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SUMMARY 

 

Designing with living organisms has become a topic of interest over the past years 

in building design through the increasing number of studies along with the 

innovations in the current industrial practice. Indeed, living organisms of nature, 

such as plants and algae, have often provided innovative solutions for buildings 

within current environmental degradation in relation to the significant matter of 

the living components in building design since pre-modern to contemporary 

architecture. Meanwhile, smart technologies such as automation systems, artificial 

intelligence, and the internet of things (IoT) have taken place in building design, 

in addition to the integration of a variety of manufactured components from 

electrical sockets to domestic appliances into buildings since industrialization. At 

this point, contemporary studies manifest that emerging technological 

achievements have also enabled the incorporation of living organisms into the 

design (in general), thereby living and manufactured components tend to grow 

towards ‘in-between.’ Accordingly, this ‘in-betweenness’ also introduces itself 

within building design that is expected to alter the design of building components 

into ‘biobuilding components.’  

In the scope of the thesis, biobuilding components represent the interrelation of 

living and manufactured components by encompassing building components 

(such as façade panels, columns, walls, interior elements) incorporated with living 

organisms of nature (such as algae, fungus, plants). The number of biobuilding 

component examples has been increasing gradually and about to infiltrate into 

everyday lives and surroundings; however, how building design would be affected 

by biobuilding components is needed to be elaborated in the building design 

domain. Therefore this thesis aims to explore the expected impact (s) of 

biobuilding components with their possible meaning(s) in building design. 

The objective of the thesis is to present an explanatory study that yields knowledge 

of biobuilding components by evaluating their theoretical and practical 
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implications. This thesis approaches its topic by embracing a perspectivist way of 

thinking, inspired by Nietzsche’s perspectivism (which is a philosophical approach 

that criticizes the concept of indispensable ‘truth’). This way of thinking provides 

a critical understanding of this research, driven by emerging technological 

achievements, which leads to considering different interpretations, 

understandings, and even contradictions concerning the meaning(s) and potential 

use(s) of biobuilding components in building design.  

This thesis firstly embraces comprehensive literature research by evaluating 

biobuilding components from different angles with multiple literature studies, 

secondly data gathering of biobuilding components, and thirdly empirical studies 

with qualitative research methods (Protocol Analysis, Oral History, and Thematic 

Analysis). In this regard, the research is presented as threefold: Background 

(Chapter 2), Overview (Chapter 3, Chapter 4), and Analysis (Chapter 5, Chapter 

6).    

The Background part of the thesis provides an introductory idea about biobuilding 

components by systematically combining multiple literature reviews evaluating 

the interrelation of living and manufactured components through the 

relationships between the concept of nature, technology, and building design. In 

this way, this part of the study establishes a theoretical basis both for the data 

gathering in the Overview part and qualitative studies in the Analysis part. 

The Overview part of the thesis presents information on biobuilding components 

with a literature review on terminology explaining related terms, concepts, and 

methodological approaches, as well as an examination of 70 biobuilding 

components through their characteristics (domains, initiators, goals, objectives, 

implementations, incorporated living components), and their relevance to 

building design. Moreover, multi-level perspective (MLP), an analytical tool, leads 

us to evaluate biobuilding components by delivering knowledge of the connection 

between different scales of impacts (micro, meso, and macro). This part of the 

study gives an understanding of biobuilding components in building design 

through their resonations within existing literature and current industrial practice. 
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By this means, the findings of the Overview part leads to determine the scope of 

the design experiments with architecture students, to specify practitioners and 

related domains for the interviews that needed to be focused on the Analysis part 

of the study.  

The Analysis part of the thesis carries out two qualitative studies and explores the 

expected impacts of biobuilding components through their integrations into 

building design, with two groups of actors; architecture students (future 

architects) and practitioners (architects, interior designers, product 

designers/developers, biologists, academicians, engineers, fashion designers). The 

design experiments, conducted in an architectural design studio, reveal the 

opportunities and barriers to biobuilding components in building design through 

future architects’ perspectives. Then, it underlines the need to further understand 

the mindset behind integrating biobuilding components into building design and 

other perspectives. Therefore, the interview study (20 interviews with 21 

practitioners that are chosen from the examples in the Overview part and 

continued with chain sampling strategy) was conducted in-depth, (preferably) 

face-to-face, by motivating practitioners to describe their expertise with semi-

structured open-ended questions and probing questions through adopting oral 

history methods as well. The verbal data of the interviews provides detailed 

information on biobuilding components in addition to the findings in the Overview 

and opens further discussions and criticisms based on the studies in the 

Background. Moreover, the transcriptions of the interviews were analyzed with the 

Thematic Analysis method, which leads to determining the design stages of the 

development of biobuilding components and their integration into buildings.  

In conclusion, this thesis elaborates on historical, phenomenological, practical, 

technological, building design, and educational meanings of biobuilding 

components altogether. This reveals the expected architectural and social impacts 

of biobuilding components, thus providing answers to how biobuilding 

components would affect building design. The study then finalizes by offering 
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recommendations for architects and future research directions in the building 

design domain. 
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1  
INTRODUCTION 

 

Within the rapid and comprehensive growth of technology, a variety of 

innovations incorporated with living organisms could be applied as building 

components (i.e., wall, façade panel, interior element, etc.) in a building such as: 

algae-filled walls (e.g., BIQ house in Hamburg/Germany, Poerbo et al., 2018), 

façade panels grown from mushrooms and mycelium (e.g., Growing Pavilion, 

Klarenbeek, 2019), and flowerpots cleaning the air with plants (e.g., Clairy 

project, Masi et al., 2015). Such innovations position themselves in-between 

‘living and manufactured’ by manifesting a ‘radical’ design approach thanks to the 

latest technological advancements enabling us to design together with living 

organisms such as biotechnology and bioengineering, biofabrication, and 

biomaterial production (Myers, 2018). 

The topic of the thesis emerges from studying these ‘in-between’ innovations in 

the building design domain. Within the thesis framework, these innovations are 

entitled ‘biobuilding components’ (as introduced in Section 1.1.1 and further 

elucidated in Chapter 3), and the aim of the thesis is determined as follows:  

To explore the expected impact(s) of biobuilding components with their 

possible meaning(s) in building design. 

To accomplish this aim, initially, the thesis approaches its topic by embracing a 

perspectivist way of thinking, inspired by Nietzsche’s perspectivism. In his own 

words, Nietzsche outlines his idea as follows:  

In so far as the word “knowledge” has any meaning, the world is knowable; 

but it is interpretable [emphasis in original] otherwise, it has no meaning 
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behind it, but countless meanings – “Perspectivism,” Translation: Walter 

Kaufman.1  

Herewith, Nietzsche criticizes the concept of indispensable ‘truth’ by underlining 

that knowledge relies on multiple perspectival interpretations, not objective facts. 

Nietzsche’s perspectivism as a philosophical approach depends on a visual 

metaphor which implies that our eyes capture things from a particular perspective 

with certain limitations, and these specific viewpoints trigger different 

interpretations in which knowledge is constituted (Anderson, 1998; Atwell, 1981; 

Berry, 2005; Nola, 1987; Welshon, 2009). With this metaphor, Nietzsche 

emphasizes the ‘subjectivity’ in human perception and discards the possibility of 

knowing a subject without any subjectivity (Atwell, 1981; Berry, 2005; Gilmour. 

J. C., 1990; Stewart, 1986). In this regard, a single perspective is always 

problematic with a single point of view; therefore, perspectivism suggests a 

plurality, since different perspectives ensure epistemic values such as ‘simplicity,’ 

‘plausibility,’ and ‘empirical adequacy’ in terms of evaluating theories and 

interpretations (Anderson, 2007). That’s why, in this book Human, All-Too-

Human: A Book for Free Spirits (Nietzsche, 1910), Nietzsche repeatedly refers to 

perspectives as plural; thus he stresses the value of different understandings, and 

advocates that ‘becoming aware of the perspectival nature of knowledge is itself 

an improvement in knowledge’(Atwell, 1981).  

The perspectivist way of thinking brings an approach for this technology-driven 

research suggesting the discussion of different, even contradicting studies, 

theories, and statements altogether. In this sense, perspectivism inspires us to 

establish the theoretical background of the study by including different 

classifications, concepts, and theories as a result of approaching the thesis topic 

from multiple angles (Chapter 2, Chapter 3). Moreover, it encourages 

 

1 Original German: Soweit überhaupt das Wort “Erkenntniß“ Sinn hat, ist die Welt erkennbar: aber 
sie ist anders deutbar, sie hat keinen Sinn hinter sich, sondern unzählige Sinne. – “Perspektivismus“. 
Nietzsche. See: Nietzsche, F. W. (1906/1987). Der Wille zur Macht. Nr.481 (M. Rehfuss, Ed.). 
Wensin: Verlag. 
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understanding and analyzing the expected impact(s) of biobuilding components 

by determining multiple examples (Chapter 4), considering different 

interpretations and understandings of different actors from multiple disciplines 

(Chapter 5, Chapter 6). 

The Introduction Chapter explains how the thesis will proceed to achieve its aim. 

Firstly, the Literature Review2 section provides a comprehensive understanding of 

the thesis topic by clarifying the scope of the investigation (Figure 1.1) and the 

problem field. Secondly, the following section identifies the key objectives related 

to the research's disciplinary boundaries by presenting Objective of the Thesis and 

Research Questions. Thirdly, the Methodology section explains the research 

approach and methods (in literature research, data collection, and analysis) to 

seek answers to the research questions. The research model of the thesis is 

presented in this section (Figure 1.3). Fourthly, the Original Contribution section 

offers the novelty of the thesis in the existing literature. Lastly, the Structure of the 

Thesis section presents a brief explanation of each chapter. The relations between 

research questions, research models, and Chapters are demonstrated as a reading 

guide at the end of the Introduction (Figure 1.4.). 

 

1.1 Literature Review 

A literature review highlighting fundamental studies, concepts, approaches, 

theories, and examples, which introduces firstly Scope and secondly, Potentials & 

Problems of the thesis. In this way, this part of the study identifies the research’s 

disciplinary boundaries by explaining the definition of the biobuilding component. 

 

2 Regarding the agreed joint degree protocol between two universities: Eindhoven University of 
Technology (TU/e), Eindhoven/the Netherlands and Yildiz Technical University (YTU), 
Istanbul/Turkey, the thesis template must follow the rules of Graduate School of Science and 
Engineering of Yildiz Technical University. For further information, please see:  
http://www.fbe.yildiz.edu.tr/page/GRADUATION/THESIS-SPELLING-INSTRUCTIONS-and-
MANUAL/361 
 

http://www.fbe.yildiz.edu.tr/page/GRADUATION/THESIS-SPELLING-INSTRUCTIONS-and-MANUAL/361
http://www.fbe.yildiz.edu.tr/page/GRADUATION/THESIS-SPELLING-INSTRUCTIONS-and-MANUAL/361
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It then describes the problem field of the research within the established 

boundaries. 

1.1.1 Scope 

This thesis positions itself in-between living and manufactured, and this ‘in-

betweenness’ emerges within the intersection of “the concept of nature”3 and the 

development of technology. This section of the study provides inquiries on the 

accurate determinations of ‘living,’ ‘manufactured,’ and ‘building’ components, 

and their intersections as ‘bio-components’ and ‘biobuilding components.’ Figure 

1.1 demonstrates the scope of the thesis, and each determination is furtherly 

explained in the below sub-sections. These determinations introduce the basis for 

this thesis. They are formulated by thoroughly understanding, digesting, and 

analyzing the literature on the interrelations between the comprehensive concept 

of nature, development of technology, and building design.  

 

LIVING COMPONENTS :  
Living and growing organisms in nature. 
 

MANUFACTURED COMPONENTS:  
Man-made productions. 
 

BUILDING  COMPONENTS : 
Building design elements influencing building 
design. 
 
“BIO” COMPONENTS:  
All innovations at the intersection of living 
and manufactured components. 
 

“BIOBUILDING” 
COMPONENTS  
The interrelation of living and manufactured 
components as building components. 

 

Figure 1.1 The Scope of the Thesis 

This research’s key subject is the ‘interrelation’ of living and manufactured 

components by incorporating living organisms into the design. Living components 

 

3 Nature needed to be discussed as “the concept of nature,” since its meaning relies on the altering 
understandings constituted by humans (Collingwood, 1945; Andreas Roepstorff and Bubandt, 
2003; Soper, 1995). This argument furtherly elucidated in Chapter 2, Section 2.1.1 Questioning the 
Concept of Nature. 
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point out the use of living organisms within the “concept of nature” by 

representing the ‘natural,’ ‘living,’ ‘growing,’ side of this interrelation. By this 

means, the term of living is used as corresponding to its biological essence instead 

of its common use in technology within the descriptions of dynamic and 

interactive objects. On the other hand, manufactured components indicate the man-

made interference that makes this incorporation possible within technology 

developments. Thus, they can be connotated with the ‘artificial,’ ‘technical,’ or 

‘non-natural’ side of this interrelation. By this means, living and manufactured 

components indicate two different poles entirely different from each other. 

However, due to new technological abilities enabling us to design with living 

organisms, the gap between the living and the manufactured seems to be closed 

within bio-derived concepts, such as biomimicry (Benyus, 1997), biophilia (Kellert 

& Winson, 1993), biodesign (Myers, 2018), and bioarchitecture (Ripley & 

Bhushan, 2016). Concerning these bio-derived concepts, the intersection of living 

and manufactured components is entitled as bio-components, which indicates 

both. Accordingly, the main focus of the thesis is specified as biobuilding 

components, referring to particular bio-components being used as building 

components within the building design domain. In that sense, biobuilding 

components are positioned at the intersection of the concepts of nature, 

technology, and building design by encompassing living, manufactured, and 

building components. 

An explanations of these determinations in an example can provide a better 

understanding before elucidating them in detail. In the project of Mogu initiated 

by Maurizio Montalti (Appels et al., 2019), acoustic panels grown from mycelium 

are accepted as a biobuilding component considering the potential role of an 

acoustic panel in the design of a building. In this case, mycelium is the living 

component. The man-made technique to grow mycelium in the demanded form, 

and added artificial materials such as polishing material are accepted as 

manufactured components. Since bio-component represents a general term 

regardless of the relevancy of a product with building design, any other innovation 
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developed with mycelium could be entitled as bio-component (e.g., a food 

container or a bottle grown from mycelium, Camere & Karana, 2017).  

To define biobuilding components, primarily, it is essential to explain the 

determinations of living, manufactured, and building, and then bio-components 

in detail.   

Living Components in the Concept of Nature 

The concern of the thesis in the concept of nature determined as ‘living 

components,’ and specified accordingly:  

• Living components encompass any singular or plural living organisms such 

as plants, animals, humans, fungi, protists, and bacteria by giving an equal 

right to all forms of life in the ecosystem  (Enger and Smith, 2006; Taylor, 

1986). 

In its origin, the word nature comes from the Latin term natura and is related to 

“born” and directly connected to life. However, due to its etymological richness 

and conceptual breadth in various contexts, the term nature is one of the most 

“complex” words in the language (Proctor, 1998; Andreas Roepstorff & Bubandt, 

2003; Soper, 1995). That’s why studies in the literature suggest different 

understandings towards the concept of nature (e.g., Bookchin, 1996; Descola et 

al., 2014; Gissen, 2012; Lähde, 2006; Mittelstraß, 2014). Meanwhile, establishing 

the relationship between nature and humans, either as they are distinguished or 

united, separates these interpretations into two different poles (i.e., Western 

nature-culture dualism and non-Western and contemporary approaches as 

explained in Section 2.1). Therefore, this research needs to specify its 

understanding of the different interpretations of the concept of nature and its 

approach towards the relations between humans and nature. 

This determination as living components contributes to the understanding of this 

thesis in two ways. Firstly, it helps to instrumentalize the concept of nature by 

keeping the main focus on the practical use of living organisms, thus narrowing 

down the scope of the study by excluding the discussions on the non-living 
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elements of nature (e.g., air, soil, light, wind, etc.). Secondly, this determination 

implies a “biocentric” approach by accepting humans as part of the natural 

environment like other life forms such as bacteria, algae, animals, and plants.4 In 

this way, the study determines its attitude towards the relationship between 

nature and humans by taking into account alternative concepts encompassing 

human, human-made, and living elements of nature all together (e.g., the works 

of Descola, Bookchin, Haila, and the concepts like; Next Nature, Subnature, Dark 

Nature, as elaborated in Section 2.4 ).  

Manufactured Components in the Development of Technology 

The concern of the thesis in the concept of technology determined as 

‘manufactured components,’ and specified accordingly:   

• Manufactured components encompass “man-made” technologies, which 

are associated with the term “artificial” or “non-natural” in academic 

debates (e.g., Bader et al., 2016; Heinrich et al., 2019; Myers, 2018; 

Mensvoort and Grievink, 2012).  

The word technology originates from a combination of two Greek words: techne 

and logos. Techne means “technique, art, craft, or skill”; logos means “to speak of.” 

In this way, the term technology initially covers any man-made practice in various 

domains, scales, and disciplines among an endless number of applications, from 

humankind’s first developed tools to the newest innovations. However, similar to 

the concept of nature, technology implies a vast concept with different 

understandings; thus, various definitions by many scholars (Poelman, 2005). For 

example, according to Schön & Rein (1994), technology indicates a tool, 

technique, and process. Rouse (1993) explains technology as the application of 

scientific knowledge resulting in practical implications. Moreover, it is also 

 

4 The “biocentric” approach, also called “life-centered environmental ethics,” respects all forms of 
life by giving an equal moral right and value. Different attitudes could be found regarding the 
biocentric approach, while ‘biocentric egalitarians’ like Taylor (1986) believes that humans are not 
superior over other life forms (Enger and Smith, 2006).  
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possible to come up with certain distinctions on technology in both academic (i.e., 

scholarly sources like articles, books, official websites) and popular literature (i.e., 

social media, unofficial websites), such as ‘low-tech’ (simple, often tradition, and 

easily practicable technologies using little energy and sources), and ‘hi-tech’ 

(opposite to low-tech, the latest technology available) (Falk and Lyson, 1988). 

Furthermore, lately, ‘smart’ is widely used to describe technologies with a level of 

intelligence by means of being connected with internet networks, such as 

automation systems, IoT, and sensors (e.g., Balta-Ozkan et al., 2013; Kasier, 2015; 

Marikyan et al., 2019). Thus, this research needs to be careful about its approach 

regarding technology by avoiding any misunderstandings.  

This determination as manufactured components contributes to the 

understanding of this thesis in two ways. Firstly, it helps to instrumentalize 

technology by avoiding misunderstandings through altering determinations 

towards technology concepts. Secondly, this determination brings a neutral 

position by not limiting the study with terms like ‘hi-tech, ‘smart’ and ‘intelligent.’ 

At this point, one could argue that everything around us is already manufactured 

including even gardening, agriculture,  in fact, the concept of time. This study is 

not against this idea; in fact, it embraces any man-made interference, including 

smart technologies, and non-smart ones in common sense as well. What is focused 

on here is technology allowing the incorporation of living organisms. For example, 

wearable technologies (e.g., smartwatches, clothing, bracelets) are smart 

technologies. They can be known as ‘biosmart’ by indicating an interrelation 

between a living component (the human body) and a technological apparatus. On 

the other hand, for example, self-growing furniture made from mushrooms seems 

irrelevant to the term ‘smart,’ even though it offers a smart way of approaching 

the production system (e.g., Appels et al., 2019; Klarenbeek, 2019; Stott, 2014). 

In this way, ‘smartness’ is already included within manufactured component 

determinations by implying that modern technologies must be covered. However, 

this determination chooses to emphasize man-made interference in a general 

sense to retain the study’s focus on incorporating living organisms, regardless of 
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classifications of their technology (i.e., smart, high-tech, low-tech) or domains, 

functions, scales, or purposes. 

Building Components in Building Design 

The focus of the thesis in building design determined as ‘building components’ and 

specified accordingly:  

• Building components implies a ‘conventional’ term frequently used in 

building design to describe various building design elements such as; walls, 

columns, stairs, and many more.  

Before determining biobuilding components, it is essential to stress how this thesis 

outlines building components in building design. A building can be regarded as a 

composition with its internal and external parts assembled from segmented levels 

corresponding to different scales (Brand, 1994; Duffy, 1990; Leupen, 2004). 

Concerning the combination of different components in a building, building 

design incorporates various extents, not only in design and practice but also in 

history and theory, by crossing multiple disciplines such as industrial design 

(Phocas, 2015; Poelman, 2008), engineering (Gibson, 2012), and urban design 

(Ratti & Claudel, 2016). In this thesis, to embrace buildings as a combination of 

individual but connected products as building components eases our attempts to 

trace their impact(s) on building design. Moreover, this study narrows down its 

focus by determining building components as products (objects or systems) that 

could be integrated into buildings by excluding the factors related to urban context 

from its scope. 

Bio-Components  

In academic and popular literature, the prevailing descriptions of the innovations 

incorporated with living organisms are: “bio,” “smart,”  “intelligent,” “living,” 

“growing,” “eco,” and “organic” (e.g., Imani et al., 2017; Ivanić et al., 2015; 

Oguntona and Aigbavboa, 2017; Speck et al., 2017; Shu et al., 2011; Valdecasas 

and Wheeler, 2018; Mensvoort and Grievink, 2012). Among those terms and 

prefixes, it seems possible to grasp two prevailing categories. Living, growing, eco, 
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and organic can be associated with nature-based concepts by means of describing 

the living side of the interrelation with the characteristics of natural elements. On 

the other hand, “smart” is a blanket term for innovative technologies with some 

degree of artificial intelligence (Alam et al., 2012; Arunvivek et al., 2015; Dawid 

et al., 2017; Hong et al., 2016; Marikyan et al., 2019). Therefore, it represents the 

current understanding in the literature describing the manufactured side of 

innovations.  

At this point, the term “bio” mediates the descriptions of both living components 

(living, growing, eco, organic) and manufactured components (smart, intelligent). 

That is because, with the help of technological advancements, a wide range of bio-

derived concepts explains the various ways to connect, inspire, utilize and merge 

with nature as such; “biodesign” (Myers, 2018), “biomimesis” (Benyus, 1997), 

“bioinspiration,” (Gruber, 2013), “bionics” (Wahl, 2006), “biophilia” (Caperna, 

2017), “biocentric” (Mathews, 2011), and “bioarchitecture” (Ripley & Bhuskan, 

2016). As mentioned here, each term represents a different discipline, and 

therefore various scopes and approaches. However, despite the number of bio-

derived concepts, there is a lack of a blanket term specified on the interrelation of 

living and manufactured components in the existing literature (Deuerling et al., 

2018; Kirbas Akyürek et al., 2020; Shu et al., 2011). Therefore, this study puts 

forward its own determination on the intersection of living and manufactured 

components as ‘bio-components,’ and specifies accordingly:   

• The innovations (objects or systems) are incorporated with living 

organisms in all scales, domains, functions, and disciplines. 

The reasons behind focusing on the terms with “bio” shall be further critiqued as 

the study unfolds in the following chapters (Chapter 3, Chapter 4, Chapter 6).  

Biobuilding Components  

The focus of the thesis is the use of biobuilding components (instead of 

conventional building components) in building design, specified accordingly: 
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• Biobuilding components address bio-components that could be used as 

building components in different building parts. 

Among the number of terms and definitions with “bio” (Chapter 3 explains the 

similarities and differences within these concepts and their use in building design, 

Table 3.1 demonstrates the approach and scope of each concept), there are a 

limited number of transformed terminologies in building design, by means of the 

configuration of terms and concepts related to architectural discipline. Indeed, 

there is no determination like ‘biobuilding’ or ‘biospace’ in the existing literature 

(Kirbas Akyürek et al., 2020).  “Biodesign” and “bioarchitecture” might seem 

relevant for this study at first. Bioarchitecture embraces bioinspired design by 

converging architecture, engineering, and art, and encompasses solutions and 

opportunities presented by living and non-living components of nature (Eryildiz 

and Mezini, 2012; Pourjafar and Branch, 2011; Ripley and Bhushan, 2016). Thus, 

bioarchitecture is not suitable to underline the incorporation of living organisms 

by means of focusing on certain analogies between architecture and nature (e.g., 

formal, historical), not practical aspects. “Biodesign” might seem more relevant to 

the incorporation of living organisms. In his book, Biodesign: 

Nature+Science+Creativity, William Myers (2018) demonstrates the 

incorporation of living organisms with several examples (including buildings, 

products like furniture, clothing, etc.) However, the term indicates a more 

extensive approach suitable for all design disciplines, as Myers stated in his own 

words in the interview (Appendix A Interview transcripts). Furthermore, to adapt 

a well-known term like biomimicry and then to stress the practical use of living 

organisms would seem to be an option. However, this can also cause 

misunderstandings. Therefore, none of the bio-derived terms seems appropriate 

to express the focus of the study on the incorporation of living organisms.  

That’s why the term biobuilding components is embraced in this thesis scope. The 

combination of ‘bio’ and ‘building components’ provides an explicit emphasis. By 

staying connected with bio-derived concepts, the term leads us to discuss ‘bio’ 

products, which can be found in discussions within both living and manufactured 
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building components in building design. Moreover, this definition will also be 

elaborated on in the following Chapters (Chapter 3, Chapter 4, Chapter 6). 

Furthermore, concerning the vast and unpredictable number of innovations that 

could be accepted as a biobuilding component, selection criteria for the examples 

in the study are explained in-depth in Chapter 4, Section 4.1.   

All in all, the issues clarified above help us to signify the precise framework of the 

thesis. They also provide an understanding of the used terminology for the 

following part of the thesis. The next section explains the problem field of the 

thesis.  

1.1.2 Potentials & Problems 

By representing innovative products incorporated with living organisms finding a 

place in building design, biobuilding components arise in the knowledge gap in-

between living and manufactured building components. Accordingly, the problem 

field of the thesis entails two significant academic debates in the literature: firstly, 

the key benefits of using living organisms for buildings; secondly, smart 

technologies finding a place in buildings. The main potential that this study 

established is the tendency of these two different backgrounds to ‘grow’ towards 

each other gradually in building design with biobuilding components.  

First of all, to understand the importance of biobuilding components, it is essential 

to look into the use of living organisms as building components in building design 

in contemporary architecture. Living organisms have often provided smart and 

sustainable solutions for buildings by considering the demands of Western society 

(e.g., energy efficiency, renewable resources, managing and reducing waste) 

(Oguntona & Aigbavboa, 2017; Pawlyn, 2011; Pedersen Zari & Storey, 2007; 

Vincent, 2016). That’s why living organisms have often been utilized for resolving 

the environmental challenges of today with an increasing need for energy, 

resources, and raw materials from the developing world (Farmer, 1999; Koelman, 

2004; Winn et al., 2012). For this argument, wooden structures could be given as 

a very conventional example, since utilizing plants for wood, and timber 

production determines a renewable resource and provides well-known benefits by 
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reducing CO2 emissions and fossil fuel energy consumption in buildings 

(Buchanan, 2007; Gosselin et al., 2016).  

Moreover, design principles could be emulated from living organisms by learning 

from their biological forms, processes, and systems and implementing design 

strategies into the buildings (Marshall & Lozeva, 2009; Pawlyn, 2011; Pedersen 

Zari & Storey, 2007; Vincent, 2016). Thus, the embracement of the logic of nature 

within living organisms (i.e., growth, self-repair, adaptability) in building design 

could create harmony with the environment (Eu, 2019; Nkandu and Alibaba, 

2018; Vallas and Courard, 2017). In that sense, with the help of bio-derived 

concepts and computational technology, buildings have been designed as living, 

dynamic, and fluent forms and structures inspired by natural elements in the last 

decades (Heinrich et al., 2019; Ratti and Claudel, 2016). For example, 

applications in building scale, especially in office buildings, such as in a responsive 

façade providing daylight control in Al-bahar Towers in Abu Dhabi (2012), take 

an important place in existing construction practice as well as in literature 

(Hosseini et al., 2019). Likewise, in the case of Waterloo International Terminal 

(1994) in London, designed by Nicholas Grimshaw & Partners, the flexible scale 

arrangement of the Pangolin is mimicked in the glass panel fixings so that they 

can move in response to the imposed air pressure forces (Aldersey-Williams, 

2003). As another example, the “breathing skin” of Eastgate Building (1996) in 

Harare, Zimbabwe, provides an energy-efficient air ventilation system based on 

the principles and methods abstracted from termites and termite mounds (ElDin 

et al., 2016).  

At this moment, the key benefits of living organisms for building design are as 

mentioned here, especially from a practical point of view. Still, they are also driven 

by an alternative awareness and learning in the domain of building design and 

construction based on the studies in theory on the bonds between nature concept 

and buildings (Armstrong, 2015; Gruber, 2011; Ratti and Claudel, 2016; Ripley 

and Bhushan, 2016; Vallas and Courard, 2017). A rich history lies behind bonding 

living organisms in nature with buildings, since the (symbolic, analogic, and 

metaphorical) meaning(s) of nature for the production of space is one of the 
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critical aspects of architecture’s disciplinary conditions from pre-modern to 

contemporary architecture (i.e., imitation, mimesis, metabolism) (e.g., the works 

of Marc-Antoine Laugier, Quatremere de Quincy, Frank Lloyd Wright, and Kisho 

Kurokawa, as examined in Section 2.2., Figure 2.1).  Therefore, it seems that living 

components have already been adapted as ‘living building components’ in building 

design depending on both practical and theoretical bonds with the concept of 

nature and building design. 

Second of all, to understand the importance of biobuilding components, it is 

essential to look into the integration of smart technologies in contemporary 

building design. The advances in computational technology have accelerated the 

developments of technologies, thereby resulting in ‘smart’ technologies becoming 

tools for supporting the quality of daily lives in the built environment (Desolda et 

al., 2017; Wolter and Kirsch, 2017; Yang et al., 2008). In this way, the physical 

world can be united with digital systems with the design of smart environments 

by promising to ease daily tasks, housing chores (Allameh, 2016; Hong et al., 

2016; Marikyan et al., 2019), etc. Accordingly, smart technologies have motivated 

architects to design smart environments, buildings, especially smart offices and 

smart homes (Aldrich, 2003; Alam et al., 2011; Arunvivek et al., 2015; Dawid et 

al., 2017; Mohammadi and Hammink, 2015). Thus, the term ‘smart’ has become 

a ‘buzzword’ of studies in building design discussing user-friendly industrial 

products empowering the interaction between people and their surroundings 

(e.g., Arunvivek et al., 2015; Balta-Ozkan et al., 2013; Hammink et al., 2019; 

Hong et al., 2016). 

Moreover, in building design, a variety of projects (e.g., showcases, installations, 

living labs) have introduced visions of the future of everyday life by foreseeing the 

success of various (smart) technologies (Mohammadi, 2014; Vegesack, A. and 

Eisenbrand, 2006). Many of the experimental technologies of that time have been 

presented in buildings that can now be seen as very conventional or even outdated 

(e.g., microwave in Dymaxion House, 1927, solar systems in House of Tomorrow, 

1933, see Section 2.4). In contemporary buildings, having smart technologies like 

security, HVAC, wireless and surveillance systems, and controlling them by 
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smartphones has become frequent and omnipresent (see: Section 2.2, Figure 2.2). 

Furthermore, the internet of things, big data, pervasive and mobile computing, 

sensor networking, and artificial intelligence have often found a place within 

contemporary discussions in building design (Cook and Das, 2007; Coosje 

Hammink et al., 2019; Lavirotte et al., 2015). However, just a couple of decades 

ago, wired homes resembled ‘science fiction’; only the ‘hobbyists’ were envisioned 

as having them (Harper, 2003). Indeed, ordinary home technologies of today like 

washing machines, electric razors, kettles, and cookers were uncommon before 

the 1960s. Likewise, the first rise of domestic appliances like fridges, dishwashers, 

and vacuum cleaners started in the 1920s (Aldrich, 2003). For this reason, it seems 

that manufactured components have already been adapted as ‘manufactured 

building components’ in contemporary building design. More technologies are 

expected to be integrated into the near future.   

At this juncture in building design, the emerging praxis of incorporating living 

organisms arises at the intersection of these two studies. By this means, 

technological developments in the industry have manifested a variety of 

innovative products in which living and manufactured components have been 

intertwined with an increasing momentum (i.e., technologies in the fields of 

biomaterial production, biotechnology, bioengineering, etc.) (Bernabei and 

Power, 2016; Camere and Karana, 2017; Dunne and Raby, 2013; Ginsberg et al., 

2014; Karafyllis, 2006; Kleinert, 2018; Koivunen, 2005). 

Among these innovations, various could be applied as building components such 

as walls, facades, and structural and interior elements (Myers, 2018; Ripley and 

Bhushan, 2016). In this way, this interrelation with living organisms embraces 

environmental responsibility by carrying out a wide range of sustainable solutions 

for buildings (Vallas and Courard, 2017), and smartness by providing alternative 

solutions to new questions in the midst of uncertainty (Gruber, 2011). For 

example, self-healing concrete with bacteria (Jonkers, 2007), a lamp generating 

energy through the photosynthetic process of the plant (Living Light-Lamp, van 

Oers, 2016), acoustic panels growing biodegradable products through mushroom 

and mycelium (Appels et al., 2019), and living wall systems supporting the HVAC 
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systems of buildings (“Green Wall - Cloud Garden - Circular wall system,” 2018) 

are now on the product market and can be applied as alternatives to conventional 

building components. 

In this context, biobuilding components are becoming highly relevant for market 

conditions, as notions like sustainability, smartness, and environmental 

responsibility are becoming key subjects which appeal to the ‘value system’ of 

consumers and get instrumentalized for economic strategies. In other words, 

biobuilding components are already introduced to society and in the growth phase 

of the ‘industry life cycle,’ therefore they might reach ‘maturity’  in the near future 

considering the well-known concept of the innovation S-curve (Rogers, 2003) 

(Figure 1.2).  

 

Figure 1.2 The Increasing Number of Biobuilding Components  

In this regard, the number of biobuilding components has been increasing 

gradually and is about to infiltrate into our everyday lives and surroundings, 

affecting the built environment. Therefore, it seems possible to discuss the 

evolution of the research questions related to the integration of technological 

developments in building design, shifting its focus from smart technologies to 

biobuilding components (Figure 2.17). Indeed, designing with living organisms 

seems to have become a topic of interest over the past years in building design. 

Incorporating living organisms has already resonated with many studies and 
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research platforms in building design, such as exhibitions, conferences, 

competitions, books, and scholarly and non-scholarly publications. Possible 

examples could be the design experiments, publications, conferences, and 

exhibitions initiated by the Mediated Matter Group at Massachusetts Institute of 

Technology (MIT) (Oxman, 2015), the book of William Myers (2018), Biodesign: 

Nature+Science+Creativity, and design exhibitions curated by him, such as 

Biodesign: From Inspiration to Integration held between August 24 and September 

27, 2018, in Rhode Island, USA. Furthermore, Growing Pavilion in Dutch Design 

Week 2019 and Circular Garden Installation, Milan Design Week 2019, could also 

be examples of design exhibitions with such installations. 

Moreover, many studies have already sought to enhance technical features and 

beneficial attributes of innovative materials and construction techniques to 

incorporate living organisms (Gruber et al., 2018; Joachim, 2010; Oxman, 2015). 

In GrAB Growing As Building Project, Barbara Imhof and Petra Gruber explore the 

potential of slime molds (unrelated eukaryotic organisms) in building design by 

experimenting with their growth through the grid structure and building design 

simulation (Gruber & Imhof, 2017a; Imhof & Gruber, 2015). In the Mediated 

Matter Group of Massachusetts Institute of Technology (MIT), Neri Oxman 

designs Silk Pavilion as a 3D space fabricated with silk together with digitally-

aided silkworms (Oxman, 2015; Oxman et al., 2012). In the Fab Tree Hab project, 

Michelle Joachim seeks to find a way to “grow” a building through plants by 

adapting a gardening method called “pleaching” into building design and 

construction  (Arbona et al., 2003; Joachim, 2010). Similar to the innovative 

housing projects (as elaborated in Section 2.4), these experiments have 

introduced visions of the recent technological developments. They explore the 

interrelation of living and manufactured components in building design and 

provide answers to their advantages for biodegradability, growth, and self-repair.  

Henceforth, within the rapid and comprehensive growth of technology, the 

numbers of biobuilding components have increased exponentially in the product 

market (Figure 1.3). Accordingly, many aforementioned studies have already 
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presented the advantages, innovative solutions, and possible uses of biobuilding 

components in the academic and popular literature, along with the experimental 

studies in building design. Despite the importance of this experimental research, 

much uncertainty still exists about the relation between biobuilding components 

and building design. The connections between the two facets of biobuilding 

components (living and manufactured) seem to be missing in the existing 

literature. Moreover, the studies in the building design domain (e.g., GrAB, 

Baubotanik, Silk Pavilion as discussed in examples above) mostly stay within a 

single perspective by discovering the advantages, technical attributes, and 

possibilities of a particular type of living organism, thus specific biobuilding 

components. In this sense, there is a need for further studies in building design 

that will create knowledge and overall understanding by looking into different 

perspectives (i.e., different studies, different biobuilding component examples, 

different living organisms).  

Accordingly, this thesis is formulated to provide contributions to fill this gap in the 

literature. The research objectives and research questions are explained below and 

how this problem field shall be researched is presented in the methodology 

section. 

 

1.2 Objective of Thesis and Research Questions   

The objective of this study is to yield knowledge of biobuilding components 

through their theoretical and practical implications which lead us to deliberate 

their expected impacts on building design. It is also to provide recommendations 

for architects and future research and practice in the building design domain. 

Accordingly, the main research question of the thesis is determined as follows:  

How would building design be affected by biobuilding components? 

This main research question is twofold: ‘Why’ and ‘How.’ The first question should 

be ‘Why,’ otherwise especially for this technology-driven topic in an emerging 

field, ‘how’ questions cannot be appropriately answered. 
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RQ01: Why building design would be affected by biobuilding components?  

This first question seeks answers to the reasons that make biobuilding components 

a critical subject for building design. This fundamental ‘why’ question has been 

broken down into two (2) sub-questions: 

RQ1.1  Why biobuilding components could affect building design by 

addressing both living and manufactured components? (Chapter 2) 

RQ1.2  Why the integration of biobuilding components could affect 

building design? (Chapter 4, Chapter 5, Chapter 6) 

In this way, RQ1.1 seeks to provide a better understanding of the meaning(s) of 

biobuilding components for building design from a theoretical point of view; 

thereby, establishing a theoretical basis for the study. RQ 1.2 seeks to understand 

biobuilding components from a practical point of view by providing answers for 

the motive behind their integration into building design. 

RQ02: How could biobuilding components find a place within the current building 

design practice?  

This second question seeks to determine the examples of biobuilding components 

through their expected use in the current practice and theory in building design. 

The sub-questions are: 

RQ2.1  What are the concepts, terms, and methodological approaches 

related to biobuilding components in the building design domain?     

(Chapter 3) 

RQ2.2  What are the characteristics of biobuilding components along with 

their relevancy to the building design? (Chapter 4) 

Overall, RQ2 and its sub-questions (RQ2.1, 2.2) seek to provide an overview of 

biobuilding components by evaluating the biobuilding examples, terminology 

(RQ2.1), and possible use(s) in the building design domain (RQ2.2).   

RQ03: How biobuilding components could be integrated into the buildings?          
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This third question seeks to bridge findings in theory and practice by analyzing 

the integration of biobuilding components into building design. The sub-questions 

are:           

RQ3.1  What are the opportunities and barriers that can affect the 

integration of biobuilding components into building design? (Chapter 5, 

Chapter 6) 

RQ3.2  What is the current design process of the integration of 

biobuilding components into building design? (Chapter 6) 

In this way, RQ03 and its sub-questions (RQ3.1, 3.2) seek to provide answers on 

the possible ways to integrate biobuilding components into building design by 

revealing the design process, opportunities, and barriers. 

The following section elucidates the methodology of the thesis and shows the 

research model of the study (Figure 1.3) applied to provide answers to the 

research questions mentioned above. At the end of the Introduction Chapter, 

Figure 1.4 demonstrates the connections between research questions, the 

chapters, and the research model.  

 

1.3 Methodology 

This thesis carries out an exploratory study by embracing different general and 

practical aspects of building components by combining multiple disciplines and 

methods. Firstly, this section of the study explains the research model of the thesis 

in connection with the theoretical framework. It elucidates in detail what variables 

are being studied, which methods are used, and how they are connected to 

operationalize the aforementioned Research Questions (Section 1.2). 

This thesis applies the Research Model below (Figure 1.3) and presents itself as 

threefold: Background (Chapter 2), Overview (Chapter 3, Chapter 4), 

and Analysis (Chapter 5, Chapter 6). The Background part of the thesis provides 

comprehensive literature research by approaching biobuilding components from 

different angles (i.e., a systematic combination of multiple literature reviews 
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regarding the relationships between nature, technology, and building design). 

Thus, it underpins the interrelation of living and manufactured components from 

a broader perspective. Then establishes a theoretical basis of the study by 

elaborating on the shifting notions of nature and technology. Further on, the 

Overview part of the thesis looks into the current design practices of biobuilding 

components in the industry. It encompasses data gathering, including a literature 

review on related concepts, terms, definitions, methodological approaches on 

biobuilding components, and examining different examples (i.e., determining 

biobuilding components from multiple domains such as fashion and textile, 

energy, light, building design). On the theoretical basis established in Background 

and the findings of the Overview, the Analysis part of the study concentrates on 

the integration of biobuilding components into buildings by carrying out two 

studies that apply qualitative research methods: a design experiment with 

architecture students, and interviews with practitioners. It then gives an 

understanding of the design process of the integration through the translations of 

biobuilding components from industrial to building design by revealing the 

opportunities and barriers. Accordingly, the findings in the Analysis part lead us 

to present recommendations for architects and future studies for the building 

design domain. Overall, that is how the different parts of the study are connected 

to its theoretical framework. 

The Background part of the study provides answers to RQ1.1 by looking into 

different relations in the literature; firstly, nature-building design; secondly, 

technology-building design; thirdly, nature-technology; fourthly, nature, 

technology, and building design. Scholarly databases, Jstor, ScienceDirect, 

Scopus, and Google Scholar, were used to find relevant sources, including books, 

academic and popular articles, booklets of exhibitions and demonstrations, and 

conference papers, in addition to printed publications. Different keywords, 

limitations, and scopes are determined in each section, as shall be explained 

individually. 
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Initially, Chapter 2 needs to start with giving information on the concept(s) of 

nature (Section 2.1) to underpin studies exploring the relationships between 

nature and building design (Section 2.2), nature and technology (Section 2.4), 

and nature, technology, and building design (Section 2.5). Thus, Section 2.1 

presents an introduction that embraces studies from social sciences found with the 

following keywords and their combinations: nature concept, nature and culture 

dualism, nature and human, human and non-human, philosophy of nature, social 

determinism, biological determinism. However, these keywords indicate a 

comprehensive bibliography out of the focus of the thesis; therefore, this part of 

the study is limited to  inquiries highlighting the complexity of the nature concept 

with altering understandings and different interpretations on the relations 

between nature and humans (e.g., the ‘Western’ dualistic way of thinking on 

nature and culture, and alternative non-Western approaches). 

Firstly, Section 2.2 presents a literature summary of the changing dynamics in 

building design through the concept of nature. This summary is a historical 

literature review focusing on the meaning of the living organisms in building 

design concerning the concept of nature. It starts from the critical example in 

architectural history, Primitive Hut by Marc-Antoine Laugier, then traces the 

evolution of the (analogical, symbolic, and metaphorical) meaning(s) of nature 

within buildings design examples (e.g., mimesis approach of Quatremère de 

Quincy, Organic architecture by Frank Lloyd Wright, Metabolism Movement by 

Kisho Kurokawa) (Figure 2.1). This part of the study determines that the impact 

of the concept of nature on building design has a long tradition, by evaluating the 

historical, phenomenological, and practical meanings of living components in the 

building design examples. The examples were chosen with the help of different 

combinations of three keywords in three main categories: first, the ways of 

bonding with nature; inspiration, mimesis, imitation, mimicry, analogy*, symbolic*, 

metaphoric*; second, an emphasis on living components such as natural elements, 

living, living elements, living organisms; third, the related discipline, architecture, 

architectural design, buildings, building design. Within that vast and comprehensive 

bibliography, only one specific, well-known example (e.g., Falling Water House, 
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Sydney Opera House) is further evaluated to discuss different understandings of 

nature in building design. Meanwhile, examples related to the urban context and 

the impact of non-living elements of nature (e.g., sun, air, wind, etc.) are 

excluded.  

Secondly, Section 2.3 presents a literature summary of the changing dynamics in 

building design through the development of technologies. This summary is also a 

historical literature review, starting from the arrival of electricity into the built 

environment to the integration of current smart technologies into building design. 

It discusses the rise of time-saving technologies in the early 20th century (domestic 

technologies such as the vacuum cleaner, electric kettle, etc.), time-consuming 

ones in the 1960s (televisions, personal computers), and smart technologies since 

the 1980s (home automation systems, internet, VR systems, etc.) (Figure 2.5). The 

studies included in the scope of this section were found with the following 

keywords: smart, smart home, smart environment, smart building, smart 

technologies, smart home technologies, innovative housing projects. Studies related 

to smart construction systems and the smart grid are left behind the scope of the 

review. This part of the study discusses that the impact of technological 

developments, especially the practical meanings of small-scale technologies, on 

building design has a long tradition. This leads us to underline the changes in the 

phenomenological meanings that technologies, once defined as ‘futuristic,’ ‘odd’ 

technologies (e.g., the microwave), are now fully integrated into buildings. 

Meanwhile, the works of Vegesack, A. and Eisenbrand, J. (2006), Aldrich (2003), 

and Mohammadi (2014) play important roles to underpin this argument by 

arguing the changing dynamics in building design through the integration of 

technologies.  

Thirdly, Section 2.4 investigates contemporary studies focusing on the shifting 

notions of nature and technology (e.g., Descola et al., 2014b, Gissen, 2012, 

Mensvoort and Grievink, 2012). The studies in this part are included regarding 

their contents by means of their possible contribution to a better understanding of 

the praxis of design with living organisms. Thus, this part of the study leads us to 
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underpin the interrelation of living and manufactured components through 

contemporary concepts that bring new understandings to the concept of nature, 

thus providing an introduction to the following Section 2.5.  

Fourthly, Section 2.5 presents a discussion on the changing dynamics in building 

design with the interrelation of living and manufactured components. This 

discussion is conducted with the examples in building design, presented in the 

current decade, exploring the incorporation of living organisms in building design. 

It shows the evaluation research questions of the experimental studies under the 

influence of technological developments in the building design domain by 

synthesizing the findings from literature research (Figure 2.17).  

Overall, Chapter 2 constitutes the Background of the study by evaluating the 

different meanings (historical, phenomenological, philosophical, practical) of the 

interrelation of living and manufactured components with comprehensive 

literature research. Thus, it concludes with a hypothesis, as an answer to RQ1.1, 

that incorporating living organisms into design seems significant in the discipline 

of building design with the expected impacts of biobuilding components 

considering the relationships between nature, technology, and building design. In 

this way, the Background part of the study provides answers to RQ1 by giving 

insights on the meanings of biobuilding components in theory; RQ1.2 seeks to find 

answers from a practical point of view. Therefore, RQ1.2 is answered along with 

the findings in the Overview and Analysis parts. 

The Overview part elaborates on the practical aspects of the interrelation of living 

and manufactured components to answer RQ2. It gives information on the 

concepts and methodological approach currently used to determine biobuilding 

components; it also presents a data collection of biobuilding components met with 

the determined criteria (Figure 4.2).  

To begin, by providing answers to RQ2.1, Chapter 3 presents a literature review 

by determining its focus on the most-used bio-derived terms and definitions on 

biobuilding components (e.g., “biodesign,” “biomimicry,” “biophilia,” etc.) (Figure 

3.1). In this way, this part of the study plays a mediator role between the 
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Background and Overview part by giving information on the resonance of 

biobuilding components in the existing literature (Table 3.1). However, the 

literature review seems too limited to provide accurate terms and definitions. 

Therefore, this part of the study suggests a research terminology (Figure 3.2), 

including exploration of terminology in the gathered examples (Figure 4.5), and 

the most-used terms of the experts working with biobuilding components (Table 

6.6).  

Additionally, by seeking to provide answers to RQ2.2, the thesis carries out data 

gathering in Chapter 4 to give an overall understanding of biobuilding 

components in building design within current academic and popular literature. 

For this reason, the study includes both academic (e.g., scholarly articles, books, 

and published research papers) and non-academic (e.g., non-scientific platforms 

such as; official company websites, news, non-academic articles) sources, since 

non-academic sources help us to collect up-to-date information on the examples 

in the current practice. They must exemplify the interrelation of living and 

manufactured components; they are not limited through their domains, 

disciplines, or keywords. Certainly, it is not feasible to compose all biobuilding 

examples due to their endless spectrum and large number. Therefore, the 

examples, indicating the incorporation of living organisms, are filtered through 

two steps (Section 4.1.1). Firstly, the examples are limited by addressing 

prototypes at envisioned, operational, and applied levels based on the technological 

level of integration in the Pyramid of Technology by Mensvoort (2013a). The 

Pyramid of Technology offers certain levels of technology (“envisioned,” 

“operational,” “applied,” “accepted,” “vital,” “invisible,” and finally “natural”) with 

a claim that by following these steps, any technology can become a natural part 

of daily life (Mensvoort, 2013a). As a starting point, The Pyramid of Technology 

(Mensvoort, 2013a) helps to limit the examples (Figure 2.6) by evaluating the 

existing and prospected relationship between the biobuilding components in  

society and our daily lives as well. Secondly, the examples are limited with certain 

building layers: “structure,” “skin,” “service,” “space plan,” “stuff,” and “servant”; 

by adopting the theory of Brand (1994) as an assistive tool (Figure 4.2). In this 
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way, Brand’s layers (1994) enable us to determine the relationship between 

biobuilding components and building design, thereby looking through the 

architects’ viewpoints on the expected building design impacts. Accordingly, the 

scope of the examples is determined (Figure 4.2). Then, 70 biobuilding 

components are examined and presented in Table 4.2 with their necessary 

information (name, year, initiator, domain), their main characteristics along with 

their practical implications (‘goals,’ ‘objectives,’ ‘implementations’), and their 

relevancy to building design (integration layers). Meanwhile, the key findings 

from the determination of biobuilding components are summarized in Table 4.3 

and further discussed.  

Moreover, as the conclusion of the Overview, multi-level perspective (MLP), an 

analytical tool, leads us to evaluate biobuilding components by delivering 

knowledge of the connection between different scales of impacts (micro, meso, 

and macro). This tool emphasizes the social aspects of technological transition 

through the contribution of multiple actors such as scientists, policymakers, users, 

and special-interest groups to the patterning of technological development (Geels 

and Schot, 2007). By embracing MLP as a filter, Chapter 4 discusses the 

connection between biobuilding components (micro), building design (meso), and 

environment (macro) (Figure 4.6, Figure 4.7). By this means, we can better 

express the technological meanings of biobuilding components within social and 

technological change along with the key findings of the Overview, thereby 

providing answers to RQ1.2.  

The Analysis part carries out two qualitative studies by seeking to provide answers 

to RQ3. The expected impacts of biobuilding components through their 

integrations into building design are explored with two groups of actors: 

architecture students (future architects); and practitioners (architects, interior 

designers, product designers/developers, biologists, academicians, engineers, 

fashion designers, i.e., experts working with biobuilding components as found in 

the Overview part).   
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Firstly, design experiments are conducted as a combination of various design tasks 

in two phases: ‘warm-up’ and ‘research,’; and also with an auxiliary survey. They 

were held from September 2018 to January 2019 with a gender-equal group of 

sixteen (16) first-year architecture undergraduate students as a part of the first-

year design studio project at Yildiz Technical University, Istanbul-Turkey. The 

qualitative data was gathered as the transcriptions of the verbal data of the 

presentations of the students. This data was analyzed with the Protocol Analysis 

(PA) method as retrospective reports allowing the encoding of the cognitive 

approaches and problem-solving abilities of designers (Cross, 2001; Dorst and 

Dijkhuis, 1995; Lawson, 2005; Suwa and Tversky, 1997). Moreover, the tasks of 

the students, sketches, systematic observations of the author, and retrospective 

reports, were examined as the research findings. Working with architecture 

students leads us to conduct a research experiment that is empowered through 

their free minds which are not limited to the conventional architectural norms 

(Caglar and Uludag, 2006). This experiment was conducted with first-year 

students, considering them to be more open-minded and freer from the restricted 

codes of architectural design compared to others. If the design experiment were 

to provide fruitful results, other design experiments would continue with the 

students in different years. However, the design experiment offers limited 

information on the design process of the integration of biobuilding components 

into building design, since architecture students have limited knowledge of 

biobuilding components, and during the experiment, it was not possible to work 

on real biobuilding components. The experiment reveals the opportunities and 

barriers to biobuilding components in building design through future architects’ 

perspectives by providing answers to RQ3.1, but it seems insufficient to provide 

further answers to RQ3.2. Therefore, the Analysis part of the study conducts 

interviews to look from another perspective with different actors and methods.  

The sampling group of the interviews addressed practitioners as the experts 

working on biobuilding components in different professions: ‘architects,’ ‘interior 

designers,’ ‘product designers/developers,’ ‘biologists,’ ‘academicians,’ ‘engineers,’ 

and ‘fashion designers.’  A “chain referral sampling” strategy was applied for the 
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selection of the interviewees. With this, the practitioners already mentioned in the 

subjected biobuilding components were reached out to, and their suggestions 

were taken into consideration to reach other practitioners (Table 6.1). This part 

of the study urged the creation of knowledge of biobuilding components by 

validating the literature and data gathering findings through the practitioners’ 

distinct ways of thinking. In this regard, the oral history method was adopted to 

prepare the questions and conduct the interviews. The use of the oral history 

method in this study is not to gather information on history but to get insight into 

the subjects that are not mentioned in ‘official’ sources by recording the experience 

of people (Beard, 2017; Federer, 2015; Hesse-Biber and Leavy, 2005; Miller-

Rosser et al., 2009; Thomson, 2015). Meanwhile, the analysis of individual 

narratives can provide disciplinary, collective, or social patterns and specific kinds 

of individual habits that don’t fit into any classification (Miller-Rosser et al., 2009; 

Portelli, 2009). Accordingly, the interviews were conducted in-depth, preferably 

face-to-face with multiple actors, motivating interviewees to tell their story with 

semi-structured open-ended questions and probing questions.5 To draw a neutral 

tone by leading them to express their ideas with their terminology seems crucial. 

