversible 
connection or durable 
material and why. 
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4.1. key-moment 1: function - the conceptual design phase 
– scenario planning - cosmopolitan

Scenario planning could be an interesting strategy to implement in this phase of the design. 
When applying this strategy, the designer has to take into account the future modifications 
that could happen to the building in terms of demographic changes, household diversity, 
but also different functions. Scenario planning also supports architects in convincing their 
clients of a certain principle or design choice. The client will get a clear image on the 
benefits and the reason why a larger investment in certain solutions could be beneficial.1

Two parameters have to be taken into account. The first one is the possible transformations 
the building might go through, when, for example, the function, surroundings or owner 
of the building changes. The second parameter is the rate of change. How fast might the 
building change over time? A fictional scenario, based on realistic possibilities is set up in 
the following first two paragraphs. Afterwards, the implications of this scenario on the 
design of the cosmopolitan will be evaluated.2

scenario planning illustrated on the cosmopolitan

WHY COULD A CHANGE IN FUNCTION TAKE PLACE?

The cosmopolitan was designed as an office building with an open plan. The building 
shows a lot of flexibility, because there are hardly any internal walls. It already hosted 
different functions over the years (e.g. hospital on the bottom four floors with offices on 
the rest of the floors). This renovation by Bogdan & Van Broeck also altered the function 
from offices to housing. A future shift in function could thus be a possibility. Especially 
since the central location of the Cosmopolitan makes it a place that might have to react to 
the needs of the large population living in the centre of Brussels.3 Large populations bring 
different needs, for example; Hospitals, schools, etc. Currently Brussels suffers from a lack 
of primary schools. According to Estimates, this will only get worse due to the population 
growth4. To answer to this problem, it could be possible that over time a conversion of 
this building, or part of it, into a school might take place. The possible scenario, where the 
cosmopolitan would transform into a school building, is used throughout this illustration.

DOES THE COSMOPOLITAN ANSWER THE REQUIREMENTS TO BECOME A SCHOOL?

A first step to a valuable scenario is to check whether the proposed scenario(s) could be 
possible in terms of size, plan set-up, ... The following paragraphs evaluate the cosmopolitan 
by comparing it to the requirements for a school determined by Aline Vergauwen in her 
master thesis, “A design strategy for the transformation of vacant office buildings into schools”  
Table 4.2 shows this comparison.
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Table 4.2: requirements to be suitable as school building5

REQUIRED IN COSMOPOLITAN

F L O O R - T O - F L O O R 
HEIGHT 

Min. 310 cm 380 cm

RATE OF CHANGE IN THE 
INTERIOR FITTING-OUT

Free plan layout Free plan layout

OUTDOOR SPACE Connection to outdoor space is 
necessary 

Limited outdoor space on 
the ground floor next to the 
building6

HEATING AND COOLING Building should have a high 
thermal mass to facilitate 
cooling of the building. Cooling 
system is an advantage.

Original thermal performance of 
the building did not respond to 
current requirements. Energetic 
renovations had to be done 
no matter the future building 
function.7

TECHNICAL SHAFTS Spacious technical shafts are 
required according to the 
regulations.

4 central shafts, 1 shaft on each 
end of the building.8

VERTICAL CIRCULATION Building should have an 
adequate number of expansive 
vertical shafts, or the possibility 
to add shafts without costly 
adaptions to the structure.

4 central elevators, 2 staircases 
one central and one at the end of 
the building.9

STRUCTURAL ASPECTS The building should have a 
structure that has a high load-
bearing capacity. Overdesigned 
structural elements (like beams, 
columns and foundations, …) 
are advantageous. 

The concrete bearing structure 
was in bad conditions. So, 
the bearing capacity of the 
building was limited.10

FIRE SAFETY The office building should have 
a sufficient number of well 
positioned staircases and exits. 
Accordign to Belgian fire safety 
laws, a person in a High-rise 
building cannot be further 
then 30m away from an escape 
staircase.11

Both staircases are within the 
evacuation distance of 30m from 
every point in the building.12

When comparing the requirements stated by Aline Vergauwen to the cosmopolitan building. It 
becomes clear that only two aspects do not meet the qualifications. As a school requires a sports 
hall the high-rise building should be strong enough to bear this function. After the building 
analysis, it became clear that the strength of the existing building did not even suffice to bear the 
planned three extra levels. A solution to this problem could be to create a bridge like structure as 
the system in Tour Brunfaut. Moreover, it is always beneficial from a transformability point of 
view to over-dimension a building no matter the envisioned possible future. The structural level 
created by the bridge system could serve as the school’s playground to solve the second problem 
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derived from the comparison with the school requirements. Image 4.1 shows a possible 
scenario where the top six floors of the Cosmopolitan would host a primary school. 

It must also be kept in mind that, in this case study, the weak state of the existing bearing 
structure had only come to light during the building analysis at the beginning of the 
execution phase. Even if the architects would have used the scenario planning strategy in 
this way, they would not have been able to foresee the fact that their building would be too 
weak to carry a sports hall.

It is not always necessary to make such drastic changes to alter the function from residential 
to educational. A learning centre for adults or young adults in the cosmopolitan would not 
need this sports hall nor the large playground. It could be sufficient to change the walls of 
a few floors in order to create classroom spaces. Another option could be to imagine that 
the fictional primary school would not have its own sports hall, but instead use the existing 
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sports infrastructure in the surroundings, owned by the city. 

Image 4.1: possible layout for an abrupt conversion of the top floors into a school
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RATE OF CHANGE

As mentioned in chapter two, the rate of change is the second important parameter, 
when applying scenario planning. In this case three change rates are defined; no change, 
gradual conversion and abrupt change.  Adding the rate of change to the reconversions 
of the previous paragraphs can help to understand which parts of the building should be 
transformable and or not transformable at all. It can also help to see which elements should 
not be transformable at all. Three possible time-based scenarios are sketched to give an idea 
on how fast the change could happen and what could be the consequences.

NO CHANGE

In this scenario, the building will keep the same function throughout its lifespan. However, 
one must still take into account the changes that can take place in a residential building 
over time; change in technical functions, comfort, façade renovations, … 

GRADUAL CHANGE

When something will change gradually, you might design it in such a way that not much 
has to be altered to transform into the new function. Certain places in the cosmopolitan 
could develop into learning centres. As mentioned above, a learning centre does not require 
as much space as a school, only one floor or part of a floor might be converted. When the 
learning centre grows, more alterations could be made to other floors in the building.

This scenario can help to set up a series of design strategies to ensure the ease of the 
transformation. Gradual alterations from apartments to learning centres should be done 
without disturbing the other residential apartments. The architect should design the 
interior spaces in such a way that dust, excessive noise and vibrations could be avoided. 
The size of the apartments or spaces inside the apartments could correspond to the size 
of classrooms, minimizing the number of walls that would have to be moved during the 
transformations. Techniques like cabling, ventilation and heating systems should also 
answer to both residential and educational needs or they should be easily adaptable.

ABRUPT CHANGE
With a radical, abrupt change, for example a complete renovation, one might consider 
making the effort to alter more than just a few walls. In this scenario, the school could be 
transformed into the primary school, illustrated in Image 4.1. Disturbing other functions 
will not be a problem in this case. Rewiring, new flooring, moving the place of the walls 
would all be possible and maybe considered. However, it is still important to bear in mind 
the reuse of as many materials in the transformation as possible, since this could still lower 
the environmental impact. Designing interior walls that can be moved without damaging 
them, floorings that can be exchanged easily, techniques and cable that can be moved 
without damaging them or the surrounding materials, are design strategies that could be 
incorporated into the main building concept to increase the project’s transformability.

 reaction of the project’s architect

The architect’s reaction to the scenario planning strategy was very positive. He immidiatly 
started brainstorming about other solutions and scenarios. He explained how they already 
do scenario planning for parking lots for their recent projects. In Brussels, an apartment 
building has to provide one parking spot for each apartment. This takes up a lot of space. 
Bogdan & Van Broeck imagine a future where the number of cars owned by residents will 
be lower and there will be no use for the parking lots anymore. For this reason, they do not 
design underground parking spaces, but rather on the ground floor. When the demand for 
parking spaced decreases, these areas can host a new function. 
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One way for the cosmopolitan to adapt to future changes, could be by adapting the interior 
walls. They built light infill walls so changes can easily be made. Even so, no materials in 
the interior would be reusable after the alterations.

The architect saw potential in the method of scenario planning. He doubted, whether 
this method would have been useful to convince the client of the Cosmopolitan to invest 
in future renovations. Since the client is a real-estate agent, he will sell the apartments to 
private owners after construction and thus has not interest in the future of the building. 
The architect did see the potential in the case of public actors or social housing companies. 
As they will be the owner for a longer time span, the scenario planning strategy could 
convince them to invest more during the first renovation to lower the costs in the next one.