For this reason, the questions were prepared without using or referring to any 

terms, concepts, or specifications (Table 6.2). During the interviews, these specific 

terms were used only after the interviewees mentioned them first to express their 

ideas (Appendix A Interview transcripts) 

After concluding twenty (20) interviews with twenty-one (21) practitioners, it was 

decided that the saturation point had been reached.6 Further on, the verbal data 

 

5 The interviews are preferred to be conducted face-to-face, but because of the experts’ busy 
schedules, one interview was conducted by phone, and another one was conducted via Skype. 
Although the interviewer did not notice any particular differences in terms of the answers given to 
the questions, the lack of physical connection resulted in experts’ answering only the given 
questions instead of providing life stories, and experiences which are critical for the method (i.e., 
oral history) for this study.  
6 In qualitative data analysis, saturation point or how many interviews are enough relies on the 
quality of the data along with the researcher’s insights instead of the quantity of the interviews. 
However, the studies show that new information is rarely presented after eighteen (18) interviews 
as in Guest, 2006, or after 17 as in Hennink, 2016.   
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of each interview is transcribed into the text, as shown in the Appendix A Interview 

transcripts (excluding those that are not included upon the special request of the 

interviewee). Firstly, the findings of the interviews are summarized by explaining 

the practitioners’ answers to each question. This summary leads us to present 

additional information on biobuilding components that do not currently exist in 

the official sources, thereby contributing to the answers for RQ2 (RQ2.1 and 

RQ2.2) and RQ1.2 by delivering the practical meanings of biobuilding 

components from practitioners’ viewpoints. Secondly, by seeking to provide 

answers to RQ3.2, the theoretical “thematic approach analysis” method is chosen 

to analyze the interviews' transcriptions. Thematic approach analysis is a flexible 

method of identifying patterns or themes within qualitative data (Braun and 

Clarke, 2006; Clarke and Braun, 2013; Evans and Lewis, 2017; Jodi, 1994; Lynass 

et al., 2012). This method leads us to determine four design stages; “realization,” 

“production,” “exploration,” and “translation,” indicating the design process of the 

biobuilding components’ development and their integration into building design 

(Table 6.13). Meanwhile, the design process determined by Roozenburg and 

Enkels (1994) helps us to determine the relationships between these design stages 

(Figure 6.2). Moreover, these design stages are further discussed through three 

examples (both examined in the Overview and within interviews) (Table 6.14).  

After answering all the research questions, the thesis presents different meanings 

(theoretical, practical, technological, architectural, educational) of biobuilding 

components. Then, it elaborates on the expected impacts of biobuilding 

components concerning these meanings of biobuilding components. 
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Figure 1.3 The Research Model of the Thesis 

In summary, as shown in Figure 1.3, the Background part gives a better 

understanding of the historical, phenomenological, and practical meanings of the 

interrelation of living and manufactured components looking through a 

theoretical perspective. The Overview part explores existing biobuilding 
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components and the current terminology in theory and determination, thereby 

providing discussions from a more practical point of view. The Analysis part allows 

the creation of bridges between theory and practice by exploring how biobuilding 

components could be integrated into buildings, thereby providing insights for the 

building design domain.  

 

1.4 Original Contribution  

With the growing number of biobuilding components in the industry (Figure 1.2), 

a large number of aforementioned studies have presented the advantages, 

innovative solutions, and possible uses of biobuilding components concerning 

multiple domains (e.g., social sciences, industrial design, energy, light, building 

design) and multiple actors (e.g., architects, products developers, engineers) as 

well, in the academic and popular literature. At this point, this thesis embraces a 

perspectivist way of thinking to yield knowledge of the biobuilding components in 

building design. Perspectivism brings a novel approach to this technology-driven 

topic with an urge to embrace the plurality of different, even contradictory, 

studies, examples, and viewpoints through the value of subjectivity and plurality 

in creating knowledge. This leads to exploring the expected impacts of biobuilding 

components by elaborating on the historical, phenomenological, practical, 

technological, architectural, and educational meanings of biobuilding components 

all together.  

The study examines the motive behind the interrelation of living and 

manufactured components in building design by showing the changes in the 

historical, phenomenological, and practical meanings of living and manufactured 

components initiated from the Background part. By this means, this thesis 

contributes to the current stage of knowledge on biobuilding components in the 

literature research and gives insights on their architectural impacts in theory. 

Introducing and examining a variety of biobuilding components in the Overview 

part of the study contributes to the current stage through their practical meanings 

in the industry (i.e., their use in multiple domains) and building design (i.e., 



32 

 

relevancy to building design). In this way, this part of the study gives an 

understanding of the expected architectural impacts of biobuilding components 

by their relation to different building parts, multiple functions, uses, and 

advantages. Moreover, this part of the study evaluates the connections between 

different scales (micro, meso, macro). Thus it reveals the technological meanings 

of biobuilding components related to their societal impacts. Firstly, the Analysis 

part contributes to the current stage of knowledge on biobuilding components 

with the findings of the design experiment in the scope of an architectural design 

studio. Secondly, the interviews with practitioners lead us to present information 

on biobuilding components by gathering and examining different, even 

contradictory viewpoints all together. Thus the Analysis part of the study 

contributes to the literature by adding practitioners’ and future architects’ visions 

and prospects on the expected architectural and societal impacts of biobuilding 

components.  

By looking through different viewpoints, this thesis stresses the importance of 

biobuilding components for building design by revealing their ‘multi-perspective 

impact.’ By this means, each perspective might discuss another meaning and 

expected impact of biobuilding components. Within this multi-perspective view of 

biobuilding components, this research enlightens their architectural impacts with 

their theoretical and practical understandings, different uses, and advantages in 

building design along with related domains and actors in addition to their specific 

technological benefits. It then discusses possible social impacts of biobuilding 

components on building design and vice versa. Thus, this thesis is expected to 

inspire architects by empowering their knowledge of biobuilding components, 

thereby aiding them in making decisions to include or exclude them in their 

designs. 
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1.5 Structure of the Thesis   

All in all, the chapters of the thesis is structured as follows. Figure 1.4 below 

demonstrates the reading guide of the thesis.  

 

Figure 1.4 The Relations Between Chapters and Research Questions 

Chapter 2, The Concepts of Nature and Technology in Building Design 

The first chapter of the thesis presents a theoretical background of the study that 

underpins the problem field. Literature reviews (nature and building design, 

technology and building design, nature and technology, nature and technology, 

and building design) lead us to elucidate the broader aspects of biobuilding 

components in theory by giving a better understanding of the following Chapters. 

This chapter concludes with a hypothesis that incorporating living organisms into 

the design has significantly influenced building design. Thus, this phenomenon 

needs to be discussed in building design with biobuilding components concerning 

contemporary studies indicating shifting notions of nature and technology.   
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Chapter 3, Research on Terminology of Biobuilding Components in Building Design 

This part of the study presents a literature review on “bio” derived concepts, terms, 

and definitions in the existing literature. This chapter is concluded that there is a 

lack of accurate terminology on biobuilding components in the current literature. 

For this reason, the study suggests research on terminology in the thesis by 

examining the definitions and terms in biobuilding examples and practitioners’ 

preferences on terminology. 

Chapter 4, Determination of Biobuilding Components in Building Design 

In this chapter, the examples of biobuilding components are presented and 

examined. This chapter provides information about biobuilding components, thus 

leading us to compose the following analysis part of the study. 

Chapter 5, Exploring Biobuilding Components from Future Architects’ Viewpoints 

The building design experiment was conducted with future architects; 

architecture students, analyzing the relationship between biobuilding components 

and building design, are elaborated in this chapter. This chapter concluded that 

biobuilding components could be integrated into building design, while the design 

approach plays a critical role.   

Chapter 6, Exploring Biobuilding Components from Practitioner’s Viewpoints 

The interviews with practitioners are explained in this chapter, along with the 

Appendix A showing each interview's transcriptions (excluding two of them kept 

confidential upon request). This part of the thesis reveals the design process on 

how biobuilding components are developed and could be integrated into building 

design. This chapter plays a critical role in the thesis by providing answers on the 

bridges between industrial and building design.  

Chapter 7, Conclusion and Recommendations 

This Chapter presents answers to each research question and offers 

recommendations for architects and future studies in the building design domain 

based on the key findings of the thesis. Finally, the thesis ends with closing 
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remarks with hypothetical conclusions, including future prospects for biobuilding 

components in the building design domain.  
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2 

THE CONCEPTS OF NATURE AND 
TECHNOLOGY IN BUILDING DESIGN           

 

This Chapter introduces the theoretical background of the thesis by giving an 

understanding of the intersections between living, manufactured, and building 

components within the relationships between nature, technology, and building 

design. This part of the study delivers answers to the aforementioned RQ1 and 

associated two (2) sub-questions by encompassing comprehensive literature 

research involving historical and current studies and various discussions from 

different angles. The goals of the chapter could be summarized as follows: 

• To deliberate the meanings of the interrelation of living and manufactured 

components in the building design domain by evaluating historical and 

contemporary studies focusing on the connections between nature, 

technology, and building design. 

• To give insights into the expected impacts of biobuilding components on 

building design by providing inquiries upon the impacts of nature and 

technology on building design.  

This Chapter carries out three literature summaries to achieve these goals: the 

relationships between ‘nature and building design,’ ‘technology and building 

design,’ and ‘nature and technology’ individually. These summaries lead us to 

evaluate historical, phenomenological, and philosophical meanings of biobuilding 

components, thereby providing insights into the contemporary examples 

exemplifying the interrelation of living and manufactured components in the 

building design domain.  

In the scope of the Chapter, to begin with, the concept of nature is introduced 

through the disputes in the social and behavioral sciences. Thus, better 

comprehension is provided to the following sections on the variability and 
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subjectivity of nature concept and the contemporary studies putting forward 

unique approaches towards the relationship between nature and technology. 

Further on, firstly, a summary of the changing dynamics in building design is 

presented by explaining the ever-transforming and time-bounded understandings 

of nature concept through the altering approaches and building examples from 

pre-modern times to today in the architectural discipline. Secondly, another 

summary debates the impacts of technological developments on building design 

by revealing the roles of small-scale products for buildings since industrialization 

to contemporary architecture. Thirdly, contemporary concepts manifesting 

shifting notions of nature and technology are explained and discussed. Fourthly, 

a discussion part deliberates the changing dynamics in building design through 

the interrelation of living and manufactured components with contemporary 

examples in relation to the findings of the literature summaries. 

All in all, this Chapter gives an introductory idea of the expected potentials of 

biobuilding components through reviewing the relationships between nature, 

technology, and building design with comprehensive literature research. Thus, it 

gives a better understanding of the interrelation of living and manufactured 

components from a broader perspective, underpins the necessity of exploring 

biobuilding components in the building design domain. 

 

2.1 Questioning the Concept of Nature  

What is nature? Whose concept of nature must be acknowledged? 

The social and behavioral sciences have often entered into discussions on nature 

by calling these questions (Soper, 1995). This is critical since the term of nature 

has been altered fundamentally based on the “idea” of nature (Collingwood, 

1945). What is highlighted here is that nature is an “unstable concept, prone to 

change dependent on the cultural and historical context” (Andreas Roepstorff and 

Bubandt, 2003). In this regard, this part of the study neither seeks to provide 

definite answers on what is nature nor suggests adopting a particular term. This 
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part of the introduction offers significant insights into the ‘open-ended’ debates on 

the concept of nature from a broader vision.   

Firstly, it seems essential to revisit the description of the word “nature” to discuss 

the concept of nature. Indeed, the term nature is one of the most “complex” words 

in the language due to its ubiquity in a wide range of contexts (Soper, 1995; 1). 

The word nature itself is etymologically rich, presenting its conceptual breadth 

over time (Proctor, 1998). Originally, nature term comes from the Latin term 

natura and has related to “born” and directly connected to life. On the other hand, 

the Greek word for nature is physis, related to “growth.” In addition, through time, 

three senses have been embodied within the word nature in English (Williams, 

1980). The term nature has represented “mortality” from the thirteenth century. 

At the beginning of the fourteenth century, nature has been connotated with the 

inherent force controlling the world and human beings. In the seventeenth 

century, nature term has also started to indicate the physical world as a whole 

that might refer to the current understanding of the world of nature today in the 

English language (Proctor, 1998).  

Throughout history, thinking about the concepts of nature has raised several 

critical philosophical and theoretical issues which constitute the background of 

the epistemology of nature (Proctor, 1998). “Nature is not a simple concept,” as 

Jürgen Mittelstraß (2014) manifests, and explains three reasons by revising the 

altered philosophical views of nature from Plato to Einstein. Firstly, the meaning 

of nature encompasses the physical universe through biological evolution. 

Secondly, nature has different meanings in different cultures; as such, Greek 

tradition distinguishes between creative nature and created nature, meanwhile 

living in harmony with nature has been an integral part of Indian culture. Today, 

under the influence of the modern sciences, historically divergent concepts of 

nature have lost their scientific significance and “universalism.” Thirdly, in the 

beginning, nature could be identified with the pure world without any impact of 

man; however, today, a great extent of nature has already become a part of an 

artificial world built by technology and science (Mittelstraß, 2014).  
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The concepts of nature do not only emerge for seeking what nature is but also 

developed through the concern of nature-human relations (Williams 1980). In 

recent studies, environmental psychologists have shown interest in the concept of 

nature with an assumption that it might help to mitigate environmental problems 

(Tam, 2013). Ultimately, two leading positions have come forward for the current 

debates; one as the human distinctiveness from nature and the unity of humans 

with nature (Proctor, 1998). For instance, in the non-Western indigenous studies, 

the relationship between humans and non-humans seemed to be favored 

(Kawaguchi and Guimarães, 2019). On the contrary, in Western thought, humans 

and non-humans were divided by considering nature and “culture” as two separate 

poles (Daly Bezerra de Melo, 2012; Andreas Roepstorff and Bubandt, 2003). 

The so-called Western nature-culture dualism has been elaborated in many studies 

by numerous authors (Collingwood, 1945; Glacken, 1967; Haraway, 2015; 

Merchant, 1990; Passmore, 1974; Plumwood, 1993; Smith and Harvey, 1990; 

Williams, 1980). The concept of “culture” has often been defined with 

connotations to “human,” “social,” and any “man-made” artifact, while nature 

mainly referred to the external environment except humans. Moreover, a 

“hierarchal perspective” is also constructed between nature and culture as “first” 

and “second nature” (Bookchin, 1996). The first nature includes what is “natural” 

as biological and non-human; meanwhile, the second nature refers to the 

development of technology and science, and all humans’ abilities advanced from 

the primitive one. The first nature signifies primitive and wild, but pure and non-

human, whereas the second nature encompasses what is human, social, and 

furtherly developed. What remarkable here is that the division of nature and 

culture become part of the inquiry, not the solution (Daly Bezerra de Melo, 2012). 

The hierarchical definitions, natural as primitive and man-made as evolved, do 

not bring any solution to the demands of the contemporary society either 

(Bookchin, 1996; Haila, 2000; Lähde, 2006). Nevertheless, indeed nature-culture 

dualism implicit in this era of environmental change by leading scholars to 

highlight the contextuality and specificity of the concept of nature (Roepstorff, A., 

& Bubandt, N., 2003). Meanwhile, environmental ethicists have developed 
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concepts over whether concern for nature is connected to culture 

(anthropocentrism) or nature (ecocentrism and biocentrism) (Hagan, 2001).  

All in all, this part of the study stresses the ‘subjectivity’ in the concept of nature 

by means of altering approaches such as western and non-western thoughts. 

Although what has been covered above is admittedly limited within the enormous 

bibliography, this section underpins the reasons of ever-transforming and time-

bounded impacts of the concept of nature on building design (as discussed in 

Section 2.2), and the emergence of new approaches connecting nature and 

technology (as discussed in Section 2.4).   

 

2.2 Summary of the Changing Dynamics in Building Design 

Through the Concept of Nature  

This section summarizes time-bonded and altering reflections of the concept of 

nature from pre-modern to contemporary architecture through various examples 

in building design. Evaluating the impacts of the concept of nature on building 

design gives an understanding of the possible meaning(s) of incorporating living 

organisms in building design. 

Since pre-modern architecture, symbolic, analogic, and metaphoric meanings of 

living and non-living elements of nature have taken place in architectural 

discourse (Özdemir and Selcuk, 2016). The notion of nature and its scientific and 

philosophical debates throughout history have continuously been associated with 

building design’s critical aspects (Davies, 2011; Guy, 2010; Hagan, 2001; Owen, 

2008). The understandings of ‘nature’ and ‘natural’ have been transcribed into 

architectural meanings, and these comprehensions gained spatial implications and 

materialized as spaces (Davies, 2011). In this section, these arguments are 

demonstrated, critiqued through several examples in building design, as 

highlighted in Figure 2.1.  

Different aspects within this comprehensive and vast bibliography could be 

primarily exemplified with the depiction in Primitive Hut by Marc Antoine Laugier 
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in the 18th century. Laugier explains the ‘origin’ of architecture by exploring the 

anthropological relationship between man and the natural environment (Laugier, 

1755). Primitive hut was ‘natural’ in the sense of abstracting principles of a basic 

shelter by favoring intrinsic and natural forms in architecture, just like the 

abstraction of proportional relationships from nature by Leon Battista Alberti 

(Hagan, 2001).  

In the case of Cenotaph for Sir Isaac Newton in 1784, Étienne-Louis Boullée was 

inspired by the pure forms of nature. Meanwhile, the sphere analogically 

symbolizes the globe of the World; the starry sky in the sphere could also be 

interpreted as evidence of the desire to control nature (Gössel and Leuthauser, 

1991, p. 11). In this way, Étienne-Louis Boullée had explored the possibilities in 

architecture to embrace its fundamental principles from nature (Kaufmann, 

1939).  

On the other hand,  Quatremère de Quincy offered the imitation of the ideas from 

nature rather than particular forms by seeing geometrical principles as the 

abstracted forms derived from nature (Hendrix, 2012). In his words, he explained 

his approach as follows: 

 “It is nature itself in its abstract essence which is taken as a model. It is the 
order of nature which becomes its archetype and genius.” (Quatremère de 
Quincy in Quatremère de Quincy & Younés, 1999) 

 

In other words, the abstraction of nature was already embedded in the geometrical 

abstractions, similarly to the abstracted forms of plants by Christopher Dresser in 

the book The Grammar of Ornament of Owen Jones in 1859 (Brett, 1995, p. 40). 

Mimesis idea here referred to mimicking the “productive process of nature” instead 

of the reproduction of natural forms (Blumenberg and Wertz, 2000). 

Furthermore, in the late 19th century and the early 20th century, the combination 

of art was raised as an international movement known as “Art Nouveau.” In 

architectural design, early examples could be seen in the works of Louis Sullivan, 

which signified one of the pioneers of modern architecture. Sullivan also explained 

his well-known phrase as “form follows function,” underpinned by natural law on 
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the connection between aesthetical expressions and functionality in the elements 

of nature (Grady, 1955).  

Later on, the nature-inspired works of Antoni Gaudi demonstrated a way of 

mimicking nature in building design by aiming to emulate the aesthetics of the 

protection and comfort of nature (Rawlings et al., 2012). For example, Gaudi 

inspired by the structural form of Sequoia trees, as can be seen in the supporting 

structure of the Sagrada Familia, 1882, in Barcelona, Spain.  

In the 20th century, along with the ongoing examples of art nouveau and the rise 

of modernism in architecture, different ways of bonding with nature had been 

developed in building design, parallel to the technological developments in the 

global industry (Jencks, 1995, p. 109). In early 1908, Frank Lloyd Wright 

introduced the word ‘organic’ into his philosophy of architecture as an extension 

of the teachings of his mentor Louis Sullivan (Mumford, 1989). Organic 

architecture implies a firm biological analogy between the building and the 

natural environment (Gieselmann, 1996). Moreover, the articulation of 

technology into building structure in an environmentally friendly way is described 

as ‘organi-tech’ (Jencks, 2002, pp. 229–234). The examples of organic architecture 

could be seen in very well-known buildings in architecture, for example, Casa 

Milla by Antoni Gaudi and Falling Water House by Frank Lloyd Wright. 

Furthermore, the Sydney Opera House could be one example of biological 

analogies in architecture with its roof that protects the inner parts of a living 

organism, opera hall (Johnson, 1994, p. 419). In addition, the designs of Santiago 

Calatrava, nature have often been an inspiration in the sense of structural 

organization; thereby, it seems possible to discover more examples in his works 

and sketches (Lyall, 1992).  

Later on, the “Metabolist movement” connotated the city with the metaphor of the 

human body while its elements can be born, grow, and die (Pernice, 2004). The 

Nakagin Capsule Tower, designed by Kisho Kurokawa in 1972 (Kurokawa, 1987), 

seems to be a clear demonstration of ‘metabolism’ in architecture. In the 

meantime, the need for buildings and the city to reconnect with the natural 
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environment has received renewed interest in modern discourse with increasing 

demand for energy, resources, and raw materials from the developing world 

(Winn et al., 2012). Thus, living and non-living components of nature have 

become the tools for resolving the environmental problems of today due to the 

increasing demand for energy, resources, and raw materials from the developing 

world (Farmer, 1999; Marshall and Lozeva, 2009). Nakagin Capsule Tower was 

inspired by the cellular discoveries of the time, cellular organization, replication, 

and efficiency of function, aiming to fulfill the essential living requirements with 

the scaled-up, interconnected blocks as living capsules (Ripley and Bhushan, 

2016). 

Moreover, technological developments have brought new design possibilities as 

promising solutions for environmental degradation. In this regard, various 

concepts discovering how technology learns from nature (bio-derived concepts as 

such; “biomimicry,” “bioinspiration,” “biomorphology,” “biophilia,”) have been 

put forward by a large number of researchers. Each concept explains how to 

connect, inspire, utilize, and merge with nature, and favors particular techniques 

and approaches as well. Within numerous bio-derived concepts resonated in 

architecture, “biomimicry” could be seen as the most well-known technique 

extensively practiced by innovators in building design (e.g., Bhushan, 2009; 

Gruber and Jeronimidis, 2012; Pawlyn, 2011; Ratti and Claudel, 2016). The origin 

of the word biomimicry comes from the Greek words bios (life) and mimesis 

(imitation) (Benyus, 1997). The fundamental idea is to learn from nature and 

imitate it in the sense of ecological concerns similar to historical studies (Vincent, 

2016). In building design, biomimicry suggests applying forms, processes, and 

systems of nature as sustainable solutions (Pawlyn, 2011). Biomimicry was 

adopted into building design through different interpretations such as the levels 

of  “organism,” “behavior,” and “ecosystem” (Aziz and El sherif, 2015). According 

to Aziz & El Sherif (2016), the organism level indicates the mimicking of a 

particular organism, either as a part of the whole, behavior-level indicates 

mimicking of the behavior of a particular organism, while ecosystem-level refers 

to the mimicking of the whole ecosystem. For instance, Waterloo International 
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Terminal, designed by Nicholas Grimshaw & Partners, demonstrates an example 

of biomimicry at the organism-level (Yedeki Arslan, 2014). The Pangolin’s flexible 

scale arrangement is mimicked in the glass panel fixings mimic so that they can 

move in response to the imposed air pressure forces (Aldersey-Williams, 2003). 

The example of biomimicry in behavior level could be seen in The Council House 

2, Melbourne CH2, with inspiration from the bronchi of the tree (Radwan and 

Osama, 2016). In addition, John and Nancy Todd’s Living or Eco 

Machines exemplifies the biomimicry at the ecosystem level with its wastewater 

systems designed to mimic plants (Todd and Todd, 1994). Likewise, many more 

existing and conceptual examples indicate the different natural elements’ 

mimicking in different ways. What remarkable here is that biomimicry has only 

recently gained its popularity with the development of contemporary 

technological abilities, particularly with the rise of computer technology (Ratti and 

Claudel, 2016).  

As shown in the aforementioned examples in history, like the works of Quatremère 

de Quincy, Frank Lloyd Wright, and Kisho Kurokawa, to bond with nature is not 

a new phenomenon in advance of technology nor architectural discourse. 

However, Ratti and Claudel (2016) highlight that the rise of computer technology 

plays a critical role in designing buildings as living, dynamic, and fluent forms and 

structures inspired by natural elements. In this sense, technological advancements 

seem to be relevant to bring further design possibilities, such as new forms and 

structural designs to building design. In other words, symbolic, analogic, and 

metaphoric meanings of nature in history could be transformed into technological 

practice by means of the development of building elements with mimicking 

natural elements. For example, Falling Water House creates a harmony with its site 

by connecting interior and exterior spaces, while this harmony analogically 

represents the relationship between human and nature. Likewise, the Nakagin 

Capsule Tower expresses the metaphorical meanings of the human body. On the 

other hand, the examples of biomimicry in building design like Waterloo 

International Terminal exemplify the practical meanings of bonding natural and 
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building elements (as façade panels in this particular example) to bring 

environmental degradation solutions. 

Nowadays, living organisms can be incorporated into different building parts by 

acting as another design tool (Myers, 2018; Ripley and Bhushan, 2016). In the 

case of Algae powered ‘biointelligent’ building in Hamburg/Germany, The BIQ 

(Bio Intelligent Quotient) house, the required building energy is supplied through 

algae in the façade panels (Stelline, 2013). The bio-reactive façade, called 

“SolarLeaf,” produces renewable energy from solar thermal and algal biomass 

heat. Likewise, the Biomilano project BY Stefano Boeri Architecture envisions the 

skin of a building acting as a vertical forest attached to the buildings’ gray water 

circulation system (Myers, 2018; 42-45). Moreover, as in the example of the 

Baubotanik project, Ferdinand Ludwig uses living trees as load-bearing 

construction elements (Ludwig et al., 2012). In this way, “to reach beyond 

biomimicry becomes possible” in building design, in the sense of creating design 

together with living organisms, not just inspiring from them (Myers, 2018).   

In conclusion, there are always more buildings to tell. What remarkable here is 

that altering approaches towards the concept of nature has always been resonated 

within architecture, thereby affecting building design in many ways. Meanwhile, 

technological developments have often presented alternative ways to connect the 

building and natural environment by meeting the demands of contemporary 

society. To follow the reflections of the concept of nature and the alternative ways 

technology presented to create bonds between a building and natural environment 

drive us to deliberate the possible consequences of today’s ongoing interest in the 

incorporation of living organisms in building design. 

So far, this section reviews the impacts of the concept of nature on building design. 

The following section continues by reviewing the impacts of the development of 

technologies on building design.  
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2.3 Summary of the Changing Dynamics in Building Design   

through the Development of Technologies 

This section summarizes the changing dynamics in building design through the 

development of technologies by discussing the consequences of the infiltration of 

small-scale technologies into the building environment. In this way, this section 

gives a better understanding of the critical role of technological developments in 

building design.  

Indeed, the impacts of the developments of technology have often experimented 

with building design. Numerous technologies in multiple scales, domains, and 

functions have already been integrated into buildings since industrialization. 

Today, this integration continues through the exponential growth of technology, 

as demonstrated in Figure 2.5.  

In parallel to the developments of technologies and their integrations into the 

buildings, several building design attempts, mainly known as innovative housing 

projects, tried to give insights on the impact of the latest technologies on building 

designs  (Kirbas Akyurek et al., 2018).7 Admittedly, there are more examples in 

other typologies, such as office buildings. However, housing projects seem to give 

a better understanding of technological developments within the building 

environment and the impact of technologies on everyday life.  

What is noteworthy in these projects, many technologies have been presented in 

that buildings can be seen as very conventional or even outdated.  For example, 

the ‘Dymaxion house’ (1927) and the ‘House of the Tomorrow’ (1933) explores 

how electricity based technology can be integrated into the home environment 

(Mohammadi, 2014; Vegesack, A. and Eisenbrand, 2006). The “House of the 

future” (1956) by Alison Smithson demonstrates intercom systems as an 

 

7 As a side study of the thesis, technological integration of thirty-eight housing buildings, between 
the period from 1927 to 2008, are examined, please see:  Kirbas Akyürek, B., Kortekaas, S., 
Fisscher, J. L., & Mohammadi, M. (2018). Technological integration of the ’ house of the future ’. 
In J. Veuger (Ed.), Barometer Public Real Estate Special Issue 2018 (Issue 2018, pp. 127–144). Spryg 
Real Estate Academy En Bariet Ten Brink.  
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innovative technology along with several ideas, such as electrically heated beds 

without blankets (Alter, 2016) (Figure 2.2).  

 

Figure 2.2 House of the Future, by Alison Smithson, 1958 (Alter, 2016). 

The article above published in Mechanix Illustrated presents the pushing buttons 

to control radio and television as something “innovative,” new, and different in 

the House of Future project. The main goal of the House of Future was to generate 

discussion on how a future house would look like by providing solutions for ease 

of daily life. Moreover, in MIT Solar House I (1939) and Afase Solar House (1958), 

solar technology have been presented as innovative; in fact, futuristic (Figure 2.3).  

 

Figure 2.3 Afase Solar House, 1958 (“AFASE Solar House / Scottsdale,” n.d.). 

Furthermore, in the 1970s computers, and having wired homes was ‘fiction’ that 

only the hobbyists were interested in (Figure 2.4).  
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Figure 2.4 Future in the Past: Futuristic Imagination from 1979 of a House in 
2000 (Gatland, K. and Jefferis, 1979). 

It seems that the innovations finding discussions in building design just a few 

decades ago are now infiltrated into daily lives and embraced in the building 

environment. Therefore, a summary of the development of technologies through 

the debates of their resonances into building design leads us to provide insights 

into the possible impacts of the upcoming technologies on building design.  

Two significant leaps in technology come as foundations for technology 

interference into daily life and the buildings (Aldrich, 2003). Firstly, the arrival of 

electricity into the home environment in the first quarter of the 20th century 

triggered the rise of domestic appliances, and subsequently, HVAC systems in the 

buildings. Secondly, in the last quarter of the 20th century, developments in 

information technology were encouraged to explore the possibility of exchanging 

information between people and household appliances, systems, and networks, 

inside and outside the home (Mohammadi and Hammink, 2015). 

In the 1900s, the fundamental purpose of electricity was only considered the 

lighting in the building environment. The anecdote of Adrian Forty (1986) tells 

the story of two elderly ladies who attempted to prevent electricity from leaking 

from the sockets. This anecdote highlights electricity at home was indeed 

extraordinary and new only about a century ago. At that time, houses were mostly 

placed with one socket since people could not see any use for adding more 

(Harper, 2003; pp. 6). Between 1920-1940, the advertisement of domestic 

technologies promising less housework resulted in houses having more electric 

sockets, which increased the integration of technologies into daily activities as well 
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as the home environment (Aldrich, 2003). Accordingly, house designs have begun 

to take shape around the advantages of the growing number of domestic 

appliances (Gann et al., 1999). These domestic technologies majorly affected daily 

lives, but somehow in an unexpected way. “Time-saving” technologies increased 

hygiene standards and resulted in women to spend more time at home (Bowden 

and Offer, 1994; Cowan, 1983). 

In the 1940s, the buildings' heating systems with “mechanical core” allowed 

architects to develop their designs independently from the heating source. Thanks 

to interior climate control and artificial lighting, the layout of the office buildings 

freed from windows, and the height of the stories could be diminished. By the 

1940s, air-condition in office buildings became a standard feature in the USA's 

design (Eisenbrand, 2006). Moreover, these technological abilities enabled 

architects to refine the building envelope using thermopane (insulated) glass 

panels. By the 1950s, office buildings and spaces were “more mechanized” 

through the spread of computers at workplaces, which also triggered the process 

of automation and the field of information technology. Afterward, all of the 

technologies in the workplace were transferred to the home environment 

(Mohammadi and Hammink, 2015). Herewith, Eisenbrand (2006) claims that 

household mechanization with the increasing number of domestic technologies 

affected buildings limitedly, however utilities as electricity, plumbing, and heating 

had a much more crucial impact on building designs and layouts. 

In the 1960s, time-saving technologies, washing machines, electric razors, sewing 

machines, kettles, cookers became omnipresent, while the implementation of 

central heating and thermostats was also widespread at homes (Aldrich, 2003). 

Further on, another domestic technology stream started to rise oriented to 

increase the comfort of the user (Mohammadi and Hammink, 2015). So-called 

“time-consuming” technologies such as television, radio, cinema, computer spread 

rapidly. This rapid growth led to hobbyists trying to connect these technologies in 

their homes as “wired homes” as the early concepts of “smart homes” (Harper in 

Aldrich, 2003).  For example, The Xanadu house (1983) presents a showcase by 
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exploring to design a home with an integrated computer system to shift people’s 

idea of a house, which should be more than a passive shelter (Mohammadi, 2014).  

In the 1980s, with the rise of developments in computing and information 

technology, computers were moved from workplace to house by blurring the 

distinction between home and work environment (Aldrich, 2003). Following the 

growing potential of digital systems in daily activities, the term “Smart Home” was 

first used in 1984 by the American Association of House Builders (Harper in 

Aldrich 2003; Solaimani et al., 2011).  At this point, the home was attributed as 

being smart, not for its construction techniques or sustainable features; it was 

smart by including interactive and intelligent technologies (Venkatesh et al., 

2003). Afterward, the advantages of technologies in the built environment have 

raised an interest in smart homes by both academics and practitioners (Marikyan 

et al., 2019). The ‘TRON intelligent house’ (1989) is the first experimental lab of 

the study, which addresses the possibilities of the ‘smart home’ (Vegesack, A. and 

Eisenbrand, 2006). “Smart” has become an “umbrella term” for innovative 

technologies with some degree of artificial intelligence, while smart homes are 

inseparably bonded with smart technologies (Alam et al., 2012; Arunvivek et al., 

2015; Dawid et al., 2017; Hong et al., 2016; Marikyan et al., 2019). In the 

meanwhile, projects continued to be developed in order to experience new 

technologies in the building design, since the technology can only successfully be 

implemented when the technologies adjust to the actual needs of people instead 

of human suiting to the limits of the technology (Mohammadi and Hammink, 

2015; Slaats, 2017). Therefore, projects like Living Home Tomorrow (2003) have 

experienced the reflections of the development of smart technologies on building 

design (Vegesack, A. and Eisenbrand, 2006). 

Nowadays, the physical world can be united with digital systems with the design 

of smart environments. Meanwhile, home automation systems have been a rapidly 

growing area in developing a modern home (Arunvivek et al., 2015). For decades, 

to design a smart, interactive environment was just a dream, but recent advances 

enable this desire to come through (Cook and Das, 2007, p. 3). To make this 

dream more vivid, the researchers focused on solving relatively minor problems 
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such as; the low adaptation and diffusion rate despite their potential advantages 

(Anderson, 2007; Balta-Ozkan et al., 2013; Chan et al., 2009; Ehrenhard et al., 

2014; Jacobsson et al., 2016; Yang et al., 2008). Subsequently, current studies 

have started to examine the technological, financial, ethical, and legal and 

psychological barriers of smart home acceptance and adoption from users’ 

perspectives (Marikyan et al., 2019). Thus, architects have driven with the idea to 

design smart environments, homes, and buildings that centered around the 

perception of a human; experience, emotions, and feelings (Mohammadi et al., 

2019).  

In summary, Mohammadi and Hammink explain the development of technology 

in the building environment until today as ‘mechanization,’ ‘electrification,’ and 

‘automation’ (Mohammadi and Hammink, 2015). In the early 1900s, the process 

of mechanization allowed for faster and cheaper production of goods (mass 

production). Further on, electrification by means of adaptation of electricity into 

the home environment led to boost domestic technologies in combination with 

mass production.  

The combination of income, the changing role of the housewife, and further 

evolvement of the technology consolidated the adoption of domestic electrical 

technology like washing machines, toasters, coffee makers, etc. Furthermore, the 

efficiency movement in the interbellum and 1950s encouraged the use of 

automated electric appliances in the home, inspired by the usage of automated 

machines in the workplace. What is essential in these examples is that 

technologies can affect building design regardless of their scales; thus, architects 

can develop their projects accordingly, as in the cases of Innovative House 

projects. For example, Open the House Project inspires from the innovative climate 

clothing. The innovative clothing system leads humans to have their own thermal 

comfort by allowing architects to open the house by means of independence from 

climatic conditions and necessary heating and ventilation systems (Vegesack, A. 

and Eisenbrand, 2006). 
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All in all, technological developments have often made drastic changes in building 

design alongside the societal and cultural aspects. While technology surrounds 

every aspect of our lives with an increasing number of innovations, daily activities 

always focus. Nowadays, the recent technologies have been developed under the 

influence of designing with biology (e.g., furniture grown through mushrooms, 

clothes made from bacteria, lamps lighted via photosynthesis energy) (Myers, 

2018). In fact, contemporary designers like the Modern Meadow group entitle the 

current stage of time as ‘biofabrication’ to emphasize the impact of biology on 

contemporary material and product development (Modern Meadow, 2017).  

The following part discusses contemporary studies on the shifting notions of 

nature and technology that might be relevant to understand the development of 

technologies by incorporating living organisms. 
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2.4 Shifting Notions of Nature and Technology in Contemporary 

Concepts 

This section deliberates contemporary concepts that lead us to understand the 

shifting notions of nature and technology in relation to the debates on nature and 

culture, as discussed in Section 2.1. By relying on the changing dynamics in 

building design through the concept of nature (Section 2.2), and technological 

developments (Section 2.3), these concepts and studies seem relevant to 

understand the interrelation of living and manufactured components. 

Contemporary studies point out the fading boundaries between nature and 

technology by arguing nature and culture; natural and man-made can no longer 

be distinguished. In his ethnographic work among an Amazonian community, the 

Achuar Tribe, anthropologist Philippe Descola found out that although the 

opposite is tempting, Amazon Forest is not untouched, pure, or wild. Since the 

flora and the distribution of the species have transformed and majorly changed by 

people through the thousand years, the forest has evolved under the influence of 

mankind (Descola et al., 2014). Regarding the research, he criticizes the nature-

culture duality in his book entitled Beyond Nature and Culture (Descola et al., 

2014).  He states that nature evolves and alters through physical and chemical 

human activity, so it cannot exist independently from both human and non-human 

(Descola et al., 2014). In this regard, Descola attempts to reach “relative 

universalism” by rejecting the universal comprehension of nature and culture 

distinction, which was invented in the 17th naturalism in the West (SAHLINS, 

2014). Descola draws attention to the subjectivity on the definition and 

interpretation of nature by revealing the facts that people’s effects on this World 

are beyond imagination and assumption. Likewise, Roepstorff and Bubandt 

(2003) state as follows: “Nature is no longer what it used to be, [b]ut neither is 

culture,” therefore now it is “almost impossible” to discuss nature without culture.  

Bookchin (1996) also claims that the hierarchical definitions, natural as primitive 

and man-made as evolved, do not bring any solution to the demands of 

contemporary society. Since culture develops on the process, not on ‘untouched 
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nature,’ the sharp distinctions are inadequate to meet the changing needs of the 

World (Lähde, 2006). 

According to Haila (Haila, 2000), by considering nature as an ‘external object,’ the 

environment transformed into ‘utilizing subject.’ In this way, nature, referring to 

non-human, pure, and untouched, has been considered tamed, dominated, and 

controlled by people in modern thought (Haila, 2016; Uggla, 2009). At this point, 

Bruno Latour (1993) stresses that ‘we have never been modern,’ and suggests a 

hybrid perspective as a mixture of nature and culture opposition to the dichotomy 

which he disabuses. He criticizes modern societies by ‘purification’ the concept of 

nature among humans and society, and he claims that they were ‘created together’ 

and ‘reinforce’ each other (Latour, 1993; 31).  

Many designers still consider nature as its idealized perfection and distinguish any 

design activity from the natural environment (Kleinert, 2018). However, concepts 

like ‘subnature’ (Gissen, 2012), ‘dark nature’ (Michael, 2011), ‘next nature’ 

criticize the idealized concept of nature by underlining subjectivity within its 

common understanding. In his book Subnature: Architecture’s Other Environments, 

David Gissen (2012) claims that he uncovers the story of the subnatural in 

architecture and discusses the denigrated forms of nature by naming them as 

“subnature.” Indeed, nothing is unwanted or unpleasant in nature; the way we see 

them depends on our early assignments and prejudges. Nature is not what we 

imagine and idealize; therefore, the comprehension of subnature is useful to 

motivate and develop building programs (Gissen, 2012). Similar to the holistic 

approach of Gissen’s by means of embracing nature with its ‘undesired’ entities, 

dark nature also indicates criticisms towards excluding anything from nature with 

aesthetical concerns (Michael, 2011). Furthermore, Koert van Mensvoort claims 

that the roman interpretation of nature has dominated our notion of nature by 

considering nature as born, culture as man-made. However, we should approach 

nature through its Greek interpretation of ‘growth’ (Mensvoort et al., 2012; 5). 

“Nature changes along with us,” as he (2012) declares, and regardless of born or 

man-made, human or non-human, nothing is unnatural or outside of nature. In 

this sense, Mensvoort introduces a unique concept entitled: “Next Nature.” This 
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concept signifies a novel approach motivated by the fading boundaries between 

nature and technology within various industrial products in several such as; 

health, food, and textile (these examples could be followed in Nano Supermarket, 

Nanosupermarket, n.d.). According to Mensvoort (2015), the merge of natural and 

manufactured elements may sound ‘futuristic’ first, but pieces of evidence from 

everyday life insist that the bridges were already established. 

The Next Nature concept challenges the perfected and scared assumptions 

attached to the concept of nature (Kleinert, 2018). Despite its futurist essence and 

the name starting with “next,” the idea mainly refers to today and discusses the 

potential changes in the near future. As in Mensvoort’s (2015) words: “We live in 

next nature, the next is today, but since we got accustomed, it is hard to notice 

it.” In this way, to observe and evaluate this integration in-between nature and 

technology, Mensvoort explains how any technological product can be ‘natural’ by 

means of fully integrated into everyday life with their approach as ‘The Pyramid 

of Technology’ (Mensvoort, 2013). 

The Pyramid of Technology is identified as a ‘method’ which demonstrates the 

possibility of any technological product to be naturalized through seven steps; 

‘envisioned,’ ‘operational,’ ‘applied,’ ‘accepted,’ ‘vital,’ ‘invisible’ and finally 

‘natural’ ( Mensvoort, 2013a) (Figure. 2.6). This pyramid yields a holistic overlook 

of technology by presenting a ‘tool’ for developing ‘better technology’ that can be 

used by scientists, inventors, engineers, designers, and entrepreneurs  (Mensvoort, 

2013a). 

The term technology is commonly associated with developing innovations that 

need more time to be part of our daily lives (Mensvoort, 2013a). On the other 

hand, technology does not only include the latest electrical and electronic 

apparatuses. From wearing clothes to writing, clocks to money, buildings to roads, 

several familiarized things as natural in everyday life are, in fact, technological. 

For instance, a human can be seemed all-natural at first glance. However, as 

remembering our clothes, glasses, watches, smartphones, and any other products 

strictly glued on our daily habits, it is evident that we as humans are captured by 
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technology more than we realized. In this regard, this pyramid puts forward a 

criticism towards accepting technology only as high-tech by means of newly 

developed, advanced technology. 

 

Figure 2.6 The Pyramid of Technology (Table is composed by the author based 

on the information in the works of Mensvoort, Mensvoort and Grievink, 2012). 

 

The examples in Figure 2.6 is open to discussion, and there are no concrete lines 

amongst those stages.8 While one may consider the internet as invisible, the other 

may also say it is accepted highly depending on people’s life quality. However, this 

uncertainty does not refute this model but strengthens it. For instance, just before 

one or two decades ago, using a mobile phone was a remote and impossible idea, 

but now a cell has almost become an “apparatus” of a body (Mensvoort, 2013a). 

In this way, the achievability for any technology to become vital for humans and 

then invisible is underlined. Technological products are always in the process of 

these stages. The technologies at the lower part of the seven stages may be 

considered as artificial, unreachable, in fact, impossible. Nevertheless, at a specific 

point in time, all the technologies were all begun at this earliest stage, just as an 

odd idea.  

 

8 Based on this pyramid, architecture; buildings and city in general is considered at the stage of 
vital. However,  Mensvoort also underlines that these steps can be a part of discussion. In that 
sense, it is possible discuss other stages in the discipline of architecture as it was already discussed 
in (Kirbas Akyurek, 2018). 
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Despite the futuristic, artificial perception of the technologies at the lower stages, 

technologies at the top are all-natural and deeply integrated into daily life 

(Mensvoort, 2013a). The innovations at the lower part of the seven stages may be 

criticized as being artificial, unreachable, impossible. Nevertheless, one should 

remember that at a specific point in time, all the technologies today were all begun 

at this “lowest” and “most primary” stage. Likewise, Poelman (2010) explains the 

‘diffusion of technology’ by saying ‘what is may become ought,’ emphasizing any 

technology to become vital and necessary. In some cases, technologies can 

instantly be applied right after their initial idea, but also, this stage can last an 

indefinite time. The lowest stages of the pyramid are mainly related to the initial 

achievability of the technology, but from the accepted phase, the upper stages are 

mostly engaged with the perception of users. Moreover, technologies can slide 

down to lower stages as well as they climb up. Technologies moving up from lower 

stages to the accepted level are seen as new, unfamiliar, and artificial. Moving 

down technologies from upper levels are mainly considered outdated and 

nostalgic (ex. fax machine) (Mensvoort, 2013a). 

In conclusion, this section underlines the shifting notions of nature and technology 

by addressing contradictory debates on human and man-made, natural, and 

cultural bonds as well. The inquires on the concept of nature (e.g., by Bookchin, 

Gissen, Latour) stress the subjectivity and time-boundness from different points of 

view by showing the fading boundaries between humans and man-made. The Next 

Nature concept (Mensvoort and Grievink, 2012) has come one step forward to 

understand the interrelation of living and manufactured components, among the 

other concepts (e.g., Subnature, Dark Nature) by elaborating on the concept of 

nature in connection with technological developments.  Furthermore, The 

Pyramid of Technology claims any man-made products could be accustomed to 

society and could become routine in that sense. This pyramid seems relevant to 

highlight the possibility of biobuilding components to be integrated into daily life 

by evaluating their expected societal impacts in the following part of the study 

(Chapter 4). But before that, the following section presents an overview by 
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discussing contemporary examples in building design with the findings of all these 

literature summaries (Section 2.2, 2.3, 2.4). 

 

2.5 Discussion on the Changing Dynamics in Building Design in-

between Living and Manufactured 

This section discusses contemporary examples in building design that exemplify 

the interrelation of living and manufactured components by experiencing in 

building scale. Thus, this part of the study provides an overview of changing 

dynamics in building design by offering insights into the expected impacts of 

biobuilding components and discussing contemporary examples with the findings 

in the literature summaries. In this way, it underpins the connections between the 

theoretical studies about nature and technology with building design. 

Indeed, many studies in building design explore the possible solutions to the 

current demands of society and construction systems through the incorporation of 

living organisms and discussed in the literature with an emphasis on their ‘living’ 

features, in fact in some studies as ‘living buildings’ (Armstrong, 2014; Birkeland, 

2015; Gale, 2011; Heinrich et al., 2019; Imhof and Gruber, 2015; F. Ludwig et 

al., 2012). Many of these examples were already demonstrated as a showcase in 

design exhibitions and research platforms (e.g., Dutch Design Week 2009, 

Biodesign Exhibition), or the concepts were furtherly evaluated in academic and 

non-academic publications (e.g., (Gruber and Imhof, 2017; “Terreform,” 2020; 

Vegesack, A. and Eisenbrand, 2006). The examples evaluated in this section are 

the prototypes in building scale (as single building construction or concept) that 

their expected results, aim, and scope could be found in-detail within scholarly 

sources as such articles, books, official websites in the academic databases (i.e., 

Scopus, Jstor, and Sciencedirect). To discuss these examples provides an overall 

understanding of the interrelation of living and manufactured components in 

building design.  

These examples address building components such as façade elements, structural 

materials, and interior elements, thereby demonstrating the interrelations 
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between living and manufactured components in different building design ways. 

In that sense, they represent the ways to connect with nature, and at the same 

time, the adaptation of new technological developments with the incorporation of 

living organisms. Regarding the literature summary in Section 2.3, these examples 

point out the transformation of historical and philosophical meanings of living 

components (as in symbolical, analogical, and metaphorical interpretations of the 

concept of nature) into practical meanings by providing another approach rather 

than mimesis, imitation, mimicry. Regarding the connections between 

technological developments and building design, the literature summary in 

Section 2.4, it is also possible to evaluate these examples with the impact of 

technological developments on building design. They demonstrate how to 

embrace new technological advancements with the incorporation of living 

components and tries to answer how buildings can be designed with living 

organisms (Figure 2.17). This question can be accepted as providing further 

answers to RQ1 in addition to the discussions in Section 2.4.  

Foremost, the root bridges in Meghalaya, India, seems to be a significant example 

that we can learn from nature through its ‘guided growth’ even before the 

construction of buildings from blueprints and components (Mensvoort and 

Grievink, 2012; Myers, 2018) (Figure 2.7). These bridges are made with the 

secondary roots of the Ficus elastica tree (Middleton et al., 2020). Rachel 

Armstrong emphasizes that “they are the most effective way to ‘heal’ a stressed 

ecology may be to construct living buildings” (Armstrong, 2010). In that sense, 

before deliberating current studies in highly developed Western societies, root 

bridges in Meghalaya, India, reminds us that there is much to learn from non-

Western cultures and the growth of nature in which outcome is ‘unpredictable,’ 

but context-dependent. 
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Figure 2.7 Root Bridges in Meghalaya, India (“Guided Growth When the ‘built’ 
becomes the ‘born,’” n.d.) 

The way we built buildings and cities is not “sustainable,” as Armstrong (2010) 

argues. There is a need for the right “language” to find a way to homes and cities 

a communicate with the surroundings (Armstrong, (2010). Through advanced 

technological materials, architectural design may turn into communicating and 

interacting living organisms in nature, more than just the arrangement of physical 

aspects of our surroundings. Nevertheless, according to Armstrong (2010), the 

fundamental problem here is the construction process, design, manufacture, and 

build. The usage of the same accustomed materials in architecture should be 

renewed with the current technology’s assistance (Armstrong, 2010). Accordingly, 

she approaches growing a building on the self-reparability advantages of materials 

created via synthetic biology. In the project, Future Venice, she suggests growing 

a synthetic limestone reef under the city’s foundations to prevent the city’s 

foundations from being eroded (Armstrong, 2016) (Figure 2.8). She offers that 

due to the constant water requirement, metabolic materials will challenge the 

assumptions we have about architectural building processes by bringing useful 

solutions to the cities having trouble with water, such as Venice (Armstrong, 

2015). In this way, she introduces new approaches with new (protocells) 

biological materials (metabolic) with an envision that these technologies will 

develop further through the upcoming years (Bedau, 2009).  
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Figure 2.8 Protocells and Future Venice Project Simulation by Christian 
Kerrigan (Hobson, 2014) 

Protocells and metabolic materials are not on the market right now; however, the 

aforementioned example, algae powered ‘biointelligent’ building in 

Hamburg/Germany, The BIQ (Bio Intelligent Quotient) house, already exemplifies 

the interrelation of living and manufactured components with algae-filled façade 

panels (Figure 2.9). This particular example presents a novel way of energy 

harvesting, and it also acts as mobile shading devices for the building interior 

(Heinrich et al., 2019). In that sense, it is possible to underline the added value of 

the living components as a building façade and also interior elements. In that 

sense, in addition to philosophical meanings of the concept of nature, it seems 

new phenomenological meanings of nature are also added by means of triggering 

different senses by creating a novel interior atmosphere by creating diverse 

connections with nature. For example, the early examples in Art Nouveau in 

building design, the figures, and ornaments on buildings as such in the works of 

Antoni Gaudi bring associations with the elements of nature by creating visual 

connections. Moreover, the examples in modern architecture like Falling Water 

House lead us to discuss the bonds between nature and buildings by creating a 

harmonious relationship between the building site. The BIQ (Bio Intelligent 

Quotient) house, on the other hand, creates a visual connection by utilizing algae 

within the building façade and leads us to connotate sustainability with the 

concept of nature by providing energy-efficient solutions with living organisms.  
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Figure 2.9 The BIQ (Bio Intelligent Quotient) House, Photos © Colt 
International, Arup Deutschland, SSC GmbH 

While algae can continue to procreate, it seems possible to talk about a symbiotic 

relationship between the living and manufactured components and mimicking the 

logic of nature as in the examples of biomimicry in architecture. Similarly, in the 

Baubotanik project, Ferdinand Ludwig uses living trees as construction elements 

aiming to blur the boundaries between the differences between the man-made 

and the natural, nature, and technology (Ludwig et al., 2012) (Figure 2.10).  

 

Figure 2.10 Baubotanik, Building Growing through Living Trees (Ferdinand; 
Ludwig and Schönle, n.d.) 

Baubotanik project demonstrates a mutual relationship between the living and 

manufactured components by raising the construction simultaneously with plants’ 

growth (F. Ludwig, 2016). Like the Baubotanik project, Joachim approaches from 

a conceptual perspective by seeking to find a way to ‘grow’ a building through the 

Fab Tree Hab project. The method that used in this project is new to architectural 
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construction but very old and familiar in gardening, “pleaching.” Despite the 

requirement of a longer time period of building these homes, the alive structure 

can renew itself through the seasonal cycles by preserving its ecological benefits 

(Arbona et al., 2003) (Figure 2.11).  

 

Figure 2.11 Fab Tree Hab Project (Arbona et al., 2003) 

In addition, the adaptation of plants, The Organic Mushroom-Brick Tower, at 

MoMa’s PS1 Courtyard in 2014, demonstrates the interrelation of living and 

manufactured components with the incorporation of mushrooms (Figure 2.12).  