4.2. key-moment 2: structural design & material – 
developed design phase – nibe & ecolizer - peterbos #9

As explained in chapter three, the Ecolizer and/or NIBE environmental classification 
could be interesting tools to be applied support architects when making decisions on the 
structural design and materials in the developed design phase. They are simplified tools 
based on the Lifecycle assesment of materials, that allow inexperienced users to calculate 
the effect of their design on the environment. These tools can indicate the environmental 
impact of design choices and allow the user to compare different scenarios. The following 
paragraphs analyse the different structural scenarios designed by the architects of 51N4E 
for the horizontal extension of peterbos#9.

ecolizer and nibe environmental classification system illustrated 
on peterbos #9

ECOLIZER

As mentioned before, the architects of Peterbos #9 played with different options for the 
bearing structure of the horizontal extension. During the interview, they explained how 
each option led to a dead end. As mentioned before, they were not able to prove nor 
convince the client that one option would be better than the other. The Ecolizer helps to 
point out which option would have a smaller environmental impact than others. 

For each structural scenario, the user has to indicate the amount of each material and how 
it was processed. These materials and processes correspond to environmental impact unit 
values in the Ecolizer database. For each structural scenario designed for Peterbos#9, the 
environmental impact was determined. From the plans received from the architects, the 
volume of each of the proposed structural element was determined. The exact calculations 
for the scenarios can be found in Annex 7 Table 4.3 presents the values, obtained from the 
calculations. 13
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Table 4.3: PRELIMINARY results obtained from using the Ecolizer

OPTION 1

P R E F A B R I C A T E D 
CONCRETE BEAMS & 
SLABS

OPTION 2

C O N C R E T E 
M U S H R O O M 
STRUCTURE

OPTION 3

PREFABRICATED STEEL 
COLUMNS & CONCRETE 
SLABS.

OPTION 4

TIMBER BEAMS & 
CONCRETE COLUMNS

9.217.580,72 14.770.558,70 7.684.354,53 23.466.794,43

According to the Ecolizer, the structure with the timber beams and concrete columns has 
by far the largest environmental impact. The main reason for this result is the land-use of 
timber.14 Moreover, a timber beam needs a larger cross-section compared to concrete in 
order to answer to fire safety regulations. The environmental impact of steel and concrete 
seemed to be closely related. The concrete mushroom structure on the other hand seemed 
to have a larger environmental impact. This is probably due to the dimensions of the 
mushroom columns compared to the more traditional concrete in option 1.

Ecolizer is an interesting tool to consult during the developed design phase. For certain 
materials, the tool asks for details about material itself and processing of this material (e.g. 
how the steel was processed, the type of steel). These are often not defined yet in this phase. 
Comparing these different options and processing methods could, however, guide the 
architects further towards making better informed decisions with regards to environmental 
impact. 

Even though the Ecolizer contains basic building materials and gives a good first idea of the 
environmental impact of a certain design choice, it is clear from the enormous numbers 
and lack of specific building material options, that this tool is not meant for the building 
industry. For this reason, OVAM has developed the Totem tool.15 However, this tool 
requires very standard and detailed information, something that is not available yet in the 
developed design phase. 

NIBE ENVIRONMENTAL CLASSIFICATION

Therefore, another interesting tool to use is the NIBE environmental classifications system. 
This system classifies building products according to their environmental impact. This 
table can be found in chapter two. To find the environmental class of a certain construction 
or product, the architect has to compare his design to a standard construction in the NIBE 
catalogue. Each standardised construction comes with graphs, indicating the different types 
of the construction’s environmental impacts such as greenhouse gasses, human toxicity, 
acidification. This way the designer and client can decide for themselves which facets of the 
environmental impact they find most important.
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Table 4.4: Nibe classification method, applied to the structural scenarios of Peterbos#9

SCENARIOS STANDARDIZED STRUCTURE IN 
NIBE CATALOGUE

E N V I R O N M E N A L 
IMPACT CLASS.

 OPTION 1

PREFABRICATED CONCRETE 
BEAMS & SLABS

C o n s t r u c t i o n 
apartment, 12 
levels, grid 5,4m, 
prefabricated concrete 
& wideslabfloor.

1B

OPTION 2

CONCRETE MUSHROOM 
STRUCTURE

No corresponding 
standardized 
construction

/

 

OPTION 3

PREFABRICATED STEEL 
COLUMNS & CONCRETE SLABS.

Construction 
apartments, 12 levels, 
grid 5,4m, steel & wide 
slab floor.

1C

OPTION 4

TIMBER BEAMS & CONCRETE 
COLUMNS

No corresponding 
standardized 
construction

/

Contrary to the results of the Ecolizer, NIBE claims that the concrete structure would have 
a lower environmental impact.

Although the NIBE environmental classification system is an efficient system where an 
architect can easily find the environmental impacts of different building products, it is not 
yet optimized for structural systems. The standardized structures with which the user has 
to compare his design are very limited and based on the standard building industry. An 
architect who wants to apply an unusual design, will not be able to check its environmental 
impact with NIBE. Even in the case of Peterbos#9, two out of four structural scenarios were 
not comparable with any of the standard structures in NIBE. Besides bearing structures, 
NIBE does offer a good and divers catalogue of building materials. 

It is clear that both the Ecolizer and NIBE environmental classification system are not 
ideal when it comes to checking the environmental impact of the structural design of 
a building in the developed design phase. Where the Ecolizer needs specific details that 
are not decided on yet, NIBE neglects certain specificities all at once by comparing to 
standardized constructions. As already mentioned in many papers in literature, there is a 
need for lifecycle assessment tools that can be used during the earlier design phases.16  

Because of the numerous assumptions and simplifications of both tools, the results turned 
out to be different. There is still no clear proof on which structural scenario has the lowest 
impact, since NIBE and the Ecolizer contradict each other. However, in certain scenarios, 
for example for the timber beams, the Ecolizer did point out its high environmental impact.
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reaction of the architects

The architects of 51N4E were interested in the tools, especially because they wanted 
to analyse their different scenarios before, but they admitted that they did not have the 
knowledge. They also admitted that there was never much time to do analyses like LCA’s 
and would even be interested in hiring a consultancy office for circular building. However, 
in that case, they would have to find clients who would be willing to pay the extra cost. 17

Therefore, the architects were particularly pleased to see there are tools available to quickly 
compare environmental impacts. They saw the potential of the Ecolizer as a verification 
tool of a certain design. For them it was interesting to see clear numbers and they saw 
a potential in proving the environmental benefit of certain scenarios towards the client. 
While the architects were observing the books of NIBE it became rapidly clear that for this 
tool the potential would be more in the detailed phase, where they would have to compare 
specific building materials such as insulation, tiles, etc.18
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4.3. key-moment 3: material - detailed design phase – 24 
guidelines to transformable design - tour brunfaut

The 24 Guidelines to transformable design can be applied in many phases of the design 
process. they focus on different levels. building, component and neighbourhood. Some 
levels will be more important than others, depending on the phase that will be analysed.19 
In the case of the detailed design phase, the element level will be most appropriate. This is 
also the level that was assigned to this key phase in chapter three.

The following paragraphs analyse Tour Brunfaut with a method, similar to the one Ann 
Paduart applied in her doctoral thesis. 20 Depending on how the design corresponds to a 
certain guideline, a ‘+’ or ‘-’is given. The table at the end of this chapter will show on which 
points the design can be improved.

Table 4.5: categories and guidelines on the element level

24 guidelines to transformable design illustrated on tour 
brunfaut 

REVERSIBILITY – INTERFACES

By connecting elements with reversible connections, it will become much easier to remove 
elements without damaging them and allow them to be used elsewhere. Reversibility in 
connections can be assured by using dry connectors e.g. screws, nails, bolds. But also click-
systems, e.g. Velcro or lime mortar.

In Tour Brunfaut:

FLOOR - The timber flooring and insulation layer in the floor are 
connected with reversible connections. However, Linoleum, 
the flooring material has to be connected with wet connections.

WALL + All connections in the façade panels are bolted. (apart from the 
airtight tapes)

SIMPLICITY – INTERFACES

Simplifying connections can assure that demounting components will happen more 
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easily, preventing the need for an expert. Working with simple and standardized tools (e.g. 
standard bold connections). 

In Tour Brunfaut

FLOOR + the components are connected with simple connections like bolds. 
WALL + Bolds and other tools are rather standard.