 

Figure 2.12 Hy-Fi, The Organic Mushroom-Brick Tower Opens At MoMA’s 
(Stott, 2014) 

As another example, The Growing Pavilion in Dutch Design Week 2019 represents 

a ‘smart’ way of decreasing the harmful environmental impacts of the construction 

industry, while panels were grown from mushrooms (Klarenbeek, 2019) (Figure 

2.13). In the example of Hi-fi, the building is stable, yet the bricks are produced 

with growing mushrooms. The mushrooms in the Growing Pavilion, on the other 
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hand, continues to grow. This led us to discuss different phenomenological 

meanings of the interrelation of living and manufactured components with 

different practices of living components. 

 

Figure 2.13 The Growing Pavilion in Dutch Design Week, October 2019 
(personal archive of Peyman Nafai). 

Moreover, the Silk Pavilion is a clear demonstration of incorporating living 

organisms differently (Figure 2.14). The Silk Pavilion discovers the relationship 

between digital and biological fabrication on product and architectural scales by 

inspiring the ability of silkworms to create 3D space. In this example, it is possible 

to mention a more distanced relationship with living organisms, which acted as 

the ‘co-designers’ of the architectural space (Oxman, 2015).  

 

Figure 2.14 Silk Pavilion, an Architectural Space Growing with Silkworms 
(Oxman, 2015). 

In some examples, interrelation could be more ‘hidden’ in a way to notice the 

incorporation of living organisms, such as in the example of Zelfherstellend 
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Paviljoen. Self-healing concrete with bacteria targets to reduce the costs of 

concrete production and maintenance, as well as CO2 emissions (Jonkers, 2007) 

(Figure 2.15). In this project, bacteria play a crucial role; in another project, it has 

also tried to find solutions to the problem of CO2 emission through biological 

concrete for constructing ‘living’ building materials with lichens, mosses 

(Universitat Politècnica de Catalunya (UPC), 2012).  

 

Figure 2.15 Zelfherstellend Paviljoen (Self-healing Building) (“zelfherstellend 
paviljoen,” n.d.) 

These examples demonstrate the interrelation of living and manufactured 

components in building design with full-scale prototypes. In GrAB Growing As 

Building Project, Barbara Imhof and Petra Gruber explore the potential of slime 

molds (unrelated eukaryotic organisms) in building design by experimenting with 

their growth through the grid structure and building design simulation (Gruber & 

Imhof, 2017a; Imhof & Gruber, 2015) (Figure 2.16). The project aims to examine 

the ability of slime mold to grow three-dimensionally by growing in three-

dimensional grids, both vertically and horizontally. At first, it studies to observe 

the behavior of slime mods and prove that volumes can be created in the guided 

paths (Gruber & Imhof, 2017a). Secondly, it explores the potential of slime molds 

to become the co-designer through simulating slime molds to generate growth 

patterns within unexpected forms.  
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Figure 2.16 Slime Molds Growing in the z-axis, and the Generation of Growth 
Patterns of Slime Molds in Building Design Simulation (Gruber & Imhof, 2017a) 

 

These examples led us to discover different practical meanings of the interrelation 

of living and manufactured components by creating different bonds with the 

concepts of nature, thus also bringing new phenomenological and philosophical 

meanings in addition to examples with the approaches of mimesis, imitation, 

mimicry. On the one hand, examples like The Hi-fi, Silk Pavilion, Self-healing 

pavilion offer possible innovative and sustainable solutions to environmental 

degradation with biobuilding components by inspiring architects and informing 

society on the possible benefits and ways of use of the living organisms in building 

designs. On the other hand, the examples of The BIQ (Bio Intelligent Quotient) 

house, Growing pavilion, Baubotanik, Fab tree lab, GrAB demonstrate how to grow 

buildings and living components by promising a dynamic, harmonical, symbiotic 

relationship between living organisms and the building itself. Admittedly, these 

dynamics promise to create a new relationship and interaction with the user as 

well. This presented new senses, new phenomenological, and philosophical 

meanings of the interrelation of living and manufactured components, which need 

to be further discovered in the building design domain. These examples lead us to 

discuss that the current, in fact, ‘mechanical’ thinking of components is changing 

by means of addressing the possibility of their ‘growth’ instead of ‘production.’ 
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2.6 Conclusions  

This Chapter confirms that connecting with nature and adapting to technological 

developments have always remained at the core of building design throughout 

history. The influences of the concept of nature and the development of 

technology on building design lead us to underpin the potential meaning of 

incorporating living organisms into building design through its bonds between 

nature and technology. 

While the concept of nature has maintained its significance as a matter of 

discussion in the scope of building design in architectural discipline, its evolving 

relationship with technology emerges to focus on contemporary examples. Section 

2.3 evaluates the impact of the concept of nature on technology altering through 

the understandings of the concept of nature. Meanwhile, technological 

developments have often resonated in building design through the infiltration of 

industrial products in multiple scales, functions, and purposes. Furthermore, 

contemporary studies have led us to underpin the growing number of researches 

discussing the in-betweenness of nature and technology, living and manufactured. 

Ongoing examples in building design exemplifying the use of biobuilding 

components encourage us to focus on elaborating their potentials in building 

design. 

Admittedly, the literature studies could be extended with more examples (i.e., 

with more buildings) or further information (e.g., further discussions on 

construction techniques and conceptual designs). In addition, instead of Western 

examples (i.e., exemplified buildings in Europe), non-Western architectural 

examples such as Japanese and Indian Architecture, traditional Chinese 

architecture could also be evaluated in-depth. On the one hand, vernacular 

architecture examples can bring different understandings and clarifications.  For 

instance, examples like Living root bridges in India might lead further studies to 

learn from regenerative aspects of living organisms (e.g., (Middleton et al., 2020). 
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However, it is more important to underline the necessity to elaborate biobuilding 

components through its bonds with nature and technology. Only in this way the 

theoretical meaning of the intersection of living and manufactured, thereby 

biobuilding components could be understood.  

Along with the findings in the literature summaries, this part of the study 

understands the emergence of biobuilding components in building design. 

Moreover, it stresses the increasing number of studies in the building design 

domain. Meanwhile, the number of biobuilding component examples has been 

increasing gradually and about to infiltrate into everyday lives and surroundings; 

however, building design would be affected by biobuilding components is needed 

to be elaborated in the building design domain. In this regard, this Chapter leads 

us to hypothesize that the praxis of incorporating living organisms into design 

seems critically significant in the discipline of building design. Thus, biobuilding 

components shall be understood and explored. Meanwhile, contemporary 

concepts indicating shifting notions of nature and technology might ease 

understanding of the meanings of biobuilding components for buildings and 

society.  
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3 
RESEARCH ON TERMINOLOGY OF 

BIOBUILDING COMPONENTS IN          
BUILDING DESIGN  

 

This Chapter introduces research on terminology by carrying out a literature 

review specified on bio-derived concepts and provides answers to RQ 2.1. The 

goals of this part of the study could be summarized as follows: 

• To examine concepts and methodological approaches related to the 

incorporation of living organisms in building design. 

• To determine relevant terms and definitions that could be adopted to 

describe the interrelation of living and manufactured components in the 

scope of the thesis, building design as well. 

In this way, this part of the study gives a better understanding of the praxis of 

incorporating living organisms in building design by elucidating the terms and 

definitions already found a place in the existing literature. This prevents any 

misunderstandings towards the ambiguity and complexity of terminology 

regarding the description of biobuilding components.  

In the framework of the Chapter, the following sections are presented, 

respectively: Methodology, Literature review, Findings and Discussions, and 

Conclusions. In the literature review, bio-derived concepts are evaluated through 

their main approaches and scopes to deliver concise information of the related 

concepts.  

Moreover, the literature review focuses on popular terms and concepts on 

biobuilding components limited to the “bio” prefix. Innovations incorporated with 

living organisms could be found entitled with many terms as such “bio,” “smart,” 

“living,” “growing,” “eco,” and “organic,” and many more in the existing academic 
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and popular literature(Kirbas Akyürek et al., 2020).9 Within those terms, “bio” 

seems to come one step forward among the others for the scope of the thesis firstly 

by simply indicating biology, and with a large number of bio-derived concepts 

establishing various ways to bond between the elements of nature and technology.  

For example, the term “smart” is often used as “smart technologies,” “smart 

materials,” “smart sensors,” “smart systems,” while the incorporation of living 

organisms clearly not the issue all the time. “Living” could be used to describe 

some level of dynamism or resemblance to biological systems, thereby do not have 

to be related to actual living organisms10. “Organic’ and “eco” seem more relevant 

debates ever since the 1960s on “green,” “organic,” “ecological design,” and 

“sustainability,” which seems not suitable to highlight the focus of the study.11 

Notably, the concept of sustainability has already been presented in ongoing 

discussions in building design since the 1960s with numerous concepts, terms, 

definitions, along with several dilemmas towards the relationships between nature 

and technology (Ciravoğlu, 2008). Therefore, using these terms can cause further 

misunderstandings to explain the interrelation of living and manufactured 

components.   

All in all, this Chapter clarifies the ambiguity in terminology, thereby ensures the 

semantical comprehensibility of the thesis. This part of the study reveals 

appropriate terms and definitions and avoids certain concepts, thus eases us to 

determine examples of biobuilding components in the following Chapter. 

 

 

 

9 These terms are found out in the descriptions of the gathered examples of biobuilding 
components in the following Chapter.  
10 For example, Ratti and Claudel (2016) claim that due to powerful computation technology now 
turned into rational and gridded forms that are easily replaced by organic and complex forms. 
Thus, designers explore the possibilities of designing “vibrant, dynamic and living” structures. 
11 For further information on the debates on “green,” “ecology,” and “sustainability” please see: 
Madge, P. (1993) Design, Ecology, Technology: A historiographical Review, Journal of Design 
History, Vol. 6, No. 3, pp. 149-166, UK: Oxford University Press. And also, Madge, P. (1997) 
Ecological Design: A New Critique, Design Issues, Vol. 13, No. 2, pp. 44-54, USA: The MIT Press. 
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3.1 Methodology 

Academic and popular literature overloaded with a variety of concepts derived 

with “bio” suggesting methods and approaches on technological developments 

together with living organisms (Deuerling et al., 2018; Ivanić et al., 2015; Speck 

et al., 2017). These concepts have been using interchangeably to explain the ways 

as such to connect, inspire, utilize and merge with the living components of nature 

as such; “bioinspired” design, “biomimesis,” “bioinspiration,” “bioanalogous” 

design, “biognosis,” “bionics,” “biomorphy,” “biotemplating,” “bioanalogous,” 

“biophilia,” “biomineralization,” “biocentric,” “biomediated,” “bionic” and many 

more (many studies expresses this problem: Deuerling et al., 2018; Imani et al., 

2017; Ivanić et al., 2015; Oguntona and Aigbavboa, 2017; Shu et al., 2011; Speck 

et al., 2017, Valdecasas and Wheeler, 2018). This diversity in the terminology 

motivates us to begin with eliminating certain concepts within the categories 

of synonyms, disciplines, and misuse. Afterward, the determinations relevant to the 

scope of the research were defined and furtherly elaborated.12 

Figure 3.1 The Scope of the Literature Review on Biobuilding Components 

12 One could suggest to conduct a systematic review on “bio”. Therefore, it is necessary to 
emphasize that this study do not carry out a literature review on “bio”. It focuses on “bio-derived” 
concepts in the scope of building design in order to explain the incorporation of living organisms. 
This lead to be more selective within the a large number of studies in multiple disciplines.  
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Figure 3.1 demonstrates the scope of the literature review by aiming to give an 

overview of terminology on the specified scope within the comprehensive, 

ambiguous, and complex bibliography. 

 

3.2 Literature Review  

To start by filtering terms and definitions that are out-of-scope leads us to present 

a detailed literature review, thereby guides us to highlight related concepts 

explicitly. 

Synonyms 

The terms with the “bio” prefix have presented numerous studies along with many 

synonyms. For instance, the common synonyms of “biomimicry” are “biomimesis,” 

“biomimetic,” “bionics,” “biognosis,” “biomimetic design,” “bioanalogous” design,” 

“bioinspired,” “bioinspiration,” and “biologically inspired design” (Shu et al., 

2011). Indeed, minor differences could also be found between these synonyms. 

For example, bioinspiration indicates the transfer of aesthetic and morphological 

aspects, whereas, in biomimetics, functional aspects play a key role (Gruber, 

2013). Likewise, “bionics,” often used similar to biomimetics, is more related to 

“cybernetics” (Papanek, 1974) and artificial intelligence (Vogel, 2000). In the 

scope of the research, only the terms of “biomimicry,” “bioinspiration,” and 

“bionics” were included, while the minor differences between the other terms 

were disregarded and discussed under the “biomimicry” term. 

Disciplines  

The disciplines bordering with biological studies have been respected with “bio” 

prefix as such “bioengineering,” “biogenetics,” “biomedical,” “biomechanics,” 

“biomedical engineering,” “biological engineering,” “biotechnical engineering,” 

“bioarchitecture,” and many more. These terms were excluded since they 

represent the intersection of specific domains with the advantages of biology. Only 

“bioarchitecture” was further elaborated as if it might be suitable for the research 

scope.  
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Misuses 

Confusingly, it seems possible to encounter common misuses both in academic 

and popular literature. For example, “biomorphology” or “biomorphic design,” 

and “biomorphism” are more related to the imitation of the forms in nature 

(Speck, 2017), yet the terms could be mistakenly used as “biomimicry.” In 

addition, the term “biotechnology” might sound like a combination of biology and 

technology; therefore, it might seem suitable to describe the interrelation of living 

and manufactured components. However, biotechnology means any technological 

application that uses biological systems, living organisms, or derivatives to make 

or modify products or processes for specific use (UNEP, 2011). Thus, both 

“biomorphology” and “biotechnology” were found unsuitable for the scope of the 

research. 

After filtering the terms above, Table 01 consists of “bio” terms that might be 

suitable to describe innovations incorporated with living components in the 

framework of building design. The “bio” terms included in Table 3.1 cover as 

follows; concepts found in the explanations in the examples, concepts in the 

scholarly sources used to describe designing with living components into building 

design. 
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Table 3.1 Terms in the Literature Exemplifying the Interrelation of Living and 
Manufactured Components with “bio” in Building Design (Kirbas Akyürek et al., 

2020) 

Terms Approach  Scope 

Bioarchitecture It refers to architectural 
design with non-living and 
living elements of nature 
(Ripley & Bhuskan, 2016). 

It is specified for architectural design, 
mainly used to determine the 
relationships between nature and the 
built environment (Eryildiz and Mezini, 
2012; Pourjafar and Branch, 2011; Ripley 
and Bhushan, 2016). 

Biocentric  It represents a moral attitude 
in terms of rethinking the 
human-nature relationship 
(Mathews, 2011). 

Design thinking proposes to consider 
humans as a part of nature (Mathews, 
2011). 

Biodesign Hybrid forms in architectural 
design as the intersection of 
biology and technology 
(Myers, 2018) 

A general term is proposed for all design 
disciplines (Myers, 2018). 

Biofabrication It offers production with living 
organisms (Camere and 
Karana, 2017). 

Commonly used in Material science and 
fabrication (Forgacs and Sun, 2013) and 
healthcare as such tissue engineering 
(Raman and Bashir, 2017). 

Bioinspiration Transfer of aesthetic and 
morphological aspects of 
nature (Gruber, 2013). 

Stimulation of biological paradigms to 
non-biological science and technology 
(Deuerling et al., 2018). 

Biomediated Living organisms are mediated 
by the formation of 
hierarchical composite 
materials (Deuerling et al., 
2018). 

Indicated the guidance of living 
organisms in material science (Deuerling 
et al., 2018). 

Biomimicry A creative form of technology 
learning from the forms, 
processes, and strategies of 
nature (Benyus, 1997). 

The comprehensive concept describes 
inspiration from nature for sustainable 
solutions in multiple disciplines (Aziz and 
El Sherif 2016). 

Bionic Application of biological 
function to provide 
engineering solutions (Wahl, 
2006). 

More specifically used to work on 
artificial intelligence (Vogel, 1998). 

Bioutilization Direct use of elements of 
nature for beneficial purposes 
(Kshirsager et al., 2017). 

Leverages organisms or biological 
materials (Montana Hoyos and 
Fiorentino, 2016). 

Biophilia  Aims to bond humans with 
the natural environment 
(Kellert and Winson, 1993; 
Tracada and Caperna, 2012). 

To connect nature and other forms of life, 
aiming to create a balance between 
natural and building environments 
by supporting environmental 
sustainability (Tracada and Caperna, 
2012). 
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Table 3.1 demonstrates the approach and scope of the concepts that could describe 

the incorporation of living organisms in the scope of building design. The 

literature review once more underlines the lack of blanket term to determine the 

praxis despite the diversity of terms and definitions. The following part furtherly 

evaluates the findings by discusses the possible understandings of them. 

 

3.3 Findings and Discussions 

The terms in Table 3.1 presents a variety of concepts that could be used to explain 

the interrelation of living and manufactured components in building design. 

Within them, the related terms could be listed as “bioarchitecture,” “biocentric,” 

“biodesign,” biofabrication,” bioinspiration,” “biomediated,” “biomimicry,” bionic, 

“bioutilization,” and “biophilia.” “Biodesign,” “biofabrication,” “biomediated,” and 

“bioutilization” seem suitable to express the incorporation with the living 

organism in building design even though they are attached to multiple disciplines. 

Nevertheless, the terms of biomimicry, “biocentric,” “bionic,” “bioarchitecture,” 

“bioinspiration,” and “biophilia” indicate broader concepts. Therefore to specify 

them on the recent praxis can cause misunderstandings. In that sense, Table 3.3 

also represents the missing transformed terminology in architectural discourse as 

such “biobuilding” or “biospace.” Bioarchitecture, on the other hand, encompasses 

emulation from both non-living and living elements of nature (Ripley&Bhuskan, 

2016). The term embraces various relationships between nature and built 

environment while its scope might indicate bias in different sources (Eryildiz and 

Mezini, 2012; Pourjafar and Branch, 2011; Ripley and Bhushan, 2016). Hereby, 

“biodesign” might seem more relevant for building design, although the term 

indicates a more comprehensive approach suitable for all design disciplines 

(Myers, 2018). 

On the other hand, “biofabrication,” “biomediated,” and “bioutilization” are 

related to material science and technology. Moreover, they explicitly indicate the 

incorporation of living and manufactured components. Thus, they might also tend 

to describe the praxis. Furthermore, the concepts of “biomimicry,” “biocentric,” 
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“bioinspiration,” and “biophilia” represent design methods leading designers to 

reconsider the relationships between nature, technology, and human. These terms 

were already used to determine the recent innovations in between living and 

manufactured worlds. However, they indicate broader concepts of which the 

recent innovations were misunderstood by encompassing any connection with 

nature, including both living and non-living components. Therefore, despite the 

popularity and critical importance, the term “biomimicry” cannot be considered 

as a blanket term since the primary goal of biomimicry is to translate biological 

processes into technologies not indicate using biological materials (Marshall and 

Lozeva, 2009). Likewise, “bioinspiration” includes simulation of the research in 

non-biological science and technology (Speck et al., 2017). While “biocentric” 

mainly focuses on the relationship between the natural environment and humans 

(Mathews, 2011), “biophilia” aims to satisfy the emotional and biological needs 

of humans by connecting with nature (Caperna, 2017). In other words, the scope 

of these concepts seems not accurate to define literal and phenomenological 

meanings of the used definitions.  

Overall, the literature review clarifies the variety in the terminology by narrowing 

it down to specific terms to be used or disregard. Indeed, the number of bio-

derived terms can be extended; nonetheless, the literature review could not 

provide a blanket term that is widely accepted in academic and popular literature.  

 

3.4 Conclusions 

This Chapter identifies the concepts related to incorporating living organisms in 

building design within the existing literature. Thus offers solutions to the problem 

of missing accurate terms and definitions of biobuilding components despite the 

growing interest in multiple disciplines. The number of terms and definitions 

indeed causes misunderstandings. However, this once more underpins the critical 

importance of biobuilding components by being bonded with the concepts of 

nature and technology and multiple disciplines.  
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The literature review demonstrates the diversity in the terminology and the lack 

of blanket term with an accurate definition of designing with living organisms in 

the building design domain. In that sense, to entitle the interrelation of living and 

manufactured components as “biobuilding” to lead us to emphasize designing 

with living organisms, specifically in the domain of building design.  

The recent technologies interrelating living and manufactured components 

promote various advantages for daily lives and buildings. On the other hand, the 

number of studies gathering these examples together and exploring an overall 

understanding is limited. At this point, the ambiguity in the terminology might be 

seen as one of the critical problems. The extensive concept of nature, natural 

elements, mechanisms, process, and numerous solutions on one side, and different 

interpretations of the discipline and technique in multiple domains, on the other 

side, concluded with the appearance of various terms in academic and popular 

literature. Indeed, due to the literal, phenomenological, and historical meanings 

of the praxis, it seems there is a need for multiple terms with a variety of 

approaches. This led me to stress the growing interest in the praxis of the 

interrelation of living and manufactured components by means of being discussed 

in many studies with multiple terms and definitions within multiple disciplines. 

However, this also makes it difficult to perceive the praxis and carry out further 

studies and discussions. Therefore, the term of biobuilding leads us to specify the 

focus of the study in a straightforward way.  

In conclusion, this Chapter gives an overview of terminology by demonstrating the 

other concepts which might relevant to understand the broader aspects of the 

praxis. In that sense, it provides a better understanding of the ambiguity and 

complexity in the terminology by showing the reasons behind it, thereby 

underlining the critical importance of designing with living organisms and the 

diversity in the terminology by means of being related to several concepts. 

However, despite the crucial importance of the praxis, the lack of accurate terms 

and definitions could also be seen as a problem for causing misunderstandings. 

Therefore, the other step of the research of terminology continues in Chapter 6 by 

gathering expert opinions on their used terminology. In this sense, as the study 
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unfolds, the thesis provides a better understanding of terminology by bridging 

theoretical and practical aspects of the praxis. In this way, the thesis presents an 

overview of terminology on biobuilding components through multiple methods 

and answers to RQ2.1 from both theoretical and practical points of view (Figure 

3.2). 

 

Figure 3.2 The Structure of the Overview of Terminology on Biobuilding 
Components 

Before discussing the biobuilding examples in the following Chapters, this Chapter 

underpins the biobuilding term with a literature review. Thus, a better 

understanding provided on the following examples shall be discussed in detail.   
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4 
DETERMINATION OF BIOBUILDING 

COMPONENTS IN BUILDING DESIGN  

 

This Chapter presents a variety of biobuilding components that shall be 

highlighted in the scope of the study. In this way, this part of the study 

demonstrates the practical meanings of the interrelation of living and 

manufactured components. This Chapter seeks answers to RQ 2.2. The goals of 

this Chapter could be summarized as follows: 

• To present a variety of biobuilding components, to further elaborate their 

main characteristics and their goals and objectives, and implementations 

into the buildings.   

• To give a better understanding of the relationships between biobuilding 

components and building design.  

In this way, this part of the study is expected to inspire architects by providing 

further information on the practical meanings of the interrelation of living and 

manufactured components, thereby empowering their consciousness and 

comprehension by triggering them to integrate into their designs.  

In the framework of the Chapter, firstly, the Methodology part explains the 

limitations in determining the biobuilding components. Further on, in the 

Examples of Biobuilding Components section, Table 4.1 presents an overview of the 

determined examples. Thus, all the findings from Table 4.1 furtherly evaluated in 

the part of Findings and Discussions. The examples were discussed in that section, 

along with the highlights indicating certain similarities and differences regarding 

the gathered examples. What is remarkable here is that the gathered biobuilding 

components introduce a variety of goals, objectives, domains, actors, 

implementations, and impact multiple integration layers. At this point, this part of 

the study draws its conclusions by embracing Multi-level perspective approach 



84 

 

(MLP) as a filter leading to comprehend relationships between different but 

related concepts (Geels, 2002). By applying this method, the study underlines the 

expected impact of biobuilding components through delivering knowledge of the 

connection between different scales, biobuilding components (micro), building 

design (meso), and the advantages of biobuilding components on a larger scale 

(macro).  Overall, this leads us to discuss the technological meanings of 

biobuilding components within more comprehensive concepts. 

All in all, this part of the study provides an overview of the examples of biobuilding 

components. In this way, a general comprehension of biobuilding components 

shall contribute to the architects’ awareness of the possibilities to design at the 

intersection of living and manufactured worlds in building design. This part of the 

study highlights various biobuilding components and underpins their impacts by 

means of affecting buildings in multiple ways and within multiple scales. Indeed, 

this overview does not have the ambition to cover all the biobuilding examples. A 

wide range of examples presented in this part underlines the growing interest in 

biobuilding components through their advantages and promises.   

 

4.1 Methodology 

Two main selection criteria enlighten us to specify biobuilding components that 

shall be examined in the scope of the thesis. Firstly, the examples are limited to 

their particular integration level (Section 4.1.1) and help this study focus on 

certain prototypes of biobuilding components. Furthermore, the relevancy of 

biobuilding components with building design (Section 4.1.2) helps exclude certain 

examples and understand the possible roles of biobuilding components in building 

design. In this way, the overview presents seventy (70) examples of which found 

provocatively underlining the critical importance of biobuilding components for 

building design.  
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4.1.1  Level of Technological Integration 

Firstly, the level of technological integration based on the Pyramid of Technology 

by Koert van Mensvoort (2013a) is utilized as a tool to limit the examples in a 

certain level of technological integration. The examples are limited to their certain 

level of integration, which was limited to ‘operational’ and ‘applied’ level by 

relying on the Pyramid of Technology by Mensvoort (2013a) that any technology 

could become a vital part of our lives. The technologies in these two levels are the 

prototypes that are not part of our daily lives yet but could infiltrate into daily 

lives soon (Figure 4.1). The study chooses to gather the examples of prototypes 

since they are the ‘experimental components act as a physical hypothesis that can 

be tested’ (Wensveen, 2018). This limitation helps to focus on the specific 

examples that there is enough information that could be found in the scholarly 

and non-scholarly sources. As aforementioned before (Section 2.4), innovations 

can also be placed in between levels, while through time, it is possible to rise up 

or fall down through steps in technological integration. What is important here is 

that a prototype is already explained to the public by their possible advantages, 

objectives, and clear goals, and they are included in this study. However, their 

societal impacts are not certain yet, since it is possible to reach ongoing plot 

studies on user experiences and academic discussions.  

 

 

Figure 4.1 Level of Integration of Gathered Examples in Thesis 
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The examples are not limited to any domains, purposes, or industry. After limiting 

a certain technological level of integration, the following section introduces the 

relevance between the selected examples and building design.  

4.1.2 Determination of the Relevance with Building Design 

Secondly, the theory of Brand (1994), suggesting different layers in a building, is 

utilized as an assistive tool to determine the possible roles and impacts of 

biobuilding components in a building, and also to exclude certain examples. 

A building can be regarded as a composition with its internal and external parts 

assembled from hierarchical levels corresponding to different scales (Brand, 1994; 

Duffy, 1990; Leupen, 2004). This approach allows tracking the impact of 

technologies on the different components of a building, thereby determining the 

biobuilding components shall be evaluated in the scope of the thesis.  

Through “shearing layers of change,” Brand (1994) emphasizes the heterogeneity 

in building design by embracing building and interior design as one unified entity. 

Brand (1994; 31-55) specifies six (6) timescales in a building; “site (external),” 

“structure (30-200 years),” “skin (20 years),” “service (7-15 years),” “space plan 

(3-20 years),” “stuff (1day – 1 month)” (Figure 4.2). 

 

                       BUILDING LAYERS  EXPLANATION 

 

Figure 4.2 Building Layers Determined by Brand (1994) 

He argues that “site” is external and permeant, so he places the site at the top of 

his hierarchy. After site, structure dominates the other building layers since it also 

rarely changes in a building. According to him, the hierarchy is followed from 

exterior to interior. “Site dominates the Structure, which dominates the Skin, 
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which dominates the Services, which dominates the Space Plan, which dominates 

the Stuff” (Brand, 1994). Moreover, he also accepts humans as the “servant” of 

the stuff at the bottom of the hierarchy.13 Additionally, the layers point out not 

only the differences in timescale but also both design and construction processes 

(Pushkar and Shaviv, 2016). In this way, the necessity and vitality of the 

technologies in a building can also be discussed individually through their 

integration level into a different process.  

The categorization of the examples through the determination of Brand reveals 

the building parts that those innovations may take place. Since the focus of the 

study is initially limited to building design regardless of contextual factors, the site 

layer is eliminated from the scope of the determined examples.  

The examples are categorized through their suggested/demonstrated way of 

implementation into the buildings. Their potential to integrate into other building 

layers with other purposes and further implementations into different building 

layers are elaborated in the Findings and Discussions section.  

 

4.2 Examples of Biobuilding Components 

The scope of biobuilding components focused on within the thesis is demonstrated 

in Figure 4.3. All of the examples gathered here signify either a product or a 

specific way of material technology. Each of them might be considered a 

biobuilding component by being a part of one building layer.  

 

 

 

13 Interestingly, Brand (1994) accepts that human is part of a building as determining another 
layer. On the other hand, he does not place the human in his drawings, only mentions in the text 
(1994). 
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Figure 4.3 The Scope of Biobuilding Components Included in Thesis 

The categorization of the examples through the layers of Brand (1994) 

exemplified, as shown in Figure 4.4. For example, self-healing concrete is placed 

into the Structure layer. This particular example is also related to the space plan 

by affecting the interior walls of the building. But according to Brand’s layer, it 

initially belongs to the Structure layer. The site layer is excluded as a limitation to 

the study. For instance, the aforementioned examples, root bridges in Meghalaya 

and Future Venice Project by Rachel Armstrong, belong to the Site layer.  

Admittedly, more (similar and different) examples could be discussed. However, 

what is crucial here is to give architects insights on the potential of biobuilding 

components by providing an overlook. Therefore, the study does not focus on 

specific examples and their technical attributes, area of use, or specific advantages. 

The determined examples explore the diversity in biobuilding components by 

means of integrating them into different building parts. 
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Figure 4.4 Example of Categorization of Biobuilding Components through 
Building Layers Determined by Brand (1994) 

Table 4.1 offers brief information about biobuilding components by giving 

answers to the questions on related actors, domains, possible functions, objectives, 

primary goals, incorporated living organisms, and the possible implementations 

for the buildings. The goals and objectives are discussed in different columns. In 

contrast, the goal represents the ultimate aim of the projects, mainly including 

visions of the developers towards the near future depending on the increasement 

in the number of the projects. On the other hand, the objective explains the main 

advantage and promised function of the component could be observed in the short 

term. Implementation, as the outcomes of the goal and objective, suggests using 

the examples along with underlining the incorporated living organisms.14 

Integration layer shows which building layer a biobuilding components are 

primarily and secondarily could be related. For example, Baubotanik, the project 

14 Living organisms was not shown in separate column since what is important here in this study 
is to demonstrate the ‘unity’ not to put an extra emphasize on how to use mycelium, plants or any 
other living organisms in building design.  
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initiated by Ferdinand Ludwig (Ludwig et al., 2012), exemplifies an innovative 

proposal as trees becoming structural parts. In this sense, the integration layer is 

determined as ‘structure,’ but this innovation has a clear impact on the ‘skin’ of a 

building. Likewise, the example of Algae Curtain, the project by Eco Logic Studio 

London/UK (Ecologic Studio; 2014), could be placed both into the Skin and 

Service layer. The table and the integrated layers were only determined through 

the information declared with the innovators of the projects relying on their initial 

sources. Many other similar examples could be seen in Table 4.1.   

Moreover, Table 4.1 presents an overview of the present; every day, biobuilding 

components increase and alter. These technologies are the prototypes; therefore, 

there is more to be discovered for their possible benefits and ways of use in 

different domains. What is significant here is to present the broad spectrum of 

their possible roles in building design, thereby leading architects to elaborate 

biobuilding components in their designs and theory.  
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4.3 Findings and Discussions 

This section of the study discusses the findings drawn from Table 4.1. First of all, 

the gathered examples of biobuilding components in the scope of the thesis 

underline ‘multiplicity.’ This multiplicity means diversity to be found out in 

multiple domains with multiple goals, objectives, integration layers, and lead us 

to stress this diversity instead of generating patterns or definite categories. This 

diversity could be noticed initially in the necessary information on biobuilding 

components by means of being developed by multiple actors in multiple countries 

with the involvement of multiple initiators, multiple ways of presentations (e.g., a 

showcase in design exhibitions, temporary structures, buildings, etc.) to the 

society. Meanwhile, the goals and objectives of the examples also present multiple 

promises by means of different expected achievements concerning multiple 

domains, multiple scales, and the incorporation of multiple living organisms. At the 

same time, biobuilding components could be categorized under multiple 

integration layers. Moreover, based on this research, this thesis also reveals that 

this diversity might increase when more examples are gathered instead of 

revealing specific findings. The summary of the findings could be seen in Table 

4.2 at the end of the section and explained as follows. 

Terminology  

The 34% of examples are described through the customized terms with ‘bio’ prefix 

as such ‘bioconcrete,’ ‘biobrick’ and ‘bioglow’ and many more. Secondly, 20% of 

the samples are explained with their ‘smart’ features. In 18% of the samples, the 

terms related to ‘living’ is detected, while in 17%, terms related to ‘growing’ is 

used. The terms ‘bio,’ ‘living’ and ‘growing’ are mainly used to emphasize the use 

of natural components, whereas the term ‘smart’ is used to stress the role of 

technology.  
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Figure 4.5 The Mostly Used Terms in the Determined Biobuilding Components 

Actors 

The designers of the biobuilding examples in Table 4.1 show the involvement of 

multiple actors such as ‘architects,’ ‘interior designers,’ ‘product 

designers/developers,’ ‘biologists,’ ‘academicians,’ ‘engineers,’ ‘fashion designers.’ 

The projects could start up by companies, universities, or independent 

organizations. At this point, the projects range from clothing to structural 

columns.  

Ways of presentations 

Moreover, the examples include multiple ways to be presented into society. The 

examples cover ‘showcases’ presented in design organizations and events such as 

Venice Biennale, Dutch Design Week, London Design Festival, Royal College of 

Art Graduate Show, and many more. Moreover, the projects might also directly 

introduce to society by different companies as prototypes and simulations and 

commercials explaining their features. 

Living Components 

More examples could present more living organisms, yet prevailing living 

organisms could be listed as mycelium, algae, plants, bacteria, and humans. There 

is no apparent relationship between the use of specific living organism utilization 

into a particular building layer. But it is possible to discuss clustering towards 

specific use of particular living organisms. The examples incorporated with plants, 

bacteria, algae, and fungus exemplify ways to enhance the advantages of living 
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organisms for buildings. Living organisms could be utilized as the primary material 

or the product, like in the examples of Mushroom chairs, Growing Wall Sections 

(Prototype of Fab Tree Hab Project),  Sanfte Strukturen, Living Willow Structures 

Growing Pavilion. Moreover, they could act as a supporter or catalyzer of the 

conventional systems, such as in the example of Cloud Garden Green Wall. In the 

examples, as the human body embraced as a living component such as Sniffer nose, 

Google Glass, Token, humans can gain an active role in building design by 

providing additional features to ‘servant.’ For example, with the Sniffer nose 

project with enhanced senses of smell, a human can act like a smell detector as 

such noticing smoke, and harmful gases.  

Moreover, living and manufactured components can be interrelated in different 

ways. For example, wearable technologies like Token and Google Glass represent 

the articulation of manufactured components to a living component; the human 

body. On the one side, the examples like Cloud Garden Green Wall, Bioconcrete, 

Living Light, Common Action walls represent more likely a ‘jointed’ relationship in 

which living and the manufactured component cannot be easily separated. 

Furthermore, as in the examples of mushroom chairs, Arching Pavilion in Kerala, 

Self-healing concrete building, it is possible to claim that they represent a ‘hybrid’ 

relationship between the living and manufactured worlds.  

Goals  

The goals of the projects in Table 4.1 emphasize the critical meanings of the 

biobuilding components aiming to provide so many achievements in different 

ways instead of resulting in mutual goals. But in general, many examples indicate 

‘ambitious’ goals by providing alternative ways to change the current production 

system to create a balance between nature and technology. For example, 

innovations, especially in the fashion industry, such as Closed Loop Smart 

Athleisure Fashion, aims to develop a sustainable economic model’ (Toeters et al., 

2017). Likewise, Google Glass envisions to enhance a safe and smarter work 

environment (Lv et al., 2014). The examples like The Circular Garden Installation 

(“The Circular Garden | Carlo Ratti Associati,” 2020), Cloud Garden Green Wall 
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(“Green Wall - Cloud Garden - Circular wall system,” 2018), Grove Ecosystem - 

Grow Fresh Food In Your Home (Stewart, L, 2018) goals to be the initiators of 

circular system thinking by showing the possibilities. Furthermore, many projects 

like Clairy (Masi et al., 2000), Between Air Installation (Between Air installation 

explores the relationship between nature and technology, 2018), and I am lost in 

Paris (Arbona, 2010.), might be seen as ‘ambitious’ to declare their ultimate aim 

to harmonize nature and technology.  

Despite the diversity of goals, many similarities could be detected in the goals of 

examples that might generate recognizable ‘patterns’ and ‘categories.’ To present 

mutual categories might help understand the goal roles of biobuilding components 

intersection of living and manufactured words. Hereby, these categories could be 

explained as follows.  

The examples as USB Finger, Controllable Third Thumb, Cicret Bracelet (E-Skin 

project), Scroll Ring (Spatialize), Token, The Ring, Google Glass (Smart Glasses), 

Levi’s Commuter Trucker Jacket, Samsung NFC Suit, France Telecom – CreateWear, 

The Navigate Jacket, Tongue placed tactile output device TDU (Tongue Display Unit), 

Sniffer, google nose, Mi.Mu Gloves and The Hug T-shirt could be categorized under 

the main goal as ‘human (body) enhancement via expansion of natural capabilities.’ 

These technologies exemplify any attempt to temporarily or permanently 

overcome the current limitations of the human body through natural or artificial 

extensions. The examples in these categories are all in human scale as apparatus 

or garment since their fundamental purpose is to expand the limits of the human 

body. 

The examples as Smart  Earbuds, Wearable Senses, Owlet Smart Sock 2, Neopenda 

Smart Baby Hat, Polar Team Pro Shirt, Nadi X, Smart yoga pants, Athos, Sensoria 

running socks 2.0, and shoe, Thin Ice Clothing, Bikini connecté, UA Athlete Recovery 

Sleepwear, Ministry of Supply Mercury Heated Jacket could be categorized under 

the title of ‘productive daily life via real-time healthcare and/or wellness assistant 

technologies.’ These innovations encourage people to build up a productive daily 

routine through monitoring and scheduling, thus controlling their daily activities 

https://en.wikipedia.org/wiki/Human_body
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and getting professional help. A real-time medical data measurement may assist 

the human body to be healthy and keep it controlled. Furthermore, innovations 

offering easy fitness coaching services may prompt effectiveness and efficiency in 

sports performance. The examples in this category are all in the human scale as 

apparatus and garment since they assist the human body by attaching to it.  

The examples like Wearable Solar, Electric Clothes, The Zegna Ecotech Solar Jacket, 

Latro Lamp, Ambio Lamp (Bioluminescent lamp), Living Light, Bioglow, starlight 

avatar, Moss Table, Latro Lamp, Closed Loop Smart Athleisure Fashion, Bio 

Intelligent Quotient (B.I.Q.), Indus, Algae Curtain, and Petit Pli Clothing can be 

clustered as alternative forms of energy harvesting via new sustainable energy 

production techniques. Energy harvesting is the process in which energy is derived 

from external sources (e.g., solar power). What is proposed in the thesis with these 

examples that the suggestions of new methods on energy harvesting, which is now 

rarely existing, uncommon, or less known in fact, sounds possible. The examples 

in these categories can be found on different scales. 

Biocouture, Bacterioptica Chandelier, Mushroom Chairs, Floor tiles from snail poo, 

Arching Pavilion in Kerala, MycoTree, The Hy-Fi, Mushroom Based Sausage, and Silk 

Pavilion are the examples in multiple scales, functions, and multiple objects which 

makes them similar is that instead of the end product, these examples aims to 

explore and demonstrate the potential benefits and uses of new environmentally-

friendly (bio)materials. Moreover, developing environmentally friendly 

biomaterials indicates chemical products that can replace conventionally non-

degradable (generally petroleum-based materials) with biodegradable and 

preferably compostable solutions. 

Clairy, Livesglass, Drop by Drop, Exhale, Cloud Garden Green Wall, and Bio Detecting 

Floor focuses on indoor health and comfort. Most people spend more than 80% of 

their time indoors, and for that reason, experts accept as true that more 

health issues occur due to indoor air pollution than to outdoor. Consequently, the 

products in this category offer a healthy indoor environment by bringing solutions 
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to air quality, water recycles, and many more. The examples in this category can 

be found in product scale, furniture, and interior elements.   

Baubotanik, The Circular Garden installation, Common-action walls, Zelfherstellend 

Paviljoen (Self-healing Building), Growing Wall Sections (Prototype of Fab Tree Hab 

Project),  Sanfte Strukturen, Living Willow Structures Growing Pavilion, Pavilion in 

Kerala, GrAB-Growing as Building, One Central Park, Biofaçade compose visionary 

perspective on architectural design. The examples here can be determined as a 

search for an ultimate way of creating a balance between nature and technology 

in the framework of building design through smart and sustainable solutions 

provided by biobuilding components. Indeed, they can also be discussed similar 

to the examples of Living root bridges in India by means of accepting them as 

attempts to imitate regenerative aspects of living organisms in nature.  

At this point, it is essential to say that these categories help to discuss biobuilding 

components through their similarities and differences. More studies might add 

new categories as well. What is important here, these goals might inspire 

architects to include biobuilding components into their designs. 

All in all, biobuilding examples encompass ‘long-term’ and ‘broader’ goals 

independently from their scales and integration layers. In this sense, it is possible 

to discuss two different scales; ‘micro’ and ‘macro.’ The scale of a product could 

be very small, even hidden, while the possible impact of the product could be 

macro to estimate. For example, wearable technologies might initially take place 

in a building as a servant or stuff. At this point, the examples show that their 

integration with the human body might indicate more significant impacts on 

buildings and lead the way to a smart and sustainable built environment. 

Objectives  

While the goals of the projects generally indicate broader aspects of biobuilding 

components, the multiple objectives of the examples show their possibility to be 

utilized into multiple functions.  In this regard, the examples could be seen in 

relation to multiple domains. 
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Table 4.1 includes various examples related to multiple domains that could take 

place in several domains such as ‘building design and construction,’ ‘healthcare,’ 

‘sport,’ ‘interior design,’ and many more. However, in Table 4.1, it was not 

preferred to make an emphasis on the domains. One project could be designed in 

one specific domain, yet its application might indicate a great potential for another 

domain. For example, the Edible wall, designed by Masi Mohammadi (De 

woonomgeving die ‘meevoelt’ - Empathische Woning., 2018), is related to 

healthcare and architecture domains design and construction. Since these projects 

are on the experimental level, their impact domain could not be determined yet. 

As another example, Wearable Solar designed by a fashion designer Pauline van 

Dongen (Pan et al., 2014), indicates a great potential of use for other domains. 

The project produces solar energy, which could be combined with any other 

domains in the near future. For example, the produced energy could be integrated 

with smart devices such as smartphones or smart home technologies, thereby 

linking other functions and other domains. 

Implementations 

Table 4.1 shows the implementations of the examples that show the outcomes of 

the projects that could be placed into the buildings. Biobuilding components vary 

from clothes to building bricks. Thus, multiple ways of incorporation with living 

organisms could also be seen. For example, in Petit Pli Clothing, the project 

simultaneously alters together with the human body. In the example of 

Controllable Third Thumb, the project acts as another part of humans. In examples 

like Mushroom Chairs, The Hi-fi, and Growing Pavilion, fungal become living, 

growing building component. These different implementations lead us to see the 

adaptation of the interrelation of living and manufactured components in different 

ways. 

Integration Layers 

But most importantly,  the findings after the categorization of the innovations 

regarding the layers of Brand are shown in Table 4.1 points out the changing 

dynamics at the interrelations between the different parts of a building. Whereas, 
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the hierarchy from site to the servant is now altering as different layers of a 

building may have a ‘nonhierarchical’ impact on the others.  

Hereby, Brand’s theory acts as an assistive tool, therefore helps this study as a 

starting point. But it seems that his theory is sufficient to evaluate biobuilding 

components through their potentials to be integrated into multiple layers and 

altering relationships between different building layers. 

The Brand theory allows us to point out the potential integrations of the 

innovations into a building. Nevertheless, it becomes unclear to distinguish the 

segments in a building as the innovations remark new and quasi layers by diffusing 

into the multiple parts. At this juncture, the innovations can be categorized into 

renewed layers by composing a new classification system. However, instead of 

introducing further distinction, the thesis concerns examining the domination and 

relation inside the different parts of a building. Therefore, Brand determination 

was utilized as a tool to comprehend the different ‘paths’ that innovations followed 

to affect the other layers and building design in general.  

What is evident in the examples, the service layer is about to be replaced by other 

layers either on a bigger scale such as structure or skin, or space plan, stuff, or 

even servant. In this way, a human can have an active role in building design, 

thereby interacts with different building parts. By this means, a human can 

participate in building design, having an active role as a servant. For example, 

wearable technologies allow humans to connect service layers of buildings. Along 

with the aforementioned impacts of various studies showing the impacts of small-

scale examples on building design, the gathered examples of biobuilding 

components here once more underline the expected impacts of products on small-

scales.  

The categorization of the gathered examples in the distinct layers reveals that the 

innovations do not always dominate the other parts within the hierarchical 

determination of Brand from "structure" to "stuff." Even the small-scale products 

might indicate critical importance in building design by influencing the larger 
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scale, while the products in the larger scales might also affect both the larger and 

the smaller scales.  

At the layers of structure and skin, the innovations remark the possibility to 

dominate the building parts in smaller scales as such stuff, and space plan similar 

to the determination of Brand, so they can be easily associated with the design of 

a building and architecture. However, the innovations at the product level imply 

a quasi-position by affecting both larger and smaller scales. Besides, the 

innovations at the human level may reverse the determination of Brand from 

"servant" to "structure" by empowering the impact of the human. The pilot design 

experiment and survey study also point out that innovations can play critical roles 

in influencing the building design by spreading into different parts of a building. 

The theory of Brand, domination from exterior to interior, leads us to disregard 

the potential of the innovations at the human and product level for being 

‘temporary’ in a building; besides, the innovations at the human and building-level 

might seem less connected to the building.  

Architects need to meditate in between these levels by concluding adequate and 

conscious determinations on integrating the innovations into their designs. 

Otherwise, architects may disregard the several aspects of the ‘fusion’ among 

living and manufacturing in their designs. Therefore, the ‘knowledge gap’ ensured 

by the hierarchies and differentiation between these levels among scale, impact, 

terminology, and approach is needed to be further analyzed. 

As the innovations in smaller scales as such apparatus and garments at the human 

level are described with the term of “smart” along with favoring their technical 

attributes and major advancements, the innovative projects as such construction 

elements and façade modules are presented with their newly established 

connections with the living components of nature. In this sense, the desire among 

humans to be more ‘technological’ is corresponded with the demands on the 

building to be ‘natural.’  

The innovations entitled to smart mainly indicate products aiming to empower 

daily life by focusing on health and well-being and directly means related 
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purposes. While the products monitor health and blood pressure, various products 

purify the air, maintain freshwater, and many more. By this means, they can be 

easily associated with the studies on human health, well-being, and comfort in 

building design. On the other hand, the innovations with environmental concerns 

aiming to provide clear and healthy air also concern people’s health and develop 

solutions, but indirectly and on an expanded scale.  

Human-centered design approaches favor smart products supporting the quality 

of life. Depending on this, architects have driven with the idea to design smart 

environments, homes, and buildings that centered around the perception of a 

human; experience, emotions, and feelings. On the other side, sustainable, 

‘natural,’ environmentally friendly, energy-efficient applications in building level 

take an important place in the existing literature as well as in practice by 

determining an environmental-design approach.  

The differentiations above underline the knowledge gap prevailingly restrain the 

integration of the innovations into building design. Undoubtedly, the ‘gap’ 

hampering the integration of the innovations into building design has been 

empowered with the different concerns and scopes inside the disciplines; 

architectural design and industrial design. But more importantly, the knowledge 

gap ensures through the hierarchy between the different levels of a building and 

the differentiation mentioned above. Thus, this led architects to include only the 

specific innovations into their design by disregarding the others, in fact, finding 

them irrelevant or out of the scope. The different approaches to building design, 

human-centered and environmental-oriented, must be mediated to lead architects 

to utilize the potential of the variety of innovations in their designs.   

Therefore, the study suggests a qualitative analysis including interviews of 

professionals  (architects) and the architecture students (as young professionals 

and the early adopters of the innovations) to fill the omission between different 

approaches to providing ideas on how to create ‘balance’ that assist architects in 

having both human-centered and environmentally oriented approaches. Surely, 

architects are free to integrate innovations into their designs or not. At this point, 
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this part of the study aims to assist architects in this decision by empowering their 

level of consciousness. In addition to all, two countries (the Netherlands and the 

US) were came forward as the most places that biobuilding components are 

currently developed and presented. This also encourages this study to conducted 

interviews in the Netherlands in the following qualitative analysis.  
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4.4 Conclusions 

This Chapter presents various biobuilding components by revealing their 

characteristics and how they can play a role in a building. The examples underline 

that biobuilding components indeed could be replaced into multiple layers of a 

building, thereby affecting building design soon. Thus, this Chapter might be seen 

as an inspiration to the architects by presenting extensive possibilities that could 

be achieved through biobuilding components; thereby, they shall include them in 

their projects.  

The information demonstrated in Table 4.1 and summarized in Table 4.2 allows 

us to examine prevailing goals, objectives, implementations, incorporated living 

organisms, related domains, and possible integration layers. In this way, this 

overview leads us to draw conclusions on the multiplicity regarding the potential 

of biobuilding components by targeting to affect multiple domains, provide 

multiple goals and objectives, be implemented in multiple ways, and be integrated 

into multiple building layers. In summary, the overview underlines the multiplicity 

in the importance of biobuilding components in building design instead of 

resulting in specific purpose or advantages. In this sense, the information 

regarding biobuilding components underpins the ultimate goal to be achieved 

with biobuilding components to carry biobuilding design as a biophilic built 

environment through multiple advantages in multiple ways.  

By this means, it seems possible to mention the possible role of biobuilding 

components in technological transition. Technological transition often shows itself 

with tangible and visible materials and components and materials (Kemp et al., 

1998) as here with biobuilding components. Meanwhile, a global change could be 

implicated through multiple both as ‘problem’ or ‘solution,’  ‘instrument,’ or 

‘measurement’ (Kemp et al., 1998). Hereby, biobuilding components shall be 

elaborated through as a part of this technological transition towards a biophilic 

built environment.  

At this juncture, the Multi-level perspective (MLP) approach could help to 

understand this technological change and draw conclusions accordingly. The 
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multi-level perspective assists us to combine findings related to different 

disciplines (Geels, 2002). Adopting the MLP approach as a filter provides a 

broader perspective (Geels and Schot, 2007). Thus, in this Chapter, MLP can help 

us analyze the relationships between biobuilding components, building design, 

and the ultimate goal of a smart and sustainable built environment.  

Geels (2002) emphasizes the social aspects of technological transition by 

addressing a gap between different elements and between short and long terms, 

although they affect each other. The MLP introduces three levels ‘niche-

innovations’, ‘socio-technical regimes,’ and ‘socio-technical landscape’ that 

determines micro, meso, and macro levels (Geels, 2002; Kemp et al., 1998). These 

three levels shall firstly be elucidated to comprehend the MLP approach. The 

micro-level represents the alternative, niche-innovations, which describes where 

underlying technologies emerge. These niches could be seen as ‘insulated’ from 

the regular market by action started in the ‘incubation rooms’ (Schot et al., 1994). 

Most of the time, they have low technical performance and expensive (Geels, 

2002). The meso-level indicates the socio-technical regime that specifies the 

system. The regime is a constellation of rules that stabilize the system. Therefore, 

it encompasses different dimensions and ongoing processes (Geels, 2002). Geels 

& Schot (2007) determines the sociotechnical regime as the ‘extended version’ of 

the determination of Nelson and Winter, 1982.15 Multiple actors such as scientists, 

policymakers, users, and special-interest groups can contribute to the patterning 

of technological development since it is a social change as well as technological 

change (Geels and Schot, 2007). The macro-level is entitled to socio-technical 

landscape as the ‘literal connotation of relative hardness and the material context 

of society’ (Geels, 2002). The socio-technical landscape covers external, long-

term, heterogeneous, and contextual factors that stabilize the regime or put 

 

15 In the book, An Evolutionary Theory of Economic Change, Nelson and Winter determines 
technological regimes with the shared cognitive routines in an engineering community (Nelson 
and Winter, 1982).  
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pressure on it, therefore changing landscape is more difficult than changing the 

regime.  

The relation between these multiple levels is demonstrated as a nested hierarchy 

(Geels, 2002). Their integration into building layers promises a ‘bio layer’ linking 

biobuilding design and a ‘biophilic’ built environment in which natural and 

technological are in balance. In this way, the MLP approach clarifies the possible 

role of biobuilding components in the transition in the technologies, thereby could 

be demonstrated in Figure 4.6. 

 

Figure 4.6 Biobuilding Components in the Nested Hierarchy                                         
(Based on Geels, 2002). 

The classification of Geels leads us to underpins the critical importance of 

biobuilding components and the necessity to evaluate them in building design by 

understanding their potential impacts in building design. Biobuilding components 

refer to a niche alternative since they indicate various alternative innovations, still 

new, sometimes expensive, and comparably hard to obtain. The increasing 

number of biobuilding components; in other words, the pressure of niches affects 

meso level; socio-technological regime. Biobuilding design refers to incumbents 

here addresses the heterogenous system, including ongoing processes, multiple 

dimensions, and multiple actors as well. Biobuilding components affect building 

layers in this system by bringing several advantages to buildings and create 

linkages with the landscape as a ‘biophilic’ built environment. 
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Biobuilding components might have an impact on reaching targets in the 

landscape by creating a ‘bio’ layer with the incorporation of living organisms. The 

bio layer creates a link between a ‘biophilic’ built environment with biobuilding 

design. At this point, like the Fab Three Hab project, or The Hi-fi promises more 

radical changes in building design, which could change the conventional way how 

the building is built. However, the building design process remains the same 

within the majority of the examples, like facades made from mushrooms, plants 

providing electricity, and many more. Geels & Schot explains this adaptation of 

novelties that might be seen as adjustments to the socio-technological regime with 

a ‘reconfiguration pathway’ (Geels and Schot, 2007). Sequences of component 

innovations can thus, over time and under the influence of landscape pressures, 

add up to major reconfigurations and regime changes. In these distributed 

systems, transitions are not caused by the breakthrough of one technology but by 

sequences of multiple component-innovations. While regime actors survive in the 

reconfiguration path, competition and tensions occur among component suppliers 

(Geels and Schot, 2007). This could be applied to the relations between 

biobuilding components, biobuilding design, and biophilic built environment, as 

shown in Figure 4.7. 
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Figure 4.7 Biobuilding Components in the Reconfiguration Pathway (Based on 
Geels, & Schot, 2007). 

In summary, Figure 4.7 shows the relation between biobuilding components, 

biobuilding design, and biophilic built environment; thus, it reveals the critical 

role of biobuilding components in the ongoing technological transition by creating 

a bio layer as a response to the reach ultimate goal.  At this point, the increasing 

number of biobuilding components refers to the multiplication of the components 

and leads us to prospect changes in the building design as the regime.  

In conclusion, this chapter provides answers to the question of what biobuilding 

components are by revealing their technological meanings with their critical role 

in the technological transition at the intersection of living and manufactured 

words. Further on, the study continues with the following research question on 

how biobuilding components could be integrated into the buildings. 
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5 
EXPLORING BIOBUILDING COMPONENTS 

FROM FUTURE ARCHITECTS’  VIEWPOINTS  

 

This Chapter presents a building design experiment by observing the impacts of 

biobuilding components on building design in an architectural design studio. 

Thus, this part of the study seeks answers to RQ 3.1 and RQ 3.2. The goals of this 

Chapter could be summarized as follows: 

• To experience the expected impacts of biobuilding components on building 

design in an architectural design studio.  

• To determine opportunities and barriers regarding the integration of 

biobuilding components into building design. 

In this way, this part of the study gives insights into the expected impacts of the 

integrations of biobuilding components into building design through future 

architects who will have more experience of biobuilding components into daily 

lives soon.  

In the framework of the Chapter, a building design experiment in the architectural 

design studio at the Department of Architecture in Yildiz Technical University is 

explained. The design experiment encompasses several different studies with first-

year architecture students. Therefore, firstly the scope of the design experiment is 

explained, then the methodology section introduces the applied methods and 

design approaches.  Different phases of the experiment; Phase 01, Warm-up, and 

Phase 02, The Experiment introduced with students’ illustrations. Moreover, Final 

presentations & key results were explained along with the final works of the 

students after six (6) months long experiment. Overall, the experiment leads us to 

draw conclusions regarding the translation of biobuilding components into 

building design. Further studies drive this thesis to continue and make suggestions 

for future studies.  
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All in all, this part of the study leads us to experience the translation of biobuilding 

components in an architectural design studio, thereby observing the process. This 

allows us to evaluate the opportunities and barriers to the integration of 

biobuilding components into building design.  

 

5.1 A Building Design Experiment in Building Design Studio  

The design experiment was conducted in the architectural design studio, of which 

architecture students were assigned to develop single-house designs. The applied 

methodology sets the organization of the experiment, the role of the actors and 

place, assigned technologies, and data gathering is elucidated. The experiment is 

further explained with the results found in two phases; Phase 01 (warm-up) and 

Phase 02 (research).  

The goal of the design experiment is to examine the influences of biobuilding 

components on building design by their integrations into the different building 

parts. The experiment enables us to observe the design process of the integration 

of biobuilding components on the different parts of the building, and its objectives 

are as follows: 

• To analyze the relationship between the introduction of biobuilding 

components in the design process and their integration. 

• To observe the approach of the architecture students towards upcoming 

products within architectural design. 

At the beginning of the experiment, the students were divided into two groups: 

‘test’ and ‘control’ based on the given time of biobuilding components in a different 

period of the same design process of a single-housing project. During the 

experiment, the student assignments: diagrams, sketches, graphs, hand-written 

memos, and models were collected and photographed, along with the notes of the 

author during the design process. To determine the affected building parts from 

the integration of biobuilding components into building design, the theory of 

Brand (1994), specifying on building layers ( ‘site,’ ‘structure,’ ‘skin,’ ‘service,’ 
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‘space plan’ and ‘stuff,’ and ‘servant’) were utilized as an ‘assistive tool.’ The 

qualitative data gathered as the transcriptions of the verbal data of the student 

presentations were analyzed with Protocol Analysis (PA) method as the 

retrospective reports.  

As a result, the experiment presented four (4) key results in line with the 

objectives of the experiment; ‘different design approaches,’ ‘associated and 

affected building parts,’ ‘advances,’ and ‘concerns’ that either motivate or de-

motive the integration of biobuilding components. The experiment also showed 

that the students in both groups choose either to integrate or exclude the given 

innovations. However, test group students were consciously aware of the 

reflections of the innovations on different parts of a building. Control group 

students, on the other hand, ignored the impacts of the innovations on their 

designs even though they integrated the given innovations into their designs. 

Overall, for both groups, the individual works of the students underlined the 

significance of the design approach towards the relationships among user, 

product, and the building on the integration of biobuilding components. To 

compare the findings from each group is revealed that the links between their 

introductions into the design process and the possible outcomes of biobuilding 

components on different building parts. 

5.1.1 Methodology 

The experiment was held between September 2018 to January 2019 with a 

gender-equal group of sixteen (16) first-year architecture undergraduate students 

as a part of the first-year design studio project. The experiment coordinated with 

the project course weekly schedule (Figure 02). The experiment started with 

‘Phase 01’ (warm-up) to introduce the background of the research to the students. 

Then, ‘Phase 02’ (research) was planned with two interferences in the design 

process by introducing the biobuilding components in the different periods. 
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Figure 5.1 The Weekly Schedule of the Project Course 

The experiment hypothesizes that the introduction of biobuilding components at 

the early stage of the design process shall result in integrations into building 

design. Since the students have higher awareness and understanding of 

technological advancement, they are expected to integrate innovations into 

different building parts. Therefore, firstly, biobuilding components were given to 

half of the students at the beginning of the design process. This group of students 

(test group) developed their final single-housing designs with the given 

biobuilding components through the entire design process. Secondly, biobuilding 

components were also given to the other half of the students (control group) at 

the end of the design process. Each student was tasked to present their final 

designs in relation to the given innovations. Control group students expected to 
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exclude or partly integrate biobuilding components, while test group students 

expected to integrate biobuilding components into different building parts. 

 

 

  

Figure 5.2 The Organization of the Experiment 

The role of the actors and place 

The primary motivation behind the selection of first-year students for this 

experiment is to draw attention to the changing roles of the architects soon with 

the increasing number of biobuilding components. Moreover, to carry out the 

design experiment in the architectural design studio as a part of the first-year 

project course has brought four (4) significant advantages to the research. 

• First of all, the architectural design studios represent the core of 

architectural education in which students try to bring solutions to several 

architectural design problems; contextual, climatic, and programmatic 

(Caglar and Uludag, 2006).  

• Secondly, the architectural design studios embrace the learning by doing 

approach by asking students to design even though they do not know what 

design indicates. 

• Thirdly, the project course starts with developing basic design skills and 

later introduces the fundamental steps of the building design process, 
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particularly to housing design, mainly focusing on the interior dynamics at 

home environment with limited attention to the urban context. 

• Lastly, the course lasts fourteen (14) weeks that provide to observe the 

entire building design process instead of conducting a workshop in a 

limited time or evaluating only the end product.   

Validation of the abilities of the Students: An Auxiliary Survey 

An auxiliary survey study was conducted with thirty (30) architecture bachelor 

students at the Department of Architecture at Yildiz Technical University, Istanbul-

Turkey. The survey inquired the comprehension of the building layers determined 

by Brand and examined the general ability of the students to interpret the 

innovations into different parts of a building.  This survey was found necessary to 

validate the performance of first-year architecture students to understand and 

interpret biobuilding components, thereby to be able to choose to integrate or 

them.  

 

Figure 5.3  Translation of Drop by Drop Project into Different Building Layers: 
An Example of a Student Answer 

In the survey, each student was randomly given one random biobuilding example. 

The students were given brief information about the given an example and 

biobuilding layers. Further on, they are asked to adapt them into one or multiple 

building layers. As a result of the survey, all of the students could able to translate 

the given an example into at least one building layer. Twenty-six of the students 

were able to translate the given an example into multiple building layers.  
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Determination of the affected building parts 

To determine the affected building parts with the integration of biobuilding 

components, the theory of Brand (1994) was embraced as an assistive tool. The 

building layers of Brand allow us to trace the established relationships between 

biobuilding components and the buildings by showing the related building parts 

in the designs of the students. As shown in Figure 5.1, in the Introduction to 

Architectural Design course, students also follow the same process starts from ‘site’ 

and ends with ‘stuff&servant.’  

Assigned Biobuilding Components 

Within the aforementioned (80) biobuilding components, each student was given 

randomly selected biobuilding components that can originally be placed in the 

‘stuff’ layer determined by Brand (1994) (Table 5.1). Some of the examples could 

also be divided into ‘stuff’ and ‘servant.’ Hereby, concerning the organization of 

the design course (Figure 5.1), Brand’s (1994) determination to servant layer as 

a ‘hidden layer,’ the examples were accepted as in ‘stuff’ layer. 

Table 5.1 Assigned Biobuilding Components to the Students 

   # The Projects  Function  Students 

T
e
s
t 

G
ro

u
p

 

1 Google Glass  Hands-free safety guidance device for hands-
on workers. 

Student 01 

2 Living Light An off-grid lamp powered by photosynthesis. Student 02 

3 Mercury Heated 
Jacket 

To heat the body by receiving voice 
commands and adjusting body habits. 

Student 03 

4 Mushroom 
Chairs 

3D printed mushrooms which grow inside 
the structure to give it strength.  

Student 04 

5 Grove Ecosystem  The indoor self-sustainable garden suggests 
to ‘Grow Fresh Food In Your Home.’ 

Student 05 

6 Bacterioptica 
Chandelier 

A living&growing chandelier made from 
fiber optics and petri dishes. 

Student 06 

7 Cicret Bracelet         E-Skin project creates a touch screen from 
your arm. 

Student 07 

8 Mi.Mu Gloves Gloves allow composing music through 
movement and gesture. 

Student 08 

C
o

n
tr

o
l 

 
G

ro
u

p
 

9 Scroll Ring 
(Spatialize) 

A ring lets users easily interact with 
augmented reality. 

Student 09 

10 Livesglass To bring clean air to small spaces by 
providing a stress-free healthy environment.   

Student 10 

11 Drop by Drop A plant base home filtration system that 
purifies (grey) wastewater. 

Student 11 
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12 Polar Team Pro 
Shirt 

To monitor the heart rate, track fitness 
activity of the players/athletes.  

Student 12 

13 Clairy Plants reducing pollution levels and monitor 
environmental parameters. 

Student 13 

14 Levi’s Commuter 
Trucker Jacket 

A safe way to connect without having to stop 
and reach for your phone. 

Student 14 

15 Nadi X, Smart 
yoga pants 

An alternative personal digital yoga coach Student 15 

16 Ambio Lamp 
(Bioluminescent 
lamp) 

Living zero energy lamp using octopus 
bacteria. 

Student 16 

 

Data gathering  

During the experiment, the works of the students, diagrams, sketches, graphs, 

hand-written memos, and models were collected and photographed. The author 

observed the whole process as a project tutor. In the entire project course, the 

author took notes systematically and continuously. Additionally, presentations of 

the students at the end of the assignments were recorded in audio and video. 

The Protocol Analysis (PA) method was selected to analyze collected verbal data 

in the experiment. PA is an observational research method of analyzing the 

behaviors of designers in empirical studies (Önal, 2015) by allowing to encode 

cognitive approaches and problem-solving abilities of designers (Cross, 2001; 

Dorst and Dijkhuis, 1995). In this respect, the design disciplines such as industrial 

design, architectural design, engineering design, and interior design have adopted 

the method as a valid research tool (Jiang and Ching-Chiuan, 2009).  

Initially, PA is conducted through verbal data with the single-subject talk known 

as the “thinking-aloud” technique, which is also revised as conversational 

protocols to employ in group design activities (Ericsson, 1980; Jiang and Ching-

Chiuan, 2009). However, using verbal data of a single subject or conversational 

protocols of a group has been criticized because of neglecting the complexity of 

design that includes “interlocking and overlapping” process and any other design 

activities (Lloyd et al. 1995). Indeed, the architectural design process includes 

several complex layers and different design activities except for verbal data such 

as: visual, verbal, tactile, written, and is therefore rich in communication potential 
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(Çıkış and Çil, 2009). The use of verbal data alone in PA to evaluate the 

architectural design process has been discussed as insufficient (Jiang and Ching-

Chiuan, 2009; Lawson, 2005; Suwa and Tversky, 1997). Tversky and Suwa 

(1997) argue that verbal data is limited regardless of its relevance and necessity 

in terms of the architectural design process. This is because architects express their 

ideas on paper through sketches, schemes, and any further drawings that trigger 

their creativity and lead them to think more and design more (Tversky and Suwa, 

1997). 

Moreover, talking aloud concurrently in the design process may interfere and 

manipulate the perception of the subjects during their sketching activities 

(Ericsson, 1987; Lloyd et al., 1995; Suwa and Tversky, 1997). Therefore, PA is 

divided into two approaches; concurrent (the report is collected during the task) 

and retrospective (the report is collected after the task) protocols (Ericsson, K. A., 

Simon, 1980). In this thesis, retrospective protocols were found appropriate in the 

framework of this experiment. 

Design always indicates a process, and the evaluation of this activity can only be 

observed simultaneously, yet retrospective reports might give additional 

information through the designer’s perspectives (Önal, 2015). Likewise, 

retrospective protocols were found appropriate in the framework of this 

experiment. 

5.1.2 Phase 01, Warm-Up 

The warm-up phase was found necessary concerning the complexity and wider 

aspects of the issue. The objectives of the warm-up assignments were: 

• To provide a discussion platform to the students on recent advancements 

of technology at the intersection of living and manufactured. 

• To observe ideas and prejudices that hampers the creativity of the students 

on biobuilding components. 

This phase conducted in two tasks; informative (briefing) and questioning. Firstly, 

the students were divided into four random groups, and one keyword was given 
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for each. The keywords, ‘nature,’ ‘technology,’ ‘integration,’ and ‘innovation’ led 

us to open a discussion of the awareness of the students on the increasing number 

of biobuilding components and their integration into everyday life. Each group 

was tasked to conceptualize their keywords into 2D-3D sketches and a 3D model. 

Secondly, the students were tasked to redesign their design studio considering the 

recent technological advancements in building design. In both tasks, the students 

were encouraged to ask questions, discuss with each other, and express their 

opinions and curiosities shall be prepared for the actual experiment. 

Informative Task  

Firstly, the students were divided into four random groups and given one keyword 

each. The objectives of the assignment were as follows:  

• To warm up the students by thinking, exploring, discussing the basic 

terminology.  

• To provide an ability to materialize the abstract concepts.  

Outputs & Results 

Table 5.2 below shows the drawings and the models created by students with the 

associated keywords and explanations encoded from their verbal expressions in 

the presentations. 
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Table 5.2 Students Works on the Abstraction of the Keywords 

Keywords Students’ Works 
Verbal 

Expressions 

N
a
tu

re
 

  

 

“Everything in Nature is 
related. Human is a 
part of nature.” 
 
Infinity 
Harmony 
Human 

   

T
e
c
h

n
o

lo
g
y
 

 

“Technology getting 
smaller every day.” 
 
Search&Finding 
Internet 
Information 
 
 

   

In
te

g
ra

ti
o

n
 

 

“Different and 
independent pieces may 
determine one unity.” 
 
 
Adaptation 
Heterogeneity 
Unity 

   

In
n

o
v
a
ti

o
n

 

 

“Innovation can be 
identified with 
development and new.” 
 
 
Evaluation 
Change 
Time 

 

Questioning Task 

Before the second part of the experiment, it is necessary to discuss evolving 

relationships between nature and technology by giving examples of biobuilding 

components. Thus, the students were tasked to redesign their architectural design 

studio considering the changing dynamics in technology and nature. The students 
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were asked to keep the borders of the existing space. The objectives of the 

assignment were as follows: 

• To lead students to re-question their understandings of nature and

technology.

• To introduce recent advancements in technology and discuss their possible

reflections on architectural design.

During the discussion session, the students were encouraged to ask questions and 

express their opinions and curiosities within an hour. Then, students were divided 

into four groups, and each group was tasked to develop their designs, find a name 

for their designs, and specify their approach. 

Outputs&Results 

Table 5.3 shows the given name, approach, and design of each group. 

Table 5.3 Students Works on Redesigning their Design Studio 

G
r
o

w
in

g
 g

r
e
e
n

 

Approach:  
To connect with nature. 

Vision: 
‘In the future, we will be more 
connected with nature.’ 

S
e
p

a
ra

ti
n

g
 s

p
a
c
e
 

Approach:  
‘Envision a life not attached to 
anywhere; anyone can be at any 
place by using hologram 
technology.’ 

Vision: 
‘In the future, the boundaries 
between indoor and outdoor will 
disappear.’ 
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Im
a
g
in

e
 b

y
 

h
o

lo
g
r
a
m

 

 

Approach:  
‘Dividing the classroom into three 
different spaces, one of which 
connects with nature and helps 
students to get relax.’ 
  
Vision: 
‘Architectural spaces will be ‘high-
tech’ in the future. Thus there is a 
need for separate space to connect 
with nature.’ 
 

   

L
e
t’

s
 m

o
v
e
 

  

Approach:  
 ‘Movable modules bring flexible 
design.’ 
 
Vision: 
‘Furniture will become dynamics 
just like natural elements.’ 
 

 

Growing Green group mainly focused on the escalating power of nature that 

assumedly is more integrated with the architectural environment. Likewise, 

Imagine by Hologram group suggested that the boundaries between interior and 

exterior will fade away soon. Plus, Let’s Move group recommended moveable, 

flexible, and dynamic design in architecture with inspiration from nature. The 

proposals of these three groups favored the incorporation of natural elements into 

the built environment. On the other hand, Separating Space group declared that 

anything natural, organic, or green would become endangered soon. Therefore, 

they proposed a ‘separated,’ shielded, individual space to reach nature. 

5.1.3 Phase 02, The Experiment 

After the warm-up phase, all students were tasked to design a two-story single-

house in a given parcel as the final assignment of the course (Figure 02, 03). Test 

group students developed their designs in parallel with the integration of 

biobuilding components since the 10th week. Control group students also 

followed the same building design process, but biobuilding components were 

given at the 13th week while they were at the ‘stuff&servant’ level of the design 

process.  
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In the design studio, the author informed the students regarding the technical 

attributes of given biobuilding components. Moreover, both test and control group 

students discussed their ideas of each other as in the natural atmosphere of the 

design studio. All the students were neither given information nor guided on how 

the products can be integrated into the buildings. Indeed, they were freed to 

choose not to integrate them at all. 

Design Process of Test Group 

The given design problem at the beginning of the design process to the Test group 

was: 

• To develop a design considering the role of the given biobuilding 

components. 

During the design process, particular integration stages experienced by the 

students were detected and categorized (Table 5.4). Six (6) stages of integration 

are determined; ‘figuring out,’ ‘negligence’ and ‘rejection,’ ‘association,’ and finally 

‘implementation.’ The stages are constituted by the systematic notes taken by the 

author in every class. The notes included both the verbal expressions and 

explanations regarding the draft drawings of the students. 

Table 5.4 Integration Stages of Test Group Students 

Stages Explanation 

Figuring out The subjects needed more time to discover the technical attributes of 
the given product. 

Rejection The students had trouble associating the given product with their 
design. Unlikely negligence, the subjects argued that biobuilding 
components were not related to architectural design. 

Negligence The subjects did not verbally or visually include biobuilding 
components in his/her design. 

Exploring The students are still searching for the possible benefits of 
innovations in building design and construction. 

Association The subjects first created pre-mature thoughts on the new 
connections between the product and the other building layers.  

Implementation Biobuilding components started to play a role in architectural design.  
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The students did not pursue these stages in order; each student followed a specific 

integration pattern by following and/or skipping particular stages (Table 5.5). 

Almost all of the students except st02 needed time to figure out the technical 

attributes of the given product at the beginning of the experiment. Later on, 

students pursued different paths.  

Table 5.5 Followed Stages of Test Group Students in the Design Process 
 

Week 10-T Week 10-F Week 11-T Week 11-F Week 12-T Week 12-F Week 13-T Week 13-F Final 
Design 

st01 Figuring 
out 

Rejection Exploring Rejection Segregated 

st02 Exploring Association Rejection Implementation  Integrated 

st03 Figuring out Rejection Negligence Exploring Implementation  Integrated 

st04 Figuring 
out 

Rejection Negligence Exploring Implementation  Integrated 

st05 Figuring 
out 

Exploring Association Negligence Integrated 

st06 Figuring 
out 

Exploring Rejection Exploring Integrated 

st07 Figuring out Exploring Association Implementation  Integrated 

st08 Figuring 
out 

Rejection Negligence Exploring Association Implementation  Integrated 

 

The expected result was that all students would reach the implementation stage 

in the design process; therefore, biobuilding components would be integrated into 

the final designs. However, the students st01, st05, st06 failed to integrate 

innovations into their designs during the process. St01 purposely rejected to 

design together with biobuilding components after exploring the given 

innovation’s technical attributes and benefits. St05 had trouble associating the 

given biobuilding components with building design, therefore neglected the 

design problem, yet at the final design explained the impacts of biobuilding 

components on ‘space plan.’ Likewise, st06 remained at the exploring stage while 

the given period was not sufficient for him, even though he claimed that the given 

biobuilding components were integrated into the building. Overall, all students 

except st01 reached the integration level in their final designs. Only st01 purposely 

rejected to integrate the given biobuilding components.  
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Design Process of Control Group 

Control group students followed the course design process until the end of the 

13th week without taking into account any example of biobuilding components in 

their designs. Therefore they did not follow the integration stages, unlike Test 

group students. No difference between the two groups observed between the 

learning process and efforts regarding the issues related to architectural design.  

 In the 13th week, biobuilding components were distributed to the students. To 

accelerate the figuring out stage, the students were helped by giving additional 

information; photos, websites, articles on the technical attributes of the given 

innovations. Moreover, as a natural advantage of the design studio, the students, 

like Test group students, did in the process, discussed the given examples with 

each other and tried to link them with their designs. In two (2) hours of workload, 

the students were assigned to develop their designs with the given biobuilding 

components.   

5.1.4 Final Presentations & Key Results 

In the final presentation, the students expressed their ideas verbally by explaining 

their drawings and/or models. The author also asked questions regarding the 

visual data, which helped students to structuralize their approach and even 

encouraged them to narrate more (Figure 5.4). 

Figure 5.4 Final Presentations of the Students 
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Figure 5.5 Examples from the Works of Test Group (the biobuilding 
components shown by the author)

Figure 5.6 Examples from the Works of Test Group 
(the biobuilding components shown by the author) 

st01 st02 st03

st04 st05 st06

st07 st08

st09 st010 st011

st13 st14

st15

st012

Architectural

Design

Product 

Design

st16
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By following the steps of the PA method, the verbal expressions of the student 

presentations were encoded into information categories (Table 5.6). The main 

categories were identified as; ‘(affected) building layers,’ ‘approach,’ 

‘opportunities,’ and ‘barriers.’  

 ‘Building Layers’ led us to categorize the information on the affected building 

parts as a result of the integration of biobuilding components. The ‘approach’ of 

the students was divided into four categories. Subclasses ‘segregated’ and 

‘integrated’ implied the attitudes of the students towards product and architectural 

design in terms of accepting the impacts of biobuilding components on building 

design. Subclasses ‘human-centered’ and ‘top-down’ appeared after the 

transcription of the data indicating the main concerns in the designs either 

centered around human or building parts hierarchically affecting the human. 

Moreover, the ‘opportunities’ category indicated the benefits of the biobuilding 

components stated by the students, whereas the ‘barriers’  verified the prevailing 

concerns along with the prejudges. 

Table 5.6 Information Categories and Their Subclasses 

Main Category Subclasses Examples of phrases in the protocols as evidence 

Building Layers Stuff ‘belonging,’ ‘personal,’ ‘furniture,’ ‘portable,’ ‘fitting.’ 
Space plan ‘spatial,’ ‘walls.’ 
Service ‘HVAC systems,’ ‘electricity.’ 
Skin ‘façade,’ ‘openings.’ 
Structure ‘columns,’ ‘beams,’ ‘foundation.’ 

Approach Segregated ‘architectural and product design cannot be united…’ 
Integrated ‘not a part of architectural design...’ 
Human-centered ‘considering human,’ ‘depending on human...’ 
Top-down ‘started from the site,’ ‘space led people...’ 

Opportunities Daily Activities ‘everyday use,’ ‘control’ (the home environment)… 

Well-being of Users ‘psychological support,’ ‘comfort.’ 
Sustainability  ‘organic,’ ‘energy efficiency.’ 

Leisure ‘hobby,’ ‘fun.’ 
Barriers Endurance  ‘estimated obsolescence rate,’ ‘structural reliability.’ 

Economic ‘affordability,’ ‘expensive.’ 

Functional ‘not required,’ insufficient’(features)… 

Technical details ‘lack of security,’ ‘maintenance requirement.’  

Contextual  ‘depends on site.’ 
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While the presentations of the students were encoded into information categories, 

the tension between the conflicting answers became more apparent. The verbal 

expressions of the students and their sketches, as shown in Figure 04 that was 

inconsistent for both groups, but especially in the Control group. Moreover, the 

differences between test and control groups became visible (Table 5.7).  

Table 5.7 Encoded Protocols of All Students into Information Categories 

 

Building Layers 

Students in the test group integrated biobuilding components into multiple 

building layers (Fig. 05). However, all students were associated with biobuilding 

components with different building layers in their sketches; verbally, they only 

mention one specific building layer. For instance, st3 had a vision regarding 

buildings without mechanical systems, and the sketches tried to reveal the idea. 

Nevertheless, she only told the impacts on the service layer, not on the entire 

building layers. In the Control Group, students (st9, st10, st12, st13, st14, st15) 

could only relate the given innovations with the stuff layer. St11 and st16 

integrated the given examples into the service layer, but only st16 mentioned the 

integration of biobuilding components affecting other building layers.  

 

 

st1 st2 st3 st4 st5 st6 st7 st8 st9 st10 st11 st12 st13 st14 st15 st16

Stuff

Space plan

Service

Skin

Structure

Segregated

Integrated

Human-centered

Daily Activites

Well-being of Users

Sustainability

Leisure

Endurance

Economic

Functional

Technical details

Contextual

B
a
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Information Categories 

Subclasses

Test Group Control Group
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Approach 

The results on the approach of the students on the integration underline the 

conflict between visual and verbal data (Figure 5.7). While five students (st2, st3, 

st4, st7, st8) in the Test group advocated an ‘integrated’ approach among product 

and building scale, only one student (st16) shared the same approach in the 

Control group. The students (st1, st5,st6, st9, st10, st11, st12, st13, st14, st15) 

declared that biobuilding components are related to product design, and 

architectural design was segregated, and they did not even affect each other. 

Nevertheless, in the drawings of (st9, st14, st16), the impact of biobuilding 

components was apparent. The students (st1, st2, st4, st5, st6, st11, st12, st13, 

st14, st15, st16) argued that they proceed with a top-down approach. However, 

the subjects (st5, s6, st11, st12) also mentioned the impact of innovations on the 

well-being of humans might advance the integration of technologies into the 

buildings. Likewise, the students (st9, st11, st12) underlined the benefits of the 

products on daily activities, but only st9 assumed their approach as human-

centered. 

Figure 5.7 Comparison of the Percentage of the Students from the Encoded 

Protocols of Test and Control Group Students 
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Opportunities 

All of the students in both groups were aware of the advances of biobuilding 

components. Test group students expressed these advances as one of their 

motivations for the integration of the innovations. On the contrary, Control group 

students (st9, st10, st13, st15) mentioned the benefits of biobuilding components 

by being related to daily activities, the well-being of users, and leisure, but they 

foresaw these advances to unrelated to architectural design.   

Barriers 

The prominent concern of Test group students was the ‘endurance’ of the products. 

Test Group students (st2, st4, st5, st6) highlighted the lack of knowledge on 

durability hampered the integration process. On the other hand, the major 

concern of Control group students was ‘functional’ by claiming that biobuilding 

components were unnecessary and unrequired to be included in the buildings.  

Finally, the design experiment underlined the infiltration of biobuilding 

components into the building layers by observing the design process and analyzing 

both verbal and visual data. Moreover, designing with biobuilding components 

from the beginning of the design process allowed Test group students to discover 

the expected impacts of the innovations on the entire building design process. 

Thus, biobuilding components became an integral part of building design towards 

to attitude of the designer. On the other hand, the reports revealed that the 

introduction of innovations at the end of the design process intensified the 

concerns of the students on the functions and technical attributes of biobuilding 

components. Control group students criticized innovations as being unnecessary 

and hard to use. They were also aware of the interaction between biobuilding 

components and the other layers of the buildings, as clearly seen in their sketches.  

More importantly, the introduction of biobuilding components at the beginning of 

the design process led all students to develop their designs centered on humans, 

considering the interactions between user, product, and the building. The 

introduction of biobuilding components led Test group students to develop their 

designs by creating bonds between humans, product (biobuilding components), 
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and building in the entire building process. In contrast, control group students did 

not consider the relationships between user, product, and architectural design. 

Unlike Test group students, their approaches are mainly shaped around the 

followed top-down design process in which humans are affected by building 

design. Proceeding a top-down design approach and including biobuilding 

components at the stage of stuff cause this conflict to consider them only as 

products. 

 

5.2 Conclusions  

This Chapter contributes to the literature on biobuilding components by observing 

their possible integrations into building design in an architectural design studio, 

thus evaluating the impact of biobuilding components on the building design 

process.  

The experiment indicates that biobuilding components can be integrated into 

building design, while their introductions at the early stages of the design process 

increase their integrability. Biobuilding components were given as toolsets that 

could be integrated into different building parts if they embraced as ‘non-

hierarchically.’ The hierarchy lies in the theory of Brand (1994) as such structure 

to be accepted as more important than space plan on building design, and also the 

organization of the project course (Figure 5.1). Hereby, the experiment indicates 

the necessity to destroy the hierarchy between different building layers in the 

mindset of future architects for the integration of biobuilding components into 

building design.  

Therefore, biobuilding components should be considered in the discipline of 

architecture at the earliest stages of design education. Even though material 

scientists and product designers develop these innovations, and engineers and 

programmers write the code, architects are responsible for integrating them into 

building design. Therefore, their approach to these technologies majorly 

influences our surroundings as well as our daily lives. The changes in the daily 

activities and everyday life through biobuilding components and their increasing 
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integration into the home environment will assumedly affect building design; 

thereby, the roles of the architects will also be altered. Thus, the mindset of the 

architects needs to be revised with the growing number of innovations 

empowering the interactions between the user and the building. Conducting a 

design experiment that describes a multi-disciplinary area of rapid growth, such 

as introducing biobuilding components in the discipline of architecture, is 

challenging yet promising. To deliberate this issue, further design experiments 

require different actors, such as urban designers and professional architects. 

Linking the experiments with an urban scale may also bring different results. 

Giving the same innovations to each actor may also lead us to find results on the 

relationship between the technical attributes of the innovations and different ways 

of integrating the technologies into the buildings through their specific advantages 

on building design. 

Architecture students indeed can integrate biobuilding components into their 

design by evaluating conceptual, social, and phenomenal aspects of the 

biobuilding components. Further studies could be developed and conclude by 

giving additional information on how biobuilding components could be integrated 

into the buildings. What matters here, the embracement of biobuilding 

components in building design regardless of their scale and building layer. 

As Chapter 4 explained the critical role of biobuilding components on the ongoing 

technological transition, this Chapter concludes with the critical importance of the 

approach towards the integration of biobuilding components. The design process 

of the translation of biobuilding components into building design still stays as a 

‘black box’ by means of not revealing any information. Nevertheless, it leads us to 

underline the importance of the design approach. Moreover, this part of the study 

gives insights into the necessity and vitality to discuss biobuilding components in 

architectural education. Thus, the awareness of future architects on the growing 

number of innovations could be empowered. In that sense, the awareness and 

approach of architects could be admitted as both opportunities and barriers 

regarding the translation of biobuilding components into building design.  
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This Chapter leads us to discuss the integration of biobuilding components into 

building design through the perspectives of future architects. To provide further 

insights on the translation of biobuilding components, the following Chapter 

continues with exploring the transition of biobuilding components into building 

design by gathering the views of practitioners.   
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6 
EXPLORING BIOBUILDING COMPONENTS 

FROM PRACTITIONERS’ VIEWPOINTS 

 

This Chapter presents a qualitative analysis of the interviews with practitioners 

determined in the scope of the thesis, i.e., experts such as initiators, developers, 

designers, implementors working with biobuilding components. This part of the 

study provides answers to the aforementioned RQ3 and the sub-questions RQ3.1, 

3.2. The goals of the Chapter could be summarized with the following remarks: 

• To validate information on the found meanings of the biobuilding 

components in the Background and Overview.  

• To give an understanding of practitioners’ mindset regarding the 

development of biobuilding components.  

• To explore if there is a common design thinking pattern(s) on the 

integration of biobuilding components into buildings.  

The Overview part of the thesis, Chapter 3 and 4, presents information in the 

academic and popular literature regarding the terminology, characteristics of 

biobuilding components, and their relevancy with building design. At this point, 

the interviews here lead us to summarize and elucidate the information on 

biobuilding components with practitioners in current practice. In this way, it also 

provides answers to RQ1.2 and RQ2 and its sub-questions. 

The design experiment with the future architects in Chapter 5 reveals the critical 

role of the design approach on the integration of biobuilding components into 

building design, especially by underlining the importance of non-hierarchical 

thinking. Although the design experiment seems insufficient to provide 

information on the design process of the integration of biobuilding components 

into building design, it underlines the need for further understanding of the 

mindset behind the translation of biobuilding components from industrial design 
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to building design. Hereby, the interviews provide insights from practitioners’ 

perspectives through discussions on the developments of biobuilding components 

and their integrations into the building design. 

All in all, discussing biobuilding components with practitioners leads us to 

understand the practical implications of the incorporation of living and 

manufactured components in building design. 

 

6.1 Interviews with the Practitioners 

This part of the study introduces twenty (20) interviews conducted between July 

2019 – September 2019 with twenty-one (21) professionals who are the 

‘practitioners’ working with biobuilding components. The interviews seek to gain 

a detailed knowledge of practitioners’ professional experiences on the 

development of biobuilding components with the following issues: 

• focus, 

• beliefs, motivations, and underlying reasons, 

• terminology, 

• advantages, 

• challenges, 

• expected results, 

• expected impacts and visions, 

• relationship with building design. 

• expectations for the future. 

Accordingly, the interviews play a critical role in this thesis by bridging 

information on biobuilding components in existing academic and popular 

literature with information in current practice.  

The analysis of the interviews is, firstly, introduced with the Methodology section 

describing the applied methods and approaches on Selection of the Actors, 

Preparation of the Questions, Conduction of the Interviews, Data Analysis, and 

Expected Results. Further on, the practitioners’ answers to the questions are 
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discussed and presented in the section of  Summary of the Interviews. This section 

provides additional information for the aforementioned RQ2 and the sub-

questions; RQ2.1, 2.2 through practitioners’ perspectives. Moreover, the section, 

Development of Biobuilding Components and their Integration into Building Design, 

elaborates on the analysis of the interviews. By the significant contribution of this 

section to understand the design process of biobuilding components among their 

developments and integrations into buildings, the Chapter concludes with 

understanding the dialogue between industrial and building design. 

6.1.1 Methodology 

The multiple qualitative analysis methods are applied in the interviews’ scope, 

including the preparation and conduction of the interviews and the analysis part. 

First of all, chain referral sampling was chosen to determine interviewees. Chain 

referral sampling, also called snowball or chain sampling, is a widely used 

qualitative sociological research method, especially on a sensitive topic, which 

requires specific knowledge within a hidden population (Biernacki and Waldorf, 

1981). The chain referral sampling allows researchers to reach populations that 

are difficult to sample while there is no reliable data to specify the sampling unit 

or apply other sampling methods like random sampling (Faugier and Sargeant, 

1997).  Simply, it is a strategy to find research subjects, and it proceeds with the 

suggestions of initial subjects to connect other research subjects, and so on 

(Atkinson R and J, 2001). In this study, the initial interviewees are determined by 

the developers and initiators (in the Netherlands) in the biobuilding examples in 

Table 4.1. Then those initial interviewees became the first chain and were asked 

to suggest other experts with similar specialties (Table 6.1). 

Regarding the conduction of the interviews, the oral history method is adapted. 

Oral history method is a common method to access information, is not accessible 

in other kinds of research like literature and societal research, through individual 

narratives and memories by creating a ‘social relationship’ between interviewers 

and the interviewees (Federer, 2015; Hesse-Biber and Leavy, 2005; Miller-Rosser 

et al., 2009; Thomson, 2015). Oral history is based on individual narratives and 
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memories; however, the analysis of individual narratives can provide disciplinary, 

collective, or social patterns and specific kinds of individual habits that don’t fit in 

any classification (Portelli, 2009). In this sense, the oral history method allows 

fulfilling the research aims by giving a better understanding of a subject through 

collecting, interpreting, and filtering relevant evidence (Beard, 2017). In this 

study, this method helps to reach information on biobuilding components from 

different perspectives based on the individual narratives and memories of the 

practitioners, thus adapted in the preparation of questions and the conduction of 

the interviews.  

In the analysis of the verbal data transcription, thematic analysis (TA) is adapted. 

Thematic analysis is a flexible method helping to identify patterns or themes 

within qualitative data in the transcript the verbal data of the interviews 

(Alhojailan and Ibrahim, 2012; Braun and Clarke, 2006; Clarke and Braun, 2013; 

Fereday and Muir-Cochrane, 2006; Herzog et al., 2019; Nowell et al., 2017). The 

thematic analysis helps to identify, analyze, and report patterns (themes) within 

the data (Boyatzis, 1998). In that sense, it helps this study to analyze and discover 

if there is a shared knowledge of biobuilding components and their integration 

within the individual narratives of the practitioners. 

In the below sections, how these multiple methods applied to the study shall be 

furtherly explained.  

Selection of the Actors 

The data-gathering phase (Chapter 5) has already shown that biobuilding 

components indicate the cooperation of multiple actors, affecting multiple 

domains. For this matter, the background of the interviewee took into account, 

and the interviewees are determined to cover ‘multiple actors’ found out in the 

data gathering, as shown in Table 4.2. The selected actors all together represent 

the ‘multiple domains’ of the research. The actors and domains included in the 

study are as follows:  

• Actors: architects, interior designers, product designers/developers, 

biologists, academicians, engineers, fashion designers. 
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• Domains: building design & construction, product design, material 

technology, interior design, light, food, healthcare, entertainment, 

fashion, sport.  

Within many biobuilding components, thereby, many practitioners, the chain 

referral sampling strategy leads us to reach key experts. Firstly, eight (8) 

practitioners determined in Table 4.1 were reached out for the interviews. 

Secondly, these experts help to reach seven more experts in the second chain, 

while later on, six (6) more experts were reached. After conducting twenty (20) 

interviews, it is decided that the saturation point has been reached out. Table 6.2 

below shows the list of the interviewees.  

Preparation of the Questions 

What is crucial for this exploratory study is to have research on the recent 

advancements of technology while the technological transition is taking place 

right now. In that sense, this part of the research is ambitious to create knowledge 

for future studies by providing information on the distinguished ways of thinking 

of the experts. In this regard, oral history method was adopted for the preparation 

of the questions and the conduction of the interviews. Oral history method allows 

recording the experience of people who have been ‘hidden from history’ (Perks 

and Thomson, 2003). By this means, this research composes information on the 

experiences and knowledge of biobuilding components that cannot be accessible 

in the existing literature yet. Moreover, the combination of individual narratives 

provides knowledge on biobuilding components by evaluating different 

perspectives, in fact, contradictory ideas and approaches.  

The preparation of the questions could be seen as the key elements of the 

interviews. Biobuilding components indicate and emerging praxis comes with 

ambiguity and complexity in the terminology. To draw a neutral tone by leading 

them to express their own ideas with their individual terminology was crucial. The 

questions were prepared without using or referring to any terms, concepts, or 

specifications (Table 6.2); only after the interviewees use specific terms, the 

interviewer uses them (Appendix A Interview transcripts). This helps experts to 
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express their own terminology, thereby encourages them to explain more about 

their ideas without being limited by specific concepts and approaches.  In the end, 

this also helped to create a more neutral and friendly atmosphere during the 

interview by leading the feeling to the practitioners that they can control the 

information and knowledge they are sharing instead of misinterpretations within 

unrelated terms and definitions.   

The first two questions aimed to create a friendful environment by making room 

for practitioners to introduce themselves. Regarding the flow of the conversation, 

in some interviews, the first questions were asked together as one question. Or the 

experts already started to speak by answering them. Further on, the order of the 

questions was changed according to the flow of the conversation. Moreover, by 

showing her knowledge of the practitioner’s projects and their working domains, 

the interviewer asked additional questions. These additional questions were 

encouraged the interviewees to explain more about their projects, experiences, 

and ideas.  Furthermore, probe questions specific to the building design domain 

(Probe 6a, 6b, 8a, 8b) were excluded if the interviewee is not working in the 

building design domain or if s/he does not want to express opinions about the 

subject. 
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Table 6.2 Questions of the Interviews 

1. Can you tell me about your background? How do you describe 
your profession? 

2. Can you tell me about your current projects as such aim / your role 
of/ in your company, mission, and goals?  

3 What is the main intention and motivation behind the 
development of your project(s)? 

4. Could you describe the ‘novelty’ of your project? 
5. Nowadays, these innovations are described with a variety of terms: 

‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc.:  
Which terminology do you prefer to refer to your designs? 

  Probe: What do you mean about smart/ sustainable / bio ? could 
you tell me more? 

6 What would you like to achieve with the application/spread 
of these products? 

  Probe a: Do you foresee any consequences of the integration of 
these products into the buildings? 

  Probe b: In which part of the building design process do you 
think this project could be applied? 

7. Is there any study that has been done to evaluate the user’s 
experience? 
         Probe: Could you tell me about your studies/observations/ideas   
         on user feedback? 

8. Could you tell me the potential impact(s) of these products (from 
a wider perspective)? 

  Probe a: Do you think it is possible to see any impacts on 
building design? 

  Probe b: Which parts of a building will be assumedly affected? 
9. Could you tell me the challenges that you faced in the design of 

the project? 
10a. Regarding what we discussed here, Could you tell me about your 

expectations for the future? 
      10b. Do you have any recommendations for future designers 

and architects in particular? 
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Conduction of the Interviews and Data Collection 

The research was conducted as in-depth, semi-structured interviews with multiple 

actors with open-ended questions by motivating interviewees to tell their story by 

probing questions. The semi-structured interview is a method widely used data 

collection method by offering a focused structure for the conversation during the 

interviews but should not be followed strictly (Kallio et al., 2016). Meanwhile, it 

gives researchers to explore subjective viewpoints by allowing enough autonomy 

to the respondent to discuss issues and topics significant to them (Flick, 2009).  

In this study, the semi-structured interview method is eased to create a friendly 

atmosphere by encouraging interviewees to share their knowledge with the 

interviewer. According to the conversation flow, the order of the questions is 

changed, additional questions are asked, and also some questions are omitted. For 

example, if the interviewees have a related background in building design and 

construction, they are inspired to express their visions on building design. If the 

interviewees have a background in other domains than building design, they were 

also asked about the possible relationships between their domain and building 

design. Moreover, the additional questions lead interviewees to explain his/her 

other studies to express their visions through recent technological developments 

and the novelty of the incorporation with living organisms in comparison to their 

other studies and projects.  

All of the interviews were completed between July 2019 – September 2019 with 

twenty-one (21) professionals in the Netherlands. However, as seen in the Table  

6.1 practitioners are not limited to Dutch innovators, experts are from different 

nationalities (e.g., William Myers, Maurizio Montalti, Elvin Karana). The 

interviews were preferably conducted face-to-face except for only two exceptions 

that one is on the phone the other via skype due to the experts’ busy schedule. 

Each interview approximately took one (1) hour. For the conduction of the 

interviews, the author also tried to reach experts in other countries such as 

Belgium, Germany, and Luxemburg. However, the applied oral history methods 

provided better results in face-to-face interviews instead of skype and phone 
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meetings. With the lack of physical connection, experts preferred to answer only 

the given questions instead of providing additional information and studies. By 

this means, face-to-face interviews provided more opportunities to ask probe 

questions comparing to skype or phone interviews. Therefore, the study is decided 

to be limited to the current number of interviews. 

Data Analysis  

The verbal data is summarized, organized, and then analyzed. Firstly, the verbal 

data of each interview was transcribed into text. The practitioners’ answers to the 

questions were summarized by highlighting similar and different answers. 

Categories were only given to ease to discuss similar or close answers, while the 

categories were determined by highlighting the general idea within these similar 

answers. Oral narratives are the neutral expressions of the interviewees, including 

traits and idiosyncrasies, that scholars aim to reach (Beard, 2017). Thus the 

summary of the interviews helps us to underline the information on biobuilding 

components already discussed in the Overview part from the professional’s point 

of view in a more brief, precise, and transparent manner.  

Secondly, theoretical thematic approach analysis (TA) was applied to find answers 

to the aforementioned research questions. Thematic analysis is a flexible method 

helping to identify patterns or themes within qualitative data widely used to 

analyze semi-structured interviews (Braun & Clarke 2006; Clarke & Braun, 2013). 

In oral history research, applying thematic analysis can lead us to reach the 

‘extracts’ of the conversation by means of finding the ‘collective meaning of the 

participants’ (Miller-Rosser et al., 2009). 

TA is suited to a wide range of research interests and theoretical perspectives, and 

it is beneficial as a ‘basic’ method in many ways:  

• It works with a wide range of research questions, from those about people’s 

experiences or understandings to those about the representation and 

construction of particular phenomena in particular contexts;  

• It can be used to analyze different types of data, from secondary sources 

such as media to transcripts of focus groups or interviews;  



153 

 

• It works with large or small data-sets; and  

• It can be applied to produce data-driven or theory-driven analyses (Braun 

and Clarke, 2006; Clarke and Braun, 2018).  

Thematic analyses seek to unearth the themes salient in a text at different levels, 

and thematic networks aim to facilitate the structuring and depiction of these 

themes (Berkhout et al., 2004). Thematic analysis is the process of identifying 

patterns or themes within qualitative data in a ‘hermeneutic’ way. Since first being 

named as an approach in the 1970s (Merton, 1975), a number of different versions 

of thematic analysis have been proposed within psychology (Attride-Stirling, 

2001; Boyatzis, 1998; Braun and Clarke, 2006; Jodi, 1994; Joffe, H., & Yardley, 

2004; Tuckett, 2005). Some authors manifest TA as a phenomenological method 

(Guest et al., 2006; Joffe, 2011). Braun and Clarke (2006) emphasize the 

theoretical flexibility of TA and identify it as just an analytic method, rather than 

a methodology, which most other qualitative approaches are.  

Thematic analysis is a search for themes that emerge as necessary to describe the 

phenomenon (Daly, Kellehear, & Gliksman, 1997). The process involves 

identifying themes through “careful reading and re-reading of the data”(Rice & 

Ezzy, 1999; 258). It is a form of pattern recognition within the data, where 

emerging themes become the categories for analysis. Boyatzis described the 

thematic analysis as a method to identify, analyze, and report patterns (themes) 

within the data (Boyatzis, 1998).  

In this study, the thematic analysis method helped us to determine certain themes 

and patterns, providing answers to RQ 3.1 and 3.2. This method is applied to 

understand the process of the development of biobuilding components and their 

translation into building design.  

Expected Results 

The expected result of the interviews was to generate an overall understanding of 

the development of biobuilding components and their use in building design. 

Moreover, to see if the actors apply any common design thinking patterns. 
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6.1.2 Summary of the Interviews 

In this section, interview data is summarized by discussing the practitioners’ 

responses to each question in the following sub-sections. This part of the study 

provides information on biobuilding components by gathering and transparently 

presenting the statements of the practitioners. The answers are briefly presented 

in tables in which the similar statements were divided into categories. Based on 

similarities in practitioners’ statements to highlight and explain their answers, 

these categories help to notice and interpret different, in fact, contradictory 

ideas.16 Thus, this part of the study presents an elaborative discussion conducted 

through the answers of the practitioners concerning the findings and the 

discussions in the aforementioned parts of the thesis. 

 

Multi-disciplinary Background of the Interviewees 

What is interesting in the answers that even the first two questions to start a 

conversation underlined the novelty of the topic. The experts prefer to describe 

their professionals with an emphasis on the interdisciplinarity of their expertise 

either by a ‘hybrid practice’ or with an additional layer to their existing studies 

(Table 6.3). Hybrid practice indicates the involvement of different disciplines as 

well as domains in their professional practice. Therefore, they do not define their 

profession by limiting it to a single domain or discipline.  

Twelve (12) of twenty-one (21) experts choose to introduce themselves using 

conventional professions as product designers, biologists, etc. However, five (5) 

of twelve (12) with their professions as an additional layer to their discipline (e.g., 

P04 architect experienced in material technology). Nine (9) of the interviewees 

chose to emphasize the novelty of their expertise as a new profession, either as 

hybrid practice or bridging multiple disciplines.  

 

16 In the Tables on below, practitioners are randomly given numbers as such P1, P2,P3 in order to 
respect some of the interviewees’ confidentiality request.   
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Interestingly, the answers show the excitement towards biobuilding components 

practice that cannot be categorized under conventional occupations. This also 

points out the necessity to approach any classifications with similar skepticism, 

even in this thesis, like Mensvoort’s Technology Pyramid (2013a). His approach 

explains the integration of currently known technologies in daily life, but 

biobuilding components’ novelty may require another way of thinking.  

In this sense, even by introducing themselves, the interviewees point out the 

novelty of their practices in their disciplines. 
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Table 6.3 Practitioners’ Descriptions of their Professional Practice 

Q01-2 How do you describe your profession? Can you tell me about your current projects as such 
aim / your role of/ in your company, mission, and goals? 

C
O

N
V

EN
T

IO
N

A
L 

PR
O

FE
SS

IO
N

 WITH 
COMMON 

DESCRIPTIONS 

P07 “I still consider myself a biologist.” 
P09 “I am still a product designer, in essence. It has not changed and 

will not change in the future. I do think that any designer these 
days cannot only design a product anymore.” 

P12b “…my role in the company is in the business and finance of the 
company.” 

P14 “A curator, author, and teacher.” 
P15 “…a researcher.” 
P17 “Too little” changed in the description of my profession after the 

use of self-healing concrete. 
P19 “I am an associate professor, so part research, part teaching, part 

management.” 

WITH 
ADDITIONAL  
SPECIALTY 

P01 “On paper, I call myself an industrial designer… I also see myself 
as a general engineer with a bit of mechanical expertise, a bit of 
practice, and invent field.” 

P04 “…I learned a lot about the ‘next level’ in architecture from Erick 
van Egeraat. He was interested in shapes and spaces as well, but 
he adds another chapter to what I regard as an architect.” 

P05 “I profile myself who is interested in the development of 
innovations in technologies but with a user-centered focus.” 

P10 “I am a design researcher with interest in emerging technologies 
and materials.” 

P12a “I work at the Mind mansion as a developer like programming, 
and also a designer.” 

N
EW

 P
R

O
FE

SS
IO

N
 

 

HYBRID 
PRACTICE 

P02 “I am an entrepreneur, innovator. I like to define myself as a 
creative explorer in some ways. Still, it is difficult to find one 
formula that could be easily accepted and understood from 
everybody what this practice is about.” 

P08 “…they call me ‘innovations scout.’ I am the person who scouts 
for new technologies that could be potentially interesting for 
mental healthcare.” 

P18 “I studied biology and business economics. So I am number’s 
guy.” 

P16 “We knew our interest in textiles and materials. We call ourselves 
material fetishists.” 

 
BRIDGING 
MULTIPLE  

DISCIPLINES 
 
 

P03 “Fashion technology is an umbrella for both the three fields that 
I just expressed new materials, wearable technology, and the 
production process. That is the way I think it describes myself. 
Sometimes, it should be shorter, so it is a fashion technologist. I 
have a few terminologies there.” 

P06 “I am creating a bridge between a laboratory and daily life.” 
P11  “I am a green wall specialist...I know technique and construction. 

I know in green itself, everything about green.” 
P13 “I started with studying biology… And I wanted to create 

things… At some point, I began to integrate these two.” 
P20 “I started really learning after school a lot of emerging 

technologies around us. Social media, and how social media 
could impact society and organizations to become decentralized 
and non-hierarchical. How can we work together?” 
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Motivation behind the development of biobuilding components 

The motivation behind the development of biobuilding components mainly 

shaped around the vision of the experts on creating a balance with nature and 

technology by promoting the advantages of circular system thinking. With circular 

system thinking, practitioners underline the need to adapt the logic of nature by 

creating circles in everything connected in harmony. For example, in nature, one 

species of waste becomes another one’s nutrition; thus, the cycle continues in 

balance.  

The answers to the question on the motivation behind biobuilding components’ 

development could be categorized under two main titles: environment-centered 

design and human-centered design approaches, except for other motivations 

(Table 6.4).  

Six (6) of the experts claimed that their main motivation was to empower human 

lives in different ways; human enhancement, healthcare system improvement, and 

human-material relationship. This could be specifically related to health and 

wellness, the extension of humans’ abilities, or to explore and strengthen the 

relationship between humans and materials by means of their advantages to the 

users. Twelve (12) of the practitioners focus on environmental benefits that could 

be provided through biobuilding components. These environment-centered 

solutions could be grouped under the titles of; “creating awareness,” “providing 

sustainable solutions,” and “circular system thinking.”  