SPEED – INTERFACES

Allowing components to be rapidly assembled and disassembled, will encourage the client 
or contractor to do so. The speed of dismantling can be improved by allowing easy access 
to the connections, giving the component enough space to be moved, minimising the 
number of connection points, etc.

In Tour Brunfaut

FLOOR + The simple build-up of the floor, allows each element to be reached easily 
and rapidly. However, in the case of removal, the glued linoleum risks to 
be damaged.

WALL +- The façade is build-up of prefabricated façade panels. This will speed 
up the building process. However, the façade panels themselves contain 
many connections, making them harder to disassemble.

DURABILITY – COMPONENTS

Components that are not useful anymore in a certain function or place, might still be 
useful somewhere else. In order to ensure that this component is still in a good shape when 
the time comes, the durability of the component should be ensured. Durable materials are 
for example, brick, steel beams and profiles, timber beams, etc.

In Tour Brunfaut

FLOOR + Linoleum floor finishing is very durable and easy to maintain. Timber and 
rockwool

WALL + Attention was payed to the durability of the façade material. Therefore, 
aluminium was chosen as façade material. Other materials are recyclable 
(timber, rockwool and gyproc).

REUSE OF EXISTING COMPONENTS – COMPONENTS

Reusing existing components will reduce building waste. Especially when reusing the 
components of the building you are renovating. This will also reduce cost and pollution 
due to transportation. 

In Tour Brunfaut

FLOOR +- Apart from the existing steel beams, none of the existing floor 
components were reused.

WALL +- Apart from the existing steel frame, none of the existing façade 
components were reused.

COMPATIBILITY – COMPONENTS
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Standard components that can are compatible with each other will allow flexibility. It will 
also make it easier to repair and swap elements when components are standardly available 
on the market. Some techniques to create standard elements are fractal grids, they can be 
designed with strategies like the Hendrickx-Vanwalleghem design strategy.21

 In Tour Brunfaut

FLOOR +- Because of the generality in the existing and new steel 
structure, each timber floor panel has the same size. The size 
of linoleum panels depends on the size of the rooms, this 
component is not compatible (since it is not reusable, this in 
not really important)

WALL + The façade panels are based on the grid of column in the 
construction and thus all have the same size, meaning there 
is a compatibility within the framing system. 

LAYERING – COMPOSITION

In order to efficiently remove, repair or replace certain elements, they could be layered 
according to their functional or technical life span. Different characteristics of the layer 
should be taken into account (e.g. esthetical trends, technical requirements, how fast 
a material loses its performance) the first layers that will be outdated should be easily 
accessible.

In Tour Brunfaut

FLOOR + Technical and functional layers are divided by attaching 
technical layers, for example, electricity in build-up.

WALL + There is a physical barrier between the different layers of the 
wall that have different lifespans. Even though the layers are 
not ordered according to lifespan, each layer can easily be 
reached without damaging the others. 

INDEPENDENCE – COMPOSITION

Being able to remove, repair or replace elements separately, without disturbing other 
elements can also improve the transformability. Components can be removed at the same 
time, increasing the speed of the dismantling process. 

Image 4.2: conceptual drawing of dependand structures (left) and independent structures (middle & right)22

In Tour Brunfaut

FLOOR - By gluing linoleum over the whole floor, the flooring is not 
independent anymore.

WALL + Each frame can be taken of separately.
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PREFABRICATION – COMPOSITION

Prefabrication ensures quality control, uniformity of connections, decreased waste, etc. 
Prefabrication of compositions increases the assemble speed on site.

In Tour Brunfaut

FLOOR -+ The timber floor slabs are prefabricated. The rest of the floor is laid on the 
construction site.

WALL + Each façade panel is prefabricated

CONCLUSION

Overall, Tour Brunfaut scored relatively well when evaluating it with the 24 guidelines 
to transformable design. The use of glued linoleum was the main material or technique 
that was not coherent with the tool. It decreased the reversibility, compatibility and the 
independence. The rest of the detailed design seemed to be correspond to the guidelines.

Table 4.6: summary of the analysis with 24 guidelines to transformable design.

FLOOR WALL

REVERSIBILITY - +
SIMPLICITY + -
SPEED + -
DURABILITY + +
REUSE OF EXISTING 
MATERIALS

+- + -

COMPATIBILITY +- +
LAYERING + +
INDEPENDENCE - +
PREFABRICATION -+ +
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reaction of architects

The architects at A229 seemed to find many of the guidelines quite evident. However, 
having them listed as a way to evaluate the building did show potential. Even though the 
Tour Brunfaut corresponds to many criteria of the twenty-four guidelines to transformable 
design, the architect admitted that many of these choices were made for practical reasons 
rather than sustainability. For example, simple connections and materials were chosen 
to simplify the already very complicated project. The durable, façade aluminium panels, 
were chosen for their maintenance and longer lifespan compared to other façade materials 
on the market. This shows that making sustainable choices are not always made with 
the environmental impact in mind. Maybe to convince a client it is more important to 
show him the practical side of the choices, for example, lower costs over time, ease of 
maintenance, etc.23

This rationality and practicality of the architects at A229 became also apparent when 
asked about the design choices that did not correspond to the twenty-four guidelines to 
transformable design. They explained how the use of linoleum was matter or budget and 
maintenance, mostly demanded by the client. Other, more reversible, flooring alternatives, 
like tiles or parquet, proved to be either too expensive or hard to maintain. Reusing 
elements of the existing building, other than the steel bearing structure, was also not seen 
as an option by A229 because of the asbestos in the materials or because nothing responded 
to contemporary norms. 24



83PROOF OF POTENTIAL

EINDNOTEN

1  Valery van der Linden, ‘Architects’ Attitudes towards Users in Design.’ (26 March 2019).
2  Charlotte Cambier, Waldo Galle, and Niels De Temmerman, ‘The Relevance of Adaptable Façade 
Systems: An Evaluation through Scenario Planning’ (13th Conference on Advanced Building Skins, Bern, 2018).
3  Lourenço van Innis, The design process of the Cosmopolitan - interview 1, 19 November 2019.
4  ‘Basisonderwijs: 12 Procent Meer Aanmeldingen, Tekort Groeit’, Bruzz, 16 March 2017, https://www.
bruzz.be/samenleving/basisonderwijs-12-procent-meer-aanmeldingen-tekort-groeit-2017-03-16.
5  Aline Vergauwen, ‘A Design Strategy for the Transformation of Vacant Office Buildings into Schools’ 
(Master Thesis, Vrije Universiteit Brussel, 2011).
6  Bogdan & Van Broeck, ‘Tender Plans - Cosmopolitan’, 2015.
7  Lourenço van Innis, The design process of the Cosmopolitan - interview 1.
8  Bogdan & Van Broeck, ‘Tender Plans - Cosmopolitan’.
9  Bogdan & Van Broeck.
10  Lourenço van Innis, The design process of the Cosmopolitan - interview 1.
11  Rf-Technologies, ‘Handboek Basisnormen. Editie 2017’ (Rf-t, 2017).
12  Bogdan & Van Broeck, ‘Tender Plans - Cosmopolitan’.
13  OVAM, ‘Catalogus’, Ecolizer, accessed 2 June 2019, http://ecolizer.be/catalogue/77.
14  Liesbet Van Ackeleyen, ‘Ecolizer : Vergelijking Hout En Beton’, 10 May 2019.
15  Liesbet Van Ackeleyen.
16  Elke Meex et al., ‘Requirements for Applying LCA-Based Environmental Impact Assessment 
Tools in the Early Stages of Building Design’, Building and Environment 133 (April 2018): 228–36, https://doi.
org/10.1016/j.buildenv.2018.02.016.{\\i{}Building and Environment} 133 (April 2018
17  Jan Opdekamp and Ruben Janssens, The design process of peterbos #9 & discussion design for 
change assessment tools - Interview 2, 9 May 2019.

18  Jan Opdekamp and Ruben Janssens.
19 

 OVAM, ‘24 Ontwerprichtlijnen Veranderingsgericht Bouwen’, 2016, http://www.ovam.be/sites/default/
files/atoms/files/24%20Ontwerprichtlijnen%20veranderingsgericht%20bouwen%28upd%29.pdf.
20  Paduart, ‘Re-Design for Change: A 4-Dimensional Renovation Approach towards a Dynamic and 

Sustainable Building Stock’.
21  Paduart.

22  OVAM, ‘24 Ontwerprichtlijnen Veranderingsgericht Bouwen’.
23  Renaud Van Espen, The design process of Tour Brunfaut & discussion on design for change assessment 
tools - Interview 2, 6 May 2019.