The interviewees’ answers on the motivations lead us to underline the impact scale 

of biobuilding components despite their self-scales. For example, biobuilding 

components could be in the form of small-scale objects such as a lamp, furniture, 

clothing, etc. Yet, a broader, even a solution for a global problem (e.g., climate 

change) might nourish practitioners to develop, design, and implement them. In 

this way, interviewees’ answers on the motivations lead us to see the ‘ambition’ 

behind the interest in the design, development, implementation, and translation 

of biobuilding components. 
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Table 6.4 Motivations behind Practitioners’ Practice 

Q3 What is the main intention and motivation behind the development of your project(s)? 
H

U
M
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A
C

H
 HUMAN 

ENHANCEMENT 

 
P01 

“….improve our scent…we could use smells and add color code 
in terms of categorizing the smells.” 

P05 “….empower people to have more time-agency on their 
decisions and what they do.” 

HUMAN-MATERIAL 
RELATIONSHIP 

P10 “To brand material and understand how it could be received and 
recognized by people.” 

P15 “If we were able to design it, then I am curious about what does 
with the uses… What other people are going to do with my 
technology instead of I only design this technology...” 

HEALTHCARE 
SYSTEM 

IMPROVEMENT 

P08 “…the most important thing in healthcare is the huge shortage 
of people at heath; carers and curers. People provide treatments 
but also need to take care of the others, and this is going to be a 
huge shortage of that. Also, going to be an increase in the 
number of people that will need some form of care.” 

P12  “…fear could be treated” with the combination of technologies; 
biofeedback, VR, gamification. 

EN
V

IR
O

N
M

E
N

T
-C

E
N

T
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O
A

C
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CIRCULAR SYSTEM 
THINKING 

 

P02 “It is about removing from this entirely anthropocentric 
perceptive that human is always in central. It is not always about 
humans, and it is about the relationship. It is about the dialogue 
between the systems.” 

P03 “…garments become less and less quality, less and less value, 
and we have to change that kind of thinking.” 

P04 “…we have to find a balance with nature. It is really about saving 
human kinds instead of saving the earth.”   

P06 “…we are the only organisms in this whole World that using 
linear systems instead of circular systems... Actually, it is so 
crazy, and I really wanted to change that habit.” 

P20 “…questioning the system where the problem resides... We need 
a new system in order to solve the problem.” 

SUSTAINABLE 
SOLUTIONS 

P07 “…improving functional performance and lowering 
environmental impacts.” 

P11 “The motivation is absolutely making the World better… We see 
the biodiversity is getting better at that place where it is 
installed.” 

P17 “…it has a significant impact on the CO2 footprint of concrete, it 
is specified in this project and also for the whole building 
industry.” 

P18 “…saving energy for better climate conditions indoors.” 

CREATING 
AWARENESS 

P14 “To put them into the exhibition would speed the innovation and 
advance the field.” 

P13 “…what I consider very important that if you want to tell people 
a story, everybody perceives it differently… I think it is also good 
people take away something in it and do their own thing 
afterward.” 

P16 “It is about creating awareness, inspiring, exaggerating 
innovation, and educating because we think different kinds of 
people are acquainted with biomimicry through the properties of 
biological nanostructures.” 

O
T

H
ER

 

 
 
 

i.e., coincidences, etc. 

P19 “When I come here, I was appointed as an assistant professor.  
My main task was to take care education task. I had to take cover 
a course on visual perception, and I had a good background for 
it.” 

P10 “A lot of coincidences…I completed my research Ph.D. on the 
meanings of materials. I look into the materials around us and 
how people really give meaning to them.” 
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Novelty of Biobuilding Components 

Chapter 4 presents an overview of biobuilding components, thereby validates the 

information regarding their novelties as well. However, due to the number of 

examined biobuilding components, it seems difficult to follow their novelties. 

Therefore, in the interviews’ scope, the practitioners were asked to determine the 

novelty of their projects (Table 6.5). 

The novelties mentioned by interviews are mainly centered around three subjects: 

living organisms, performability in the projects, and system thinking. System 

thinking means that innovations can provide alternative and collective ways of 

thinking on bigger scales such as marketing, production, and waste management.  

The majority of the experts underlined the novelty of the innovations with their 

‘performability’ of the biobuilding components by providing adequate 

performance that made them preferable compared to the products meeting the 

same function. Moreover, seven (7) practitioners determine their projects’ novelty 

with ‘system thinking’ by implying circular system models (e.g., waste 

management, production cycle, etc.). This shows the estimated potential of small-

scale products on broader, even global scales.  

Interestingly, only three (3) of twenty-one practitioners described the products’ 

novelty with the use of living organisms. This can be interpreted as the 

embracement of living organisms as another component or material. This is 

interesting and shows the benefit of interviews. In the literature studies on the 

concept of nature (Section 2.2) and the discussion on contemporary examples 

(Section 2.4), the key hypothesis lies in the novelty in incorporating living 

organisms. Therefore, in the Overview, the study elaborates on using different 

living components (Table 4.2). However, the interviews lead us to underline that 

with practical experience, living organisms’ use seems not novel anymore. What 

is highlighted here is the crucial benefits adapted into the innovations through the 

interrelation of living and manufactured components.  
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Table 6.5 The Novelty of Practitioners’ Practice 

Q4 Could you describe the ‘novelty’ of your project? 
 

 
 
 

THE ROLE OF 
LIVING ORGANISMS 

P04 “…the concrete industry is big in the Netherlands. My ambition 
is to move that towards bio-based materials.” 

P07 “…biological systems to enhance and improve the materials.” 

P10 “…to understand and analyze the design process when living 
organisms are there when the material is the starting point.” 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

PERFORMABILITY OF 
THE PRODUCTS 

P02 “Is it perfect? No. Is it preferable? Yes” 
P03 “…aiming for everyday use, advances but you do not necessarily 

see.”  
P09 “For me, it is about mapping opportunity. Nature is, for sure, an 

‘inspiration’ and also the ‘ignorance.’ We, as humans, have these 
approaches in our system. Outside nature provides, so few of our 
things work despite the opportunities. Within this current time, 
with so many innovations started to move, temporary 
connections, and the systems taking apart and rebuilding again, 
we are on the brain part of that change.” 

P15 “One is demonstrating the opportunities of these new materials, 
smart textiles, in the sense of demonstrating a new class of 
products, more embodied wearable service systems.” 

P18 “In brief, it is performability, and working in quantitively. You 
are presenting a new system and also infiltrating into the existing 
system.” 

 

P01 “…the improvement of the human scent by using technology.”  
P05 “I generate contextual knowledge. One is expert knowledge. This 

is what we mostly do when we want to understand how energy 
works and behavior work. But we do not understand in many of 
these projects talking about data is the ‘why.’ Why are these 
things happening?” 

P11 “Our pre-cultivation is our novelty.” 

P12 “The combination of all aspects makes us unique, comparing the 
other virtual reality exposed therapies in the Netherlands.” 

 SYSTEM  
THINKING 

P06 “I think humans to be in touch with nature again is the novelty…. 
I think you can only change behavior by experience, not like 
telling you should do differently.” 

P08 “Novelty is using as technology, not necessarily apply as a 
replacement, but as an additional something that you can add to 
your care system to bring them your personnel and cost.” 

P14 “We have an outside environment; we have lots of stuff like 
plants, biology, the biosphere is happening. Let’s work together 
and create a friendship not to be odd to each other.” 

P15 “That is my interest how can we move product design to service 
design and system design. That was one of the knowledge 
contributions.” 

P16 “I think for me, the most important thing is how we can reach 
sustainability as much as we can.” 

P19 “I think a different approach than most. One of the main things 
that I do differently, I am biologically inspired.” 

P20 “I believe that if you want to change the system, the system 
should be better and easier.” 

 

ECONOMIC  
BENEFITS 

P17 “For a very low budget, you can make a shell construction.” 
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Terminology of Biobuilding Components 

The interviews underlined the complexity and confusion in the terminology once 

more. Despite a few suggestions of the interviewees, no blanket term was 

determined (Table 6.6). None of the experts could suggest one specific term or 

disagree with this question. In this sense, the experts with an academic 

background (P05, P11, P19) have been struggling with this problem from a 

theoretical point of view. and potential in a diversity of terms and definitions. 

Meanwhile, experts like P17 and P20 are more focused on practice, do not see a 

problem in terminology, and feel freer to use their own terms and definitions 

without restricting themselves. 

The eight (8) experts declared that they do not have any preferences in the use of 

terminology (P03, P05, P06, P10, P12, P13, P18, P19). They claimed that even 

though technologies indeed in transition, there is no certain term to express the 

potential of the interrelation of living and manufactured components. Therefore, 

the priority was to resonate with their audience and make people understand.  

The nine (9) experts answered the question by stating their preferred terms. P01, 

P07, P08, P15 underlined the importance of the concept of smart; thus, smart 

terms can provide people a better understanding. Experts P04 and P20 stated that 

the term biophilia is useful in terms of emphasizing the relationship between 

people and nature. P11 stated that the term of living is the one we should 

emphasize. P14 emphasized that he came up with the term “biodesign” since it 

covers to design with biological organisms. P17 suggested combining bio and 

smart as bio-smart to emphasize the technologies become smart with the use of 

living organisms even though the term bio-smart mainly use to describe wearable 

technologies as such smartwatches and bracelets. 
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Table 6.6 Practitioner’s Preferences in the Terminology of Biobuilding 
Components 

Q5 Nowadays, these innovations are described with various terms such as; ‘sustainability,’ 
‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which terminology do you prefer to refer to your designs 
as such this specific building? 

Probe: What do you mean about smart/ sustainable / bio ? could you tell me more? 

PR
EF

ER
ED

  T
ER

M
S 

SMART 

P01 “For me, the important thing is the customer to understand it.” 
P07 “I would say smart. Smart means something is clever.” 
P08 “For me, smart and e-heath. I also use many different 

terminologies. It does not matter so much. Usually, I use smart 
if it is more connected to some kind of remote and digital part.” 

P15 “At that point, it was about smart textiles. We know that 
smartness is not integrated into the textile anymore because it 
has huge sustainability issues. But actually, smartness is in 
production…” 

BIOPHILIA 

P04 “I use biophilic architecture as a starting point, which helps to 
clear out the main goal of making balance with nature.” 

P20 “Biophilia is a word that I came across just so soon…for me, and 
it is all about life.” 

LIVING P11 “It must be living.” 

BIODESIGN 
P14 “Language-wise biodesign is a very useful term because it is like 

an umbrella under which all these ways of design making.” 
BIO-SMART P17 “I think ‘biosmart’ is the general word.” 

D
IS

R
EG

A
R

D
ED

 T
E

R
M

S 
 

SUSTAINABILITY 
(AVOID TO USE) 

P02 “It is a word that almost lost its meaning despite the critical value 
that it owns. Sustainability is so easily misinterpreted besides 
using it as a greenwashing flag.” 

P04 “Sustainability does not mean anything anymore.” 
P07 “Sustainability still has a political meaning.” 

BIO-BASED 

P09 “…you will not hear me saying ‘bio-based.’ Because bio-based is 
a basic concept to find something from nature and to organize 
it, and propose in such a  way to fit existing synthetic 
technology.” 

P16 “Bio-based is not always something very well to nature. It can 
have a part that is biologically done. It is not degradable as fast 
as everybody thinks.” 

M
U

LT
IP

LE
 T

ER
M

S 

CONTEXTUAL 
TERMINOLOGY 

P05 “…using these words, depending on my audience, who I 
communicate with. I often chose the one there is making more 
impact on the context.” 

P10 “…depending on the context, I really changed the terminology.” 

NO PREFERENCE 

P06 “I do not always use just one terminology.” 

P03 “…terminology is kidnapped into different fields.”  

P12 - 
P13 “I like to use the word innovation and nature.” 

P18 “…it is semantics, is not it? The word does not carry meaning.” 

P19 “…there are a lot of terms out there if you are in the field, could 
mean a number of different things.” 

 

Furthermore, five (5) experts answered the question with the terms they avoid to 

use. P02, P04, and P05 implied that sustainability is a broad term that lost its 

meaning due to its attachment to politics. As a result of this, the term sustainability 

to describe recent innovations can cause misunderstandings. Indeed, sustainability 
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is a problematic concept that entailed several dilemmas, including different 

approaches to the relationships between nature and technology (Ciravoglu, 2004). 

P09 and P16 expressed that bio-based is also a term that should be avoided. 

Anything can be bio-based as being adopted from the future, which does not mean 

the interrelation of living and manufactured components.  

Hereby, practitioners use contextual terminology to use various terms and 

definitions to make their points, which underlines how their perspectives 

approach the subject and interpret it. This makes it possible to understand the 

interviewees’ additional value to this thesis by evaluating a counter thinking 

through all kind of terminological classification. The perspectivist approach leads 

us to discuss the value of different terms and definitions by means of bridging 

contradictory approaches on biobuilding components instead of generating 

definite categories and classifications. 

Goal of Biobuilding Components’ Development  

The goal, the main achievement, under the development of the biobuilding 

components, was to develop best practice examples and the transference of the 

knowledge. In this way, practitioners underlined the importance of showing the 

value of in-betweenness of living and manufactured in multiple design fields. The 

second most common goal was to empower the abilities of humans. The answers 

were centered around to improve the current healthcare system in the 

Netherlands.  

Moreover, the probe questions were also encouraged experts to express their ideas 

on building design. However, any specific goal related to building design was not 

mentioned. Therefore, probe questions lead to finding answers to the design 

stages of biobuilding components’ development in relation to building design. 

Even though the practitioners have different expertise in different disciplines, they 

were encouraged to mention if they cooperate with the building design industry. 
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Table 6.7 The Expected Results from Practitioners’ Practice 

Q6 What would you like to achieve with the application/spread of these products? 
a. Probe: Do you foresee any consequences of the integration of these products into 

the buildings? 
b. Probe: In which part of the building design process, do you think this project 

could be applied? 

SO
LU

T
IO

N
S 

FO
R

 
H

U
M

A
N

  BRODER  
SENSE 

P01 “Human enhancement.” 
P05 “…to activate us; people, I mean humans.” 

HEALTHCARE  
SYSTEM 

P12 “…faster and targeted treatments.” 
P08 “…to make healthcare still possible, but shorter and faster…to 

make this transition into our home environment.” 

T
O

 D
EV

EL
O

P 
B

ES
T

 P
R

A
C

T
IC

E
 E

X
A

M
PL

ES
 

 
 

SHOWING THE 
VALUE AND 

POSSIBILITY OF IN 
‘BETWEENNESS’ of 

LIVING AND 
MANUFACTURED 

P04 “…making balance with nature.” 
P02 “…once something is tangible, and you could talk about… That 

allows for communicating about it and changing the perception 
of the public, audience, and the outside world.” 

P07 “To show that it is possible to apply this to the existing buildings 
in the form of repair products.” 

P09 “…developing best practice examples. They will contribute to 
the transition, like many other designs.” 

P17 “Most of the design improvement can be learned from it..” 
P13 “…sparkle a conversation between people, and they could start 

to talk about the planet, sustainability, and smart becoming 
natural.”   

P20 “We see nature as a cost instead of value, that is an issue…It is 
about a new story, a new narrative, a new system.” 

P16 “…to introduce various stakeholders, through the 
technical/functional properties of biological nanostructures, to 
biomimicry so that they understand that nature is the source of 
inspiration for the development of sustainable materials.” 

P19 “to say what socio-robots be like in the future.” 

O
T

H
ER

S 

ENERGY 
EFFICIENCY 

P18 “Efficiency is my greatest driver… I do care more about the 
impact and progress efficiency.” 

P11 “…we need more nature, less air-conditioning, and less 
electricity.” 

GUIDANCE 
P10 “…to make this method (material driven design) in general in 

design.” 
BUSINESS MODELS P03 “…to look more circular business models..” 

P14* N/A 

 

Studies on User’s Experience 

In the interviews, the practitioners were asked if they have any studies on the 

user’s expertise. The answer to this question leads to validate why this study 

cannot gather information from the end-user. Indeed, there are not yet end-users 

of the biobuilding components. Practitioners have been conducting studies on 

user’s experiences, whereas they still have insufficient information.  

In the eight (8) of twenty interviews, the practitioners mentioned that there is no 

study conducted yet on the user’s experiences. Meanwhile, in four of them, 

practitioners stated that the studies are minimal.  
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For the other practitioners who could conduct studies on user experiences, the 

practitioners found that they were surprised about the positive feedback gathered 

from pilot studies. The reactions of end-users towards adapting technology into 

their daily lives were generally found more positive than expected. The 

practitioners (e.g., P03, P05) shared their worries on people’s pre-judgments on 

human-technology interaction as such, wearing a technological product. However, 

in the end, they found out that users are OK with the attachment of any technology 

if they accept and understand something is for their benefit. At the same time, 

practitioners are still dealing with much negative feedback. 

This question and the answers also lead us to understand that these innovations 

are still developing. There is a lot more to research, and especially with their 

impacts on users.   
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Table 6.8 Practitioner’s Existing and Ongoing Studies on User`s Experience 

Q7 Is there any study that has been done to evaluate the user’s experience? 
         Probe: Could you tell me about your studies/observations/ideas     
         on user feedback? 

N
O

T
 A

PP
LI

C
A

B
LE

 
  

P01 (Project is in envisioned level) 
P06 “We only have user feedbacks from the exhibition, and people 

seem very inspired and excited.” 
P13 “Not yet.” 
P14 - 
P16 - 
P18 - 
P20 - 
P04 “We do not interact with the end-user much.” 

PO
SI

T
IV

E 
FE

ED
B

A
C

K
S 

 

RAISING ACCEPTANCE 

P02 “The acceptance was less than today, due to also the 
controversial role of media. There are a rising sensitivity and 
ever-growing acceptance for these kinds of technologies 
today.” 

RAISING AWARENESS 

P03 “…people want to take better care of themselves. That was the 
specific request they expressed over and over.” 

P07 “…the owners prescribe self-healing concrete. Moreover, the 
architects become more convinced to use it in different design 
options.“ 

P08 “They told us that as long as the data is used to give personal 
feedback that they can do something, they do not mind.” 

N
EG

A
T

IV
E 

FE
ED

B
A

C
K

S 

 

P03 “2/3 of the users told me that they could see the benefits, but 
it is not for them; it is for people in need as such disabilities, 
health problems, elderly, etc.” 

P05 “The constant feeling of the user as being judged by using these 
technologies.” 

P09 “…we need focus groups because people appreciate the 
innovations, but they are too critical.  .“ 

P12 “…we had a more significant impact on clients at the moment 
than therapists… therapists do not believe that VR works even 
though many studies in the literature proving it is working.” 

LI
M

IT
ED

 
IN

FO
R

M
A

T
IO

N
 

 

P10 “…scholarly feedbacks are also positive.” 
P11 “…it is all about how people feel. You want to access 

physiological information, but you cannot do that directly.” 
P17 “A big war is going on in concrete technology. Concrete 

technologists are divided, refusers, and believers.” 
P19 “You want to access physiological information, but you cannot 

do that directly. You need to measure something else like the 
distance, time, or roof of a questionnaire. Sometimes 
physiological variables do not give expected results, but it is 
typical for physiological research.” 

 

Impacts of Biobuilding Components 

The impacts underline the three levels of sustainability; societal, environmental, 

and economic. The answers to this question prove the relationship between 

biobuilding components and sustainability as they can be seen as a part of the 

discussions. On the other hand, as it could be seen from the experts’ other answers 

and the debates on sustainability, sustainability could be seen as a ‘troubled’ 
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concept with various interpretations over the years, similar to the concept of 

nature.  

The answers of the practitioners lead us to underline embrace biobuilding 

components under the umbrella of sustainability. In a broad sense, practitioners 

target bringing sustainable solutions at each level; environmental, societal, and 

economic. Environmental society is explained centered around living organisms 

become energy source with less waste. Societal sustainability implies creating a 

balance between humans and nature by means of symbiotic interrelation instead 

of the utilization of living organisms for specific purposes.  

Despite all, at least for now, as practitioners underlined that, biobuilding 

components do not fit into regulations such as Leeds, Breeam, and any other 

standards. This also creates a big problem for practitioners for advertising, 

validating, and selling their projects. Biobuilding components aim ‘radical,’ but 

high-performance new ways of thinking towards producing any technology and 

the sustainable built environment. In this way, biobuilding components could be 

seen as a part of sustainability, but not by following the current regulations, etc., 

by presenting another perspective to sustainability. 
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Table 6.9 The Impacts of Biobuilding Components from the Practitioner’s 
Perspectives 

Q8 Could you tell me the potential impact(s) of these products? 
Probe: Do you think it is possible to see any impacts on building design? 
Probe: Which parts of a building will be assumedly affected? 

SU
ST

A
IN

A
B

IL
IT

Y
 

  

 
SOCIETAL 

P01 ... “it would have an impact on social behavior.” 

P02 “…disruptive change…That is one and only way to really change 
society.” 

P03 “Every project has it is own application area. I think garments can 
support your life a little bit better in your daily activities, in your 
physical behavior, getting you out of your phone.” 

P05 “…we are looking at awareness, healthcare, active involvement that 
may affect building design and bring societal changes.” 

P08 “I think the impact is on the healthcare system in terms of society being 
provided by a high level of care.” 

P10 “…transitions to more sustainable behaviors.” 

P11 “That all helps people to feel better and then work better. It is 
psychological.” 

P15 “…it made a lot of additional changes that probably have more impact 
over time than the actual thing itself like the way we work, the way we 
behave, and the way we communicate to each other, which we found 
valuable.” 

P12 “… more people that can be treated…we are not only improving the 
current system but also adding a new customer group.” 

P13 “Maybe there is a point to it will become normal to use nature and 
biology. Maybe it is also a part, education or something. Perhaps it is 
helping others also to find a way to do it.” 

P16 “Context with social matters is very important, that’s why I think 
architects are also responsible for these kinds of things. You do not 
want to be aware of the decisions you made that are having an impact 
on society is non-sense.” 

P19 “..robots will actively collaborate with people rather than 
independently doing things, and where the robot is, people should not 
go.” 

P20 “It is important to realize where technology is at, what is the 
potentiality of it. But also what is human, society thinking of it.” 

 
ENVIRONMENTAL 

 

P03 “…the other one is a huge problem with garment production. We made 
so far away from polluting materials, not sustainable, linear process on 
throwing away when they are ruined… You can also approach the 
fashion industry a little more holistic compared to working on small 
superficial changes like color, style, marketing, etc.” 

P04 “…all the choices that we do, we have to choose to create in-balance 
with nature.” 

P05 “Green around us can be an energy source. Technology is applicable to 
plants and the other streams that are full of organic compacts like 
organic waste, domestic wastewater, and many more. All these waste 
sources can turn into energy sources.” 

P09 “…it is all about LCA, life cycle assessment.” 

P17 “The reduction of fossil maintenance products, the reduction of volume 
needed to make a proper concrete construction, furthermore, the nice 
skin that we discussed.” 

P18 “…creating efficient systems where you use a system that creates a 
system rather than product dynamics.” 

ECONOMIC 

P07 “Now, we are trying to save money by adding the self -healing agent. 
At the same time, this also lowers the environmental impact of steel 
again. So, now two ways of benefits are available, ‘economic’ and 
‘environmental.” 

O
T

H
ER

 

 

P14 “Designing with knowledge of what‘s happening around us is 
important. I hope that some of the technologies that we have now 
might be replaced by utilizing biology better.” 

P15 “It’s interesting that it blurs the boundaries of disciplines, creating new 
disciplines, and these new disciplines start working together with other 
disciplines.” 
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Challenges in the Practice of Biobuilding Components 

The practitioners were asked to tell their main challenges in working with 

biobuilding components. These challenges seemed to be grouped into four main 

categories; practical challenges, users’ prejudgments, stakeholders, working 

across disciplines, and others (e.g., physiological) (Table 6.10).  

The majority of the practitioners, thirteen (13), mentioned the practical challenges 

through the innovations’ design and development. These challenges indicate 

practical problems such as the ‘uncertainty’ in working with living organisms, 

challenges related to the market (e.g., problems in funding, lack of regulations, 

etc.), and technical challenges related to technological speed achievements.  

Moreover, convincing people is one of the experts’ prevailing challenges, along 

with practical challenges, market requirements, and working across disciplines. In 

this sense, the practitioners mentioned their complaints about the production 

system, current regulations, and stakeholders’ prejudges, not the end-users. 

Furthermore, working across disciplines is one of the challenges expressed by the 

practitioners. To design, develop, and implement a biobuilding component 

requires the involvement of multiple actors in multiple disciplines. And this brings 

many problems, as such the knowledge gap between the design disciplines. 
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Table 6.10 Challenges Experienced by the Practitioners 

Q9 Could you tell me the challenges that you faced in the design of the project? 

 
 
 
 
 
 
 

PRACTICAL  
CHALLENGES 

P01 “The challenges are more about design... More how I presented 
it back then.” 

P02 “…it takes time for traditional practitioners to get acquainted 
with the fact that it a different rhythm in fact, entirely different 
practice the one you were conducting.” 

P04 “…there are no regulations…municipalities do not have rules 
to check it.” 

P05 " My technology should be stable enough to survive daily life 
context.” 

P06 “…working with nature is not constant. It is too broad, and 
everybody expects a consistent product with high quality.” 

P10 “There are lots of uncertainties in the process. They are living, 
and they have their agencies… I think challenges depend on 
the speed of technology, speed of design, and learning how we 
can balance, and how we will adopt them.” 

P11 “I think the challenge is the height of the building. How high 
is the building? How high can we install? How can we do 
that?... The challenges are also related to the technical parts of 
water pipes that we need for a building.” 

P12 “…there are a lot of problems with the insurances. We do not 
have specific data that they provide faster treatments. So they 
do not see in a way to earn extra money back.” 

P13 “…working with living organisms brings so many challenges 
because you are doing something that probably has not been 
done that you are probably doing it.” 

P14 “….challenges like finding the platform, funding, etc.” 
P17 “…a technical question into applying this technique and 

getting insulated as well.” 
P19 “…robots cannot really do what we want them to do yet. So 

they do not move fast, are not accurate enough; they have 
limitations.” 

 
 
 
 

PREJUDGMENTS OF  
USERS & STAKEHOLDERS 

P03 “The biggest challenge is to bring it forward within fashion 
labels, garment manufacturers to convince them they have to 
innovate.” 

P04 “Convincing clients.” 
P05 “That I am fighting against other pressing needs and issues 

people have.” 
P07 “The difficulty in the building sector is that there are so many 

players.” 
P08 “Prejudgments are everywhere all around the care system. 

People are refusing to work with technology, saying that they 
want to work with people, not technology.” 

P09 “…how to get the consumer on board with accepting mediating 
with the accepting of the  function of the products.” 

P12 “…therapists do not really believe that VR works even though 
the many works of literature proving it is working. 

P18 “People and companies are always thinking about the short-
term benefits for a single product, not the long-term.” 

P20 “We created systems that are so large. Anyone does not feel 
involved anymore. People do not feel responsible anymore, or 
do not think they have any influence.” 

WORKING ACROSS  
DISCIPLINES 

P15 “…working across disciplines is hard. It is difficult; it takes a 
lot of time…. confronting yourself with your limited 
knowledge, limited scales, and limited attitudes.” 

P16 “There is also a lot to find sustainable materials. Technology 
itself is needed to be developed when it comes to biology. 
These kinds of developments do not come from architecture. 
They come from product design and material design.” 
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Future Expectations 

At the end of the interview sessions, practitioners were asked to share their 

expectations for the future (Table 6.11). The practitioners’ expectations were 

divided into two questions: one is to get an idea of their expected ideas in the near 

future and recommendations for future architects. 

In summary, the practitioners stated on the future expectation that “change is 

coming.” Relying on the increasing number of biobuilding components and the 

advances towards their performability, all the experts believe that biobuilding 

technologies will become our ‘new normal.’ According to them, the current 

industrial production system will eventually change, while these technologies 

exponentially will get better and become routine for people. The practitioners' 

statements underpin the argument that a large part of the society shall accept 

biobuilding components, and in that sense, they shall become ordinary for 

everyday life.   
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Table 6.11 Future Expectations of the Practitioners  

Q10a Regarding what we discussed here, Could you tell me about your expectations for the 
future? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Acceptation  
 
 
 

P01 “I think sensor technology will be developed further.” 
P02 “I have no doubt this type of material, mycelium first before them all, will 

dramatically impact our material culture.” 
P03 “The future will not in the way I approached. It can always be better. 

Sometimes also makes it vague works. I want people to be healthy, in 
good proportion, ease their life, change the product cycle.” 

P04 “If we do not understand to sustain balance with nature, we ruin our 
planet anyway. That’s, I think, is the main issue. We are at the cross 
points in building buildings, and every country takes it seriously.” 

P05 “I want to reach that people allow to appropriate technology instead of 
accepting them or adopting them or passive involvement.” 

P06 “…usage of plant energy is just taken for granted as something normal.” 
P07 “We have environmental issues and social issues in our cities, and nature 

can solve it all.” 
P08 “To solve the problem in the caregiving system by bringing solutions 

through the implementation of technologies.” 
P09 “I think it is easy to accomplish with the potentials that we have.” 
P10 “This is an emerging trans-discipline; different disciplines will be more in 

the future.” 
P11 “How I see in the future, in green, growing, growing everywhere.” 
P12 “I am convinced it will take off exponentially.” 
P13 “I think it would be really interesting if the products that I made would 

be more common for people to have something like this which is alive, 
and you need to take care of them.” 

P14 “I do have to be optimistic.” 
P15 “I am very hopeful in that sense that I think young people do not have a 

problem. Because they have not established themselves yet, so they are 
very open things to do outside their idea of who they are…Young people 
are very much capable of bridging disciplines and willing to take risks.” 

P16 “I think the future is telling us that already there is no going on like this 
as we used to do.” 

P17 “We could apply this technology far more often.” 
P18 “I think we will have a different world in five years, and the world will 

be a more technogenic place where specialists make their rules based on 
their specialisms.” 

P19 “…robots will actively collaborate with people rather than independently 
doing things...” 

P20 “Change is coming anyway. Because the system has at the moment is not 
sustainable at the moment and will change. How will it change, and what 
will change? That is the question.” 

 

Recommendations for Architects 

At the end of the interviews, practitioners were also asked for their 

recommendations for architects, regardless of their initial expertise (Table 6.12). 

This was found crucial since architects need to hear something from the 

perspectives of multiple actors, not particularly from architects.  
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Table 6.12 The Recommendations of the Practitioners for Architects 

Q10b Do you have any recommendations for future designers and architects in particular? 
 
 
 
 
 
 
 
 
 
 

To be open and 
aware 

P02 “I need to be in a conversation with you (architects) to deliver 
something for your field. It is inevitably intermingled, and that connects 
not only specific technical properties but also custom projects for their 
realization like structural applications. So it is always a dialogue.” 

P03 “…trying to achieve the only %1, it is good enough.” 
P04 “I think that is my message to architects and especially of the future: Try 

it, because it has really a lot of potentials. It has good possibilities.” 
P05 “We (both for any design field and also architects) should be able to 

design products that are capable of changing. Designs need to be flexible 
but also engage people to tell more about them.” 

P06 “Look at what is around it.?” 
P07 “…architects are usually very conceptual. So they say we apply green, 

so it is sustainable. And we civil engineers go one step further, and speak 
to what extent, sustainable, how much sustainability is there? It is 
because you need the quantification to understand how helpful.” 

P10 “I think curiosity is the main thing for all designers and researchers… I 
would suggest finding the right person to collaborate, and everything is 
about collaboration, everything is about togetherness.” 

P11 “…To keep their eyes open. You (architects) should use nature in your 
building as a standard.” 

P13 “It would be to realize whatever you create. You create it together with 
nature, not on it with it. Respect for the planet is also important.” 

P15 “Be curious and open to new things.” 
P16 “You (architects) are responsible and accountable in the decisions you 

make.” 
P19 “There is not that much connection between these domains. For 

designers, it is important if they are aware of these things.” 

To focus on 
appropriation 

 

P09 “…it is about designing a value chain, not the only a product… 
Designing the system instead of a product is good learning; it brings you 
holistic inputs, context, technical challenges.” 

P12 “Change your market, but do not change to please everybody… I think 
it is crucial to keep in mind: Why are you doing it? How are you doing 
it? And What is the way to do it?” 

P09 “…it is about designing a value chain, not the only a product… 
Designing the system instead of a product is good learning; it brings you 
holistic inputs, context, technical challenges.” 

To focus on system 
thinking 

P14 “…be vocal advocates of policy changes, things like evaluations of 
building energy.”  

P18 “. I believe it is crucial to break out the current system, and we should 
start looking at what is relevant in our sector as in now.” 

P14 “And be ok with certain things becoming much more expensive to do.” 

To find economical 
solutions 

P20 “…making it more affordable for people to be able to live that would be 
amazing in equilibrium with ecosystem and nature.” 

P17 “…to look back on how they do before. Not for a richer, competitive 
economy, before that. How did the medieval Romans build their 
buildings? How are they standing?” 

Others P01 “In a more practical aspect, the sensor technologies work on radio wives 
within the electromagnetic spectrum.” 

P18 “I think that parametric design is very important, and architects should 
not underestimate its importance and potential.” 

 

The most crucial recommendation underlined in the interviews that the architects 

should be aware of biobuilding components and related technological 
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developments. To be open to working with biology and uncertainties in building 

design while also being open to collaborations across disciplines.   

The other recommendations were to see the bigger picture by means of system 

thinking and appropriation of the technologies. Finding an economical solution is 

also one recommendation for the architects since making it more affordable could 

increase the translation of biobuilding components into the buildings and daily 

lives.   

6.1.3 Development of Biobuilding Components and their Integration 

into Building Design 

The study continues with thematic analysis to elaborate more on interviews’ data, 

which focuses on integrating biobuilding components into building design. 

Because while the experts were answered the questions, they elaborated on how 

a biobuilding component could be developed, turning into a product, and 

translations into building design. At this moment, the thematic approach analysis 

provides an overall conceptualization of the data patterns in this research by 

discovering the design stages of developing biobuilding components and their 

integration into building design.  

According to Braun & Clarke (2006), there are six phases of thematic analysis; 

“familiarization,” “coding,” “searching for themes,” “reviewing themes,” “defining 

and naming themes,” and “writing up.” Based on this, the study applies thematic 

approach analysis. Firstly, all the narratives were transcribed into text, and be 

familiarized with the data by reading and re-reading the text. Secondly, the 

familiarization with the texts leads us to determine several codes such as 

‘fabrication,’ ‘creation,’ ‘invention,’ ‘application,’ ‘incubation,’ ‘nursery,’ 

‘implementation,’ ‘customization,’ ‘alteration,’ ‘domestication,’ ‘integration,’ 

‘infiltration,’ ‘adaptation,’’ interaction,’ ‘maintenance,’ ‘guidance,’ and ‘co-

existence.’ These codes could be followed in the interviews included in the thesis, 

as in the Appendix A Interview transcripts. Thirdly, the similarities and the 

connections with these codes lead us to generate specific themes. Finally, 

reviewing these themes lead us to find out connections and hierarchy in between. 
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By applying the TA method, the mega theme is determined as ‘design stages,’ while 

‘realization,’ ‘production,’ ‘exploration’ and ‘translation’ are the main themes under 

this mega theme, and also includes sub-themes as (involved) ‘actors,’ ‘sub-stages,’ 

‘opportunities,’ and ‘barriers’ for each.  These themes could be seen in the 

following Figure 6.1. Thematic approach analysis map, a demonstration similar to 

mind-maps, introduces specific themes and sub-themes composed through the 

clustered codes in the verbal data (Braun and Clarke, 2006).  

  

Figure 6.1 Thematic Approach Analysis Map of the Interviews (Mind Map 

generated by the author) 

Figure 6.1 shows four main design stages determined in the design process of the 

translation of biobuilding into the buildings. Each stage also includes substages, 

opportunities, and barriers determined in the interviews. At this point, the 

application of these stages are as follows respectively; realization, production, 

exploration, and translation. They determine a certain pattern revealing the 

design process. In other words, each design stage includes an individual design 

process; simultaneously, they address the design process of the integration of 

biobuilding components into the buildings.   

Hereby, the design process structure includes different processes in the design of 

products that are further elaborated on in the existing literature. Within these 

studies, the works of Roozenburg and Eekels come one step forward by revealing 

basic circles in research and design of the product through their in-depth 



176 

 

evaluation of product design process, methods and development comprehensively 

(Roozenburg and Enkels, 1994). According to Roozenburg and Enkels (1994), the 

design process comprises a sequence of intuitive (reductive) steps and discursive 

(deductive) steps. Between the two, there is often a comparison of the results 

attained so far and the desired results. The experience gained in the cycle is fed 

back, both to the design proposal and to the formulation of the problem and 

requirements list. In this case, the design of biobuilding components includes 

several stages that emerge at different levels, and each level itself compromises 

intuitive and discursive steps inherently (Figure 6.2). Meanwhile, the completion 

of each level triggers to start the other level.  

 

Figure 6.2 The Iterative Design Process of Biobuilding Components (Based on 
Roozenburg and Enkels, 1994) 

The iterative structure of Roozenburg and Enkels helps us overlook the 

composition of the different stages of the design process and see two main 

categories; development of biobuilding components (realization and production) 

and integration of biobuilding components into the buildings (exploration and 

translation).  The stages of realization and production describe how to develop 
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biobuilding components starting from the creative thinking process, including 

experiments with the living components, then ends with the production to be 

realized on the market. Further on, the biobuilding component could be integrated 

into buildings by following exploration and translation stages. The main difference 

between the two main categories lies at the intersection of two different design 

fields; industrial and building design. In this sense, Table 6.13 demonstrates and 

summarizes the design process that biobuilding components are designed as 

industrial products and then finding a place as building components, thereby 

relating to the building design. 

These stages (realization, production, exploration, translation) are further 

elaborated on below subsections under two main categories (development of 

biobuilding components and the integration of biobuilding components into 

buildings). 
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Development of Biobuilding Components 

The development of the biobuilding component includes two main stages; 

realization and production (Table 6.13). These stages emerge in industrial design.  

Realization 

The process starts with the realization of the technology in terms of transforming 

into a product. Researchers in multiple disciplines could involve in this stage, such 

as biologists, physicists, and engineers. This stage could be divided into three (3) 

phases; ‘envision,’ fabricate,’ and ‘prototyping,’ as explained in Table 6.13.  

This stage represents the creative thinking part of the development of biobuilding 

components. Therefore, it starts with the initial vision as an idea that encourages 

the researcher to explore the intersection of living and manufactured components. 

After research and experiments on exploring the possible ways to fabricate the 

biocomponent, this stage ends as technology turns into a visual, tangible product, 

the first prototype.   

The practitioners explain the opportunities and barriers in this stage with the 

following remarks: 

Opportunities 

• Technological Achievements 

Performance of the technologies is getting higher in parallel with increasing 

knowledge of working with living components. Therefore, new 

technological achievements make it possible to produce more biobuilding 

components. 

• Growing interest in designing biology 

The growing interest in designing with biology, particularly with living 

components, increases the current knowledge and research opportunities.  

Barriers 

• Lack of regulations 

The lack of knowledge also brings a lack of standards since these products 

are the initiators of another way of system thinking, besides, lack of ethical 
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studies. There is always an ethical issue of plants and technologies related 

to humans, but not bacteria, algae, or fungal. 

Production  

After developing the first prototypes, the production stage starts with three main 

phases; ‘pilot studies, ‘demonstrate,’ ‘produce’ as explained in Table 6.13. 

Developers in multiple disciplines (e.g., fashion designers, engineers, biologists, 

etc.) could involve in this stage, but especially product developers and designers 

involved in this stage. 

To be accepted as biobuilding components by architects, biocomponents needed 

to have certain reproduction and mass production standards. Therefore, this stage 

includes pilot studies (e.g., researches on functionality, implementation, user 

experience, etc.) exploring the impact of biobuilding components on the market. 

The pilot studies continue with the first demonstration of the biocomponent (e.g., 

design exhibitions, commercials), thereby exploring their resonation in the 

market, and ends with the mass production.  

The practitioners explain the opportunities and barriers in this stage with the 

following remarks: 

Opportunities 

• Raising Consciousness 

The problem (climate change) is already visible, indeed tangible. 

Therefore, the awareness of people on more sustainable choices and new 

ways of products is higher than in the past. As a result of the rising 

consciousness, scholarly and non-scholarly publications present circular 

system thinking and new business models to solve climate change. Thus, 

this urge designers and developers to create designs together with living 

organisms.  

Barriers 

• Lack of regulations 

Again lack of regulations and standards have often hampers developed 

products to find a place in the existing market.  
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Integration of Biobuilding Components into the Buildings 

The stages of exploration and translation here explains how to integrate 

biobuilding components into a building.  It includes an exploration process 

independent from the exploration in the design and development of biobuilding 

components. It refers to the exploration of the biobuilding components within the 

framework of building design. The translation stage reveals how biobuilding 

components could find a place in the current building practice.  

Exploration 

Through this stage, biobuilding component starts transforming into a biobuilding 

component by finding a place in the building design industry. This is the 

explanatory stage that a product is started to be translated into building design. 

The main actor group of this stage is the architects. This stage includes three main 

phases; ‘curiosity,’ ‘awareness,’ ‘association,’ as explained in Table 6.13.   

This stage can only start after the development of a certain biobuilding 

component. In this stage, architects compose fundamental knowledge on the 

relationship between biocomponents and building design, thereby embrace them 

as biobuilding components. This stage ends when architects associate biobuilding 

components with certain building parts and when they develop design concepts. 

The practitioners mention the opportunities and barriers in this stage with the 

following remarks: 

Opportunities 

The main opportunities detected here are the aesthetics and integration strategies 

(infiltration, adaptation, interaction).  

Aesthetics  

With the advancements in technology, it is possible to create various types (looks) 

of the products regarding the aesthetic appeals of the designers as such architects. 

Biobuilding components can be adapted into different forms, scales, colors, and 

many more.  
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Integration Strategies 

The interviews lead us to underline the potential of biobuilding components by 

means of different integration strategies into the different building layers (See 

Appendix A Interview transcripts). Infiltration and adaptation determine two 

strategies related to the expanding impacts of the technology itself. On the other 

side, interaction determines a design strategy considering the impacts of 

biobuilding components on other building parts, in the sense of creating 

relationships between building layers. These strategies are concluded from the 

interviews that can be increased, but what is critical here is that biobuilding 

components indicate a remarkable ability to alter building design with different 

strategies.  

• Infiltration  

Biobuilding components can be infiltrated into a building in the form of a 

building design component. This strategy suggests integrating biobuilding 

components as building design components behaving and looking like the 

ordinary parts of a building. In the sense of living organisms, sort of hidden 

within the manufactured components, only showing its benefits in the 

production phase. For instance, self-healing concrete looks similar to regular 

concrete plus its benefits. Thus, this is the unnoticeable way of providing smart 

and sustainable solutions to the environment.  

• Adaptation 

Biobuilding components can be adapted into different building layers by 

providing different solutions. For instance, in the case of the Sniffer nose system 

adapted into the sprinkler system of a building, several advantages can be 

brought into the building, such as early notice of smoke or unhealthy gases.  

• Interaction 

Biobuilding components can interact with the other parts of the building. For 

example, smart clothes can be designed in a relationship with the service 

layers of the building; thus, the productivity of HVAC systems can be 

increased. 
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Barriers 

The main barriers detected here are related to the lack of regulations and current 

mindset (hygiene phobia, user-product-building relationship, working across 

disciplines). 

Lack of regulations 

Again lack of regulations and standards have often hampers developed products 

to find a place in the existing market.  

Current Mindset  

The current Mindset is the main barrier. The existing way of thinking on the 

discipline of architectural design hamper the translation of biobuilding 

components into building design. Especially on the following matters:  

• Hygiene phobia  

 The consideration of the use of living organisms as a threat to human health. 

• User-product-building relationship  

Consideration of product, user, and building as separate entities by 

ignoring the potential benefits of creating in-between relationships.  

• Working across disciplines 

The current educational system and business models make it difficult to work 

with interdisciplinary studies and researchers. This creates a considerable 

barrier to the development of biobuilding components.    

Translation 

After a certain level of knowledge developed by the architects and design concepts 

developed, the translation stage starts. This stage includes three main phases; 

‘conceptualize,’ ‘mediate, ‘experience’ as explained in Table 6.13.  The term 

‘translation’ here implies applying any design strategy empowering the adaptation 

of technologies into the buildings (C. Hammink and Mohammadi, 2018). 

In this stage, architects are the main actors, along with the stakeholders in the 

building industry  (e.g., contractors, builders, etc.).In this stage, architects explore 
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how to apply integration strategies as design concepts. Architects play a mediator 

role by sharing their knowledge and experience on biobuilding components with 

the other building industry actors. To convivence, stakeholders to use biobuilding 

components and create bridges in the communication between them and the 

initiator of the biocomponents are the architects’ prominent roles. This stage ends 

with experiencing biobuilding components in building design.  

The practitioners explain the opportunities and barriers in this stage with the 

following remarks: 

Opportunities  

• Appropriation 

The increased number of innovative products started to be appropriated 

into daily life with two (2) main issues. 

• Contextualization 

Biobuilding components can bring solutions to contextual problems by 

adapting to the requirements and specifications of the subject matter.  

• Alternative solutions  

Biobuilding components present alternative solutions, which in some cases 

could be low-cost solutions or decrease the estimated time of the 

construction. 

Barriers 

• Current system/model 

The current system and model of the construction process and the lack of 

regulations might cause stakeholders to decline the involvement of 

biobuilding components in the building design process.  

• Convincing stakeholders  

Architects always play a mediator role between the user and the 

stakeholders as such contractors. Therefore, architects needed to have 

sufficient knowledge of biobuilding components and decrease the concerns 

of the stakeholders and the users. 
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In this way, the thematic approach analysis leads us to understand how 

biobuilding components developed and how they become a design element by 

being integrated into the building design. The design process above gives insights 

on the stages that certain actors involved, reveal opportunities and barriers for 

each stage as well. The findings here do not represent a design model. However, 

this leads us to understand the dialogue between the industrial and building 

design, thereby translating the biobuilding components into building design.  

A building component can be developed the same as an industrial product  (e.g., 

façade panel, modular wall system, etc.) (Poelman, 2008). Likewise, a biobuilding 

component can be developed as an industrial product (e.g., mycelium acoustic 

panels, Appels et al., 2019). Therefore, these different circles could only be 

adapted to the highlights and summaries of the multiple processes within the 

current technological transition at the intersection of living and manufactured 

worlds. What is interesting in this design process is that this pattern visualizes the 

gap between two different design processes; product and building design (Figure 

6.4). This gap between industrial and building design arises from the different 

concerns in multiple disciplines under various domains. Architects mainly focus 

on the spatial composition of a building environment; in contrast, industrial 

designers concentrate on practical solutions for people through materials 

(Poelman, 2005). This also appears to be a problem since this knowledge gap 

handicaps the technological development of building components incorporated 

with living organisms in building design. Therefore, there is a need for further 

discussions on the development of technology and its implementation bridging 

between two design fields (Poelman, 2005).    
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Figure 6.3 Superposition of the Design Stages of Biobuilding Components 

Indeed, discussions on the impacts of technological developments through 

industrial products could be followed in building design after industrialization 

(Alam et al., 2012; Aldrich, 2003; Arunvivek et al., 2015; Dawid et al., 2017; Hong 

et al., 2016; Marikyan et al., 2018). The arrival of new technologies into the 

buildings enables architects to create bridges between industrial and building 

design and other disciplines such as; engineering (Gibson, 2012) or urban design 

(Ratti & Claudel, 2016). A very close connection lies between industrial design 

and building design through the “praxis of design,” its “body of knowledge,” and 

“design methods,” especially for practitioners  (Poelman, 2008). Therefore, 

building design can provide design strategies acting together with industrial 

design (Phocas, 2015; Poelman, 2010; Wortham, 2007). This could also be 

explained in the elaborated examples both in the literature and with their 

practitioners (Table 6.14). Undoubtedly, the examples are in different stages. 

Therefore they might not end up with the translation of the biobuilding 

components into the buildings.  
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Table 6.14 Demonstration of Design Stages as an Example 

Self-Healing Concrete 

Realization Research on self-healing bacteria. 

Production Development of concrete samples with self-
healing bacteria. 

Exploration Experiments on the performance of self-
healing concrete. 

Translation Designing and building Zelfherstellend 
Paviljoen (Self-healing Building). 

Mushroom-based Products (Mogu acoustic panels) 

Realization Research on suitable fungus and mycelium 
culture.  

Production Development of product samples. 

Exploration Experiments on the performance of 
mushroom-based acoustic panels in the 
building environment.  

Translation Integrating acoustic panels into the 
buildings. 

Living Walls with Plants 
(Cloud garden green wall) 

Realization Nursery of certain plants and the research 
on the suitable technology 

Production Development of the living walls 

Exploration Experience the performance of living walls 
in the building environment by means of 
thermal comfort and air quality 

Translation Integrating living walls into the buildings 

Each circle can continue as a closed-loop, as one circle could conclude with specific 

outputs. If any success is achieved, a particular product can go through into 

another circle, which involves different actors, different opportunities, and 

barriers.  
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Regarding the experts’ statements, certain outputs end one stage and start 

another. Poelman (2005; 2010) explains the diffusion of information on a design 

by means of innovations applied by third parties to be translated into(industrial 

and building) design. He determines two categories of design information; 

product to design and technology. The product could also become a building 

through which could be supplied for the development of a design. Technology 

refers to what is wanted, what is innovated, and ought to be adapted into the 

design. And their intersection starts the ‘association process,’ which is referred to 

in this thesis as the translation of biobuilding components into building design.  

In the case of biobuilding components, as shown in Figure 6.4 wider perspectives 

and long-term targets mainly as smart and sustainable solutions end with new 

technologies by means of new techniques and materials at the end of the 

realization stage. This triggers the second stage, ‘production’ concludes with the 

first prototypes of biobuilding components.  What seems remarkable in the 

answers of the experts is that the performability of biobuilding components plays 

a crucial role in their development and translation into the building design. 

Although significant and long-term motivations like ecosystem thinking and 

creating a balance between natural and building environments could live behind 

the initiation of the projects, their performance seems to be critical for them to 

create linkages between different layers and thereby the transition of technologies. 

The exploration stage jumps into building design in which architects need to adapt 

knowledge on biobuilding components. Indeed the exploration stage is embedded 

into the other stages. However, this stage means exploring the architects on the 

potential roles of biobuilding components into different building layers.  What is 

remarkable here instead of their long-term motivations to create a balance 

between nature and building or even transform buildings into living, growing 

entities, the performability of the biobuilding components play a crucial role. By 

providing sufficient performance through the needs of the users as well as 

satisfying the architect and the designers biobuilding components could be 

translated into the buildings. 
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Figure 6.4 The Dialogue between Industrial and Building Design through 
Biobuilding Products Becoming Biobuilding Components (Based on Poelman & 

Kelson, 2008 and Iterative Structure of Design process by Roozenburg and 
Enkels, 1994) 

Moreover, Poelman (2005; 2010) emphasized that it is essential to note that 

technical background information is unnecessary. In the design stage, it is 

important to know only ‘what might be possible.’ It is not necessary to know ‘how 

it is possible.’ As shown in the Figure and in the interviews, the biobuilding 

components' technical attributes have relatively less impact on their translation. 

What plays a critical role in their performance is more related to their possible 

advantages and how they affect the current design.  

At this point, one can say that this is quite similar to the translation of any smart 

technologies into building design as already drawn by Poelman & Kelson or in the 

studies of Mohammadi (2014). This leads us to conclude with a hypothesis that 

biobuilding components can act as another generation of smart technologies and 

could be applied to the buildings. The gap between industrial design and building 

design shall always remain. However, to provide a better understanding of their 

relationships and the intersections empower the possibility to create linkages in-
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between.  Moreover, the potential use and benefits of biobuilding components 

could be empowered with the impact area of the development and design of the 

biobuilding components.  

 

6.2 Conclusions   

This chapter nurtures the existing literature by bringing further information on 

biobuilding components regarding their characteristics, motivations, novelty, 

terminology, expected results, impacts, challenges, studies on user experiences. 

The interviewees explain their projects with a variety of examples. They discuss 

the development process of ubiquitous technologies like smartphones and 

computers by underlining a couple of years ago, they were considered ‘futuristic.’ 

The practitioners from different backgrounds and professions lead us to look 

through the critical role of biobuilding components in building design and daily 

lives from different points of view. In this way, this part of the study enhances the 

existing knowledge of biobuilding components and provides insights into the 

design and development of biobuilding components. This chapter also gathers 

recommendations of the practitioners for architects, along with their expectations 

from the future.  

Furthermore, this part of the thesis presents answers to RQ3: How biobuilding 

components can be integrated into building design (Table 6.13, Figure 6.2, Figure 

6.3., Table 6.14. Figure 6.4). This Chapter leads us to understand the meaning of 

biobuilding components among the bridges between industrial and building 

design. The integration of biobuilding components can only be done with their 

translations into building design by bridging two disciplines.   

This thesis acknowledges these bridges between industrial and building design by 

revealing the design process as the combination of different stages within an 

iterative structure based on the design process by Roozenburg and Enkels, 1994. 

This design process shows the way of biobuilding components to communicate 

with different layers and different disciplines. The industrial design process is 

linked to creating smart and sustainable solutions and presenting various market 
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products. These products could be integrated into different building layers, while 

their performance plays a critical role. Thus, this chapter underpins the 

conjunctive role of biobuilding components between smart and sustainable 

solutions and building design. In fact, broad, general, long-term targets embody 

into very small scale product; further on, these small scale products resonate on a 

bigger scale, building design. In this way, this chapter leads us to conclude the 

potential of biobuilding components to create a biophilic building environment in 

which living and manufacture components are united within the harmony of 

nature, technology, and buildings. Indeed, each design stage can indicate an 

individual S-curve of the technology by determining an individual design process. 

By applying these individual design processes through integrating biobuilding 

components into building design, their technological integration could be 

increased, respectively. Thus the diffusion of the technology in between might 

lead society to reach a biophilic environment in which humans, technology, and 

nature are balanced within harmony.  