24  Renaud Van Espen.



84 RENOVATION OF RESIDENTIAL POST-WAR HIGH-RISE: 
UNDERSTANDING THE DESIGN PROCESS AND IMPACT OF REVERSIBLE DESIGN TOOLS AND STRATEGIES



85Conclusion

co n c lu s i o n

This thesis attempts connect the theory on design for change to practice through 
the use of design tools and strategies. To answer to this research goal, it attempts 
to shed light on the decisions, influencing factors and actors in the design process. 
With this knowledge, Key phases in the design process are indicated, where design 
tools could have the largest impact to change a design project. The design tools in 
this research were design for change assessment tools, they support architects to 

make decisions that can increase the transformability of their design. 

A timeline development method was established to understand how a design 
project unfolds over the course of its design process. Analysing the three case studies 
with this method, allowed to derive a variety of conclusions about the way design 

decisions are taken and the design process itself. 

Design processes usually start with broad conceptual choices about the function of 
the building. In this phase, the first concept of the building is defined, but no final 
choices are made. This is when a design tools and strategies that can help to define 
functional concepts, e.g. scenario planning, will possibly have the largest influence. 
Thereafter, usually after the architects win a design competition, the decisions start 
to narrow down, the structural design, structural materials and technical concepts 
are chosen along. Tools that can estimate the environmental impact of a material 
in a quick and easy way, could help decision-making on the structural design and 
material. In the last phase, before the execution, the architects focus the details of 
the building. The most useful tools would be the ones aiding with the decisions 
on the type of layering, materials and connections in the build-up of a building 

component, e.g. 24 guidelines on transformable design.

Even though all three case studies used the same renovation method, Each their 
design processes were very different, especially because they were renovations 
projects, where the design processes can become complex. The course of the process 
depended largely on when the information about the building could be accessed 
by the designers. Early access, as in Tour Brunfaut, resulted in a strong building 
concept on all design aspects, that was barely altered in the rest of the process. The 
architects who accessed the information in the later stages of the design process 
were obliged to redesign certain design aspects, because of budget cuts or the poor 

structural quality of the existing building.

The most influencing actors in all three projects, were the clients and the legislators, 
especially fire and energy performance legislations, as they are rather strict and don’t 
allow many derogations. The legislators also have to ability to prevent a building 
of ever being constructed. Therefore, architects are obliged to follow their rules. 
The preferences of the client were another important actor in the design process. 
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They were most interested in easy maintenance, budget and aesthetics. In all 
three of the cases, the clients did not show an explicit interest towards decreasing 
the environmental impact of their building. For example, in Peterbos #9, the 
architects challenged themselves to design a building while taking into account its 
environmental impact. Supporting architects in convincing clients is an important 
facet to bring the theory on design for change and circular economy closer to 
practice, as clients will not invest in something they are not convinced of. The 
outcome of design tools, as illustrated in chapter four, is one way to show a client 
how investing in dynamic building systems could be beneficial for the future of 
the building and the environmental impact. However, when represented with the 
outcome of the tools, some architects doubted whether all types of clients would 
invest in the circularity of a building. The main reason to apply transformable 
design, besides decreasing the environmental impact, is the reduction of the costs 
on future renovations. If the clients are of real-estate agents, they will immediately 
sell the apartments to individual buyers, giving away their responsibilities on the 

future of the building.

Apart from scenario planning, which is not necessarily a tool that decreases 
environmental impact, the architects also admitted that they did not have any 
knowledge on the design for change assessment tools design tools. Nor did they 
use design tools that could support them in decreasing the environmental impact 
of their designs. Informing architects on the possibilities of design for change and 
circular building, could be an important way to connect theory and practice and 

decrease the environmental impact of their buildings.

FURTHER RESEARCH

Overall the timeline development method was able to provide noteworthy 
information on when the impact of a tool could be the most influential. As they 
were only based on two interviews per case study, where architects were looking 
back on months, even years of work, the timelines represent the events that they 
remembered. Discussing the preliminary timelines during the second interview, 
already allowed them to remember and discuss certain aspects into further detail. 
To analyse and represent very accurate timelines, timelines could be composed 
while the design is still taking place. The researcher could be present at each project 
meeting and keep track of the decisions and aspects that were discussed. This would 
create an even wider and deeper view on the design process and when the influence 

of a tool could be most effective.

The timelines build in this master thesis were made from the architects’ point of 
view. To fully understand the decision making and influences in a design process, 
information received from different actors as clients, legislators, engineers could be 

used to build the timelines, making them more objective. 

As the information on decisions is needed to build the timelines, they will not 
be able to change the analysed projects anymore. However, they could be useful 
to researchers as retroactive method to determine trends in the design processes 
of architectural offices. With these trends, new strategies could be formulated to 
enhance the decision-making process of architects towards better-informed design 
choices with regard to environmental impact and circularity. The knowledge 
derived from establishing different timelines could also be used to determine ideal 
timelines in the beginning of a project. They could explain architects in which stage 
they should invoke a certain tool to decrease the environmental impact or enhance 

the transformability of their project.



b i b l i o g r a p h y

BIBLIOGRAPHY OF CHAPTER 1

‘België Telde Op 1 Januari 2018 11.376.070 Inwoners | Statbel’. Accessed 14 April 2019. 
https://statbel.fgov.be/nl/nieuws/belgie-telde-op-1-januari-2018-11376070-in-
woners.

Bragança, Luís, Susana M. Vieira, and Joana B. Andrade. ‘Early Stage Design Decisions: 
The Way to Achieve Sustainable Buildings at Lower Costs’. The Scientific World 
Journal 2014 (2014): 1–8. https://doi.org/10.1155/2014/365364.

Brand, Steward. How Buildings Learn: What Happens after They’re Built. Viking Press, 
1994.

Chokhachian, Ata. ‘Studies on Architecture Design Procedure A Framework for Para-
metric Design Thinking’, n.d., 147.

Crilly, Nathan, Anja Maier, and P John Clarkson. ‘Representing Artefacts as Media: 
Modelling the Relationship Between Designer Intent and Consumer Experi-
ence’. International Journal of Design, 2008, 14.

Debacker, Wim, Waldo Galle, Mieke Vandenbroucke, L. Wijnants, W. C. Lam, Anne 
Paduart, Pieter Herthogs, and Yves De Weerdt. ‘Design for Change: Develop-
ment of an Assessment and Transitional Framework (Summary)’. Mechelen: 
OVAM, 2015. http://www.ovam.be/sites/default/files/atoms/files/TWOL-De-
sign-for-change.pdf.

Elke Meex. ‘Circulair Bouwen in Vlaanderen?’ Infosession presented at the Circulair en 
veranderingsgericht bouwen - een nieuwe rol voor de architect?, Mechelen, 7 
May 2019.

Galle, Waldo, and Pieter Herthogs. ‘Veranderingsgericht bouwen: ontwikkeling van een 
evaluatie- en transitiekader: Een gemeenschappelijke taal’. OVAM, 2015.

https://vlaanderen-circulair.be. ‘Green Deal Circulair Bouwen’. Vlaanderen Circulair. 
Accessed 1 June 2019. https://vlaanderen-circulair.be/nl/onze-projecten/detail/
green-deal-circulair-bouwen.

———. ‘Open Call - Vlaanderen Circulair’. Accessed 1 June 2019. https://vlaan-
deren-circulair.be/nl/aan-de-slag/open-call.

Lawson, Bryan. How Designers Think: The Design Process Demystified. 4. ed. Amsterdam: 
Elsevier/Architectural Press, 2006.

Meex, Elke. ‘Early Design Support for Material Related Environmental Impact Assess-
ment of Dwellings’. Doctoral Thesis, UHasselt, 2018. https://uhdspace.uhas-
selt.be/dspace/handle/1942/27512.

Paduart, Anne. ‘Re-Design for Change: A 4 Dimensional Renovation Approach towards 
a Dynamic and Sustainable Building Stock’. Doctoral thesis, Vrije Universiteit 
Brussel, 2012.

87bibl iography



P&P architectes. ‘Peterbos’. p&p Architectes SPRL. Accessed 1 June 2019. http://www.
pparchitectes.com/peterbos.html.

RIBA. ‘RIBA Plan of Work’. RIBA, 2013.

BIBLIOGRAPHY OF CHAPTER 2

51N4E, and Lacaton & Vassal. ‘Peterbos #9 Brochure’, 12 October 2017.

A229. ‘Rénovation de La Tour Brunfaut. Dossier de Candidature Be.Exemplary’, 7 Oc-
tober 2016.

‘A229 - Equipe’. A229. Accessed 1 June 2019. https://a229.be/equipe.

Anne Lacaton, Jean Philippe Vassal, and Frederic Druot. ‘Tour Brunfaut. Definitiestudie 
Voor Een Rehabilitatie’. Lacaton&Vassal, March 2011.

‘BOGDAN & VAN BROECK’. Accessed 1 June 2019. https://www.bogdanvanbroeck.
com/about/.

‘BOGDAN & VAN BROECK Op Instagram: “Crossing an Urban Block! | New Set 
of Pictures by @jeroenverrecht”’, 31 May 2019. https://www.instagram.com/p/
ByIaTA0Ikvn/.

Buyle, Matthias, Johan Braet, and Amaryllis Audenaert. ‘Life Cycle Assessment in the 
Construction Sector: A Review’. Renewable and Sustainable Energy Reviews 26 
(October 2013): 379–88. https://doi.org/10.1016/j.rser.2013.05.001.

Cambier, Charlotte, Waldo Galle, and Niels De Temmerman. ‘The Relevance of Adapt-
able Façade Systems: An Evaluation through Scenario Planning’. Bern, 2018.

David Huber. ‘Lacaton & Vassal. Game Changers’. Metropolis, January 2016.

Debacker, Wim, Waldo Galle, Mieke Vandenbroucke, L. Wijnants, W. C. Lam, Anne 
Paduart, Pieter Herthogs, and Yves De Weerdt. ‘Design for Change: Develop-
ment of an Assessment and Transitional Framework (Summary)’. Mechelen: 
OVAM, 2015. http://www.ovam.be/sites/default/files/atoms/files/TWOL-De-
sign-for-change.pdf.

‘Dethier Architecture’. Dethier Architecture. Accessed 1 June 2019. http://www.dethier.
be/fr.

Elke Meex. ‘Circulair Bouwen in Vlaanderen?’ Infosession presented at the Circulair en 
veranderingsgericht bouwen - een nieuwe rol voor de architect?, Mechelen, 7 
May 2019.

Goedkoop, Mark, Reinout Heijungs, and Mark Huijbregts. ‘ReCiPE 2008: A Life Cycle 
Impact Assessment Method Which Comprises Harmonised Category Indica-
tors at the Midpoint and the Endpoint Level’, May 2018, 134.

Lacaton & Vassal. ‘Transformation de 530 Logements, Bâtiments G, H, I, Quartier Du 
Grand Parc.’, 2016. https://www.lacatonvassal.com/index.php?idp=80.

Levasseur, Annie, Pascal Lesage, Manuele Margni, Louise Deschenes, and Réjean Sam-
son. ‘Considering Time in LCA: Dynamic LCA and Its Application to Global 

88 RENOVATION OF RESIDENTIAL POST-WAR HIGH-RISE: 
UNDERSTANDING THE DESIGN PROCESS AND IMPACT OF REVERSIBLE DESIGN TOOLS AND STRATEGIES



Warming Impact Assessments’. Environmental Science & Technology 44, no. 8 
(2010): 3169–3174.

‘Materials Passports’. BAMB. Accessed 8 January 2019. https://www.bamb2020.eu/top-
ics/materials-passports/.

Meex, Elke. ‘Early Design Support for Material Related Environmental Impact Assess-
ment of Dwellings’. Doctoral Thesis, UHasselt, 2018. https://uhdspace.uhas-
selt.be/dspace/handle/1942/27512.

Niall Patrick Walsh. ‘Grand Parc Bordeaux Wins 2019 EU Prize for Contemporary Ar-
chitecture - Mies van Der Rohe Award’. ArchDaily, 11 May 2019. https://www.
archdaily.com/914806/grand-parc-bordeaux-wins-2019-eu-prize-for-contem-
porary-architecture-mies-van-der-rohe-award.

NIBE. Draagconstructies. NIBE’S Basiswerk. Milieuclassificaties Bouwproducten. 1. 
Bussum: NIBE research, 2011.

Opdekamp, Jan, and Ruben Janssens. The design process of Peterbos #9 - Interview 1, 
6 November 2018.

OVAM. ‘24 Ontwerprichtlijnen Veranderingsgericht Bouwen’, 2016. http://www.ovam.
be/sites/default/files/atoms/files/24%20Ontwerprichtlijnen%20veranderings-
gericht%20bouwen%28upd%29.pdf.

———. ‘FAQ - Gebruik van de Totem Tool’, 24 January 2019. https://www.to-
tem-building.be/pages/about.xhtml.

Renaud Van Espen. The design process of Tour Brunfaut-Interview 1, 20 November 
2019.

Valery van der Linden. ‘Architects’ Attitudes towards Users in Design.’ Brussels, 26 
March 2019.

‘Veelgestelde Vragen - Achtergrondinformatie Ecolizer - OVAM Ecolizer’. Accessed 31 
May 2019. http://ecolizer.be/help.

Vincent Degrune. ‘The Brunfaut Tower. Presentation of the Conceptual Design Chal-
lenges of a Renovation.’, 89–92. Brussels: Brussels urban development, 2014.

‘What Is Materials Passports’. BAMB. Accessed 10 February 2019. https://www.
bamb2020.eu/topics/materials-passports/what/.

BIBLIOGRAPHY OF CHAPTER 3

51N4E. ‘Peterbos #9 - Presentations’. Brussels, October 2018.

A229. ‘BRUNFAUT Réhabilitation et Rehausse de La Tour Brunfaut de 97 Habita-
tions Sociales  Molenbeek, 2013’. A229. Accessed 2 June 2019. https://a229.
be/post/74265830584/brunfaut-r%C3%A9habilitation-et-rehausse-de-la-tour.

———. ‘Rénovation de La Tour Brunfaut. Dossier de Candidature Be.Exemplary’, 7 
October 2016.

Anne Lacaton, Jean Philippe Vassal, and Frederic Druot. ‘Tour Brunfaut. Definitiestudie 

89bibl iography



Voor Een Rehabilitatie’. Lacaton&Vassal, March 2011.

Bogdan & Van Broeck. ‘Cosmopolitan - Concept Sketches’, January 2014.

———. ‘Cosmopolitan. Competition Proposal’, January 2014.

‘BOGDAN & VAN BROECK Op Instagram: “Crossing an Urban Block! | New Set 
of Pictures by @jeroenverrecht”’, 31 May 2019. https://www.instagram.com/p/
ByIaTA0Ikvn/.

Jan Opdekamp, and Ruben Janssens. The design process of peterbos #9 & discussion 
design for change assessment tools - Interview 2, 9 May 2019.

Lawson, Bryan. How Designers Think: The Design Process Demystified. 4. ed. Amsterdam: 
Elsevier/Architectural Press, 2006.

Lourenço van Innis. The design process of the Cosmopolitan & discussion on design for 
change assessment tools - interview 2, 2 May 2019.

———. The design process of the Cosmopolitan - interview 1, 19 November 2019.

Meex, Elke. ‘Early Design Support for Material Related Environmental Impact Assess-
ment of Dwellings’. Doctoral Thesis, UHasselt, 2018. https://uhdspace.uhas-
selt.be/dspace/handle/1942/27512.

Meex, Elke, Elke Knapen, and Griet Verbeeck. ‘Case Study Analysis of the Material Se-
lection Process during Dwellig Design in Flanders’, 10, n.d.

Opdekamp, Jan, and Ruben Janssens. The design process of Peterbos #9 - Interview 1, 
6 November 2018.

BIBLIOGRAPHY OF CHAPTER 4

‘Basisonderwijs: 12 Procent Meer Aanmeldingen, Tekort Groeit’. Bruzz. 16 March 
2017. https://www.bruzz.be/samenleving/basisonderwijs-12-procent-meer-aan-
meldingen-tekort-groeit-2017-03-16.

Bogdan & Van Broeck. ‘Tender Plans - Cosmopolitan’, 2015.

Cambier, Charlotte, Waldo Galle, and Niels De Temmerman. ‘The Relevance of Adapt-
able Façade Systems: An Evaluation through Scenario Planning’. Bern, 2018.

Jan Opdekamp, and Ruben Janssens. The design process of peterbos #9 & discussion 
design for change assessment tools - Interview 2, 9 May 2019.

Liesbet Van Ackeleyen. ‘Ecolizer: Vergelijking Hout En Beton’, 10 May 2019.

Lourenço van Innis. The design process of the Cosmopolitan - interview 1, 19 November 
2019.

Meex, Elke, Alexander Hollberg, Elke Knapen, Linda Hildebrand, and Griet Verbeeck. 
‘Requirements for Applying LCA-Based Environmental Impact Assessment 
Tools in the Early Stages of Building Design’. Building and Environment 133 
(April 2018): 228–36. https://doi.org/10.1016/j.buildenv.2018.02.016.