All in all, this part of the study plays a crucial role in creating knowledge of 

biobuilding components by giving a further discussion on biobuilding components 

on their role to create biobuilding design and to reach a biophilic environment on 

the macro scale. Future studies are indeed necessary, especially with the end-

users. However, the interviews underline that, for now, there are only limited 

studies with the end-users that could be discussed. Since biobuilding components 

are at the early stages of technological integration, there is a lot to be discovered. 

Thus, this leads us to decide to end the analysis part and continue with the thesis’s 

conclusions in the following chapter.  
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7 
CONCLUSIONS AND RECOMMENDATIONS   

 

Nowadays, the number of biobuilding components in the product market has been 

exponentially rising by presenting various smart and sustainable solutions for 

buildings within current environmental degradation. Biobuilding components are 

remarkable among the technologies blending into the buildings at varying scales 

because they promise to transform building components into autonomously 

active, growing, dynamic entities by incorporating living organisms. As 

underpinned through the thesis, they offer various benefits, such as wearable 

technologies to enhance humans’ abilities, self-growing furniture, and self-healing 

materials. In this way, our buildings, surroundings, and even daily lives and 

habits—in fact, the entire relationship between humans, nature, and technology—

can be affected by biobuilding components. For this reason, designing with living 

organisms has become a topic of interest in architecture over the past years. 

However, it seems that there is a lot to be uncertain about regarding their impact 

on and meaning for building design. Therefore, this thesis plays a crucial role by 

providing information for architects by inspiring and empowering their knowledge 

of biobuilding components.  

As a summary, by approaching this technology-driven topic from a perspectivist 

way of thinking, this thesis embraces plurality and subjectivity in yielding 

knowledge with enhanced literature research, design experimentation, and 

interviews with practitioners. Thus, it explores the expected impacts of biobuilding 

components by discussing their historical, phenomenological, practical, 

technological, architectural, and educational meanings. In the Background part, 

the literature research confirms that a rich history lies behind the urge to connect 

with the concept of nature by embracing technological advancements in building 

design. In that sense, biobuilding components might help architects to bond with 

the concept of nature and technology regarding their historical, 
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phenomenological, and practical meanings in theory. By this means, biobuilding 

components could affect building design ideologically in the way that architects 

relate to them the concepts of nature and/or technology (Figure 2.17). The 

Overview part introduces the terms and definitions of biobuilding components, the 

understanding of related concepts and approaches, and the terminology of said 

components (Table 3.1). This underpins the necessity to discuss their theoretical 

meanings in the current literature and practice by being connected to multiple 

disciplines, approaches, and concepts within various terms. Meanwhile, it presents 

a problem for the comprehensibility of biobuilding components. Data gathering 

presents 70 biobuilding component examples by discussing their characteristics, 

objectives, implementations, and their relevancy to the buildings with their 

possible integration layer. Recalling the results, along with their multiple 

functions, long-term goals, and relation to various disciplines, biobuilding 

components represent different niche technologies (Table 4.1) (micro-scale) 

demanding the transformation of building design into biobuilding design (meso-

scale) by aiming to reach a biophilic environment (macro-scale) (Figure 4.6, 

Figure 4.7). This is evidence that the technological meanings of biobuilding 

components have the potential to transform building design by sequences of 

multiple biobuilding components, integrations initiating a technological transition 

with social impacts. In the qualitative research exploring these integrations, the 

design experiment explores the architectural impacts of biobuilding components 

on building design in the design studio. This reveals the role of the mindset behind 

the integration of biobuilding components by giving them as toolsets to 

architecture students. 

Moreover, the experiment raises a question on the educational implications of 

biobuilding components by pointing out the necessity for future architects gaining 

awareness in architectural education. Ultimately, the interviews explore 

biobuilding components from practitioners' points of view. This validates the 

information presented in Background and Overview by discussing biobuilding 

components’ meanings with experts from multiple disciplines. Furthermore, this 

part of the study provides information on integrating biobuilding components into 
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building design by revealing the design process along with the different stages 

(realization, production, exploration, and translation) and the connections 

between them (Table 6.13). At this moment, establishing a thesis by using 

multiple methods and embracing different interpretations and studies, this 

analysis presents a profound understanding of biobuilding components. In this 

way, this research underlines the necessity and vitality of biobuilding components 

for building design, instead of considering them as additional or somehow 

upgraded technologies, by outlining their various impacts. 

In the scope of this Chapter, the main research question of the thesis (How would 

building design be affected by biobuilding components?) is answered in Section 7.1 

by re-visiting the entire research and sub-questions under the umbrella of the 

multi-perspective impact of biobuilding components. Further on, Section 7.2 

offers recommendations for architects and future research, derived from the 

empirical study results discussed in the Overview and Analysis parts of this thesis 

and based on Background (as shown in Figure 1.4). Finally, the thesis ends with 

closing remarks in Section 7.3, including hypothetical conclusions regarding how 

building design is affected by the expected impacts of biobuilding components 

discovered in this thesis. 

 

7.1 Research Questions Revisited 

This section answers the main research question:  How building design would be 

affected by biobuilding components? 

To answer this question, firstly it is necessary to answer the ‘Why’ question: RQ01: 

Why building design would be affected by biobuilding components? (Chapter 2) 

To understand biobuilding components, indeed, it is required to understand the 

meaning(s) of the interrelation of living and manufactured components on 

building design. Therefore, the first question asks: RQ 1.1 Why biobuilding 

components could affect building design by addressing both living and manufactured 

components?  
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The reasons behind the necessity to discuss biobuilding components in the 

building design domain are evaluated by understanding the praxis of 

incorporating living components from a theoretical point of view throughout 

Chapter 2. 

First of all, biobuilding components could affect building design through the 

meanings of living building components in building design concerning the concept 

of nature. To discover the meanings of living building components in building 

design, it is necessary to remember the studies in social sciences (e.g., Western 

approach to nature-culture dualism) by underlining the nature concept’s 

‘subjectivity.’ This subjectivity indicates time-bonded and altering interpretations 

of the ‘idea’ of nature, and thus gives an understanding of the altering concepts, 

styles, and approaches in pre-modern to contemporary architecture. Section 2.2 

demonstrates that this subjectivity is reflected in building design and concluded 

with different understandings (symbolic, analogic, metaphoric) of the nature 

concept (Figure 2.1). For example, in the art nouveau style in architecture (e.g., 

the works of Antoni Gaudi), nature’s concept has shown itself as an ornamental, 

formal, and structural expression. In this way, phenomenologically and 

philosophically, buildings could be bonded with nature with the inclusion of living 

building components at an aesthetical level. In the examples of modern 

architecture (e.g., the works of Kisho Kurokawa, Frank Lloyd Wright), the concept 

of nature is embraced by understanding and creating a balance between the 

building and the natural environment. Thus, this brought another (philosophical 

and phenomenological) way of approaching the relationship between nature and 

buildings, by considering buildings as a part of the natural environment. Now, 

living building components have started to seek a place in building design through 

their practical benefits as responding to rising environmental problems (i.e., 

demands for environmental-friendly structures and the use of local and renewable 

materials with the concerns regarding energy efficiency, waste management, and 

lack of resources). 

Moreover, in contemporary architecture, recent technological abilities enabling 

buildings to be designed as living, dynamic, and fluent forms and structures have 
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shown the bonds of nature and technology (e.g., with the concepts of biomimicry) 

(Ratti & Claudel, 2016). In this way, in addition to analogical, symbolic, or 

metaphorical understandings of nature, thanks to technological developments, it 

becomes possible to emulate living organisms by thoroughly understanding and 

mimicking nature's logic. Indeed, the idea of mimesis can be traced back to pre-

modern architecture within the works of Quatremère de Quincy, yet with the 

technological abilities, biomimicry in architecture offers a variety of examples. 

Notably, sustainable and smart solutions have been provided to current 

environmental degradation (e.g., adaptation of biomimicry into three levels; 

behavior, ecosystem, organism, Aziz & El Sherif, 2016, energy-efficient algae 

powered facades in B.I.Q. building in Hamburg). In other words, historical 

meanings of nature through symbolic, analogical, and metaphorical 

interpretations of living building components have been translated into design 

practices thanks to the latest technological developments.  

Second of all, the reasons that biobuilding components would affect building 

design lies in the meanings of manufactured building components in building 

design concerning the developments of technology. Due to its heterogeneity and 

complexity, various technologies can blend into buildings. Then technological 

developments have often resonated within building design regardless of the scale 

of the technology (e.g., with experimental projects like Dymaxion House, 1939, 

House of the Future, 1958, Futuro House, 1968). Studies like the anecdote of 

Adrian Forty (1986) on electricity plugs or smart homes being accepted as 

hobbyists’ extreme projects (Chan et al., 2009) express the exponential and 

comprehensive development of technology by affecting daily lives, surroundings, 

habits, and in fact lifestyles related to their infiltration into the built environment. 

Figure 2.5 underpins this argument by showing that today’s vital technologies like 

the internet, smartphones, and many more were ‘hard-to-achieve’ just a couple of 

decades ago. What is highlighted here is that manufactured components can have 

significant social impacts on building design regardless of their scales, and could 

affect building design by being integrated into the buildings similar to smart 

technologies.  
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Compared to the bond between nature and buildings, the bonds between 

technology and building design are relatively late. Thus, it makes it difficult to 

make projections considering the exponential growth and change in technology. 

It is possible to underline the expected technological impacts on building design 

by the integration of technologies, yet some impacts can be more noticeable than 

the others. For example, building design is indirectly affected by the rise of 

domestic technologies. In contrast, technologies like solar systems and mechanical 

core have directly and drastically affected building design. Thus, for now, it is 

possible to claim that any innovation could affect building design by their practical 

meanings underlying their promising functions, potential uses, and advantages. 

However, it is not possible to truly estimate which technologies will affect it. 

At this moment, contemporary studies point out the changing dynamics between 

nature and technology. Notably, Mensvoort explains bio-components as the 

‘fusion’ of born and made through the interrelation, in fact, the unity of living and 

manufactured components, and claims their possible social impacts on daily lives 

and surroundings (Mensvoort and Grievink, 2012). Considering the time-bounded 

and subjective impacts of the altering understandings of the concept of nature on 

building design, these contemporary studies led us to emphasize the influence of 

the interrelation of living and manufactured components on building design.  

Indeed, the interrelation of living and manufactured components might affect 

building design by bringing additional significance to the existing meanings of 

living and manufactured components in building design. Experimental studies in 

the building design domain have been exploring new phenomenological and 

philosophical meanings of nature in architecture in the last decades (Section 2.5, 

e.g., Grown Pavilion, GrAB, etc.). Contrary to the historical meaning of living 

components in the pre-modern architecture, recent experiments with biobuilding 

components in building design (e.g., silk pavilion, Growing Pavilion) create visual 

connections with nature by means of using living organisms at the material level, 

leading us to experience their dynamism by accepting their initial aesthetical 

values. This might be evaluated by the similarity of the relation to use and artistic 

design in modern architecture. However, it is possible to claim that biobuilding 
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components promote something different than the tectonic meanings of any other 

building components through their liveliness. By this means, biobuilding 

components bring additional design practices with the use of living organisms 

(e.g., biodegradable, growing, or temporary building components) in addition to 

providing alternative ways for the production of space (e.g., Baubotanik, Fab Tree 

Hab). In this sense, it seems possible to point out the practical impacts of 

biobuilding components in addition to their theoretical impacts within their 

expected architectural effects drawn above.  

Overall,  RQ1.1 is answered by elaborating on the interrelation of living and 

manufactured components in the Background part of the study. Further on, the 

second question seeks to provide a better understanding of the biobuilding 

components from a practical point of view: RQ 1.2 Why the integration of 

biobuilding components could affect building design?  

This question is answered on the theoretical basis explained in the Background 

and through the findings in Chapter 4, Chapter 5, and Chapter 6, with reasons 

behind the necessity to discuss the practical implications of incorporating 

biobuilding components into the building design. 

The Background part of the thesis underlines the critical importance of 

contemporary studies indicating shifting notions of nature and technology. 

Accordingly, in Chapter 4, the Pyramid of Technology (Mensvoort, 2013a) is 

embraced as an assistive tool to limit and evaluate the biobuilding components 

through their technological integration levels. In this way, this study discusses the 

social impacts of the practical implications of biobuilding components by 

embracing the ‘fusion’ of nature and technology (as discussed in the Next Nature 

approach) as a starting point. Along with examining 70 biobuilding components 

in the Overview, this thesis discloses that this ‘fusion’ could have resulted in the 

integration of biobuilding components into building design in different ways. The 

incorporation of living organisms can be fused into materials and products (e.g., 

self-healing concrete, living light). By this means, biobuilding components can 

become conventional and natural as they are ordinary products. This change may 
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happen in the near future, in fact, very soon with the help of regulations and the 

acceleration of mass production. Likewise, the interviews with practitioners 

underpin this argument. For example, Ermi van Oers claims that new behaviors 

between living organisms and humans could be provided, as discussed in the 

Living Light project example. 

Moreover, as it has happened through domestic technologies, self-healing and 

cleaning materials like in the examples of bio-detecting floor tiles might bring 

alternative solutions to housing cores, and thereby could indirectly affect building 

design by first affecting the social life in the buildings. On the other hand, the 

examples of Fab Three Hab and Growing Pavilion seem to bring a more radical 

approach since living organisms use unexpected, unpredictable visuality, 

performability, and functionality. Thus, it seems that they will not be ‘natural’ soon 

in our daily lives. And even if they become more conventional, it seems that they 

will be stressed through their living, growing, dynamic assets instead of the fusion 

of nature and technology. In this way, this thesis gives an understanding of the 

possible societal impacts underlying the practical meanings of biobuilding 

components in building design. In other words, the integration of biobuilding 

components could affect building design by triggering different changes in society.  

Table 4.1 and Table 4.2 demonstrate that biobuilding components address long-

term goals wider than their objectives and functions to alter the built environment. 

At this juncture, using MLP as a filter helps us to underline this technological 

transition towards a biophilic environment (Figure 4.6) with a wide range of 

implementations, functions, and solutions (Figure 4.7). Accordingly, society 

would be affected by demanding a biophilic environment to strengthen the bonds 

between humans and the natural world. By this means, the integration of 

biobuilding components into buildings can trigger a technological transition, and 

firstly this could transform building design into biobuilding design. The statements 

of the practitioners in the interviews also underpin this argument (Section 6.1.2). 

Additionally, the design experiment in Chapter 5 stresses the design approach's 

role compared to the technical attributes of the biobuilding components. The 
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design experiment shows that by approaching biobuilding components, embracing 

their long-term goals has encouraged integrating biobuilding components into 

building design. Reaching a biophilic environment seems unlikely to happen soon. 

However, this thesis reveals that creating a balance and harmony between 

humans, nature, and the building environment lies in integrating biobuilding 

components into building design.  

In this way, the necessity to evaluate biobuilding components in building design 

is answered through its theoretical and practical perspectives. Further on, the 

section continues by answering how questions: RQ2 How could biobuilding 

components find a place within the current building design practice? 

This research question was answered mainly in the Overview part of the study. By 

considering the multi-disciplinary aspects of biobuilding components related to 

multiple domains, insights are provided regarding the related terms, definitions, 

and concepts on biobuilding components as answers to RQ 2.1 What are the 

concepts, terms, and methodological approaches related to biobuilding components 

in the building design domain?   

Chapter 2 underpinned the significance of the potential for the intersection of 

living and manufactured components for building design and our daily life in the 

near future with its bonds with nature and technology concepts. At this point, the 

comprehensive concept of nature, natural elements, mechanisms, processes, and 

numerous solutions on one side, and different interpretations of the discipline and 

technique in multiple disciplines on the other side, concluded with the appearance 

of various terms in academic and popular literature (e.g., bio, organic, sustainable, 

eco, etc.). Thus, despite the novelty of the phenomenon, the terminology is 

ambiguous due to the variety of terms and definitions, which makes it challenging 

to carry out further research and discussions. 

This problem is stated at the beginning of the thesis and clarified, as shown in 

Figure 1.1, with biobuilding determination.  

Chapter 3 introduces research on the terminology of biobuilding components. 

Firstly, a literature review is presented in Chapter 3. It demonstrates bio-derived 
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terms and definitions of biobuilding components (e.g., biomimicry, biodesign, 

bioarchitecture, etc.) (Table 3.1). Moreover, in Chapter 4, the most-used 

descriptions of the biobuilding components are presented (Figure 4.5). Further 

on, as discussed in Chapter 6, the experts were also asked for their terminology 

preferences (Table 6.2). The experts also stated that there is no specific 

terminology; their priority is to express and highlight their designs and ideas. They 

mostly prefer to use contextual terminology (i.e., they change their terms and 

definitions according to the audience). For example, they might use the smart 

term for their explanations to the user, and they might use comprehensive 

concepts such as bionics, biodesign, and biomimicry in their professional practice 

(Table 6.6). In this way, the study provides insights on terminology in both 

practice and theory (Figure 7.1).  

Figure 7.1 The Key Findings of the Research on Terminology 

The variety in the terminology also underlined the multi-disciplinary potential of 

the biobuilding components along with its extensive bonds with fundamental 

concepts (e.g., ecology, sustainability, etc.). This variety also underlines the 

potential of biobuilding components in multiple design fields by being connected 

to the concepts in multiple disciplines, domains, and studies. 
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Further on, the Overview continues by answering the second question: RQ 2.2 

What are the characteristics of biobuilding components along with their relevancy to 

the building design?  

The way of answering this question leads this thesis to discover biobuilding 

components in current practice by presenting their characteristics as answers to 

RQ2.2 (domains, initiators, goals, objectives, implementations, incorporated 

living components), integration layers by means of which building layers (i.e., 

building layers determined by Brand, 1994). Thus, Chapter 4 presents seventy 

(70) different biobuilding components (Table 4.1) and discusses the findings 

(Table 4.2). Interestingly, the expected result of this data collection is to 

determine similarities between the examples, such as detecting similar goals, 

objectives, and related domains. However, as shown in Table 4.1 and marked in 

Table 4.2, and the answers of the interviewees, biobuilding components indicate 

multiple goals, objectives, and implementations with a variety of functions related 

to multiple domains. These varieties in the findings lead to the conclusion that 

biobuilding components are not limited/specified technologies, products or 

systems. In contrary, they can be in a variety of forms, products, materials, and 

systems could be integrated into buildings by relating to many domains and 

industries as well. Further on, Chapter 6 also underpins this conclusion from 

practitioners’ perspectives. In this way, Chapter 6 leads us to validate the studies 

in academic and popular literature and summarize them once more time. 

Overall, to answer RQ2.2 leads us to emphasize the different uses and benefits of 

biobuilding components within their practical meanings (i.e., multiple functions, 

goals, objectives, etc.), and then their critical roles in multiple domains, 

disciplines, and design fields. At this point, the knowledge gap between industrial 

and building design might hamper the integration of biobuilding components in 

building design by interrupting the technological diffusion between two different 

design fields (Poelman, 2008).  To bridge the knowledge gap, the study asked the 

following research question: How biobuilding components would be integrated into 

the buildings?                    
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The first sub-question is RQ 3.1 How the integration of biobuilding components 

could be affected, and what are the opportunities and barriers? 

The design experiments with students in Chapter 5 demonstrate that architecture 

students do not face any problem integrating any of the given biobuilding 

components into their design, since the scope of the building design studio 

enhances the conceptual way of thinking by translating abstract ideas into the 

design, as experimented in Phase 1. Therefore, both the Test and control group 

students could integrate given biobuilding components into their designs 

regardless of the differences in their design processes (Figure 5.4, 5.5, 5.6). What 

affects the integration of biobuilding components into the building design is the 

existence of the knowledge gap between industrial and building design (Figure 

5.7). Chapter 6 also provides answers to R3.1. The interviews reveal that the 

performance of biobuilding components plays a crucial role in addition to their 

novelties and advantages. The other vital discussions, such as technical attributes, 

ethics, and aesthetics, seem to be less critical, comparing the performability of 

biobuilding components as underpinned by the answers of the practitioners. 

In Chapter 5, the design experiments show us that within the current framework 

of architecture, education pays little attention to technological developments 

(Poelman, 2008). Therefore, the opportunity and barrier lie here with the 

involvement of technological developments and their impacts on building design 

in architecture education. This could empower the integration of biobuilding 

components into building design as future architects are faced with biobuilding 

components in real practice. In this way, despite its limitations, design 

experiments lead us to draw attention to the potential of biobuilding components 

in architecture education. 

The second sub-question, RQ 3.2, is: How could biobuilding components be 

integrated into building design by following a design process? 

The experts’ answers for each question (summarized and organized verbal data) 

enlighten us profoundly on biobuilding components by validating the findings in 

the Overview (Table 4.1, Table 4.2). This enhances the information of biobuilding 
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components by leading us to elaborate on the connections and interpretations 

among their goals, objectives, and implementations. At the same time, it shows 

contradictions in the practitioners’ characterizations regarding our knowledge of 

biobuilding components. In the Overview, certain layers help us to understand the 

possible roles of biobuilding components. However, interviews display that 

experts do not focus on these particular layers or the hierarchy between them as 

Brand determined. In this way, interviews play a crucial role in this study by 

providing answers to RQ1.2, but seem insufficient to answer RQ3, and especially 

RQ3.2.  

The interviews conducted with practitioners present the iterative structure of 

different design stages, Realization, Production, Exploration, Translation (Table 

6.13), by applying thematic approach analysis. All design stages that could be 

discussed elaborately can continue themselves. These stages once more underline 

the multi-disciplinary aspects of the study and biobuilding components’ altering 

meanings in different disciplines. Moreover, each stage indicates individual 

opportunities and barriers. At this juncture, despite their advantages, thematic 

approach analysis has limitations. It helps to reveal certain design stages and gives 

an overall understanding of the design process. On the other hand, it seems 

insufficient to determine the hierarchy between different stages in terms of 

valuing them through their necessity.   

The realization stage is the stage where the technology initially developed 

concerning disciplines of material technology and product development. 

Technological achievements and growing interest in designing biology seem to 

indicate significant opportunities by means of encouraging ongoing studies. In 

contrast, the lack of regulations, as such, lack of European standards for materials 

with mushrooms, bacteria, and algae, and missing information on the ethical 

concerns towards the use of living components, seem to be barriers in the 

realization stage.  

The production stage could only start with the development of specific materials 

and technology. Raising consciousness towards environmental degradation seems 
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to be a significant opportunity by means of increasing interest in new products 

providing a radical approach. The lack of regulation is also debatable since the 

lack of standards has often hampered developed products from finding a place in 

the existing market.  

After the production stage ends in industrial design, the exploration stage starts 

in the building design domain. At this point, one can ask why the exploration stage 

happens so late, even after production, because the gap between different design 

disciplines remains. Biobuilding components need to be explored within building 

design through their possible advantages to the buildings. Since their functions 

and benefits can change while they are starting to be explored in building design, 

biobuilding components gain active roles in building design through increasing 

interaction between different building layers. As also exemplified by the work of 

Student 3 in Figure 5.5, Ministry of Supply Mercury Heated Jacket can have an 

active role in building design by providing thermal comfort to the user. By that 

means, servant starts acting as service.  Therefore, the exploration stage plays a 

critical role by means of transferring information from industrial design to 

building design. A variety of opportunities empower this stage, such as integration 

strategies, infiltration, adaptation, and interaction presenting the ways to connect 

the living and manufactured components in building design. In addition, the lack 

of regulations (e.g., missing information on current standards for using bacteria 

and mushrooms, lack of regulations on technologies attached to humans such as 

ethical and privacy issues) is also a barrier for this stage. But more importantly, 

the current mindset of the professionals seems to be a significant barrier through 

hygiene phobia, working across disciplines, and the interrupted relationship 

between the user, product, and building.  

In that sense, the exploration stage plays a critical role since it is the initial stage 

of biobuilding components in building design. When it fails, biobuilding 

components cannot be integrated into building design. The translation stage 

implies the translation of technologies into the building design domain from the 

industrial design domain. The opportunities in this stage are the appropriation of 

technologies by means of contextualization and providing alternative solutions. In 



207 

 

this way, biobuilding components will be smoothly infiltrated into building design. 

At this stage, the major barrier is to convince stakeholders and current system 

thinking through current construction technologies and building design processes. 

Biobuilding components might indicate a new way of production in which we can 

change the building design processes entirely. For example, for mushroom-based 

technologies, there is a need for time to grow the desired material. This is indeed 

extreme compared to current practice. These design stages and the relationships 

in between lead us to underline the involvement of multiple actors, a collaboration 

of multiple disciplines and domains. In that sense, this question is answered by 

giving a better understanding of the relationship between industrial and building 

design established through biobuilding components. These relationships could be 

understood through the works of Poelman (2005) by means of diffusion of 

information by creating the links in between. Design stages give an overview of 

the design process yet do not provide us an ultimate model to be applied. 

Biobuilding components can only be integrated into building design after their 

translations.  

All in all, the answers to the research questions discuss the expected impacts of 

biobuilding components by mainly elaborating on their architectural and social 

effects. Meanwhile, in light of all different meanings, the importance of 

biobuilding is attached to multiple domains, studies, and disciplines through their 

multiple-use benefits and roles in building design. This also indicates the multi-

perspective impact on building design. Different perspectives reveal various 

meanings of biobuilding components instead of concentrating on the same point. 

All the methods applied in the thesis’s scope lead us to conclude with another 

expected impact of biobuilding components. This thesis entitles this versatility as 

the ‘multi-perspective impact’ of biobuilding components as a final answer to the 

main research question. In contrast, this research contributed to the existing 

literature by yielding knowledge on their architectural and social impacts. 
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7.2 Recommendations 

“Everybody wants to change the world, but nobody wants to change 

themselves.” Leo Tolstoy 

 

From this thesis, two types of recommendations could be drawn as the research 

outputs: recommendations for architects, and recommendations for future 

research and practice on biobuilding components. The interested parties of these 

recommendations encompass architects, future architects, and researchers and 

practitioners who work/intend to work under the building design domain.  

7.2.1 Recommendations for architects  

“Life is a theater. Architects care for the scenery; Industrial designers 

care for the props; People care for the drama” (Poelman, 2010). 

 

Through these lines, Wim Poelman emphasizes the different perspectives of 

architects, industrial designers and users. This statement helps me to remember 

the complexity of the development of biobuilding components and their 

integrations into building design. This part of the thesis presents 

recommendations for architects to enhance their ‘consciousness’ on their decisions 

towards biobuilding components in their designs.  

These recommendations are mainly derived from the studies in the Overview and 

Analysis parts. The literature reviews in Chapter 3 (i.e., research on terminology), 

Chapter 4 (i.e., data gathering), and Chapter 6 (i.e., interviews with practitioners) 

play an informative role that can contribute to the knowledge of architects on 

biobuilding components, underlining their multi-perspective impacts in building 

design. Chapter 5 (i.e., design experiments with future architects) reveals the 

importance of biobuilding components in architectural education, thereby 

providing recommendations accordingly. Chapter 6 leads us to draw essential 

conclusions on the design process that can assist architects in further studies on 

integrating biobuilding components.  Moreover, Chapter 6 discusses 

https://www.goodreads.com/quotes/12841-everyone-thinks-of-changing-the-world-but-no-one-thinks
https://www.goodreads.com/quotes/12841-everyone-thinks-of-changing-the-world-but-no-one-thinks
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recommendations for architects stated by the practitioners of biobuilding 

components (Table 6.12). In this way, recommendations encompass the 

perspectives of multiple actors, including architects and industrial designers, 

biologists, engineers, and many more.  

The recommendations concluded in the thesis are discussed within the umbrella 

of ‘awareness’ as a result of the practitioners’ emphasis on the lack of knowledge 

of specific issues where architects should enhance their awareness. Initially, the 

first recommendation is ‘the awareness of the multi-perspective impacts of 

biobuilding components.’ This recommendation also implies the necessity to be 

aware and open-minded towards the number of possibilities and alternative 

solutions promised through biobuilding components in building design, as 

elaborated through the thesis.  

Another crucial recommendation is ‘to be aware of cross-disciplinary collaborative 

work.’ As discussed throughout the thesis, biobuilding components address 

multiple domains with the collaboration of multiple actors in the development and 

integration process (as shown in Table 6.13). Therefore, architects need to be 

aware of this necessity to collaborate with professionals from multiple disciplines. 

Table 4.1 and Table 4.2 in Chapter 4 gives insights on this matter by presenting 

related domains and actors. Section 6.1.3 in Chapter 6 discusses the collaboration 

of different actors in the design processes and shows the existing cases in Table 

6.14. 

Moreover, an important recommendation is ‘to be aware of the bonds of 

biobuilding components with the concepts of nature and technology.’ The 

literature reviews in the Background part of the thesis underline the role of 

biobuilding components for buildings to bond with natural and technological 

environments. Biobuilding components do not just indicate a new material 

technology or an upgraded technology. As underpinned through the multi-level 

perspective approach in Figures 4.6 and 4.7, biobuilding components represent 

niche innovations in the emerging technological transition towards biobuilding 

design and a biophilic environment. Moreover, as emphasized by practitioners in 
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Chapter 6, they represent a radical way of thinking towards the current system of 

views on product development and construction technology as well.   

Furthermore, it is essential to recommend architects ‘to be aware of the ambiguity 

and complexity in the terminology.’ Indeed, in cross-disciplinary studies, the 

terminology often seems to be a pitfall. For biobuilding components and their 

integration into building design, the ambiguity and complexity in terminology 

indicate both a potential and a problem. The variety of related concepts, terms, 

and definitions is one of the critical subjects that leads us to underline the multi-

perspective impacts of biobuilding components through bonding with multiple 

studies, disciplines, and domains. Simultaneously, this variety hampers the 

detection of biobuilding components to research in the building design domain. 

Current examples of biobuilding components are discussed under distinct terms 

and concepts such as smart, sustainability, and biomimicry (Figure 4.5). To 

address the incorporation of living organisms under these broad concepts hampers 

the expression of the novelty of biobuilding components. Architects need to be 

aware of this versatility in terminology and be careful about using certain concepts 

and terms to determine their projects and studies. The thesis provides 

comprehensive research on terminology and provides insights from theoretical 

and practical perspectives (Figure 7.1). 

One of the critical recommendations for architects is ‘to be aware of the bridges 

between industrial and building design.’ A gap between industrial and building 

design remains from different perspectives and focuses on different design fields 

(Poelman, 2008). However, through design practice, methods, and guidelines, 

there is also a close relationship between industrial and building design (Poelman, 

2005). In this regard, Chapter 5 underlines the importance of the design approach 

towards this gap between different disciplines. The design experiments in the 

building design studio reveal the ability of architecture students to integrate 

biobuilding components into building design. 

Meanwhile, their design approach towards different design domains plays a 

critical role in the integration of biobuilding components into building design. 
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Moreover, Chapter 6 shows the design process of the development of biobuilding 

components within an iterative structure. Biobuilding components play a 

conjunctive role between industrial design and building design, while they can be 

integrated into building design after being translated into the building design 

domain (Figure 6.4). Therefore, architects should be aware of these bridges for 

developing their design parallel to the diffusion of technology. 

Furthermore, it is crucial to recommend architects ‘to be aware of the multiple 

design and integration strategies.’ Architects can apply multiple design strategies 

to integrate biobuilding components into their designs. Despite its limitations, the 

interviews with practitioners in Chapter 6 provide insights on integration 

strategies by exemplifying them as ‘interaction,’ ‘infiltration,’ and ‘adaptation’ of 

biobuilding components into building design. What is crucial here is that architects 

can develop other design strategies through the multi-perspective impacts of 

biobuilding components.  

7.2.2 Recommendations for Future Research and Practice 

“The stone age did not end because humans ran out of stones. It ended because it 

was time for a re-think about how we live.”  William McDonough. 

By presenting the critical aspects of biobuilding components in building design, 

this thesis provides insights on further research and practice in the building design 

domain. The recommendations in this part of the thesis elucidate the possible 

directions of future studies on biobuilding components in building design. 

As aforementioned earlier, this thesis presents a novel study by establishing 

technology-driven research concerning Nietzsche’s perspectivism. In this emerging 

field, different thinking ways seem to be needed, especially further philosophical 

debates that might enlighten gaps in the current knowledge. For instance, Martin 

Heidegger has already been found a place in architectural and industrial design 

studies, especially by considering human tools as extensions. From this 

perspective, a building can be looked at as an extension of the human body, or 
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even a womb. This perspective could also open up further discussions, especially 

those specified with the small-scale wearable technologies. This might bring other 

studies that fill the gap between industrial and building design by discussing any 

apparatus and objects considering as a whole. By this means, instead of adapting 

any assistive tools like Brand’s theory in this thesis, the relationship between 

product and building design can be discussed in a non-hierarchical way. In that 

sense, an elaborative study can be conducted looking through a human-centered 

approach focusing on changing relationships between humans and building with 

the inclusion of innovative technologies. Overall, Nietzsche’s perspectivism 

provides a significant foundation by means of supporting the argument that it is 

necessary to look into different studies, methods, and points of view in brief.  

Likewise, a study established through Heidegger’s approach or any philosophers 

(e.g., Deleuze and Guattari’s concept of ‘rhizome’) might contribute to this 

emerging field by establishing powerful philosophical thinking.  

From its beginning (Scope 1.1), the study embraces the interrelation of living and 

manufactured components as a part of industrial practice by evaluating them as 

biobuilding components. This leads us to provide information on the relationship 

between industrial and building design (Section 6.1.3). Further studies can also 

assess the relationships between building design and other fields, such as 

healthcare, fashion and textile, and many more. In this way, these studies might 

lead us to understand the dialogue between building design and other domains, 

such as the emerging number of biobuilding components related to healthcare 

(e.g., living walls purifying air, wearable technologies, etc.). By these means, 

further research and practice can specifically focus on the particular impacts of 

specific biobuilding examples in building design and could provide insights 

accordingly. In addition, further studies are necessary to focus on biobuilding 

components from the material level by elaborating on their tectonic meanings for 

building design. Moreover, the thesis determines its scope by excluding urban 

context; several questions remain to be answered on the relationship between 

building design and urban design through the impact of biobuilding components.  
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At this moment, this study presents multiple literature reviews. These studies are 

conducted as narrative reviews instead of systematic literature reviews. This is 

because of the problems in the terminology on biobuilding components. In further 

studies, systematic literature reviews in accordance with the number of studies on 

this topic can provide an explicit and comprehensive overview.   

By the guidance of this data collection, examining various biobuilding 

components, further research and practice can specifically focus on limited 

examples by exploring them through a different methodology, thereby using 

varying approaches of research and methods.  

This thesis yields knowledge on biobuilding components through analyses by 

looking through two actor groups’ points of view: future architects and 

practitioners. First of all, different actor groups can provide further answers on 

biobuilding components (e.g., professionals architects, architecture students in 

different years, a multi-disciplinary subject group including industrial designers, 

biologists, etc.).  

Chapter 5 provides insights into the ability of architecture students to integrate 

biobuilding components into building design. Despite the promising results 

derived from the design experiments, questions remain on the impact of 

biobuilding components on building design. Accordingly, the design experiments 

should be repeated with different actors, thereby presenting further results. The 

protocol analysis method seems to achieve fruitful insights to evaluate the building 

design process, yet other methods can be applied and discussed in comparison. 

This design experiment embraces biobuilding components as a toolset by giving 

certain examples to students and expecting them to integrate these into their 

designs, thereby understanding the design approach and the mindset. However, 

this could also stay in the toolset by means of students experiencing biobuilding 

components and their potentials and integrating them by observing, testing, and 

experiencing their designs.  

Moreover, design experiments (Chapter 5) give us insights into the critical 

meaning of biobuilding components for architectural education. This argument is 
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also underpinned within the interviews. Since practitioners consistently underline 

the lack of architects’ knowledge of biobuilding components, it is necessary to 

discuss biobuilding components as part of architectural education (Section 6.2.1). 

Therefore, this thesis underlines the need for further research and practice on 

biobuilding components in architectural education, which would be a fruitful area 

for further work. 

Chapter 6 presents interviews with practitioners working in different countries, 

mainly in Western Europe, the Middle East, the UK, and the US.  The interviews 

are conducted in the Netherlands. The study should be repeated in different 

contexts, which might lead us to find different results. Moreover, this thesis 

embraces qualitative analysis methods such as oral history methods, semi-

structured interviews, and knowledge on biobuilding components in building 

design. The incorporation of living organisms into the design is an emerging 

phenomenon, while biobuilding components mainly indicate experimental 

studies. Therefore, qualitative analysis methods are found suitable for this study.  

With the guidance of this thesis and the integration of biobuilding components 

into building design over time, further studies can apply quantitative research such 

as surveys with a larger audience and more specific subject (e.g., user 

experiences).  

In addition to all this, multiple methods (e.g., oral history, thematic approach 

analysis), and multiple analytical and assistive tools (the Pyramid of Technology, 

Brand’s theory, MLP) are utilized to achieve the aim of this research. Notably, all 

these methods contribute to this study in a remarkable way, but at the same time, 

each of them has limitations. Surely, other methods (also quantitative methods) 

could also be applied in future studies. More importantly, since biobuilding 

components represent an emerging topic, current methods, along with 

classifications and categorizations, might seem insufficient to evaluate them. For 

example, Brand’s theory helps to understand the relevancy between biobuilding 

components and building parts as a starting point. However, the exponential 

growth of biobuilding components might override the layers in Brand’s theory. 

Likewise, the Pyramid of Technology helps to limit biobuilding components in the 
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scope of this study, but these technological integration levels are not stable and 

could be altered with emerging technologies.  Consequently, it is expected that in 

relation to the knowledge of biobuilding components, further methods and tools 

would be specified for their examination in building design.   

 

7.3 Closing Remarks 

There is only a perspective seeing, only a perspective “knowing”; and the more 
affects we allow to speak about one thing, the more eyes, different eyes, we can 
use to observe one thing, the more complete will our “concept” of this thing, 
our “objectivity”, be.” – Nietzsche, The Genealogy of Morals, s III.12, 
Translation: Walter Kaufman. 

 

With these lines, Nietzsche reminds us that objectivity in knowledge can only be 

empowered by looking through different perspectives as much as possible. 

Designing with biobuilding components is an emerging praxis in building design. 

Therefore there is a lot to be discovered about them by looking through different 

perspectives. This study’s yielded knowledge gives insights into the multi-

perspective impact of biobuilding components by revealing another potential 

impact and meaning in each viewpoint. Within the multi-perspective impact of 

biobuilding components, this research elaborates on their social and architectural 

impacts through its findings. Thus, this thesis takes a reliable step forward in the 

building design domain by enhancing architects’ understandings of biobuilding 

components. Accordingly, the study concludes with hypothetical deductions in 

relation to the expected architectural and societal impacts of biobuilding 

components. 

As emphasized at the beginning of the thesis, the thesis’s problem field has two 

facets: the use of living organisms, and smart technologies. However, current 

literature and living organisms are mainly connotated with sustainability and 

smartness related to technological developments, and they indicate different 

academic and popular debates. Biobuilding components bring new ways of 

thinking towards the production of any technology. In fact, sustainability and 

https://en.wikipedia.org/wiki/Walter_Kaufmann_(philosopher)
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smartness are underway to become the ‘added values’ of biobuilding components. 

In this way, the ongoing sustainability and smartness debates in architecture could 

be introduced with a new design approach and praxis as ‘biobuilding design.’ 

This could be centered around the philosophical meanings of biobuilding 

components in relation to their historical and phenomenological meanings. By this 

means, ideologically, architects could embrace biobuilding components to 

emphasize their conceptual way of thinking into their designs by empowering the 

relationships between nature, humans, and buildings in a philosophical manner. 

Livability, growth, and temporality would become disciplinary conditions of 

production of space and building design. Design concepts could be centered 

around favoring these conditions. While the interrelation of living and 

manufactured components shapes the interpretations of the concept of nature and 

technology, it thereby affects building design accordingly. 

The principles of nature and manufacturing can meet each other without denying 

their essential differences. Therefore, it seems possible to see this interrelation 

turn into a unity by means of merging the concepts of nature and technology in 

the near future. In the meantime, these essential differences between living and 

manufactured components could be overcome by technology. By this means, 

everything could be embraced as technological while nature could be fused into 

technology. But in both cases, this might be embraced into building design as a 

new approach or concept.  

The philosophical meanings of biobuilding design could be empowered by various 

practical benefits (e.g., energy efficiency, waste management, human body 

enhancement), as shown in the Overview part of the thesis. While these practical 

benefits urge architects to develop their designs accordingly, the integration of 

biobuilding components in buildings is expected to bring societal impacts. The 

integration of biobuilding components can accelerate the process of biobuilding 

components becoming part of our daily lives. As underpinned by practitioners, this 

might strengthen the relationships between humans, technology, and nature. At 

this point, this motivates architects to include more biobuilding components into 
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their designs. In the meanwhile, this represents a long-term process. Therefore, 

the infiltration of biobuilding components might transform buildings into 

biobuildings without being noticed by society. By the time buildings have become 

biobuildings, biobuilding components would already be accepted as conventional 

products. Biobuilding components have already been infiltrating into buildings in 

various ways (e.g., wearable technologies, living wall systems), encouraging 

architects to play more active roles to control and lead this integration by 

responding to the demands of society (especially highly developed Western 

society).  

Likewise, the practitioners suggest their integration into society slowly, but 

gradually. By this means, biobuilding components are expected to be developed 

further by appealing to society’s demands.  In other words, this interrelation of 

living and manufactured components will be shaped through the demands of 

society. For example, the aesthetical concerns of biobuilding components could 

determine if living organisms should be noticeable or completely fused into 

technology.  

On the other hand, the integration of biobuilding components into building design 

can trigger societal changes as well.  Along with the incorporation of biobuilding 

components into buildings, daily lives can be affected. Humans can develop new 

behaviors and relationships with architectural space. For example, biobuilding 

components present living, growing, and also dying materials and products. This 

temporality can affect humans’ daily routines, habits, and lifestyles compared to 

the stability of conventual understandings of buildings. Human dimensions are 

stable, so there are specific limitations to architectural spaces. However, new 

technologies can always bring further possibilities in which humans and buildings 

have dynamic relationships, especially wearable technologies. For example, 

wearable technologies already provide control and guide certain systems and 

objects in architectural space, and these can be increased in the near future; such 

as, enabling advanced cleaning, organizing, even replacing and transforming 

abilities. Architectural spaces can alter the adjustment of suitable human body 

temperature, preferable interior designs, can play music and present 
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entertainment activities, even release desirable smells. In that sense, their 

extension to the body might change common abilities and senses, thereby opening 

up new design possibilities.  

Hereby, what is essential is that biobuilding components lead us to ‘re-think’ 

current ways of building design and construction, while providing solutions by 

unifying living and manufactured components for ongoing environmental 

degradation and altering the demands of contemporary society. At the beginning 

of the thesis, the term of living is embraced as biological means of life, but this 

might be shifting with biobuilding components. While the distinctions between 

living and manufactured components are fading, thereby technology becomes 

more ‘alive.’ Within this ongoing change, one of the most important added values 

of this research is to address the critical connections between different disciplines 

(i.e., product and building design), theoretical and practical aspects (buildings 

and architectural theory) behind the current desire toward designing with living 

organisms (in general and in building design). Therefore, architects should be 

urged to empower their knowledge on biobuilding components and how to 

integrate them into their designs.  
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Interview I 

Place: Helmond/NL 

Date: 16th July 2019 

 

Should I start by showing the examples of products first? 

Berrak Kirbas Akyurek: Sure. 

Here you can see an example of ice skating (simulation). We have taken it as a ski 

board, an indoor object. It depends on the age of the user. So, we have two 

different versions. It is an ice skating board in the interior with a game you can 

interact with it.  

Here is another example, Smart Wall project. It has smart sensor technology with 

a beam projector. You can see the sensor technology that you can connect to. That 

will be reflected on a black wall. The application we designed primarily focused 

on primary schools where there is a white wall. It can be either a gym or any room 

where a child can play games about learning a language, or teaching geography, 

or anything you can imagine. For example, we have a setting for incomplete 

words, and you see many letters that the children can select.  

You can now incorporate (sensor) technology with your smartphone. The 

technologies here we have are currently focused on sport, education, and different 

domains, reactions, and specific applications. For example, the idea behind 

this Smart Bicycle is to put a smart tablet with an audiobook application. If you 

are cycling, the sensor triggers the book. If you stop, the book also stops. The first 

product was in Helmond, NL, primarily focusing on helping people having 

accessibility to disabilities in reading, for example.  

Berrak Kirbas Akyurek: Do you utilize the energy releasing from riding a bike, as 

well? 

Currently not. They are two separate applications. It is quite difficult to set the 

electricity of the cycling of the controls because of the voltage. It is easier to apply 

this now. You can install a generator for energy, but a generator is not always 
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consistent as we expect it to be. For example, people are requesting to adopt this 

technology into their own bikes. Asking people to buy a new bike sounds 

expensive.  

This is also another example we call Smoothie Bike. Here you see a blender at the 

end of the bike. When you cycle, you can prepare your smoothie. It is mainly 

rented out to offices to provide a distraction to the employees. Currently, I am 

working on the technical parts of this project. One of those wheels, there is a built-

in generator. I am currently working on how I could get voltage out of this. 

Through a cable, of course, a proper voltage can be converted. I am also working 

on how we could use this energy, like charging mobile and iPad or even turning 

it into a game.  

Berrak Kirbas Akyurek: It sounds like you are working in different domains. Could 

I ask why? 

We do not specialize in a specific domain. It might be a weakness or strength. It 

depends on how you look at it. The focus always needs to be in general, so we 

could always find a market for it.   

Berrak Kirbas Akyurek: Considering that we have limited time, Could we continue 

with my questions mainly related to Sniffer Nose project? 

Sure, I did that project when I was at the University (Eindhoven Technical 

University). It got quite an attention. I won first place. It was a preliminary 

concept. Back then, google glasses was so popular. So, at the University, we have 

ongoing discussions on the apprehended reality of how we could apply it and what 

it is all for.  

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe yourself professionally? 

On paper, I call myself an industrial designer. Because it is the easiest way to 

describe myself, but in practice, I cannot place a label on it. Since I do more things 

in product development, I am more into product development than industrial 

design and believe more into the visible spectrum. But I also work in electronics 
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and mechanics. For example, for Smart Wall, I built a red box on the top that gives 

strength and does not shock you when you touch it. So I kind of work more on 

product development. That’s why I also see myself as a general engineer with a 

bit of mechanical expertise, a bit of practice, and an invention field. I like to think 

about new things, but I also want it to be a reality. That is possible and feasible to 

develop. Through that aspect, I see more self as an engineer spectrum than the 

artist spectrum. For example, if you think about a designer, it would be someone 

between designer and art.   

Berrak Kirbas Akyurek: Can you tell me the motivation behind the development 

of Sniffer Nose project and your other projects as well?  

My motivation behind is… We use all kinds of technology to improve our sight to 

see everything in the World. Listening is also important. However, within all 

senses, smelling is underused. And I thought that we could apply some kind of 

sense something despite this. But that is quite complex because the scent is a 

complex sense. For example, to develop a design for a screen is easy to accomplish. 

Because we see the effect, the three colors, red, green, and blue, and combining 

these colors, you can get an image. But for scent, you do not really have three 

primary smells. There are millions of different smells. So my motivation perhaps 

to improve our scent, maybe with something on our nose. So I came up with an 

idea to use google glasses with an extra attachment to help them sense all these 

smells and translate them into data. What could we do with this data?  

Do you know what is synesthesia is?  

Berrak Kirbas Akyurek: Kind of. Could you explain a bit? 

It is a primary condition that people link their senses. For instance, if I tell you a 

name, you can have an idea behind the color or scent of that name. It does not 

have to be a scent; your brain just gives it. My main purpose perhaps we could use 

smells and add color code in terms of categorizing the smells. Or for example, 

when you walk around it, you notice a smell, and the device can say your uncle 

was here just about ten minutes ago. Or more private information such as by 

sensing someone is pregnant or so. So a lot of discussions can come from this. I 



245 

 

can imagine that if this technology is developed further, it can be used in many 

different ways by shaping the behaviors of society.   

Berrak Kirbas Akyurek: Depending on these many different ways, as you said, do 

you foresee any possible use(s) in building design? 

For example, you can use scent technology as a set of fire alarms that you can set 

a general sense. Because the interesting thing about scent is, for example, you can 

trace the animal with a kind of footprint of smell. It gives information about where 

it was there, and also the conditions. So if you have a chance to place that kind of 

technology on a building that you can affect a similar recording who was there, 

who walked around, I can imagine it can be applied to that aspect. Other things 

can also be revealed in terms of a more private image.  

If you look at current building designs, the focus is on heat isolation. Because 

preserving the heat is environmentally friendly. But, we also need air circulation, 

since the air in the building is not fresh. I can imagine that scent technology can 

make it quite easy to detect polluted air. But I do not think that scent is logical to 

utilize right now. 

Berrak Kirbas Akyurek: For example, it is always hard for visual data to record it, 

deposit it, and re-watch it because of the data size. Do you think scent can be an 

option? 

Definitely, all the crimes always happen at an angle where the cameras could not 

see. So I can imagine the possibilities. You can use multiple (scent) sensors in one 

room, and it will be recorded.  

Berrak Kirbas Akyurek: Could you tell me the novelty of Sniffer Nose project?  

Through google glass, you could see through applications. As an extension to 

google glass, I aimed to amplify the scent’s sense to give it an extra boost. For 

example, you can press, and the application leads to see the smoke on the streets. 

If you download a new app, you could see the traces of somebody familiar to you 

or celebrities. Moreover, for example, as you smell something or someone when 

you walk around, but you cannot identify it, you could just ask the application.  
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Primarily, the focus was on the improvement of the human scent by using 

technology. 

Berrak Kirbas Akyurek: Human enhancement, you mean? 

Yes, definitely.  

Berrak Kirbas Akyurek: What would you like to achieve with the development of 

Sniffer nose project? 

It is also a human enhancement. For example, scenting someone is pregnant, or 

someone has a disease in a room. You can imagine that if I developed a sensor on 

that, I could check someone’s disease because certain scents heightened or 

lowered. And if I have germophobia, I can refuse to be in that room. These kinds 

of behaviors can be developed. Besides, privacy is also an important issue. For 

example, if you want to keep something hidden, someone can detect it via scent. 

Suppose you had cancer, and you would like to keep it secret. A person with a 

sensor would confront it.  

Berrak Kirbas Akyurek: It sounds like privacy is a big issue; for instance, you 

cannot even hide your feelings. Since the human body releases a different kind of 

scents by being nervous, angry, or happy.  

You can imagine maybe something we developed specifically to detect this scent 

particulars and remove it. You can see that whole new cosmetic products could 

come on the market.  

Berrak Kirbas Akyurek: So you are saying there is a possibility of this concept to 

bring ‘openness,’ but also privacy issues. But at the end of the day, if we could 

manage to develop these technologies, lots of things could change. 

Similar consequences have already happened. For example, for Facebook, if you 

regret all the data, photos, and information. It is already there, and hard to remove 

it. Imagine those certain companies removing your data from the internet. So that 

is a similar concept. So you are saying there is a possibility of this concept to bring 

‘openness,’ but also privacy issues. But at the end of the day, if we could manage 

to develop these technologies, lots of things could change.  
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Berrak Kirbas Akyurek: And the recognition of the scents could be with color-

coding? 

Yes, you can do it already; they already do some actions. Many people are 

developing these technologies, such as researching the scent of purple. That’s why 

I give the example of someone with synesthesia. For example, if I imagine purple, 

I imagine forest berries; I imagine something sweet.  

Berrak Kirbas Akyurek: But another person can imagine something s/he dislikes? 

Maybe you can also give a shape with it, and you see something overall.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

The challenges are more about design, such as google glass implementation and 

personal use. I had to present as a fleshy project; back then, google glass itself was 

fleshy. But the whole idea about the scent, I did not get much criticism about it, 

more about the implementation. If they do not like the product, it was their own 

problem.  

Berrak Kirbas Akyurek: So, you mean your challenges more likely about the 

technical part of the project? 

More how I presented it back then. In the technical part, I did not develop a 

working prototype. It was about future technologies and how they could shape 

society. I came with scent sensors that have potential and presented as a product. 

I think everybody that I am working with knows that these sensors will come. That 

is always a question between the technology we hope that people will use and 

how it will be useful. 

In building design, you can do models, but you can look from the top. In reality, 

no one would look at a building from the top. And the prototype is already a 

finished building. But I can provide a prototype; you can touch it, play with it. 

There are constant alteration and development of custom issues.  
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Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; sustainability, natural, organic, smart, bio, etc.: Which 

terminology do you prefer to refer to your designs? 

Currently, we use the term ‘smart’ a lot. Sometimes, we put smart before the name 

of the product like Smart Wall. Sometimes we use smart to describe the action on 

it. It depends on which is more catchy. For example, smart jump is more 

memorable than smart trampoline. In the past, we faced it, like iPod, iPhone. We 

have a similar approach to terminology. For me, the important thing is the 

customer to understand it. I can find really fancy words, but it is hard to guess.  

You gave other examples like sustainable... Right now, they indicate 

environmentally friendly production.  

Berrak Kirbas Akyurek: If your product is environmentally friendly, do you prefer 

to use sustainable instead of smart? 

It depends. For example, in the case of Smart Wall, smart seems suitable with 

sensor technology that gives visual feedback. And if we have an option to make it 

solar powered, we want to use that aspect on it. We will use sustainable.  

Berrak Kirbas Akyurek: For the product name or description of the project? 

More in intercell. We go to (Dutch) municipalities and other organizations for the 

smart wall concept. And we use the sustainable term, which also sounds smart, 

and people want to be smart. To me, the difference between environment friendly 

and sustainable is that sustainable is short and currently trendy and symbolic. 

Maybe some people claim that there are differences, although the environment 

friendly for me seems more general. Besides, sustainability is more related to 

durability.  

Smart, on the other hand, does not have to be sustainable. But, it is about the 

improvement of the product. Like the smartphone, it is the improvement of a 

phone. Smart is an attachment to make products more intelligent. For example, 

when I talk about smart wall, you immediately understand what is smart wall. I 

do not really offend it, and I can simply express the improvement. For example, if 
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I say smart tree, you would understand there is something like interactive, 

superior, different. Also, it is the current trend. I can imagine ten years in the past 

if I added smart before a product name, people would say, what does it mean. You 

can imagine ten (10) to twenty (20) years in the future, and the smart term would 

be meaningless.  