OVAM. ‘24 Ontwerprichtlijnen Veranderingsgericht Bouwen’, 2016. http://www.ovam.

90 RENOVATION OF RESIDENTIAL POST-WAR HIGH-RISE: 
UNDERSTANDING THE DESIGN PROCESS AND IMPACT OF REVERSIBLE DESIGN TOOLS AND STRATEGIES



be/sites/default/files/atoms/files/24%20Ontwerprichtlijnen%20veranderings-
gericht%20bouwen%28upd%29.pdf.

———. ‘Catalogus’. Ecolizer. Accessed 2 June 2019. http://ecolizer.be/catalogue/77.

Paduart, Anne. ‘Re-Design for Change: A 4 Dimensional Renovation Approach towards 
a Dynamic and Sustainable Building Stock’. Doctoral thesis, Vrije Universiteit 
Brussel, 2012.

Renaud Van Espen. The design process of Tour Brunfaut & discussion on design for 
change assessment tools - Interview 2, 6 May 2019.

Rf-Technologies. ‘Handboek Basisnormen. Editie 2017’. Rf-t, 2017.

Valery van der Linden. ‘Architects’ Attitudes towards Users in Design.’ Brussels, 26 
March 2019.

Vergauwen, Aline. ‘A Design Strategy for the Transformation of Vacant Office Buildings 
into Schools’. Master Thesis, Vrije Universiteit Brussel, 2011.

91bibl iography



92 RENOVATION OF RESIDENTIAL POST-WAR HIGH-RISE: 
UNDERSTANDING THE DESIGN PROCESS AND IMPACT OF REVERSIBLE DESIGN TOOLS AND STRATEGIES



a n n e x





125annex

m
at
er
ia
l/b

ew
er
ki
ng

el
ek
tr
os
ta
al
	(v
ol
le
di
g	
ge
re
cy
cle

er
d)

63
,0
0
m
Pt
/k
g

2.
54
4,
70

kg
16
0.
31
5,
85

m
Pt

w
ar
m
	g
ew

al
st

30
,0
0
m
Pt
/k
g

2.
54
4,
70

kg
76
.3
40
,8
8
m
Pt

ga
sla

ss
en

23
,0
0
m
pt
/m

2.
33
8,
58

m
53
.7
87
,2
9
m
Pt

af
da
nk
in
g

30
,0
0
m
Pt
/k
g

2.
54
4,
70

kg
76
.3
40
,8
8
m
Pt

ac
ry
lla
k,
	8
7,
5%

	in
	w
at
er

21
1,
00

m
pt
/k
g

34
5,
15

kg
72
.8
26
,1
6
m
Pt

be
am

s	i
n	
flo

or
	p
la
te

16
.1
72
,0
0
m
Pt
/m

3
63
,0
8
m
3

1.
02
0.
19
2,
83

m
Pt

co
nc
re
te
	fl
oo
r

16
.1
72
,0
0
m
Pt
/m

3
38
9,
40

m
3

6.
29
7.
37
6,
80

m
Pt

w
ap
en
in
gs
st
aa
l	b
ea
m
s

19
7,
00

m
pt
/k
g

2.
25
2,
10

kg
44
3.
66
2,
76

m
Pt

w
ap
en
in
gs
st
aa
l	f
lo
or

19
7,
00

m
pt
/k
g

4.
63
3,
86

kg
91
2.
87
0,
42

m
Pt

TO
TA

L
9.
11
3.
71
3,
87

m
Pt

m
at
er
ia
l/b

ew
er
ki
ng

Co
nc
re
te
	co

lu
m
ns

16
.1
72
,0
0
m
Pt
/m

3
89
,4
6
m
3

1.
44
6.
68
8,
90

m
Pt

co
nc
re
te
	b
ea
m
s

16
.1
72
,0
0
m
Pt
/m

3
8,
04

m
3

13
0.
00
3,
47

m
Pt

co
nc
re
te
	fl
oo
r

16
.1
72
,0
0
m
Pt
/m

3
38
9,
40

m
3

6.
29
7.
37
6,
80

m
Pt

be
am

	in
sid

e	
flo

or
16
.1
72
,0
0
m
Pt
/m

3
12
,5
9
m
3

20
3.
65
0,
76

m
Pt

ed
ge
	b
ea
m

16
.1
72
,0
0
m
Pt
/m

3
70
,4
8
m
3

1.
13
9.
86
0,
78

m
Pt

w
ap
en
in
gs
st
aa
l	c
ol
um

n
19
7,
00

m
pt
/k
g

5.
32
2,
66

kg
1.
04
8.
56
3,
19

m
Pt

w
ap
en
in
gs
st
aa
l	b
ea
m

19
7,
00

m
pt
/k
g

28
6,
99

kg
56
.5
36
,0
8
m
Pt

w
ap
en
in
gs
st
aa
l	f
lo
or

19
7,
00

m
pt
/k
g

14
9,
85

kg
29
.5
21
,3
0
m
Pt

to
ta
l

10
.3
52
.2
01
,2
9
m
Pt

en
vi
ro
nm

en
ta
l	i
m
pa
ct

�

��
�

Co
nc
re
te
	co

lu
m
ns

m
Pt
/e
en
he
id

Ho
ev
ee
lh
ei
d

en
vi
ro
nm

en
ta
l	i
m
pa
ct

m
Pt
/e
en
he
id

Ho
ev
ee
lh
ei
d



126 RENOVATION OF RESIDENTIAL POST-WAR HIGH-RISE: 
UNDERSTANDING THE DESIGN PROCESS AND IMPACT OF REVERSIBLE DESIGN TOOLS AND STRATEGIES

m
at
er
ia
l/b

ew
er
ki
ng

Ti
m
be
r	b

ea
m
s	(
�l
ue
d	
la
m
in
at
ed
	ti
m
be
r,	

fo
r	e

(t
er
io
r	u

se
)

22
1,
00

m
Pt
/k
g

59
.9
66
,2
8
kg

13
.2
52
.5
47
,8
8
m
Pt

Af
da
nk
in
g

17
,0
0
m
Pt
/k
g

59
.9
66
,2
8
kg

1.
01
9.
42
6,
76

Co
nc
re
te
	co

lu
m
ns

16
.1
72
,0
0
m
Pt
/m

3
11
6,
08

m
3

1.
87
7.
25
0,
16

m
Pt

co
nc
re
te
	fl
oo
r

16
.1
72
,0
0
m
Pt
/m

3
38
9,
40

m
3

6.
29
7.
37
6,
80

m
Pt

be
am

s	i
n	
flo

or
	p
la
te

16
.1
72
,0
0
m
Pt
/m

3
63
,0
8
m
3

1.
02
0.
19
2,
83

m
Pt

w
ap
en
in
gs
st
aa
l	c
ol
um

n
19
7,
00

m
pt
/k
g

6.
90
6,
78

kg
1.
36
0.
63
4,
91

m
Pt

w
ap
en
in
g	
be
am

s
19
7,
00

m
pt
/k
g

2.
25
2,
10

kg
44
3.
66
2,
76

m
Pt

w
ap
en
in
gs
st
aa
l	f
lo
or

19
7,
00

m
pt
/k
g

4.
63
3,
86

kg
91
2.
87
0,
42

m
Pt

to
ta
l

26
.1
83
.9
62
,5
2
m
Pt

m
at
er
ia
l/b

ew
er
ki
ng

Co
nc
re
te
	co

lu
m
ns

16
.1
72
,0
0
m
Pt
/m

3
30
1,
29

m
3

4.
87
2.
46
1,
88

m
Pt

co
nc
re
te
	b
ea
m
s

16
.1
72
,0
0
m
Pt
/m

3
0,
00

m
3

0,
00

m
Pt

co
nc
re
te
	fl
oo
r

16
.1
72
,0
0
m
Pt
/m

3
34
3,
83

m
3

5.
56
0.
47
6,
98

m
Pt

w
ap
en
in
gs
st
aa
l	c
ol
um

n
19
7,
00

m
pt
/k
g

17
.9
26
,7
6
kg

3.
53
1.
57
0,
74

m
Pt

w
ap
en
in
gs
st
aa
l	f
lo
or

19
7,
00

m
pt
/k
g

4.
09
1,
62

kg
80
6.
04
9,
11

m
Pt

to
ta
l

14
.7
70
.5
58
,7
0
m
Pt

tim
be

r	b
ea
m
s	+

	co
nc
re
te
	co

lu
m
ns

m
Pt
/e
en
he
id

Ho
ev
ee
lh
ei
d

en
vi
ro
nm

en
ta
l	i
m
pa
ct

Co
nc
re
te
	m

us
hr
oo

m
	co

lu
m
ns

m
Pt
/e
en
he
id

Ho
ev
ee
lh
ei
d

en
vi
ro
nm

en
ta
l	i
m
pa
ct



127annex

�T��L
T�
���	��A
�	
@	CO���T�	
COL�
��

CO�C��T�	
CO���T�	


��H�OO
�

9.113.713,87 26.183.962,52 10.352.201,29 14.770.558,70

C	�
����	�



BU
ILD

IN
G

 AN
ALYSIS

P
R

E
D

E
S

IG
N

FU NCTIONSTR UCTU RAL DESIG N
D

E
V

E
LO

P
E

D
 D

E
S

IG
N

 P
H

A
S

E
D

E
TA

IL
E

D
 D

E
S

IG
N

 P
H

A
S

E
MATE R IALTECH N ICS

D
E

TA
IL

E
D

 T
IM

E
L

IN
E

P
E

T
E

R
B

O
S

 #
9

B
Y

 5
1

N
4

E
 A

N
D

 L
A

C
A

T
O

N
&

V
A

S
S

A
L

I N HAB ITE D 
CONSTR UCTION

IN
P

U
T

sLP
S
Oe
�Ln
We
UYe

n
WLR
n
���ÿn

G
�R
n
e
�sR

Ou
WLR
n
�IR
U�sLP

LOD
U�Ue

n
R
YD
WLR
n
s��

�
In
G
LYLG

u
D
O�T
u
D
OLW\�R

I�OLIe
 

�
6
S
D
WLD
O�c
R
P
IR
UW

 
 

Te
c

h
n

ic
a

l e
q

u
ip

m
e

n
t 

 
 

A
c

c
e

ssib
ility

 
S

u
sta

in
a

b
le

 e
n

e
rg

y m
a

n
a

g
e

m
e

n
t

 
S

h
a

re
d

 p
u

b
lic

 a
n

d
 c

o
lle

c
tive

 sp
a

c
e

O
U

T
C

O
M

E
6
e
c
R
n
G
�ID
©
D
G
e
�D
s�Z

Ln
We
U�J
D
UG
e
n
s

 
N

o
t to

o
 e

xp
e

n
sive

�
:
Ln
We
U�J
D
UG
e
n
�c
D
n
�se

UYe
�D
s�WK

e
UP
D
O�E
u
IIe
U

 
G

ive
s e

xtra
 livin

g
 sp

a
c

e
.

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

 
S

ta
n

d
a

rd
 a

n
d

 o
p

tim
a

l m
in

im
u

m
 

 
B

u
d

g
e

t
 

 
Te

c
h

n
ic

a
l ra

tio
n

a
lity

 
�

/
LIe
�sS

D
n

�
/
R
R
NLn

J
�IR
U�fe

a
s

ib
le

 so
lu

tio
n

s
�

/
R
R
NLn

J
�IR
U�c

irc
u

la
r so

lu
tio

n
s

(
[D
P
S
Oe
�S
UR
Me
c
Ws�E

\�/
D
c
D
WR
n
�	
�9
D
ss
D
O��Z

K
e
Ue
�WK
e
�c
R
n
c
e
S
W�R
I�WK

e
�

D
G
G
LWLR

n
�R
I�WK

e
�se

c
R
n
G
�ID
©
D
G
e
�Z
D
s�su

c
c
e
sIu

OO\�LP
S
Oe
P
e
n
We
G
�

IN
P

U
T

P
ro

b
le

m
s th

a
t h

a
d

 to
 b

e
 so

lve
d

�
)
LUe
�s
D
Ie
W\

�
'
e
D
OLn
J
�Z
LWK
�Ue
su
OWs�R

I�E
u
LOG
Ln
J
�D
n
D
O\sLs

O
U

T
C

O
M

E
7
K
e
�Iu
n
c
WLR
n
�R
I�WK

e
�Z
Ln
We
U�J
D
UG
e
n
s�sWD

\e
G
�S
Ue
se
n
W

:
Ln
We
UJ
D
UG
e
n
s�R

n
�WK
e
�sR

u
WK
�ID
c
D
G
e
�Z
e
Ue
�e
OLP

Ln
D
We
G

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

6
R
u
WK
�D
n
G
�n
R
UWK
�ID
©
D
G
e
�D
Ue
�Ln
�E
D
G
�c
R
n
G
LWLR

n
��Ue

su
OWLn

J
��

�
 

in
 a

 b
u

d
g

e
t c

u
t.

T
h

e
 in

te
rn

a
l w

a
lls h

a
d

 b
e

c
o

m
e

 b
e

a
rin

g
 o

v
e

r tim
e

,   
 

 
so

 m
a

kin
g

 o
p

e
n

in
g

s in
 th

e
m

 w
a

s n
o

t p
o

ssib
le

   
 

 
a

n
y m

o
re

.

IN
P

U
T

 
P

ro
vin

g
 

th
a

t 
w

in
te

r 
g

a
rd

e
n

s 
se

rve
 

a
s 

th
e

rm
a

l 
E
u
IIe
U��P

e
D
n
Ln
J
�WK
D
W�WK

e
�Ln
su
OD
WLR
n
�WK
Lc
Nn
e
ss�c

R
u
OG
�S
R
ssL-

b
ly b

e
 re

d
u

c
e

d
.

O
U

T
C

O
M

E
�

1
R
W�WK

D
W�P

D
n
\�YLsLE

Oe
�c
K
D
n
J
e
s�Ln

�We
UP
s�R

I�Iu
n
c
WLR
n
��

+
R
Z
e
Ye
U��c

R
n
WLn
u
Ln
J
�Ue

se
D
Uc
K
�R
n
�WK

e
�Iu

n
c
WLR
n
��c
K
R
se
n
�Ln
�

p
re

d
e

sig
n

 
p

h
a

se
, 

re
su

lte
d

 
in

 
im

p
lic

a
tio

n
s 

o
n

 
th

e
 

o
th

e
r 

a
sp

e
c

ts.
�

(
n
e
UJ
\�S

e
UIR
UP
D
n
c
e
��7
K
e
�WK

e
UP
D
O�E
u
IIe
U�S

ULn
c
LS
Oe
�

Z
D
s�n

R
W�WD

Ne
n
�Ln
WR
�D
c
c
R
u
n
W��Ln

flu
e
n
c
e
�R
n
�P
D
We
ULD
O�

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

 
E

n
e

rg
y

 
re

g
u

la
tio

n
s

:�
(
3
%
�
�%
e
OJ
LD
n
�
Ue
J
u
OD
WLR
n
��

o
n

ly a
llo

w
s sta

tic
 c

a
lc

u
la

tio
n

s. To
 p

ro
ve

 th
a

t th
e

 w
in

te
r 

J
D
UG
e
n
�
Z
R
UNs�

D
s�
D
�
E
u
IIe
U��
D
�
G
\n
D
P
Lc
�
c
D
Oc
u
OD
WLR
n
�
Z
D
s�

n
e

e
d

e
d

. T
h

is m
e

th
o

d
 w

a
s n

o
t a

c
c

e
p

te
d

 b
y th

e
 re

g
u

la
tio

n
. 

IN
P

U
T

�
)
Ln
G
�D
�sWUu

c
Wu
Ue
�WK
D
W�se

UYe
s�WK

e
�Iu
n
c
WLR
n
�

O
U

T
C

O
M

E

1
R
�ÿn

D
O�c
K
R
Lc
e
s�D

Ue
�P
D
G
e
��LW�Ls�P

R
Ue
�R
I�D
n
�e
sWLP

D
WLR
n

�
In
G
e
S
e
n
G
e
n
W�sWUu

c
Wu
Ue
���

P
�Z
LG
e
��se

OI�E
e
D
ULn
J
�

�
IG
e
D
�R
I�se

P
L�S
Ue
ID
E
ULc
D
WLR
n

7
K
e
LU�ÿUsW�c

K
R
Lc
e
�Ls�c

R
n
c
Ue
We
�R
U�sWe

e
O��D

OZ
D
\s�c

R
n
c
Ue
We
�flR

R
ULn
J
����

�
�

7
K
e
\�D

Ue
�D
OUe
D
G
\�D

Z
D
Ue
�R
I�WK

e
�LP

S
OLc
D
WLR
n
s�R

I�sWe
e
O�Z

LWK
��

�
�

ÿUe
s
D
Ie
W\��E

u
W�WK

e
�c
K
R
Lc
e
�Ls�n

R
W�P

D
G
e
�\e

W�

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

�
1
R
�Ue
D
O�Nn

R
Z
Oe
G
J
e
�D
E
R
u
W�WK

e
�sWUu

c
Wu
UD
O�Ln

We
J
ULW\�R

I�WK
e
�E
u
LOG
Ln
J
�

�
6
S
e
e
G
�R
I�c
R
n
sWUu

c
WLR
n
��WK

e
\�K

D
G
�D
OUe
D
G
\�D

n
�Ln
K
D
E
LWe
G
�c
R
n
sWUu

c
WLR
n
��

�
�

Ln
�WK
e
�E
D
c
N�R

I�WK
e
LU�P

Ln
G
�

 
 