Berrak Kirbas Akyurek: I think what’s important to you is to be understandable? 

Yes.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

I would indeed say it would have an impact on social behavior. I would also add 

an infringement of privacy due to the capability to gather information through 

scent, which others would like to hide. Think of pregnancies, diseases, where you 

have been, and with whom or other scenarios that smell involves. 

Berrak Kirbas Akyurek: You told us that if we start developing technologies with 

scent, we could create new behaviors. Do you think that will bring further impacts 

on society? 

I could imagine that I could categorize certain friends like 2.0 and 3.0. For 

example, if you do not want to see them, you will not enter that room. If sensors 

could pick up the scents and detect them, it will affect your decisions. It is about 

future technologies and how they could shape society. 

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

It is always a bit complicated to talk about the future. I think sensor technology 

will be developed further. Currently, you can see lots of problems with Alexa and 

google home systems, especially with sound sensors. The data sensor technology 

could work through the movement as well. If I walk into a room, instead of saying 

lights on, I will look at the light, and the lights will be on.  

Berrak Kirbas Akyurek: What is the main advantage that you see in this example? 
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Because it is easier, in design, you have to look into actions. If you do multiple 

actions, people might not use it. It is two actions that have to take. For example, 

for the light, if you want  %50 of brightness, you have to say: Alexa, turn on the 

light! Make brightness %50!. It needs specific steps.  

Berrak Kirbas Akyurek: Do you have any recommendations for future designers, 

particularly the architects? 

In a more practical aspect, the sensor technologies work on radio wives within the 

electromagnetic spectrum.  You can imagine if you have a lot of electronics in a 

space, it becomes quite hard to utilize. In building design, I do not think it is a big 

deal. I do not know how much noise they make. I can imagine that maybe 

something that can influence the whole design. For example, wi-fi became a vital 

thing only a few years ago, and everything has started to be centered around wi-

fi technology in buildings.  

Berrak Kirbas Akyurek: Do you have to develop your designs accordingly? 

Yes, let me think aloud about how these technologies could affect buildings. 

Maybe I am thinking more like a building is already there, and I am designing it. 

Since my profession works like that, it is currently my mindset. Maybe I need to 

think about the building design process. 

Berrak Kirbas Akyurek: Which building process do you think these products could 

be applied for that matter? 

Let’s take the interior ice skate product. If I go to a place with a lot of sunlight 

interfering with sensor technology. I have to change the product. I cannot change 

the building. For example, Smart Wall requires a dark room, but no one wants a 

dark room building. In my experience, I have to adapt to the building. In that 

sense, the industrial practice should find a way to compromise with the buildings. 
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Interview II 

Place: Utrecht /NL 

Date: 18th July 2019 

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

What I do is on wearable technology mainly as I call it to fashion innovation and 

try to apply innovative thing on the material level on production process level so 

how it has been made, and also embedded electronics. Those three areas I try to 

cover. I do that mainly on a human scale and as a fashion designer. I know how 

to make it better by looking at how to work with the dynamics of a skin. My main 

experience is applied to the body.  

In my textile company, we design in fashion technology and the first bit of design 

and second bit of research because normally it is the opposite of research and 

development. Because I based on this how-to process aesthetically and 

approached its usability point of view more the design criteria. And then research 

needed on different levels, sometimes usability research and then fashion 

research. Fashion technology is an umbrella for both the three fields that I just 

expressed new materials, wearable technology, and the production process. That 

is the way I think it describes myself. Sometimes, it should be shorter, so it is a 

fashion technologist. I have a few terminologies there. I have a few terminologies 

there. Fashion tech was used to be mainly about the product in the past. Since 

then, it has evolved more into retail tech. Since terminology is kidnapped into 

different fields. It did not make too much easy for me, but we still make it also 

back. I think in fashion we can wear if they are being innovated on how you gave 

more sells, and make it cheaper a lot of economical innovations, but not on the 

product itself not on the material itself peace could have been exactly the same 

for ages.  
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We are working on a book, and again we are using fashion tech. For the 

development of our designs, we are working with fashion designers, product 

designers, electrical engineers, computer engineers, and textile engineers.  My 

core is in fashion, textile engineering, and industrial design.  

Berrak Kirbas Akyurek: Can you tell me about your current projects as such aim / 

your role of/ in your company, mission, and goals?  

I am creating more sustainable, supportive fashion system. I think that can mean 

so much than what we currently do. I try to do that with the help of technical 

innovations. So that stuff can take care of us, helping us and make people healthier 

in a longer period of time without the enormous impact now the products have 

been produced today on a global scale. That is my goal. Also, I know that it is a 

huge goal. How I approach is just project base on at the time. I collaborated with 

Philips; for example, they do a lot in the medical field there. I learn how to embed 

this kind of electronic systems like technologies treating your diseases, gives you 

light therapy when you have back pain, and that kind of high tech. It was great to 

work with them as such a huge knowledge base.  

But in the end, I want to have an impact on daily life. For example, you and I, we 

are in the same environment, maybe different request on climate with different 

needs and also dynamic needs. Why this whole building need climate control 

while we only need this part (our wearing) to be more comfortable, nothing more. 

There is a lot of energy. And as a compliment to the architects and building 

engineers, they always continued to think about thermal comfort, automated 

windows, and any similar innovation. I think in fashion we left at our side towards 

those problems. Textile industry is one of the motivations of the industrial 

revolution, and a lot of innovations went on.  Textiles still breathable but could 

resist rain. Those kinds of things returned to only economical way, not the content 

way. It is a pity. We also have to bring these kinds of functionalities like architects 

are trying to do.   

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of the project? 
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Actually, it was kind of frustrating when I studied fashion design that fashion 

pretends to be so much in front of innovation. So new, so cool. You have to buy 

new clothes. But nothing was really changing, maybe a different color, skirt line, 

but nothing changing. Next to that, I was born here in the East of the Netherlands, 

where people are still interesting super high-tech textile industry. So maybe they 

are doing super protective clothes for the US army etc. I thought of why this is 

happening and why fashion is doing that. It should be merged so becomes more 

relevant again. So garments become less and less quality, less and less value, and 

we have to change that kind of thinking.  

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

I am aiming for everyday use, advances, but you do not necessarily be seen. In an 

aesthetical way, how we perceive fashion, I think it will not change. As we still 

have those bodies, we will need the same kind of suiting. The clothes will look the 

same. My ambition is for technology to be integrated. Maybe I do not see anything 

of your climate control inside your body because it is so personal for you but not 

for my purpose to know and experience it. So, for example, this is quite boring 

that a black t-shirt could be any color, but on the inside, we put electronics in 

which measure your heath beat and respiration together with your movement. 

Those three data set you can say something about your well-being.  

Berrak Kirbas Akyurek: Does this example only measure your health data or 

provide any solution as well? 

In this case, it is only sensing. That is not only sensing, and We do a lot of sensing, 

Fit bits, smartwatch can also sense the data. I think we are good at sensing over 

the thirty years making sensors better. But also we want something more, 

treatment and direct feedback. I think this is the second ambition that I have. 

Because the skin is covering some much skin, you can also do a lot for the body. 

In this case, we thought the feedback also should be integrated. This example is 

another one with tiny vibrations. It gives you a relaxing massage, or if you are a 

bit lazy, it wakes you up.  
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In another example, we are able to measure all these data sets from the back. As 

female way look more exactly the same with a man from the back. On the front 

side, this opened up the field of measuring the female body, which was a bit 

neglected before. Because we have those monthly rhythms, body fat, etc., are more 

complex than man.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; sustainability, natural, organic, smart, bio, etc.: Which 

terminology do you prefer referring to your designs? 

For terminology, you have to figure it out yourself. As I mentioned, I started with 

fashion technology terminology, but it was being kidnapped from more marketing 

site. There are a lot of books with terminologies in wearable technology, e-textile, 

and many more. Whatever they name it, techno-fashion also bit care. I do not care, 

but over the years, I see the meaningless changes have been done. Wearable tech 

was also used to be quite suitable, but now if you google it, you could only find 

smartwatches and fit bits. I do not often use wearable tech, but I have to relate it 

to other people to understand my work.   

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience? 

For example, in this example, it looks like a normal black t-shirt. And we found 

out that it is too much integrated to start a discussion. The other one is very visual, 

with some examples in the middle. That is also a balancing act we are learning.  

We especially tested how the user wants to have it, and also we tested it in a 

closed-loop system, so people had to lease it and bring it back. The results are 

totally different around Europe. We also tested the lifecycle of the product with 

the lifecycle of the used performance. Moreover, we asked do you need it is 

relevant, do you want to know, and how you want to know your information back. 

We conducted extremely comprehensive research, and online information is very 

limited. Please let me know if you have specific questions. 

Berrak Kirbas Akyurek: What about washability? 
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It is totally washable. We tested 25 times. In fashion, the maximum number of a 

test is 30. So after 25 times, it was still working. We also tested that you applied 

them, you wash them, you remove the technology, and reapply them. We manage 

to them over five times. The life cycle of the garment is way shorter than the 

technology.  

Berrak Kirbas Akyurek: Can you tell me about the user’s experience by carrying a 

technological product on their body every day? 

Surprisingly ok. This is a super important way of how we should test. If you see 

it, you have an opinion. People could say I do not like this color, and I do not want 

an open back, and etc. Everyone had a direct opinion on a garment when they 

looked at them. What we also did this. We made all the garments white, selected 

the target group on sizes and preferences. We had some criteria. It was a specific 

target group. We asked them to fit all sixty pieces and try them all, and share your 

feedback.  

We conducted questioners with very specific questions. Most of the time, users 

told us they do not feel the technology. The idea of being measured is very scary, 

have electronics on your body is a bit scary when you think about it. For me, 

People’s answers were surprisingly positive. Firstly, people want to take better care 

of themselves. That was the specific request they expressed over and over. But 

how can we do that? They were really open for that. 2/3 of the users told me that 

they could see the benefits, but it is not for them. It is for people in need such with 

disabilities, health problems, elderly and etc. But my ambition is to do less in the 

medical field and be more supportive, like giving you feedback saying you did it 

nice and something like a treat. 

Berrak Kirbas Akyurek: What are the expected results of the design of this 

product? 

The number of tech acceptance by a female was high. I did not expect this in the 

beginning. We also put a lot of emphasis on making it as feminine as possible. It 

was so well perceived and super nice. Here in the Netherlands, the leasing systems 

are not so accepted. But for example, in us, a lot of people lease their cars and 
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equipment. Here is not common, but we need to look at more circular business 

models. In the rest of Europe, it is also accepted. Then more the common things 

the people say it is pretty, but for people with diseases, I expected this answer but 

more than I got it. So for me, with these researches, my hypothesis was more 

negative than the outcome. But I still could not manage to bring that into the 

industry.  

Berrak Kirbas Akyurek: Do you think do you need more time to develop this 

technology further? 

The facts are so clear. I would like to say come on people! Open up for feminine 

tech, innovations in garments. It is a business model, something going on there. 

Why do you not see it? I am not sure it is the only time; it is all approach and 

understanding. But it is a positive thing that data sites amazon and google they 

also innovative garments. They have research departments. Slowly fashion labels 

field is kind of fair one. But about the fair, it is not a good reason. I think the 

reason should be that you want to make and produce the best products. But it 

does not look realistic.  

In fashion industry, they all do the same. If you want to survive, you should do 

something different, whatever is different.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

Every project has it is own application area. I think garments can support your life 

a little bit better in your daily activities, in your physical behavior, getting you out 

of your phone. Of course, the impact of garments on society is huge. For example, 

you come in like that I have an opinion on, you communicate with your garments. 

I can be wrong, but communication with garments is already huge. I think this can 

be more emphasized by technology. So that is more the usability side.  

But the other one is a huge problem with garment production. We made so far 

away from polluting materials, not sustainable, linear process on throwing away 

when they are ruined. I think on the backside, those makers are also consumers 
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again. So there is also a huge impact to be made. And then you also have advances 

in a healthier environment and a better place to live. Of course, this sounds like 

super huge, super ambitious. I do only it like tiny things, but research says how 

this can do this. Every time I am trying to achieve more %1 percent, every time I 

am doing it better. In design, of course, you should be specific, but also, you should 

think and do something bigger. You can also approach to fashion industry a little 

more holistic comparing to working on small superficial changes like color, style, 

marketing, etc. I think that is super important for gaining success.  

Berrak Kirbas Akyurek: Do you think it is possible to see any impacts on building 

design? 

Maybe in 30 years from now, our demographics will change, maybe we will be 

wealthy, we may like to expand our homes, workspaces. I can imagine that the 

dynamics of living together also change the most important thing is to synchronize 

the u-cycle and also the life cycle of the pieces. So maybe they should be designed 

as rebuildable, demolishable with the same materials. If the cycle changes, 

everything could be changed.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

The biggest challenge is to bring it forward within fashion labels, garment 

manufacturers to convince them they have to innovate. Of course, they are 

challenges in the development of technology. There are challenges in material 

quality and the production process, convincing consumers. But for me, it seems 

easier than one bridge between the customers and production processors. There 

are labels and brands, and they are so stuck. They are considering not only the 

money but their reputation and branding, and it seems reasonable, but they are 

not so taking care of the customers. So frustrating to see they are saving their 

reputation by making more bad quality products. How long do you think they are 

going to accept that?  

The big firms surprisingly stuck into their systems; they have strict timing, offices. 

I am working with a few big firms on many pilot projects. They have their systems 
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they have to produce somewhere, and that somewhere is at the other side of the 

globe while we know we can produce better 30 kilometers away in one week. But 

it is not an option because of their financial systems. I do not know they have a 

hundred reasons since they stuck into the system. Moreover, when we are making 

these pieces, we started to have with big manufacturers, tech firms. And they 

asked as these can be licensed in a certain amount. So you have to think about 

how you could afford these designs before they are not in the market.  

Berrak Kirbas Akyurek: Could you tell me about your expectations for the future 

and your recommendations for future designers? 

The future will not in the way I approached it, and it can always be better. 

Sometimes also makes it vague works. I want people to be healthy, in good 

proportion, ease their life, change the product cycle. It is not feasible, yet it makes 

keep me alive trying to achieve the only %1. It is good enough.  
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Interview III 

Place: Bergen/NL 

Date: 19th July 2019 

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

When I look back to studying at the university about twenty years ago, I like 

working as an architect, but I changed my focus to bio-based materials. I was more 

interested in shapes and spaces than materials when I was at university. Then, as 

I started to work as an architect in Erick van Egeraat (EEA) associated architects 

in Rotterdam, he was focused on constructing buildings but also very experimental 

materials in terms of new opportunities as such a variety of finishes with any 

specific content.  So I learned a lot about the ‘next level’ in architecture from Erick 

van Egeraat. He was interested in shapes and spaces as well, but he adds another 

chapter to what I regard as an architect. Then I started doing my holiday house in 

Sweden, which we built ourselves. We built it with fifteen friends. 

We would go there to the Swedish forest every twice a year. In a few years, a 

double team would develop. It was the first time I would build my own hands. I 

realized that the ‘last chapter’ of architecture is a lot of fun in terms of 

experimenting and finding out materials, the ways to use them, and see what 

happens to materials? How are they created? How can you work with them during 

the building period? What happens afterward? How do they age in time? Do they 

become more beautiful, ugly, dirty? There are so many levels in that to develop. I 

think from there. 

We are more interested in all the bio-based materials; wood is a very obvious one, 

natural stone is an easy one to understand. Then, we came across a project in 

Thailand, and we are asked to work with bamboo. So there was a lot of fun to 

experiment with that. We did not have any experience, but you can find expertise 

if you want to. But also bio-based materials like a reed as attached roof, which is 
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very common for this area (NL) like in old farm-houses, and even in England and 

North France. They are easy materials by means of accessible and natural. For 

instance, in the Netherlands, we need to take care of our water balance because 

we are below sea level. To be able to do that, all the ducts and rivers should be 

clean. If you do not know anything, as reed grows, and you need to take away 

reed. 

I think, about five hundred years ago, they thought we have all these materials 

and what we can do with them. And they made the roof. Actually, reed is a super 

nice material; it is an insulating material, an easily accessible tradition that we can 

still integrate a kind of modern way into architecture. It is not a high-end 

development, low-tech with alive materials that we are also interested in. I would 

say that is the stage that I am in right now. I am still into developing spaces and 

shapes. But within the past 15-20 years, a lot of experimentation with materials 

had been added as another level to architecture that we are doing right now. 

Berrak Kirbas Akyurek: Can you tell me about your current projects as such aim / 

your role of/ in your company, mission, and goals?  

To describe it simply, we would like to make ‘biophilic’ architecture. That is also 

a broad word. If you look it up, it does not really tell you anything. Basically, it 

means architecture with any relationship with nature. For example, that is a way 

to be making sure of if the sun comes into your building when you want or vice 

versa. It could mean you have contact with trees and plants in your surroundings 

that you use natural materials in your buildings. You could wonder why that is 

important because we can make a concrete box and put air-conditioning inside. It 

also works. But I think that is exactly what we did in the past two years. We lost 

our contact with nature. We thought we could solve everything by developing 

techniques. We did not only failed to connect to nature and also lost our 

understanding of nature. That’s why basically we are ruining our planet. It is sad 

for the World and also sad for humankind. Because in the end, we cannot survive. 

If we go on like this another hundred years, the planet is gone. No, actually, the 

humans are gone; the planet will be there. We will be gone, and the planet will 
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recover and find its new balance. But if we want to stay here, we have to find a 

balance with seven billion people on the planet. We have to find a decent balance 

to live with nature, and these rhythms of nature like the seasons how circular 

methods that nature gives us. You know tree grows, and a certain moment that 

becomes fully grown, and then it dies. If there is a storm, it throws over the tree. 

The tree starts rotting, and little animals eat the tree. And from that, another tree 

starts growing. These kinds of cycles have been demolished over the years. A few 

weeks ago, I got a picture from an architect’s friend who lives in Japan. He went 

back from a trip back to Japan to Tokyo. He sent me a picture of Tokyo, and he 

was so happy to be home. When I saw the picture of the city, I only saw concrete. 

There was not one tree visible. How can we imagine nature’s function if a whole 

city is all concrete? There is no natural cycle there. If it rains, it comes down, and 

you need to make sewage for rainwater. But we forget that if you take away 

rainwater, we take away the lives that come with rain as well. There is no 

sustainable thinking there anymore. Our ambition is to make people understand 

that there is a balance in nature. That does not mean that if it is 20°C outside that, 

we have to sweet or freeze when it is -10°. There is a gentle balance, and we should 

try to use it.  

Berrak Kirbas Akyurek: Can you tell the main intention and motivation behind the 

attempt to use bio-based materials?  

There is a misunderstanding that the environment needs humans. The earth will 

survive. Our will to destroy our planet will not happen, we can kill animals, plants, 

ourselves, yet the planet will survive. So if we want to have a decent way of living 

for our children, we have to find a balance with nature. It is really about saving 

human kinds instead of saving the earth.   

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

Terminology is one of the tricky parts I think from this stage at the moment. Let’s 

take the easiest one. Sustainability does not say anything about what you are 
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doing. Because it is so broad that everybody can claim their projects are 

sustainable. For example, suppose I have a Ferrari, which is bad for the 

environment, then I changed with Volkswagen, which is less terrible. So I could 

argue that I am sustainable. So if somebody claims they are sustainable, it does 

not mean anything to me. There are all these labels like Breams and Leeds for 

architects to focus on. If you can put your Leeds certificate on your building, you 

can claim it is sustainable. As you look into the building, the building itself could 

be questionable in terms of not taking account of the sun, fresh air, and many 

more. The only thing that you put an efficient, sustainable machine-like solar 

panels. So I try to stay away from those kinds of issues and start to appreciate the 

effort of people. Suppose somebody changes its worse car with the good one. If 

somebody plants a tree in their garden, apply insulation to the buildings. 

Everything we try to create a balance between nature and us is valuable. Let’s not 

make it into a game. It is not a competition. That is all fine. That’s my issue with 

putting labels on it like biomimicry, biophilic architecture. They are all 

meaningless, and it is a starting point for discussion. That’s why I use biophilic 

architecture as a starting point, which helps to clear out the main goal of making 

balance with nature. Moreover, biomimicry is about understanding the smartness 

of nature in your designs.  

Sustainability does not mean anything anymore. Maybe, in the beginning, it 

pointed out something. I think if you ask a hundred architects in the Netherlands 

if they think they build sustainable buildings. They will say yes. Maybe they are, 

or they have been trying. Again I am happy with the participation of people, but 

this does not mean anything. Let’s step back and be honest about what we want 

to do and look at the results to see if things made an impact in the end after we 

build something. It is a building, and it is not a smart machine with a label. Do all 

these labels have any contribution to nature? Is it a selling trick? For me, it does 

not mean that everybody has to build organically shaped buildings or use only 

woods or anything; there are so many things to discover. Be true to what you are 

saying. 
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Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

Again, that is super complicated to take out one little part of it. Let me give me an 

example; a private house for a client. First of all, the entire building has been 

constructed with wood, which is the main building material with a CO2 positive 

balance. All the other materials, concrete, steels, and any other materials, have a 

negative balance. Let’s start with that. There is a lot of wood available in the 

World. One little sidestep in this story, if I do a lecture anywhere talking about 

wood constructed buildings. The first question is always the same if you want to 

build with wood; you have to cut trees, which is terrible for the environment. And 

then I have to explain to people. It is a non-sense remark that makes clear that 

you do not understand how nature works. Trees can start growing. The trees that 

we have here are different from the other places like in Africa and Brazil. They 

become fully grown about 70 years, and they become old and week and tumble 

over and start rotting. So a forest is not a permanent thing; it is a circular thing. 

Trees begin to grow, then they become fully grown, and they fall over, and this 

process starts again. If we can sustain a forest in this kind of rhythm, let’s say we 

take out the tree for 15 years. If we leave all the branches left, they start rotting 

and add to the cycle, and a little tree will grow at the stop. The cycle is still in-

balanced. The only thing we capture CO2 data at the moment because we worry 

about that, but we do not ruin the circle. That’s the main importance for CO2 

balance. With that, the nice thing is there is also something called economy, and 

there is a human being with the need for food and shelter. If they have a little 

forest, they can have a sustainable living for themselves. So, let me give an 

example. Imagine there is a small wood farmer in Brazil. He has a little piece of 

land, and he has own this land with two hundred trees. On this land, he has a wife 

and children who are hungry every day.  Now, I go to Brazil and this little farmer, 

and say, can you please give one of your trees with good money that you can live 

for a year? I will make a house from that tree, and when I come back next year, if 

you will plant another tree, then I will buy another tree. So, he has an incentive 

to plant the tree and maintain the other trees that he has because he knows I will 
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come back the next year. With that, my farmer and I make a sustainable method. 

Trees keep on growing, and I can keep my architecture business; everybody is 

happy. Now, there are some people who will say to you that you cannot go to 

Brazil and buy a tree because you have to sustain our tropical forests. So, we 

cannot chop down a tree. What happens then? I do not have a tree, and a little 

farmer needs to feed his children. Then a huge American guy comes down to him, 

and hey little farmer, if you chop down all your trees and put some cows in there, 

and I will come and buy a cow for my meat in America. So, the little farmer thinks, 

let’s chop down all trees and put some cows, so then I have food on the table for 

my family. Then, we lost our trees instead of one, and what we gained CO2 

produced cows instead of CO2 absorbing trees. The farmer is still OK because he 

can feed his family. But, the world gets less happy. That’s really one of the issues 

I would like to make, all the choices that we do, we have to choose to create in-

balance with nature. Or do we fight with nature? I am a strong believer that we 

have to find a balance to be able to survive for the next generations.  

It is also too naïve to think that you can just leave trees. For example, in Europe, 

we all chopped down all the big forests. That’s why we have a lot of space to live 

in, and we can build out our cities. Then we tell poor people in Brazil that they 

cannot chop down their trees. They have to live in poverty when we are happy, 

wealthy people with no forest. Therefore they are producing oxygen they have to 

starve. It is a rather unfriendly way of looking into nature.  

Berrak Kirbas Akyurek: Could you describe the novelty of your projects with bio-

based materials? 

It is very much in detail. First of all, what we try to do is building with the 

surroundings, so make sure you understand inside and outside, do not design 

projects that are completely at themselves, but interacting with the surroundings. 

So my main goal for the next ten years is to try to make an industry out of bio-

based materials. In the Netherlands, we have a big building industry in concrete. 

Everything we do is concrete, sometimes we add a bit of steel in the concrete, but 

the concrete industry is big in the Netherlands. My ambition is to move that 
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towards bio-based materials. Wood is a classical building material, of course, lots 

of traditions, let’s say in Scandinavian countries for many centuries. Here, we have 

hardly anything, but we look at wood as a building material from the past. We 

used to be dumb, and the only thing that we could do is to cut down the trees and 

put them on top of each other and called a house. The interesting thing at the 

moment in the last 5-10 years, especially wood, turns out to be a fascinating 

industrial material. So we had these CO2 products, glued large panels of wood, 

and they are really easy to prefabricate. So we can easily come to the building site 

and just mount the whole building together with these panels. They are a lot 

lighter. In concrete, a lot easier to deal with since they are better insulated, they 

are not CO2 producing. But we did not do this because we did not really have 

machines for it. For instance, CNT machines, the automatic cutters, I just make a 

drawing in AutoCAD, I send it to the wood producer, he sends this to his computer. 

Then, the machines start cutting out exactly the stuff we did in the position of the 

millimeters. The funny thing I learned over the past ten years on working with 

woods that if you do it like this with the help of this machine, that is only from 

the past ten years. If I had done it thirty years ago, you would precut wood pieces 

that would never fit. Now, if they come to the building site, everything fits. We 

are building a theatre in Paris at the moment. They just started mounting all things 

together three days ago, and everything fits so far. So they have two big boats 

filled with wood panels, they are all numbered. They come to the building site 

with a big crane, and all things were mounted together. Within a few weeks, the 

whole theater will be up and closed. It is a completely different way of working 

on a building site for one year or two years. All the poor guys are working there 

under the rain and cold and being unhappy. We can all do that in a factory. We 

can do that easily with wood. It turns out, nobody is noticing except for a few 

pioneers. But this is going to change through this building method. If you just step 

back in history a little bit and look at 100 years ago, how did we make buildings, 

and how did we make cars? We made buildings roughly as we did at the moment. 

We did about the same with cars. Somebody was welling steel, put the engine, 

and combine all by hands. Now about a hundred years, cars are made by robots, 
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people working in car factories supervising robots and computers. But if you look 

at the building side, still the same non-sense, a guy is putting all these bricks under 

the rain. This dumb method shows we did not involve at all. I really think we are 

at the edge of the next developments at making buildings much more mass 

produces thought of and made by computers than hand. I think wood is really 

helping with that we are at the point of starting the contract of De Warren project 

in Amsterdam, which is also a big part out of wood. But, we cannot find a 

contractor that has any experience who are building wood projects on a sort of big 

scale. They can build a house, but not an apartment building or anything. We 

found one contractor, he says OK, I also do not know how to do it, but I want to 

learn. Because in ten years everybody will be doing this, if you want to be ready 

for ten years, we have to start learning it now. So let’s do the project together. I 

have to invest a little bit because I understand I have to learn to build with this 

wood, but you can guide me a little bit. You know wood companies that can do it. 

So together we can make a product. I think that the point we are at the moment, 

there is one bigger apartment building, a six-story building, has been built in 

Amsterdam two years ago. They are now doing a seventy meters high apartment 

building in Amsterdam that they just started constructing on. Three more are 

starting up among them one of ours. You see, everybody, all architects, suddenly 

talking about this wood. I think it is really catching on. I was at a conference in 

Copenhagen, Denmark, two weeks ago, the main topic was building with wood. 

There is great competition in the World. Where will the tallest wooden tower be 

built? It is a completely non-sense competition. It is not really important who has 

the tallest, but it shows interest. A hundred years ago, you had the same 

competition for general high-rises. The competition was who can build the 

highest, not because it is important to have the highest but to be able to discover 

what a high building can do. Here is the same thing for woods; it is not important 

if the building is 50 meters or 150 meters anymore. The thing is that we are 

apparently able to make skyscrapers with pieces of trees. That is the innovation 

that’s going on, and it is very exciting for me.   
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Berrak Kirbas Akyurek: Could you tell me the differences in the building design 

process? 

The big difference is; preparation and building time. Doing a building out of wood 

requires a lot of engineering. We do together with the wood companies, the whole 

building in 3D that goes under the level screws that we have to mount. The factory 

drills wholes where future screws should be. So, it really becomes a sort of IKEA 

package on a large scale. This means that the designers and also the factory, we 

spend a lot of time developing to make the 3D of their building very detailed. 

From there, it goes to CNS cutters, and they all cut it themselves. Then in the 

building site, you could have done it in two months instead of a year; let’s say as 

a comparison. So, you invest two more months in preparation, and you save eight 

months in building time just because it is so important that you do. If you do this 

with concrete, you do not really have to think. You just bring the base concrete 

floor and put all the ductwork. You do twenty centimeters concrete over it, and 

nobody needs to think about it. Because the concrete does itself, we maintain a 

sort of ‘damn’ method. Since it does not matter, you can improvise. I am also 

fighting technical people who install electricity and ductwork. Because they also 

have to start pre-thinking because we want to include it on our wooden floor.  

We want the wood factory to make holes where they have to put into ducts, and 

we want them to put their ducts in the factory on the floor and the walls instead 

of the building site where everybody is freezing in the rain. There is a lot of time 

of unhappiness in the building sites. The nice thing is that the contractor for De 

Warren also has a sort of prefabrication part in which the whole interior finish is 

already completed in a factory.  Normally, if you do a housing block, everything; 

you make the floors, walls, sort of the façade, then, in the end, you do the 

bathrooms. Now with them doing in the factory, pre-fab things organized, women 

suddenly become able to do the tiles. Because it is inside with a decent climate, 

women said that they want to work there; they do not want to work in rain and 

cold. If it is inside, it is a pleasant climate. So also, in the economy, you see things 

could change if we do not do such stupid things anymore as trying to build 

everything on site.  We can really do a lot more preparation. I think that’s our 
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biggest challenge for the next ten to twenty years to be able to pre-produce 

buildings and part of building in factories much more. Similar to what they do for 

the production of the cars, we can do this in architecture instead of trying to do it 

on building sites.  

Berrak Kirbas Akyurek: You told the story of designing and constructing a building 

with bio-based materials from the start; what if you want to use bio-materials in 

an existing building? 

I would say the same thing applies. With the existing buildings, it is always difficult 

to get measurements rights. If you have a hundred years old building, you have 

some drawings that are never correct anymore. Because people have changed 

things, they were not that accurate a hundred years ago. So you start measuring. 

It is entirely different from drawings. So, you could put your wall panel on the 

interior and cut it wherever the wall stops. You could also say, OK, let’s first start 

where we need to start. So, we have this existing space; let’s make good fitting 

drawings. By measuring the area carefully, we know exactly what we want, and 

then we can go to the factory, then we have mass-produced by the computer. We 

know, in the end, it will be fit because we did our mission right. 

I would say existing buildings can still get a new life. One of the biggest tasks for 

using the existing buildings is related to how do we get them up to date for the 

current installation values. Because we make really well-installed new buildings, 

they require little energy. To use old buildings is always a big issue. That’s really 

the biggest challenge how can we deal with it. We are again using bio-based 

materials. They are super easy installations. So if we would say we have this space 

and if we put a new interior. Basically, we make our whole space installed without 

putting additional installation in there. Not a plastic ceiling or anything else. It is 

not just about health or about how it looks. It is about that if it is practical to use 

it.  

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience in the existing buildings in which biomaterials used? 
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That is an interesting question for a researcher. I think, in general, architects are 

not good at learning from their mistakes. Frank Lloyd Wright once said if a doctor 

messes up with his work and the patient dies, the patient buried under the floor, 

and nobody sees anymore. If an architect messes up, the only thing that you can 

advise clients is to live with it. I think, in general, as architects, we are not too 

good at learning from our mistakes. So, in general, I cannot tell you in a sort of 

organized way that if we always come back after years with a set of questions. I 

just know that a lot of people that I have worked for still among my friends and 

contacts. They are happy, satisfied.  

Berrak Kirbas Akyurek: Any insights or observations that you could tell me? 

For instance, what is really intriguing to me, we use a lot of wood products on the 

outside of the buildings. Wood is a natural product so that reacts to the outside. 

It turns into gray; sometimes, it turns green. It could become something really nice 

or bad. How is that controllable? So what are the influences from the climate on 

our building material? So we asked two trainees in our office to do two weeks of 

holiday research in the Netherlands by going to the building covered in woods 

from the outside. All buildings between 3-10 years old. They tried to do a map of 

how they aged? What happens as trees surround them? So, we were able to learn 

a little from what it has to do with which kind of woods are used. There are two 

hundred pieces of wood. It is crucial for proper ventilation behind the wood. All 

these kinds of issues that we can learn from the future because this is one of the 

worries for people to use bio-based materials. How does it react in the future? 

How long does it last? Also, visually I can promise hardwood; it will last for at 

least fifty years. That’s one of the things that we want to find out and also show 

to our future clients. This is how wood reacts to certain influences. That is one of 

the main things that we try to learn from it.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

So many. I think it is one of them I already told you about the clients. One of the 

other funny experiences is that when it is all out of wood, municipalities do not 
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have rules to check it. Because, in general, we build with concrete or steel. In an 

apartment building out of wood, there are no regulations. So they need to go back 

to general regulations. For example, it needs to have fire-proofing for thirty 

minutes for this building. But how does wood reacts to fire?  So yes, wood can 

burn. Maybe once in your life, you tried to make a little fire in outdoors or a 

fireplace. Do you try that with a big piece of wood or little pieces of dried wood 

with some newspapers, and you try to light it? It is impossible that you cannot 

make a fire only from a big piece of wood. So if you use CLT walls that are thirty 

centimeters thick, they can’t burn. It is super-efficient material and much better 

than, for instance, steel. Because if steel heats up, it gets really weak. It does not 

get fire, but it gets fragile and comes down. Wood is actually a pretty good one if 

you use this in the right way. These are all the challenges that we need to concur 

with municipalities because they do not have regulations to test wood. There are 

a lot of questions marks also from them. If you want to make escape stairs from 

wood, it really sounds strange. I understand that it sounds strange. It is a natural 

material; it is probably possible that it will burn. Then we have to prove that these 

big pieces of wood do not really burn. They work fine.  

Berrak Kirbas Akyurek: Which one do you think is the hardest? Technical 

challenges or convincing people; clients, contractors, etc.?  

I think it is the first mentality thing. I was at a conference two weeks ago. An 

English architect who also built a high-rise building, seven story-building, from 

wood told a big fight between municipality in London, UK, about the construction. 

In the end, they showed all these proofs. In the end, the municipality was 

convinced that wood could not burn, and they said OK. You can do it, but you 

cannot show that it is wood. You have to cover it outside with stone. Because 

otherwise, people would be frightened. You asked about the technical challenges 

or convincing people. Technical challenges we can handle. It is really about getting 

used to this. You could say it is a new material, but it is not. It is just done in a 

new way. You have to get reassured. I do understand it as well. Only if we start 

using it and building it, people can say. You can do it with the wood.  
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Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

I think the only answer to the future; if we do not do that, we will not only poison 

our planet by making plastics and others. It is a non-sustainable way because we 

forget to balance with nature. If we do not understand to sustain balance with 

nature, we ruin our planet anyway. That’s, I think, is the main issue. We are at the 

cross points in building buildings, and every country takes it seriously. So I have 

good hopes that we understand what we are doing. There are still some people 

and presidents who think differently, but we have good chances that we are 

getting there.  

Berrak Kirbas Akyurek: Do you have any recommendations for future designers, 

in particular to the architects? 

I am also teaching at TU/Delft for a year, and I tell my students we have these 

design tasks to do. But if you want to learn something from me, it is designing 

wood. Because I know a lot about wood, I also know a lot about steel and concrete. 

I can help you with that as well. But I have wood knowledge. I am not telling you 

that for the rest of your life, you need to use woods but try and find out. All the 

twenty students made a design out of the woods. Even my co-teacher said in the 

end that I learned so much about, not only about wood but all these possibilities.  

I think that is my message to architects and especially of the future: Try it, because 

it has really a lot of potentials. It has good possibilities. It is not the bad potentials 

that we had and proved they are wrong in so many ways in terms of environment, 

building technique developments. There is really a lot of good things to contribute 

to our surrounding areas by trying to use sensible materials that they grow 

themselves. You only need to help them, maintain them.  
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Interview IV 

Place: Delft/NL 

Date: 24th July 2019 

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe yourself professionally? 

Very briefly, my background is in computer sciences. I studied in my bachelor and 

graduate program. I moved to the Netherlands about fifteen years ago to study 

human-computer interaction (HCI). I profile myself who is interested in the 

development of innovations in technologies but with a user-centered focus. So 

instead of looking for further technologies to develop, I am interested in what 

humans actually needed and how technology can make an impact on people 

themselves.  

Two specific areas are trying to understand this impact of the involvement of users 

in technology; ‘sustainability’ and ‘healthcare.’ So I’m working in these two areas.  

My main motivation has evolved through the years by talking about technology in 

general, very specific about data’s technological aspects. So you know, with all the 

new technologies, we gather data from everything from sensors, and social 

networks, and many more. I am trying to understand how these technologies are 

data-based and how they can basically empower people to have more time-agency 

on their decisions and what they do. And also to understand the impact of these 

decisions on either sustainability or healthcare. I work more for developing 

methods than developing solutions. Though when I talk about solutions, I basically 

give more agency to decisions in daily life. I think it is. In sustainability, I am 

mostly working in the areas of housing and the use of buildings in general, such 

as office environments, home environments, schools. In healthcare, I am mostly 

working on e-health, which is a field in that technology should help people to be 

more responsible for their health conditions or to use medical facilities less.  
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Berrak Kirbas Akyurek: Can you tell me about your current projects with your aim 

and role?   

Most of my projects are very applied, so I worked within the context. I am always 

trying to see what is the role of technology in enabling people to have more 

awareness and more actions on their behaviors. For example, at this moment, I 

am working on two new projects. One is for schools, as European projects, we are 

working with six other countries and twelve schools at this moment, two in each 

country. These are secondary school students between twelve and eighteen years 

old. And we want to understand the meaning of data for them to make decisions 

on energy consumption. New trends are saying that these people should have a 

voice. They want to say something about sustainability. They feel the government 

should do more because it is their future. Yet, it is not clear what are they doing 

themselves? What sort of actions and possibilities do they take on themselves? We 

see that there become more interested when they have more power to convince 

others because they are just kids. So, we want to understand in these particular 

contexts what data can bring them. They need knowledge, arguments to convince 

others, knowledge to make their own decisions, and things regarding the impact 

on sustainability. So we want to understand what kind of information do they 

actually want to use, to play with, to experiment with, in order to have more 

agency and more active roles. So, particularly what I do is to develop these 

technologies and the platform that can help them to experiment with. It could be 

large as a room where sensors are attached, where they can also send videos or 

things they feel necessary to share. And with that, we understand. OK, well, can 

we do anything about what we see? What if we do a campaign for the next two 

weeks and we try out something? And we report what we see, what the outcome 

is, what the income has. So those sorts of things what we are doing there.  

Berrak Kirbas Akyurek: So, your motivation is to gather the data and use it? Can 

you tell me more about the main intention and motivation behind the 

development of the project? 
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My motivation is to get the data and give it to them and making useful for them. 

There are two types of researchers in my department here. The ones who gather 

data to design new ways for convincing people to change their behavior to nudge 

them, to engage them in new behaviors. The ones who are gathering knowledge 

and giving back to people in ways that it is meaningful for them so that they can 

make changes. I mean more sustainable changes. I am working in the second 

group. In the group of what we can give people back. So there are tools for them 

to use and a variety of choices. I use technology for that. I feel that technology has 

an important role there. But in the other group, technology has the main role. So 

technology is designing for you. I know you and collect data from you and 

understand who you are; this what you should do. Well, in my view, in the way 

we work in my group is technology means to give you what you need to 

understand what is happening and see what the next step for you is.  

Berrak Kirbas Akyurek: Are you working together or working separately?  

These two groups are working separately. Yet, I work together with a group of 

people. It is not that very clearly defined. Like, we always talk about is ‘assistive 

technologies’ or ‘supportive technologies.’ Assistive technologies have the primary 

role. Supportive technologies have a secondary role. That is how we define these 

directions. In the area of healthcare is the same. I am now interested to understand 

food behaviors, and then the whole project is about how we can understand so 

far. Most technologies are now talking about what people eat, so we know what 

we can change that behavior. But nowadays, even dieticians are saying they want 

to understand why people eat more than what they need to eat. So the question 

is not ‘what’; it is the ‘why.’ This information can not be captured anywhere. All 

the apps and technologies that have now been developed until now. They are 

trying to take a picture of what the nutrition’s are and what are their calories. But 

nobody does not talk about why. So the project working on again; we are trying 

to see I can collect? Can I gather data for this context? What is the context we are 

actually looking for? So we are working together with different people like clients 

and dieticians to understand how do you explain these. What are things 

influencing what you eat? And how could you express that? How would you make 
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them that visible for yourselves and for others to help you with? Again it is data, 

and it is context and see what technology can do to help them—gathering this 

information to making use of it.  

Berrak Kirbas Akyurek: So the asking the why the question is the novelty of your 

projects? 

Exactly, So in one word. I generate contextual knowledge. One is expert 

knowledge. This is what we mostly do when we want to understand how energy 

works and to understand how behavior works. But we do not understand in many 

of these projects, talking about data is the ‘why.’ Why are these things happening? 

Why are we choosing these or those options, not the others? And it is complex 

data because it is very subjective. It is volatile. Even we do not also know why did 

I do this? What I ate two days ago? By then, we had a bad mood, sick, and even 

we were not aware of it. But there is a lot of chance to say we need to understand 

this mostly personalize knowledge for making things more and more effective. 

That is the innovative part that I can answer this why question. 

For design, it is very important to answer this why question. Design is working for 

the casualty. Suppose these happen, and how can I change. I mean, that is the 

whole point. But the data now we have is available to address this casualty that 

we do not know what is causing. So you know this is happening, what is it coming.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

It is a very tricky question, I think, of course. I have seen using these words, 

depending on my audience, who I communicate with. I often chose the one there 

is making more impact on the context. So I am talking about contextual 

knowledge, the technology that can contextualize and contextual data. And these 

are the terms that I am using. It works well because my work is very applied, and 

I am working in the context of well beings, whether the smart part is. As I said, 

the discussions always engaged as ‘assistive’ or ‘supportive.’ This is one of the 

things that I talked about technology. And I am more into a supportive aspect than 
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assistive. I am more towards the technology that can play a mediator role than the 

leading role.  

Berrak Kirbas Akyurek: So is it like to express your ideas you use ‘bio,’ ‘smart,’ etc.. 

depending on the context? 

Yes, for me, it does not really matter. It is more like what I can. I resonate with 

my audience. What I always try to communicate in the context part, whatever I 

am using or doing, is to gather and to generate context.  

Berrak Kirbas Akyurek: Can I say you do struggle with terminology? 

In everything... big data, small data, IT... Everyone has a different definition. Even 

things like concepts, motivation, and autonomy… These are the words that I used 

a lot. Even those you need to spend time defining what do you mean on it. I feel 

that the moment you said the impact that you want to do, then the definition will 

come. It is more important to define the impact. I think we are all struggling with 

terminology. In design, we like to change the terminology almost every two years, 

meaning exactly the same.  

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of these products? 

Really really long term expected outcome is to activate us; I mean humans. I 

approach from more the philosophical view, is that we are getting a more passive 

way of living as technologies taking the central role in everything we do. And in 

case it is necessary. I mean, in healthcare, we also work with chronic diseases, and 

in those things, I do understand technology should have a major role. But if 

anything, I want to have more active involvement of people in their decision 

making through what technology could give them. That would be the ultimate 

goal. We are looking at what is the real role of technology and the real role of 

people, and how you can add something. And the why of this is, to me, is the only 

way to achieve any long-term behavior change or impact. In my view, any other 

approach cannot work today. The moment is gone; the effect is gone. That’s why 

we have to give tools to people, not waste doing things indicating what to do. 
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Because the indication is not there, and they do not know anymore. So that is my 

long term view is about activating them, then long term effects can be accepted. 

Otherwise, they will just be more dependent on whatever has been given to them.  

Berrak Kirbas Akyurek: I know you are not working on building design specifically, 

but do you foresee any consequences of the integration of these products into the 

buildings? 

I am not explicitly designing knowledge for architects. But I am currently working 

with a Ph.D. student on social interactions in buildings, particularly office 

buildings, and she is focusing on open spaces and flexible desks. And how they 

positively and negatively affect social interactions in the work environment. This 

is not really related to my research, as you can see, but I do see in that, and the 

work I do because of these ‘activation’ facilities would have to be adapted into a 

new way of doing things.  

One of the things I think could have an impact on this idea is people are having 

more agency in what they do and the effect of their actions. They should affect 

building the environment by providing more flexibility or allowing them to occur 

this agency to be able to use it. But for specific things, I need to think about it. 

Maybe fewer facilities will be needed, but I am not sure. The responsiveness of a 

building has to move forward with what response to the other things we are 

working with. We should be more aware because I want to bring more awareness 

to people through their active involvement. If they become more aware, they 

request more responsiveness. 

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

As I said, we are looking at awareness, healthcare, active involvement that may 

affect building design and bring societal changes. In the Ph.D. that I talked about 

in particular, we are looking at those. Like, what if we could make people more 

aware of their interactions and more agency to get back on why they were doing 

these things. So, what are the insights? For example, we have known many people 
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who are behaving very unsocial, talking really loud in open spaces. And it bothers 

everybody else, yet I feel no right or means to stop that because I may not see him 

next tomorrow. It is not the colleague you see every single day, so why I have to 

make this effort now? Why I have to do it for someone else? It is kicked me back 

many times.  We are observing very unacceptable social behaviors like leaving the 

desk dirty. They say yeah, the environment does not allow us to build any rules or 

even to request anything different from people because we are not a community 

anymore—those kinds of things that I am trying to discover.  

Berrak Kirbas Akyurek: Do you have any studies on the user’s experience? Can you 

tell me about the feedbacks of the users?  

For example, the project about food that I am working on right now. The main 

question I had that I needed to get in touch with people experiencing obesity and 

these kinds of things. How do they experience the whole relationship with an 

assistive tool they used to understand their behavior? Through in-depth 

interviews, contextual interviews or focus groups, and co-design sessions, I just 

give them pros to be active. And it was very interesting to see that although they 

do talk a lot of things that I expected to hear, such as lack of information, we have 

to understand everything about ourselves, etc. One of the things that came back 

every single time, in many different ways, is the constant feeling of the user as 

being judged by using these technologies. If you look at the reviews of these 

technologies, they are always good or bad, right or wrong. 

Everything it is talking about you is either you are doing well, or you are eating 

healthy, moving enough. There are no grey spaces, but also it is vital for me. I 

want to give them knowledge. And to provide them the knowledge, I need them 

to tell me things, but the more they tell, the more judge they feel, so they stop 

telling or start lying. So they get at least something positive. So what I began to 

understand now what if I reward them just telling me whatever they tell me. Even 

it is negative or positive. Technology will reward them for telling me something 

useful to me. It is very interesting because it was not about what exactly they 

wanted to know or the fact that they interact with any of these tools they feel 
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judge. Of course, this is an expansion to their social lives. People feel judge by 

their neighbors by their old dieticians, friends, family. They constantly feel 

judgment, but particularly the technology is not focusing on engaging, tell me 

more so I can learn from them. It is just saying what is good or bad. And the 

technology does not know why, so in some cases, that was not bad. Actually, it 

was good if you look through the context. So now, I am working on this, how I 

could build this without judgment. Of course, one moment, you still want to say 

this is good; the other is not, but we are missing that just rewarding them for using 

the technology and actively interacting with it. That is what I am trying to 

understand that if it could make a difference or any impact. So, in turn, I am trying 

to unlock them. The same also happens, for example, in the case of asthma 

patients. It is not a judgment as they feel, but they say technology always reminds 

them they are sick and do want to think that in every moment. They just want to 

forget. Because technology wants to make sure they are taking their medicine and 

their conditions are stable. The way technology works right now only reminds 

them of being sick. There is a design opportunity here.  

I think technology has a very large focus on the long term impacts. I want to make 

people healthier. I want sustainability in the ecology of science. But on a daily 

basis, there should also be positive impacts and benefits. On a daily basis, people 

want to make sure they will be able to walk their dog walk outside, find a 

comfortable place to be. There is a significant connection between that long-term 

thing and all way we want to get there in the short term. So we need to understand 

the contextual moment. We need something different, so we need to act 

differently. We usually just think that that is why they need it, but it does not give 

the entire picture. Sustainability and healthcare are both important topics, yet 

people on a daily basis do not want to be bothered with them. They have other 

pressure things to work with. It has to merge with their lives, so it should give 

them positive outcomes. And design can do it, can provide pleasant interactions 

with appealing aesthetics.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 
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One of the biggest challenges in my field is that I am fighting against other 

pressing needs and issues people have. I am trying to reach sustainability or health 

as the long term outcomes. But I turn those challenges into opportunities, so now 

I am looking at what design can do to satisfy these pressing needs and see how 

they connect to the long terms outcomes.   

The other challenge I think technology you have to use in my research. My 

technology should be stable enough to survive daily life context. I do more work 

with hybrid methods of something lack-oriented. I bring people here to explore 

something, and then I understand. But actual work that I love to do is put a thing 

out there and see what happens and how their knowledge is generated. Those are 

very practical challenges. I think, as I said, trying to build a community more active 

rather than passive, and seeing that everything else is trying to be the opposite is 

another challenge. I wonder I would ever reach that point or I would have to go 

for assistive technologies.  

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

I do expect them to have a very conscious understanding of the role of technology. 

I see the ambition in the technologies that are supporting people more in the 

background by helping you. You should not talk about accepting technologies, 

adapting technologies, things are necessary steps, but the final step is the 

appropriation of technology what technology really has. Find a role in your life, 

and it works both ways; technology changes life, and technology itself changes 

because of the thing happening in people. It is the ultimate dynamic I want to 

reach that people allow to appropriate technology instead of accepting them or 

adopting them or passive involvement. That is the vision I see. We talked about 

personalization and making it unique for you. These things are extremely 

important to keep looking at individuals in their social context rather than one 

design to fit everyone.  

Berrak Kirbas Akyurek: Do you have any recommendations for future designers 

and architects in particular? 
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For the idea of appropriation, we heed to have a dynamic relationship between 

two; designers and architects. We (both for any design field and also architects) 

should be able to design products that are capable of changing. Designs need to 

be flexible but also engage people to tell more about them. That is how I see the 

future. We are talking about artificial intelligence, deep learning, and many more. 

Still, these technologies are now saying something like, ‘let me know,’ ‘capture 

everything,’ and ‘will understand what is good for you.’ That is not what I mean 

by technology that addresses me, ask me things, and learn from me, not only from 

my vital signals. It is also important how do I feel. The problem is that they are 

based on objective data. It does help but does not solve the puzzle and will not 

going to get further. Because people would be annoyed, like saying you ate a lot 

today even though you exercise a lot still you ate too much. Technology should 

say you have never done that exercise that much you deserve to have a treat. I 

recommend I should look for new designs making these technologies that can be 

adapt to things and more responsive. Of course, there are challenges, and 

everybody has different needs and ways to address them. 
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Interview V 

Place: By phone 

Date: 25th July 2019 

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

Next to a designer, I am creating a bridge between a laboratory and daily life. All 

the great research is going on at the laboratory but just only finished in a 

publication. I am bringing towards the World to help them to develop it quickly. I 

really believe that I can make it acceptable for the general public that you can 

push the development of technology further by making it quicker to integrate into 

the global system.  

Berrak Kirbas Akyurek: Can you tell me about your current projects as such aim / 

your role of/ in your company, mission, and goals?  

I think, as a designer, I can kind of challenge to work with the scientists. Because 

in the lab, everything is in a certain condition where you can make everything. 

But when you take it out of the lab, a new challenge begins. So I see my role as a 

kind of bridge between those two Worlds. I really believe, if you show people 

something new, it will going to make their eyes open, and maybe they will look at 

the World differently. That’s how our daily habits and the whole system could be 

changed. 

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of the project? 

The biggest motivation is climate change. I think the motivation started when I 

was young because I have been grown up in a big garden at my house with my 

treehouse where my parents were taken care of everything around me. I think this 

motivated me to do something really good for the World. And I am also seeing 

that we are the only organisms in this whole World that using linear systems 
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instead of circular systems. I really do not like it. Actually, it is so crazy, and I 

really wanted to change that habit. For example, if you look towards our domestic 

waste systems, we just wish everything down to the drain because we do neither 

want to get dirty nor in touch with it. But If we do research what all possible with 

this accrual, you can achieve many possibilities from there. I see my motivation to 

change that habit to see everything like nutrition as an ecosystem does.  You have 

to start something small; in the end, you can make something big that can make 

a significant impact. It also takes time to change people’s behavior. So, you have 

to start something small, because people are never going to accept it when 

something is too big in one step.  

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

I think humans to be in touch with nature again is the ‘novelty.’ In the end, we 

designed a lamp, but that lamp has a significant function to reconnect humans 

and nature and make a kind of new partnership. If you do not take of this plant, 

it will not serve to light you back. The product itself requests this kind of behavior 

instead of literally saying to people that you should take better care of nature. I 

think you can only change behavior by experience, not like telling you should do 

differently. People should want to do it themselves. So with this product, if 

anybody wants to see the light coming from the plant, s/he needs to make an 

effort to that. This product is a combination of science, design, and nature that 

can be placed on your desk.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

I do not always use just one terminology. I usually try to explain like I got my 

inspiration from biologists the way how they look into natural systems and their 

works and how we can integrate this. I can combine them. Please let me know if 

you find the proper terminology.  

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of these products? 