IN
P

U
T

�
7
K
e
�sWUu

c
Wu
Ue
�K
D
G
�WR
�E
e
�se

OI�E
e
D
ULn
J

 
C

irc
u

la
rity a

s a
n

 a
d

d
e

d
 va

lu
e

 to
 th

e
 d

e
sig

n

O
U

T
C

O
M

E

6
WUD
LJ
K
W�c
R
n
c
Ue
We
�E
e
D
P
s�Z

LWK
�c
R
n
c
Ue
We
�flR

R
ULn
J
��R
S
WLR
n
��
�

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

�
7e
sWLn

J
�G
LIIe

Ue
n
W�sWUu

c
Wu
Ue
s

 C
o

n
c

lu
sio

n

�
7
K
e
�Ue
se
D
Uc
K
�WUD

c
Ns�J

R
W�sWu

c
N��OD

c
N�R

I�Nn
R
Z
Oe
G
J
e
�D
n
G
�WR
R
Os"

��
  

b
u

d
g

e
t w

a
s to

 sm
a

ll
  

T
h

e
 a

rc
h

ite
c

ts w
e

re
 n

o
t a

b
le

 to
 c

o
n

vin
c

e
 th

e
 c

lie
n

t to
 p

a
y m

o
re

��
/
e
J
D
O�IUD

P
e
��e
sS
e
c
LD
OO\�ÿUe

s
D
Ie
W\��S

OD
\e
G
�D
�OD
UJ
e
�UR
Oe
�Ln
�WK
e
�G
e
c
LsLR

n
s�

O
p

tio
n

 2:
C

o
n

cre
te

 m
u

sh
ro

o
m

 
stru

ctu
re

O
p

tio
n

 1:
P

re
fa

b
rica

te
d

 co
n

cre
te

 
b

e
a
m

s &
 sla

b
s

O
p

tio
n

 3:
P

re
fa

b
rica

te
d

 S
te

e
l 

co
lu

m
n

s &
 co

n
cre

te
 sla

b
s

O
p

tio
n

 4:
Tim

b
e
r b

e
a
m

s &
 co

lu
m

n
s

C
H

O
S

E
N

, b
u

t
H

o
w

 
to

 
u

se
 

th
e

 
le

a
st 

D
P
R
u
n
W�R
I�P

D
We
ULD
O"

3
UR
E
Oe
P
��

)
LUe
s
D
Ie
W\�Ue

J
u
OD
WLR
n
s

3
UR
E
Oe
P
��

S
Ue
ID
E
ULc
D
WLR
n
�

D
n
G
�

tra
n

sp
o

rt

3
UR
E
Oe
P
��

)
LUe
s
D
Ie
W\�

Ue
J
u
OD
WLR
n
s�

+
 

d
im

e
n

sio
n

s 
b

e
c

a
m

e
 

to
o

 la
rg

e
.

IN
P

U
T

�
&
D
n
�WK
e
�c
R
n
c
Ue
We
�sWUu

c
Wu
Ue
�sWLOO�E

e
�c
LUc
u
OD
U"

O
U

T
C

O
M

E

�
WK
e
�G
e
c
LsLR

n
�Ls�S

u
W�R
n
�K
R
OG
���u

n
WLO�D

IWe
U�WK

e
�E
u
LOG
Ln
J
�S
e
UP
LW

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

  
To

g
e

th
e

r w
ith

 th
e

 e
n

g
in

e
e

r th
e

y d
e

sig
n

e
d

 a
 c

o
n

n
e

c
tio

n
 th

a
t 

c
o

u
ld

 b
e

 ta
ke

n
 a

p
p

a
rt. H

o
w

e
ve

r, d
u

e
 to

 b
u

d
g

e
t re

a
s

o
n

s
 th

is tra
c

k 
e

n
d

e
d

. 
 

T
h

e
y w

e
re

 n
o

t y
e

t a
b

le
 to

 c
o

n
v

in
c

e
 th

e
 c

lie
n

t to
 p

a
y m

o
re

.

IN
P

U
T

�
'
e
WD
LOLn

J
��K
R
Z
�Z
LOO�WK

e
�E
u
LOG
Ln
J
�OD
\e
Us�E

e
�c
R
P
S
R
se
G
"

O
U

T
C

O
M

E

 
m

o
re

 in
stu

la
tio

n
 a

n
d

 m
a

te
ria

l u
se

 th
e

n
 is a

c
tu

a
lly n

e
e

d
e

d

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

�
Z
Ln
We
UJ
D
UG
e
n
s�D

Ue
�n
R
W�c

R
u
n
We
G
�D
s�WK

e
UP
D
O�E

u
IIe
Us��G

u
e
�WR

�
WK
e
�sWD

WLc
�c
D
Oc
u
OD
WLR
n
�P
e
WK
R
G
�R
I�E
e
OJ
LD
n
�e
n
e
UJ
\�Ue

J
u
OD
WLR
n
s�

O
U

T
C

O
M

E

 
In

h
a

b
ite

d
 re

n
o

va
tio

n
 is c

h
o

se
n

. 
�

3
Ue
se
n
WD
WLR
n
s�D

Ue
�P
D
G
e
�WR
�Ne

e
S
�WK
e
�Ln
K
D
E
LWD
n
Ws�Ln

IR
UP
e
G
�

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

 
b

u
d

g
e

t 
 

so
c

ia
l a

sp
e

c
ts

�
&
OLe
n
W�Ls�Ln

We
Ue
sWe

G
�Ln
�WK
e
�LG
e
D
�R
I�D
n
�Ln
K
D
E
LWe
G
�c
R
n
sWUu

c
WLR
n
�

IN
P

U
T

 
C

o
m

m
u

n
ic

a
tio

n
 to

 th
e

 in
h

a
b

ita
n

ts
 

P
ra

c
tic

a
l c

o
n

c
e

rn
s

O
U

T
C

O
M

E

�
3
OD
n
n
Ln
J
�R
I�WK

e
�Ue
n
R
YD
WLR
n
�sWe

S
s�Ls�Ln

WUR
G
u
c
e
G

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

�
e
[S
e
ULe
n
c
e
�R
I�/
D
c
D
WR
n
�	
�9
D
ss
D
O�Z

LWK
�WK
e
�s
D
P
e
�W\S

e
�R
I�Ue

n
R
YD
WLR
n
�

IN
P

U
T

 
 ve

n
tila

tio
n

 in
sta

lla
tio

n
s h

a
ve

 to
 b

e
 re

p
la

c
e

d

O
U

T
C

O
M

E

 
ve

n
tila

tio
n

 syste
m

 C

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

 
E

n
e

rg
y re

g
u

la
tio

n
s

�
:
Ln
We
UJ
D
UG
e
n
�c
D
n
�se

UYe
�D
s�D

n
�D
LU�E

u
IIe
U

IN
P

U
T

  
H

e
a

tin
g

 syste
m

s h
a

ve
 to

 b
e

 re
p

la
c

e
d

O
U

T
C

O
M

E

�
&
R
n
n
e
c
WLR
n
s�D

Ue
�P
D
G
e
�G
u
ULn
J
�WK
e
�c
R
n
sWUu

c
WLR
n
�R
I�WK

e
�se

c
R
n
G
�ID
©
D
G
e
�

IN
F

L
U

E
N

C
IN

G
 F

A
C

T
O

R
S

�
5
e
S
OD
c
e
P
e
n
W�R
I�K
e
D
WLn
J
�s\sWe

P
�Z
K
LOe
�S
e
R
S
Oe
�D
Ue
�sWLOO�OLYLn

J
�Ln
�WK
e
�E
u
LOG
Ln
J
�

S
m

ooth transition
a decision is m

ade and w
orked out

A
brupt decision

usually it m
eans that an idea or aspect is dropped

C
losely connected research

Influences

D
ecision m

om
ent

Th
e process is devided into progress based param
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indicates the am

ount of research done, leading to a decision. 
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Th
e process is devided into progress based param

eters, horizontal direction. 
In the vertical direction, the process is classified into design aspects, 

subjects architects focussed on during the design process. Each aspect has 
an arrow traveling allong the design phases. Th

e thickness of this arrow 
indicates the am

ount of research done, leading to a decision. 