284 

 

Actually, we are now integrating into the landscape. In Rotterdam, we are 

combining our technology into a park, which is the first power plant park (Living 

Light – Park, Het Morgen Rotterdam, NL). It was opened in November 2019 and 

open to the public. It is a project in 75 m2 that we used for harvesting energy, and 

light will follow you when you walk through the light. That will also be a very 

magical effect. This is the first step in scaling up.  

Berrak Kirbas Akyurek: Do you foresee any consequences of the integration of 

these products into the buildings? 

I really hope that it will become more prominent in architecture and building 

design. You can integrate it in this way. I hope, in the future, a conductive platform 

plant will collect the energy and transfer it into your house. The new future 

buildings could be changed in a way that we can harvest energy from different 

sources for homes. And I really hope that buildings will become living organisms, 

so you need to take care of them.  

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience on the Living Light project and Living Light park? 

We have faced some bugs, which is logical because it is innovation and helps us 

develop it even better.  Overall the visitors and early adopters are very excited and 

positive. Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

I think the impact will be huge. Green around us can be an energy source. 

Technology is not just applicable to plants, and also to the other streams that are 

full of organic compacts like organic waste, domestic wastewater, and many more. 

All these waste sources can turn into energy sources. And in that sense, they will 

not weaken the ecosystem. Actually, they will be an ongoing green energy source 

that you need to take care of first. Now we are too from the beginning. Now we 

can harvest electricity from the plants, and we also know that we can harvest a lot 

more of it. We need to research how to do it and make it more confident. I think, 

for example, when we are a bit further, The Amazon forest could become a giant 

power plant. So, I really see what we are trying is just the very beginning of 
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something very big. And also, in architecture, we can do it differently by making 

it completely green. For example, the shell of a building can be an energy source 

itself.  

Berrak Kirbas Akyurek: Do you think the design itself will be affected? 

We, as designers, have such a great responsibility for the behavior of people. What 

we make affects what people buy, what people behave, and so on. If we are 

keeping designing more beautiful stuff just for appealing aesthetics, people will 

buy things they do not actually need it. This makes a more significant waste 

stream. Indeed it is triggered me to change something in the design, something to 

change within the current system and products to make it more sustainable. 

Because we need to do it, and we have to change it now. I really hope that how 

we design will be changed. Because I think what we do is not harming the bigger 

system.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

That’s why it is so difficult to make because working with nature is not constant. 

It is too broad, and everybody expects a consistent product with high quality. 

Nature makes unpredictable consequences. It can be a little microbe in the soil 

that can change the light. That is the biggest challenge to create a product that is 

working well enough for people that they want to pay for it.  Nobody wants a 

lampworking only ten percent of efficiency.  

Berrak Kirbas Akyurek: You talked about the technical challenges. Can you tell me 

about the people’s reactions to the project? 

Actually, we got so many positive reactions from people. We opened a pre-order, 

and now we have two thousand pre-order for the living light lamp. We were also 

surprised that people really want them to use it. But the biggest challenge is 

making it consumer-friendly. Being an entrepreneur is also very challenging 

because my educational background is to be a designer, but as an entrepreneur, 



286 

 

you have to deal with business problems. Also, working with scientists is 

challenging because of the different language and motivation.  

Berrak Kirbas Akyurek: Could you tell me about your expectations for the future 

and your recommendations for future designers? 

I really hope that for future generations, this usage of plant energy is just taken 

for granted as something normal. This spare fuel is already waiting for us; why 

wouldn’t we use it? Look at what is around it. Waste streams are not just waste 

put into the bins. But for example, striking your hand next to the stair rail can be 

an energy source because of the static energy. I see everything as an energy source. 

Energy is just one thing, and we also need to work on clean water and air. More 

like to discover the power that we already provide.
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Interview VI 

Place: Delft/NL. 

Date: 30th July 2019 

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

I still consider myself a biologist. I studied biology and specialized in marine 

biology. Then I specialized further, join my Ph.D. in marine microbiology. By 

working with microbes in the marine environment, I did fundamental studies 

during my Ph.D. Later on, from marine microbiology, I worked for another seven 

years on the role of microbes in the environment in particularly what bacteria do 

in terms of producing and consuming greenhouse gasses in the Max Plank Institute 

in Germany. So I work on the role of microbiology in global climate change. That 

was actually my previous specialization before I came to TU/Delft, where I 

switched in my view to very fundamental applied research; civil engineering. 

Because in 2006, I was working with my colleagues on developing self-healing 

materials, specifically self-healing concrete, using bacteria. Previously, I studied 

to produce limestone in specific circumstances, which can make concrete more 

durable. Since 2006, I am a lecturer, but also a researcher. But my expertise in 

biology, so I am working in the civil engineering faculty being specialized in 

biology. I am lecturing on sustainability, sustainable materials, bio-based 

materials, materials that have a very low environmental impact, But, on the other 

hand, they have very high practical performance in their applications. So the 

bacteria/bio-based self-healing concrete is partly based on active living bacteria. 

Bacteria provide the material characteristics that make self-healing, and more 

durable, so long-lasting. This is a bio-based technique. We can now make concrete 

that requires less maintenance, less repair, and also extended service life. So both 

results in much lower environmental impacts, and as a sustainable product, we 

have a better economic model that we can save money. That was the last reason. 
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We also started a company based on TU/Delft, which is commercializing three 

products of these materials worldwide. This is now slowly taking off, and we hope 

to see it in the future. 

Another example is the growth of bacteria on concrete. You know concrete is the 

most used building material. It is relatively cheap, so that reassign we use it 

everywhere, but it has negative environmental effects. The production of cement 

results in a lot of CO2 emissions and also heat the environment; the urban heat 

island effect. Because of solar radiation, heats of the material and concrete absorb 

all the heat and slowly radiates, so solar radiation is converted into heat. So that 

heat heats the environment. For example, in the last week, we had a lot of hot 

days, and typically in cities, we know the temperature can be 5-10 Co degrees more 

in the surrounding areas. This is generally because of concrete and asphalt since 

they act as the heaters in these cities. One of the other research lines is on how we 

can mitigate the urban heat island effect by growing vegetation on concrete. We 

tried to make a living facade in that sense, so we added a layer of living material 

on concrete. So, we can do with plants vegetation, but then you have to plan them 

yourself, maintain them, and have to use a lot of tricks (e.g., to cultivate and 

nursery the plants). But we can also do it autonomously by growing certain mosses 

on concrete, which mosses do that by themselves. They like to grow on hard 

materials of the seven hundred different species in the Netherlands. At least 

twenty of them like to grow on concrete, so this something we would like to 

stimulate. So, they can slowly convert grey buildings into green ones that have 

lovely moss layers on the outsides. Besides the aesthetics, the mosses are very 

good at cleaning the air. They can reduce NOx and dust concentration in the air. 

We do not know exactly how much. Maybe, it has a limited effect, but at least they 

can do that. They can also retain water. So after heavy rain showers, we have a 

problem in the built cities, because of the hard materials, the rainwater runs off 

very fast and is collected in the streets. Sewer systems cannot deal with this 

amount of water, and we get flooding temporarily. One way to avoid this is that 

also to have green buildings. The vegetation retains the water for some time, 

slowly releasing it and prevent maximum water flows on the roads. So the flow 
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would spread over in time, the sewer systems have more time to deal with the 

water. And also, about the temperature effect that I mentioned, the mosses shield 

the concrete from heating up because they also evaporate water moisture and 

provide a cool environment. They are different benefits.  

Berrak Kirbas Akyurek: Can you tell me about your role in your current projects 

and at TU/Delft?  

So one of your questions is on maybe be focusing on real and functional 

applications in the built environment,  how biology can really help to solve some 

practical issues that we see in the cities. Aesthetics is one functionality, but we 

have other functionalities like increasing the durability of materials, thermal 

comfort, etc. Although I am working for more than ten years in the civil 

engineering faculty, I still consider myself a biologist. I am also nicely recognized 

by my colleagues as an expert in biology. Because if they have some issues with 

microorganisms or other biological species like some negative effects on building 

materials, they consult me.  

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of the project? 

My first motivation is not much on aesthetics; it is on improving functional 

performance and lowering environmental impacts. So environmental concern at 

the same time showing that we can use nature/biology with ecosystem surfaces, 

also to enhance material and building properties. It is typically a win-win 

situation. Previously in civil engineering, biology/ nature was something 

decreasing their possibilities to build because of all kinds of laws and regulations 

that you have to take care of nature—so biology was considered as something 

hampering and something lowering the effectivity. By doing the opposite by 

showing biology is indeed effective in improving properties, and they start to 

believe that biology something positive. Because it is not only that you have to 

take care of, but actually make benefit of it. So, if you can read that second stage 

that civil engineering actively using biology in their designs and materials, it brings 

positive aspects.  
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Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your projects? 

It is very novel in that sense, and we started in 2006 with self-healing material, 

which was very normal in the sense of using biology. It is not only doing bio 

magnetics because self-healing is known by biology. If organisms get a certain 

amount of damage, then to a certain extent, it can self-repair. This is not known 

in man-made materials. That’s why we started a large program developing self-

healing materials, partly based on bio-based materials. So also by using other 

mechanisms besides biology to make material self-healing. But in our case, we use 

nature by means of biology to make concrete self-healing. That was very novel in 

2006, and we became very worldwide known in this field. And at the same time, 

a larger program started called ‘building with nature,’ so they are a lot of other 

fields and science. Civil engineers also started recognizing that they should change 

their mindsets.  Previously, for civil engineers, structures are needed to be built 

against nature because nature was something aggressive, you know, with 

flooding, storms, organisms trying to degrade your ‘nice’ constructions. So in civil 

engineering, nature was their enemy. Now, after fifteen years, they recognize they 

may use biological systems to enhance and improve the materials. They can get 

benefits by building cities with a way to construct coastal protections by using 

biology. Then, we call it ‘ecological engineering’ within civil engineering that you 

can make use of biology to improve certain properties in the built environment. 

And at the same time to lower the (harmful) environmental effects of our 

buildings.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

I would say smart. Smart means something is clever. This is what I just mentioned. 

We want to use biology to lower the (harmful) environmental effects and also to 

improve the buildings structurally and all the performance properties of the 

building industry. Sustainability still has a political meaning. Let’s say something 

negative in the sense that they see it as something left-wing in politics that you 
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have to be careful about it. The right-wing of politics says the economy comes first. 

This is wrong because the economy and nature should be integrated. It should not 

be saying that if the economy goes well, we will have some additional money to 

do something for nature. If the economy is based on environmental protection, 

then you save a lot of money for society. Otherwise, you inflect costs which you 

expanse to someone else, so societal costs usually become very high. Therefore it 

would be much more clever, also economically speaking, to include nature in our 

society because we also get an economic benefit.   

Berrak Kirbas Akyurek: What do you mean about ‘smart’? Could you explain a bit 

more? 

I believe smart sounds much more positive than sustainable because people also 

get tired of the notion of sustainability. Because everything is sustainable, and a 

lot of greenwashing is going on by claiming that everything is sustainable. 

Ordinary people cannot understand the real meaning. We, as in civil engineering, 

collaborate with the architects a  lot. But we usually say civil engineers are 

quantitative by trying to find how much does the building cost. But architects are 

usually very conceptual. So they say we apply green, so it is sustainable. And we 

civil engineers go one step further, and speak to what extent, sustainable, how 

much sustainability is there? It is because you need the quantification to 

understand how helpful. 

On the other hand, when we say smart, it describes superior. If you make a bio-

based product, it can be quantitative. Because it has different functional 

performances, and you figure out how well it performs. For each of them, you 

have to find out how it performs because it can also have reduced performance. 

In terms of products, you have to consider which performance property do I have 

and to what extent does my bio-based technology affects all of these properties. 

Otherwise, all we do is greenwash when improving a property and neglect all the 

others. So the quantification in our study is always essential.  

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of these products? 
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To show that it is possible to apply this to the existing buildings in the form of 

repair products. We have two different types of products. One is mortar for 

structural repairs for more significant defects. We also have a spray, as a liquid, 

on construction, which has small cracks/defects. The water cannot penetrate deep 

more into the construction because of limestone, so it increases durability.  

Berrak Kirbas Akyurek: By means of increasing durability, is it anything related to 

earthquakes? 

The earthquakes are not an issue, you have to adapt your design, and it depends 

on the strength of the earthquake. Typically an earthquake results in damage due 

to overloading. So you have to design your construction to carry a certain amount 

of load. The question is how serious this damage. If it is only small cracks, then 

self-healing will help, but self-healing will not increase the strength of the 

construction. In the Netherlands, we have small earthquakes, and we can repair 

the small cracks with spray. The typical problem of the earthquake is with 

construction problems. This is not what we do with self-healing.  We want to make 

it waterproofing and also preventing the steel bars from corroding because we 

have a protective layer on the steel. We can also build lighter buildings by reducing 

the amount of material.  

Berrak Kirbas Akyurek: In which part of the building design process do you think 

this project could be applied? 

The self-healing concrete decision would provide better results at the start of the 

design process. Because when you are allowed to change the design and that time, 

you have the ability to change the design. Otherwise, it is only added by means of 

an extra precaution against the crack formation. So then, you do not change the 

design. You put the same amount of steel, reinforcement and have an ordinary 

risk of leakage. Then, you apply self-healing to repair cracks. You can go one step 

further on the design process to reduce the amount of steel and thickness. Also, 

you can use it for energy efficiency and heat advantages.  

Berrak Kirbas Akyurek: Is it possible to see the difference between regular concrete 

and self-healing concrete with bacteria?  
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There are several options for making different types of self-healing that depend 

on the aesthetical appeals of the architects. It also depends on self-healing agents.    

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience? 

We used some feedbacks. Actually, we are working with several contractors 

because they have to build, and they face all problems of concrete. They see the 

benefits of innovation, and they always have to take risks. We have already done 

five different projects with them, and they are very happy because they see the 

benefits. What we would like to achieve, the owners prescribe self-healing 

concrete. Moreover, the architects become more convinced to use it in different 

design options.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

The most practical example is self-healing concrete, in which we added bacteria 

in formal spores together with the nutrition that adds to the price by making it 

more expensive. But when you do a lifetime cost calculation, you find out that you 

can easily earn it back because of leakage problems, which happen a lot in 

concrete constructions. Maybe for your understanding, if you build a concrete, you 

should put steel reinforcement in one hand to make sure it is strong enough. But 

a lot of steel added to concrete to avoid large cracks occurring because the 

concrete always shrinks. If it reacts, it hardens and gets smaller. Most 

constructions cannot just shrink. Because shrink is retained since concrete is 

attached to other walls. It tries to shrink but cannot, and then you have crack 

formations. A lot of pieces of steel are put in concretes to make sure concrete 

cracks smaller. So steel should provide strength against cracks. 

However, with steel, you have a lot of problems, especially in underground 

constructions, which are exposed to groundwater pressure and leakage problems 

because of very small cracks.  A lot of buildings are needed for repair already in 

the construction phase. After pouring the concrete, they have to send a team to 

find leaking points for injections. This is what we target with self-healing concrete. 
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They do not have to repair it manually because the bacteria come in, and they 

start to produce limestone autonomously and seal the cracks. That is our first aim. 

This works very well, and now you can do an economic model by finding out 

which typical constructions you can save money on and decrease the need for 

manual repair at the cost of the self-healing agent that you have to put in in the 

building stage. Now we found out on the next step that we can also reduce the 

amount of steel that is typically put in concrete. Since we can allow larger cracks 

to occur in the concrete, self-healing concrete leads to saving money by reducing 

the amount of steel. Now we are trying to save money by adding the self-healing 

agent. At the same time, this also lowers the environmental impact of steel again. 

So, now two ways of benefits are available, ‘economic’ and ‘environmental.’  

Berrak Kirbas Akyurek: Do you think it is possible to see any impacts on building 

design? 

In the design, we have a nice example. There is a small construction in Breda, NL. 

An architect (Frank Marcus) wanted to design a roof from concrete, which must 

be very thin, about six cm skin. It is very difficult to build in concrete because of 

shrinkage; you usually get a lot of cracks, and you cannot make it waterproof. So 

initially, the architect came to us and asked for self-healing concrete if it allows 

him to design the roof differently. We said yes, we could try, but the owner said 

no. They did not want to take any risk. They did not see the actual risk of this 

project. After they build it, indeed immediately it became very leaky. Then the 

owner called us, asking if it is still possible to apply self-healing at that point. Then 

we had a bare product, but we could apply, and fortunately worked very well. We 

convinced the owner that the next time, he should be more open to innovations. 

For the architect, he is now looking for other possibilities for entirely different 

designs by using the potential of self-healing concrete. Cracking is always a 

significant problem in concrete constructions, while steel corrosion is another. So 

you need a specific cover for steel. 

All in all, you need at least fifteen cm thick. Most of the concrete constructions are 

always at least 15 cm because of the steel inside. If we can reduce the amount of 
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steel cover, we can decrease the thickness of the concrete layer; therefore, it brings 

more flexibility to building design.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

The difficulty in the building sector is that there are so many players. You have to 

deal with the architect, contractor, owner, subcontractors, and material suppliers. 

They are all involved in the end, and they are responsible for the end-product, the 

building. So, one of them wants to apply for innovation; the others are always a 

bit concerned. Because, for the end-product, they also tend to blame each other. 

That makes it very difficult to make innovations in the building industry because 

they first point out the innovation. If you have just one party, which is responsible 

for everything, this one party can find how to organize internally and see how 

innovations can bring profits and risks. This is the biggest challenge.  

Owners we talk for the largest infrastructure, the ministry responsible for 

infrastructures, want no risks. Those projects never want to apply any innovation 

because they want no risk, and why should they? We usually talk to owners about 

the risk analysis and the benefit analysis of what we can actually bring and how it 

works.  

We have started the company and trying to commercialize it. Self-healing concrete 

is very popular in Europe for new constructions and to repair materials. Also, for 

Asia, the middle east, self-healing is essential. This is interesting because, 

apparently, there are different mindsets in Asia compared to western Europe. 

Because they do more benefit assessments, and westerns do more risk 

assessments. If we follow the same standards, everything should be fine. In the 

middle east and Asia, they are more into recognition by saying that if you do that 

with steel, you can expect the same problems. So I can say that they are much 

more innovation-oriented. We (Western Europeans) are very conservative in 

terms of construction. In China, when they find innovation, the government is 

willing to build it even for the high-risk constructions.  
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10. Regarding what we discussed here, Could you tell me about your expectations 

for the future and your recommendations for future designers and particularly to 

the architects? 

It is always challenging to look in the future, so you do not know the aesthetic 

appeals or any other requirements. We are still challenging ourselves to make 

constructions to become adaptable by architects and designers. We approach 

buildings in forms of different layers, and each layer has a specific technical service 

life. The foundation and construction part should have at least a hundred years. 

This means a building should be there for about a hundred years. Other layers like 

insulations and facades have a shorter lifetime technically, so they should become 

adaptable. They should be able to make a completely different building by 

changing minor parts of the construction process.  

Berrak Kirbas Akyurek: Do you also see any social impact of the daily human life 

of the application of these innovations?  

Yes, we see that mainly green constructions. We know that nature gives us 

ecosystem surfaces. So nature gives us building materials, food and provides a 

clean environment. So this needs to be replaced with very hard technology if you 

exclude nature from the city. The city becomes polluted, very hot, aesthetically 

unattractive. People who want to make a picnic, they need to travel far away. So 

this is what we would like to achieve, inclusive nature in a building. For example, 

a person should only need to go to the rooftop, because there is a lovely garden 

or pool over there. You can make your picnic there, and do not need to travel far. 

It is scientifically known that people exposed to greener spaces feel less stressed. 

A nature inclusive building, not only economically, but socially bring several 

benefits. 

What we would like to achieve, we developed a concept in our department. We 

call it ‘triple green,’ three layers of sustainability. The first one is related to the 

long service life of construction, so there is hardly a need to build new 

constructions. Constructions also should be adaptable. The second layer is to use 

material with a very low environmental impact. The third is that the construction 
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should provide something extra for the environment, such as it cleans the air, or 

purifies water, or give a good feeling for people aesthetically and psychologically. 

We want to have added functionality, so people always want that building in their 

backyard even if it does not belong to them; they can still benefit from it. It can 

do something extra through the implementation of biology. Normally nature 

supports our living, and we need air, fruit, food, cleaner. This is what nature 

provides. So it is essential to have to nature inclusive cities. We have 

environmental and social issues in our cities, and nature can solve them all. 

Most of the bacteria are very positive. We make cheese, medication, wine, and 

beer, etc. We are clear to people that our bacteria is safe to use. The other thing 

that I always say in my lecturers that convincing people to use nature in a building 

is a good idea. Some of them have some fear, such as dirty rats and venomous 

spiders will appear, but it is not the case. However, sometimes it is difficult to 

change their minds. 
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Interview VII 

Place: Eindhoven/NL. 

Date: 31st July 2019 

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

I work for two different companies. One is on mental healthcare, an innovation 

program everything related to remote and online treatments such as e-health and 

virtual reality. I also work in the electrical installation sector, which is about more 

living at home independently. It is more into technologies to provide remote care 

at people’s homes.  

In the mental healthcare company, they call me ‘innovations scout.’ I am the 

person who scouts for new technologies that could be potentially interesting for 

mental healthcare. Scouting is not only about possible technologies, but it is also 

scouting research groups that might have an interest in them to make connections 

with what kind of research is happening. It could be somehow coupling both of 

them. I know their topics and problems. To deal with people working in that area 

and I am connecting the right people at the right moment.  I also follow what 

government funds. For example, they have a lot of subsidy programs. I support all 

these programs and what kind of topics are really important and make these 

connections and build on starting their projects.  

Practically, the same thing applies also for the installation company only then a 

different topic; home technologies and what kind of home technologies could be 

implemented to assisted living at home independently.  

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

attempt of integration of the technologies? 

Because I am working in healthcare, the most important thing in healthcare is the 

huge shortage of people at health; carers and curers. People provide treatments 

but also need to take care of the others, and this is going to be a huge shortage of 
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that. Also, going to be an increase in the number of people that will need some 

form of care. So, there are two strategies that the government can do to find 

solutions to these problems. First, try to make people more aware of their 

responsibility for their own health. So, they will embrace a healthy lifestyle. The 

other strategy is to provide care with fewer people to let technology take part in 

that care. People will be as much as possible in their own home environments. In 

practice, if they need to do exercises or do things, let them do things themselves, 

assisted by technologies. Only a few people will be provided with professional care 

if it is necessary. 

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of the technology that you 

are trying to implement? 

Novelty is using as technology, not necessarily apply as a replacement, but as an 

additional something that you can add to your care system to bring them your 

personnel and cost. For example, that is a really good looking academic 

environment (TU/e Vertigo building). A lot of things may seem very natural, 

commonly known, and you may think, why are we still talking about this? But if 

you go inside these care organizations. The people there feel the gap between 

what is possible and what is actually being used is huge. That gap is very, very 

difficult to close.  

Berrak Kirbas Akyurek: So, as you contribute to the implementation of the 

technologies, the gap is getting closer? 

Very very slowly, very, very difficult. For example, everybody uses skype, but when 

do you skype with your doctor? 

Berrak Kirbas Akyurek: Never 

Why not? Much more comfortable if you could consult with your doctor. But you 

have to go there. It is such a simple technology. Each doctor uses these 

technologies in their daily life, but nobody considers it normal to skype with their 

doctor. There are a lot of things in people’s heads. We are now dedicated to a team 

in Eindhoven. And we are told them they are the first online team. They only use 
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online technology, only when it is absolutely needed; you see people face to face. 

We selected people who really wanted to do this. They have better results, and 

treatments are faster. They do not see their patients physically, but they have more 

contact because they have shorter but frequent meetings via skype. In the 

meanwhile, they use e-mails; they have a platform that provides feedback. It is 

much more interactive. In the past, you would see your physiologist every two 

weeks. 

You go and see them only for one hour, and you close the door and go, continue 

your daily life.  And you just forget about everything that has been said in one 

hour in those settings. The patients say that I close the skype meeting, and it is 

still my problem. But usually, I would go to a physiologist. And when I closed the 

door, my problem remains there in that room and go away. It is in their own 

environment, and it is really inviting people and stimulating people to start to 

work on their own problem, not put their problem in their physiologist office and 

leave and go. And that is what we are trying to explain to other physiologists, but 

only a few people are trying. Because most of them saying, their patients want to 

see them or not capable of using Skype.  

Berrak Kirbas Akyurek: Is it like doctors refuse more to skype more than patients? 

Absolutely.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc.: Which 

terminology do you prefer to refer to your designs? 

For me, smart and e-heath. I also use many different terminologies. It does not 

matter so much. Usually, I use smart if it is more connected to some kind of remote 

and digital part.  

Berrak Kirbas Akyurek: What would you like to achieve with the implementation 

of these products? 

I think I want to have the technology to be integrated into the daily processes of 

the healthcare providing system. In the end, it should lead to a solution, which is 



301 

 

a simpler problem that, as a society, we will not be able to provide healthcare in 

the way that we have provided it in few years. Healthcare is becoming too 

expansive, and there is a huge shortage of people. So at some point in time, if you 

do not make the transition, you will not be able to provide healthcare in the right 

way to people anymore. So this is needed. The final goal is to make healthcare 

still possible but shorter and faster. Companies are trying to make this transition 

to bring into our home environment. 

Berrak Kirbas Akyurek: What is the case with the installation company? 

If I am looking into installation companies, that is a different kind of story. I am 

still confused that a lot of these technologies are now used for independent living 

like indeed video calling, alarm systems, lifestyle monitoring, and many more. 

Those kinds of technologies are not implemented yet on a larger scale, always 

plots, with a lot of subsidies, with a lot of short term goals. They could not 

sustainably be implemented into a care system. If you want to be sustainably 

implemented into a care system, you need to consider that care companies and 

care providers are not technology providers. So they do not offer a technology 

service. That’s why I think these engineering companies with people who are 

always around houses. Like installation companies such as gas installation, 

electricity, water supply, you just call, and they came to you on the same day. 

They are close to the living environment, and they have 7/24 cars. They are 

accessible and come when they are called. They are the actual people who come 

inside your houses. Other services do not come into your home. For example, if 

there is a problem in your attic, these engineers enter into your attic, fixed it, and 

then go. So, these engineers are the ones that you could teach new technologies. 

You could teach them what to do, how to make a network, put the sensors. Small 

companies maybe do not have ICT (Information and communication technology) 

integration knowledge, but a lot of large installation companies know how to 

integrate. So, why do not they (big companies) provide a service to small 

installation companies that get you from a to b business model? For example, large 

companies could even offer a package to the smaller ones to install and connect 

some kind of sensorial spots for the care providers. And care providers can provide 
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their care through that system. It could be an integral part of your home 

technology like your lighting could be your caregiving system.  

Berrak Kirbas Akyurek: I was going to ask that do you foresee any consequences 

of the integration of these products into the buildings? But you told me a bit like 

that your lighting system could be your caregiving system. 

Yes, why not? Many lighting systems have led lighting nowadays. You can make 

one connect point, maybe a center—a lot of integrated light and centering 

technologies. For example, led lighting can be used to communicate by using 

frequency patterns. So you can give high-frequency signals that one could 

communicate. So they could also transmit essential data like alarming unusual 

situations.  

Berrak Kirbas Akyurek: Do you foresee any outcomes if these technologies 

implemented at the beginning of the design process? 

I think integrating into the building is the most simple thing.  I mean, with current 

centering and led technology, you could put a camera, sensor, camera even be a 

sensor. That is easy. I think it is the trend to be more prefabricated elements so 

you could make these elements in advance. You could put sensors. That is easy to 

put them into the system, and architects also know this. The difficulty is to 

implement them into the working process of the other parties. For example, we 

have this building with all sensors, and how do you connect to your care provider. 

Then you can have multiple care providers, or you want to change it, or you need 

additional care. 

How do you connect to all these different working processes? How will you do 

this? So, they might even be required central space that all data should be 

connected where some form of intelligent space you know how to put it to the 

other care providers; they also do not know what to do. A lot of different questions 

will follow. I have experienced that. Some care providers told me that they do not 

want to know all this health data. Because knowing means I have to do something, 

but there is no time and organization. That is a tricky thing. I think why they worry 

about it that they need to have stuff. Suppose you have all these houses with 
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sensors giving data, what they should do. The cost, number of stuff, the working 

process are all difficult, and it makes many years to do organization. That doctor 

does not use skype is simple, but this is very complex.  

A lot of different kinds of processes that we were talking about. Now we have an 

online team, and I am very happy that we are one the pioneers with online 

treatment. We are already seen how it works, and now we are talking about how 

we could not make the team really takes all these houses under supervision. But 

you need an all-new type of care person. People working in care organizations are 

not used to these technologies. Even young people have not heard anything in 

their whole education. We see people coming from schools, and they have no clue 

because their teachers do not know it, and students do not know it. 

Berrak Kirbas Akyurek: Any prejudges? 

Prejudgments are everywhere all around the care system. People are refusing to 

work with technology, saying that they want to work with people, not technology. 

If you ask about technologies who experienced them, you will get positive ideas. 

But if you ask people what they think you will get much more negative opinions 

which are very strong. Healthcare is a traditional sector all about people making 

physical contact with each other.  

Berrak Kirbas Akyurek: Is it one of your challenge?  

This is really important and the biggest challenge. Because I think technology is 

there and it is not difficult. And I think we can organize all these kinds of around 

the technology which can be integrated. For example, we have smart people who 

can design it, and you can design a house full of sensors even for a low cost. I 

believe we have everything; all the technological components. I think the real 

problem is in the working processes and the judgment of the people. I think more 

people than the processes that make it difficult.  

Berrak Kirbas Akyurek: You mean it is possible to fill the knowledge gap between 

professionals like architects who can learn how to integrate technologies, but it is 

hard to fill the knowledge gap of people who are the caregivers? 
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I think, as an architect, there might be some kind of idea to integrate the 

technology. But I do not think about how to integrate into the care system, so the 

process around that.  Then at the beginning, with some of the innovations, I said 

Skype, and you also need more than skype because it is not a secure platform, 

which is something close. So, in the beginning, we started with a security monitor 

in somebody’s house that could talk with the care provider. We came into one 

woman’s home; she has one monitor from our company, one monitor from the 

other, and also another one for her husband. Now we have apps and so on, but it 

shows how difficult it can be.  Technologies should be open. For example, smart 

doors are opening to the caregiver. Before that, there is a box with a code in it, 

but it was not secure. And we were getting a lot of complaints. Also, you need to 

change if you change your care-provider. Technology should be flexible; you 

should not have to change the whole system.  

Berrak Kirbas Akyurek: Could you tell me more about the user’s feedback on these 

technologies? 

There is a lot not known how people experience different types of technologies. 

So a lot of work and so many plot studies have been going on. One vital feedback 

is on the worries about data. The systems create data that comes to the 

organization, and the question is what we do with it? For example, many 

monitoring systems might be like big brother is watching you. So I know all these 

things are giving feedback. And then the funny thing is that, with many sessions 

that we had with our clients. They told us that as long as the data is used to give 

personal feedback that they can do something, they do not mind. Of course, data 

should not be sold or given away, but we see that people find it very acceptable 

to have technology in their home environment as long as the outcomes are used 

for their own benefit.  

In general, we got positive feedbacks, some saying I had trouble getting used to 

seeing people on a monitor. But interestingly, people talk more openly than face-

to-face. Somehow technology makes people more open.  For instance, there was 

an elderly lady with dementia and already in a clinical setting for a few years, and 
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nobody could communicate with her because she did not talk. Then, they put a 

bicycle with a screen that you can cycle with sightseen for an experiment. Then, 

she saw something and said that she knew that place since she used to live there. 

And she started to talk about her life with everybody around her. Let me give you 

another example as well about the man with autism with social anxiety. He did 

not speak nor leave the room. We have a small robot and placed it in his room. 

The robot talks via a man typing something, and the man knows that, but he 

started giving a response to the robot.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of the 

implementation of these products? 

I think I already mentioned it. I think the impact is on the healthcare system in 

terms of society being provided by a high level of care. We are on the verge that 

our care system is collapsing. You see, huge waiting lists in care, you see elderly 

people are alone without any social network, and alone at home because they 

cannot be admitted into care provider. So I think we are letting people down 

already, and that problem becomes already bigger. As a bigger picture, I think we 

should be able to do more.  

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

My expectations from the near future are to solve the problem in the caregiving 

system by bringing solutions through the implementation of technologies.  

Berrak Kirbas Akyurek: Do you have any recommendations for future designers, 

particularly for the architects? 

Interoperability is a key thing. I think you can combine these kinds of technology 

all into one. But you have to make sure that it is accessible by different systems. A 

system could be expanded over time. In the infrastructure, you should always put 

additional parts that are interpretable.  That is the technical challenge for the 

designer, basic infrastructure that you can develop further. Another challenge is 

to take caregivers as manifold, not just people living there. The informal caregivers 
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are also there, different organizations, different people. Even proper care can be 

provided by a company that does not initially supply care providers. So they could 

become complete business models somehow these what you put in a building has 

to be so flexible. I think the biggest challenge is that we are now technology is 

developing more like exponent, so what you know today could be so different in 

five years later. When you built something, it is for 35-40 years, and services 

should be in the design.   
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Interview VIII 

Place: Arnhem/NL. 

Date: 5th August 2019  

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

I am still a product designer, in essence. It has not changed and will not change 

in the future. I do think that any designer these days cannot only design a product 

anymore. A lot of designers will or should be involved in value chains how did the 

products are being produced. So, concerning raw materials, production 

manufacturing techniques, consumer behaviors, etc. I think that the designers of 

the future and are now interested in them very much. There are too many things 

that have been changing these days with new materials such as mycelium and 

biopolymers, etc. Especially these materials have a lot of unknowns. As a designer 

of the old times, let’s say you wait for the other material specifications to be ready. 

Then, you can select them based on the product you are supposed to design. Those 

days are gone, basically. It was a beautiful era with unlimited possibilities of 

polymers with unlimited plastics, also metals, and amazing manufactural 

techniques. None of those are viable to new material preferences. So, for the 

designer, there is no option to be only a material designer, to be a contextual 

designer, social designer, and of course, a developer designer. Because at the end 

of the day, it is still about what type of product you produce; that is the core. How 

we do, that is a complication. That’s why I still see myself as a product designer 

because I believe that is where the relationships between the user, material 

functionality, and spiritualism happen within the design and use of a product.  

Berrak Kirbas Akyurek: Can you tell me about your current projects, as such your 

role in your company, mission, and goals?  

So typically, I have been working with my studio as an entrepreneur for almost 

twenty years from now. Nowadays, I have multiple companies because many of 
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the projects that I have done in the past were self-initiated. So there is no 

commission, no client. When these projects have appeared to be viable, as well as 

in the design field also economics, then a separate company becomes with has its 

own entity and management structure. So I have three companies next to my 

studio, and that how I actually corporate. Because besides product designer, I 

think it is important to not only design things, but also to make sure the 

implementation of the design, because a more substantial part of my profession is 

proving best practice examples. That’s why I basically design best practice 

products, and I have to initiate everything along the line in order to prove myself 

and to the stakeholders and general consumer. This is an actual viable design. 

Therefore, I had to start companies, so I have formed three different companies to 

make sure. So my main work these days is management, sadly. It is also part of 

the job. I am mapping out the value chain, used stakeholders, strategies for 

approaching them. I am telling the stakeholders that why it is important for them 

to step out of the existing value chain and to consider something new like 

mycelium and algae. I am explaining why they should see as the opportunity, not 

see them as a burden. So partner selection is a part of my daily profession, and 

then 5-10% of design; the rest is partner selection and management.  

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of the project? 

Motivation is many things, of course. So algae fabric was typically a project that 

arrived in 2014 from two things. One of which is the concept of what is in your 

backyard. I am amazed by how much we miss, even though the things are right 

beside us. And it is OK that we miss things besides us that it is understandable. 

Because either we proceed as things as that has been used in the past; historical. 

But then our job is to reinvent systems of the past. Because within current 

respective technology, we should revise these things, clearly have worked for us 

people on holistic levels. Secondly, what motivates me is this, of course, the 

inspiration. The fact that day of doom is upon us. This is how many people see 

this. Yet try and see this as giving of something pretty amazing. So that brings the 

back-casting process we use quite a lot. So back-casting, you might know, is trying 
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to envision quite radical in the far future.  You optimize your goal and task as a 

researcher or designer to finding your way back to now.  

Through systems, materials, people, and many opportunities, back-casting seems 

possible to find your way back to now. And you also might consider that reverse 

process as a road map to get that’s quite algae fabric. Algae fabric is a good way 

to maximize the LCA (Life cycle assessment) of the textile. What would be the best 

textile that we could intent? How would it look like with algae fabric? Clearly, we 

resolved this in the back-casting process. Because of doing it now, there is no 

reason to make algae fabric. It does work but does not work in the whole economic 

system. It will be step by step; that’s why we do back-casting. It is proven in a 

different thing, but we have done this research in six months just in order to do 

make a possible roadmap of the back-casting process. You have to check a lot of 

things, viability studies, but also opportunities in legislation all these things. So 

that motivates me as well.  

The methodology and the technology behind the awareness of the opportunity; 

these two things are crucial to motivate others as well to create a new value chain 

like mycelium is also so important. It is not a good product, but it does not really 

matter much. We need to design towards the systems, and not necessarily the 

other way around.  Just trying to apply things to the system that we have now 

does not work. So we have to find another way.  

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

By the people around me, I would be seen as an ‘eco-warrior.’ I myself do not see 

as this is necessary at all. For me, it is about mapping opportunities. Nature is, for 

sure, an ‘inspiration’ and also the ‘ignorance.’ We, as humans, have these 

approaches in our system. Outside nature provides, so few of our things work 

despite the opportunities. Within this current time, with so many innovations 

started to move, temporary connections, and the systems taking apart and 

rebuilding again, we are on the brain part of that change. It is obvious. It is more 

about seizing at all opportunities. Then again, not ruining the World in this 

process. It is more of the design parameters. Instead of just novelty or special 
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request should be part of the design parameter to start with, you cannot attempt 

to create a full circular model. In my opinion, it is not possible at this stage. But it 

does matter when should be a design parameter. Even though there is an urge to 

good design, good solutions for a good cost, this is not the daily push in my studio. 

It is more about finding more opportunities and proven to people that it works.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc.: Which 

terminology do you prefer to refer to your designs? 

I am very explicit in the terminology we use. So you will not hear me saying ‘bio-

based.’ Because bio-based is a basic concept to find something from nature and to 

organize it, and propose in such a  way to fit existing synthetic technology. That’s 

how bio-based polymers in this stage are implemented.  

Not so much of creating a biodegradable product, but something to match to a 

synthetic system. Of course, there are bio-based products that can be compostable, 

but often they are only compostable or generable in a controlled environment in 

the industrialized process. Also, there is a big difference. Everything compostable 

does not necessarily mean it could break down into its elements. You might be 

able to compose what you left.  What are the components that can actually be 

used? So the terminology is crucial. That is where a lot of users, consumers are 

lost in the translation. They have no clue what it means. Mixing up systems at this 

stage, so they do not like the synthetic anymore. Why? These are incredible 

materials. You can regenerate multiple times. It does not make sense if you get 

material like corn and glued with synthetic elements. That material now is just 

wasted; it cannot be regenerated, cannot be recycled. So this is a wrong concept 

you should get away from it as soon as possible.  

Using bio-based materials is something that has a different matter. It might be a 

good idea. You can have a bio-based elastomer. There is no glue involved. It is 

used for shoe production, and it is quite radical. You can never glue shoes any 

more into the production process. Adidas is doing it now. They said at this stage 

there is no bio glue strong enough to make sure that shoe to be worn in one year. 
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So we can only do this with high chemicals to provide consumer satisfaction. It is 

complex. We can recycle any polymers right now. We can regenerate any 

polymers, but economically viable? No, it is not. But the technology is there.  

These complications are very difficult for the consumer right now. For example, 

in veganism, I won a vegan award on palm leather. I have been working on palm 

leather for about ten years. When I started, veganism was not an issue. It did not 

even exist. And I now become a vegan hero? Why? The consumer is trying to 

define all new holistic things with organisms.  

So yes, the terminology is complicated. It will take a lot of time to make it happen. 

Actually, greenwashing is significant in bringing that knowledge. 

Berrak Kirbas Akyurek: Do you think greenwashing is something good? 

What greenwashing does, it creates a vocabulary. You have to see it as a chance, 

like a commercial. It is up to the consumer to define whether the greenwashing 

campaign has viability for them. Greenwashing is an essential part of going to this 

translation. It cannot be accepted entirely, but it creates a consciousness effect. 

Berrak Kirbas Akyurek: So we should see the potential of greenwashing in that 

sense? 

The market needs to sell stuff. Otherwise, the whole system does not work. That 

is my point.  

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of your products? 

So my job as a designer is developing best practice examples. Obviously, my 

designs will not change the world. They will contribute to the transition, like many 

other designs. So I am trying to make sure that our projects are reliable. We bring 

them to market in the system where new value change is. That is my main goal as 

a professional. It is quite limited, but you should imagine that my oldest company 

is running for ten years, the others are six and three. So these are long-term 

projects that create principles along the way. Research is, of course, is the goal to 

make more good examples.  
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Berrak Kirbas Akyurek: Is it like a step to transferring the knowledge? 

It is always a step in transferring knowledge. I think of the products, in a way, 

from a studio perspective. Let’s say; my products are not chairs; it is the process 

of making the chair, obviously. So I am not selling the chair. I am selling the 

process. That’s the reason we have done a study to optimize the collection of 

stakeholders who should combine forces within these value and supply change. 

Who is where? What purpose they have? Who is taking of certain responsibilities 

within that value change and not defined yet? It is very interesting and quite 

complex. So we use a lot of mapping. Map out where our opportunities are, where 

we need people with a new profession. For instance, the concept of drying 

mycelium is the biggest challenge in that value change. Because even though how 

lean it is to grow mycelium, drying was struggling.  

Berrak Kirbas Akyurek: I know you are a product designer, but do you foresee any 

consequences of the integration of these products into the buildings? 

I work with architects quite a lot. It is about understanding each other’s’ 

professions. So people have no clue what I do because I do different things. So for 

the bio-laminate company, bio-laminate has no doc, no organic compounds. Put 

it on the surface; in fifteen years, re-process. There is no negative material 

compound. It is quite novel and special. So we worked with architects because, in 

my opinion, we need them to understand most likely, we are not building a 

building anymore. For a moment of fifteen years, most buildings we build in a 

cycle, for many different reasons with the fact that as consumers, we have different 

demands comparing to fifteen years. Buildings simply are not suitable anymore 

what we thought of them fifteen years ago. Therefore, when you are an architect 

or real estate developer, your responsibility will cost soon that you have to take 

away the building. So implementing a lot of these technologies now will be cost-

efficient in the future. So, it is a big thing. These are such crucial things, but so 

complicated. But sadly, I am not working with architects enough.  

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience? 
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Yes, a lot of studies have been done. We do focus groups. We need those. Imagine 

a product that has not been around, like palm leather. People have no clue what 

this material is. They do not have to respond to it. Suppose they are not prepared 

for this. You cannot sell your products. So, for instance, palm leather sandals. They 

are fully compostable, and you can compost them. After six months, they are gone. 

When they see a two-year-old product, they start studying the object because they 

do not know the material. This is horrible because it is a two-year product. It is 

not meant to be. Because people are not used to the material, they basically pick 

it up and start criticizing. Like saying nobody will use it, too big, something like 

that. We need to bridge the gap, and often compromise. Then, we have algae 

fabrics. We managed to mix conventional cellulose in order to replicate the 

perception of cotton.  So those examples are our tricks. To find the value chain 

and match it with the customer is something I am trying to do. That’s why we 

need focus groups because people appreciate the innovations, but they are too 

critical.   

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

I think it is all about LCA, life cycle assessment. Even though these technologies 

are not finalized, their life cycle assessments, mapping out full energy use, nutrient 

use, potential impacts what we need to embrace, we need to rely on data. There 

are so many innovations going on, and they are not sustainable. They are just 

proceeding in a holistic urge to the production of organic materials. For example, 

the so-called ‘eco dyes’ sounds brilliant. But the addition of color is not really that 

big problem in the material industry. It is a big problem but not the biggest. I hope 

one day we can do financing or value change based on LCA, whether it is not 

causing harm or beneficial.  

Berrak Kirbas Akyurek: Will that also affect designing itself?  

Absolutely, it has a profound effect on design. Unfortunately, it means that you 

cannot do a lot of things until so many innovations have fully crystallized. For 

example, a lot of researchers are going on about enzymes like how to extract, take 
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apart components, a natural system like your mouth digesting some food. These 

systems are not perfect, and we cannot digest the products. It could mean we can 

never ever design a product like today when LCA is our design parameter. For the 

finish of our bio-laminates, a lot of our clients want polyurethane. We are 

suggesting them to consider wax—the only thing you have to do that rubbing it 

with wax every half-year. But there is no harm. Why you want polyurethane? 

Because they are lazy. Perhaps that product with polyurethane should not be 

design anymore. So LCA as a design perimeter, a lot of our current designs will 

not be workable. That’s why we are designers, and we should be able to design 

something new. This is probably my bio-based economy. We engineer polymers 

from corn that mimic polyurethane, and then we design a Coca-Cola bottle. At this 

point, we do not have to design anything different about that bottle. But pollutes 

the bio-based polymer in such a way that behaves exactly the same. So what are 

we doing? We are not changing because we cannot reclaim that polymer. We have 

to burn it, and we have to take an extremely long cycle. Then it is renewable. We 

should get rid of these technologies. Especially there is so much going on like bio-

based plastics saying that they can be recycled. There is a flow of chemicals there 

to make them flawless, colorful, stabilized. And they are ending up as harmful 

components.  

Berrak Kirbas Akyurek: So your point is like not to design exactly the same thing 

differently, but create something new but works like old technologies? 

Exactly. We have to completely re-map the value chain, re-educate users, re-design 

functionality like in electric cars.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

Of course, there are so many challenges, but let’s see, we can highlight a few. So 

the transition is no fun. You have something you used to it, and then you have to 

change. The whole process of change is insecure, with unreliable data. For the 

consumer, the worst thing is that if you cannot do good, everything you do good, 

everything becomes bad. We have to lean in the awareness that many bad things 
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are going on, and next week can be worse. The big challenge is how do consumers 

get their brains around coping with sustainability with the endlessness of 

materials. Then again, we have, on the other side, raw material issues. It is about 

the unfair division of wealth. We are not handling our global nutrient system 

properly. That is a big challenge, as well—a lot of design philosophies being re-

occurred.  So mycelium became very local, algae fabric could be very local. 

Consequently, global knowledge, local manufacturing is something we need to 

work on these as much as possible. If we do not look at manufacturing in the 

middle, the raw material on one side is about handing the materials, making sure 

the proper cycle is going on instead of the end of the cycle. On the other side, the 

biggest challenge is how to get consumers on board by accepting and mediating 

with the function of the products.  

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

I am very positive. I think it is easy to accomplish with the potentials that we have. 

So, I am a believer in the new generation. I do not have any negative perspective. 

I think this is all very, very manageable.  

Lack of holistic spiritualism, that is, I guess, something I worry about a lot. I work 

a lot in China now. I feel contributing the holistic spiritualism that China had for 

a thousand years, lost in recent decades. That I was fascinated to work on, and I 

am stunned to see how much this has been lost in the past generations, like 

awareness of historical value and quality of the materials. I am also amazed at 

how relatively easy to bring those things back again. I am designing it is called 

‘flooding of infinity,’ it is a balloon it will fly forever. It is a kind of wish. My goal 

was to create an ultimate ying&yang. I am using gold, and if you can make a 

balloon of gold, you could capture hydrogen forever. So you could make the 

heaviest element, gold, and make that balloon be there forever. This an art project, 

obviously, but it addresses a few core things. It addresses the value of gold other 

than financial; it all about the specific quality of gold has. Besides, it supports 
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thriving the eternity that the Chinese community always has. This project just 

points out what we have been missing. 

Berrak Kirbas Akyurek: Do you have any recommendations for future designers 

and particularly the architects? 

For me, my goal is, of course, when I do lectures and teaching, it is about designing 

a value chain, not only a product. I think, for many designers, they should try a 

few times. Designing the system instead of a product is good learning; it brings 

you holistic inputs, context, technical challenges. It shows the conflict of use 

versus production. I think in schools design something beautiful is crucial, but also 

to design a system is beautiful, even to discover what is possible to create a circular 

system.  
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Interview IX 

Place: Odijk/NL. 

Date: 8th August 2019  

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

My background is, my whole life I am in sales. Five years ago, I thought I have to 

change what I do. I was the managing director of a car dealership. I have a very 

big hobby as a gardener, so I like green a lot. And I always thought I should do 

what I good at, and that’s doing advice on sales on the green part. And then the 

was a job opening here, and I applied, started five years ago. I thought I knew a 

lot about green as it is my hobby, but it turns out I was not. I learned so 

unbelievably much from our gardeners. We have two gardeners here who do the 

glasshouses with a few more people, but they are responsible, they drain the 

plants. They know exactly what kind of plants grows where, why, and what is 

needed? How much is required? That’s my background. 

It is a bit different than what we see in green come. All the gardeners follow green 

studies, but I did not. I did research, but it was really back in the days for two 

years on construction knowledge of how the building is built.  So it is a nice 

combination; I get sales what I like, and advise what I want to have experience in 

the building. And now the knowledge of the green. 

Berrak Kirbas Akyurek: Can you tell me about your current projects as such aim / 

your role of/ in your company, mission, and goals?  

My business card says I am a ‘green wall specialist.’ What’s what my business card 

says. I think that’s the right name. I know technique and construction. I know in 

green itself, everything about green. A green wall specialist is what it is. What I 

do is, of course, I reply to the requests we have. Today I received requests from 

six different countries for the green walls, and some questions are only on what is 

the green wall really from the beginning, and some are like this is the green wall 
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we would like to have it, what are the costs could you advise. I travel around 

Europe, yesterday and the day before I was in Berlin, I had eight appointments 

there. The appointments with construction companies, architects, landscape 

architects. One company that does vertical climbing. Sometimes the buildings are 

so high, and we cannot use any electrical lift that they have to climb like climbers 

of the mountain to cut the plants. 

We have the vision of making the World a bit greener every day. And what we do, 

we believe very strongly in pre-cultivation. So, we can grow something. If you see 

a green roof, then you can throw something green on the roof and wait for a year, 

then hope that it is green. But we have a nursery here, and we have a hundred 

and fifty hectares of land where we grow. Pre-cultivation is very important 

because the plant must be get used for this vertical situation. When we bring it to 

vertical green, we grow little plants in the flexible panels already vertical. So, the 

plant knows from very young, it knows, OK, I am growing to the front not up. We 

would like to make the World greener every day, but with pre-cultivated materials.  

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of the project? 

The motivation is absolutely making the world better. When we set a thousand 

square meters of a green roof in France, then we see the benefit of a big truck 

driving benefit to our client. We see the biodiversity is getting better at that place 

where it is installed. And we know the carbon footprint will be better. That’s really 

in the DNA of this company. Again, it is because we are almost all of us are 

growers, people who went to a green school where really have everything in 

nature. 

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

Our pre-cultivation is our novelty, what else… Irrigation is in the second part. 

That is more related to the vertical part. Together with an irrigation specialist, we 

designed our own irrigation system. Because most of the systems can bring water 

by the minute, which is too much. We would like to be able to bring the water on 

the second. We have sensors on the wall, which measure the humidity of the wall. 



319 

 

We have an app and a computer program so that we can check everything. We 

can change the walls in Hong Kong too. We do have internet/online maintenance, 

so we can change the walls. When we see the moisture is not enough, we are able 

to change it. So roofing and vertical walls are the ones that we do most.  

Berrak Kirbas Akyurek: I would say it sounds fun. 

To be honest, a lot of people say that it is fun. We are a very young company. Our 

owner is only forty years old. He started when he was fifteen years olds at his 

fathers’ garden center where everybody could buy little plants. I began with five 

hectares of land. Now here in the Netherlands, we have a hundred and fifty 

hectares. There are nurseries in Poland, New Zeeland, Spain, and China. We grew 

a little bit. Also, the company is young and vibrant, and then everybody wants to 

make the world green. 

Berrak Kirbas Akyurek:  Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

We see here a lot, indeed, what you have just said. It must be living. What I always 

say, we do there is nothing greener than what we do. There is nothing greener 

than a plant. Of course, one of the benefits of green, it observes CO2, brings O2 

back in the air, we are simulating biodiversity, we catch rainwater. So there are a 

lot of reasons to use green because it is really about green. What you hear a lot 

now, we have a green building. But they mean we have a heat pump, and solar 

shelves, Leed certificates. Here we aim to make houses, buildings ‘real green’. 

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of these products? 

We would like to achieve that in twenty years, a city I could say. We have so much 

grown in our cities, and we can lower the temperature by 2% to 3%. We would 

like to hear from the city that people see the birds again. Because if you go to a 

big city, and look for a bird, there are hardly any birds because there is no food. 

There are no insects as well because we have taken away the green and plants. 
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We have built a big flat, a big apartment complex. Where is green now? We can 

bring them back. It would be really nice to see/hear that over twenty years from 

now that we achieve that kind of benefits with our green walls, and 100% we will. 

There are several studies, not ours, that showing what green is really doing well. 

I am amused by a study in Germany, University of Darmstadt. They can show 

exactly what temperature is doing with a green environment,  and they can show 

how much heat from the sun is kept away from the building because the sun 

exposes less. So we need more nature, less air-conditioning and less electricity. 

That is a really nice test showing what green is doing.  

Berrak Kirbas Akyurek: Do you foresee any consequences of the integration of 

these products into the buildings? 

The thing is there is not much to change on the building when you would like to 

have a green wall or not. The only thing is the plumber has to bring more water 

to the building, that is the biggest difference. The other one is, if we bring a green 

wall, you do not need a fancy wall or whatever behind the green wall. That could 

be just concrete because you will not see it. Yesterday, I was with an architect, and 

he planned a facade from a green wall, and he designed some façade parts with a 

very expensive natural stone. I have asked him what the price of the stone is, and 

the cost of the green wall was a bit expensive than the stone, but a just bit. And I 

said to him. I gave him the benefits in costs of taking away the natural stone and 

putting just green and then telling him what the green, of course, is doing in terms 

of ecological reasons. Then, he said why I should use the natural stone. Then he 

did completely green, and we could lower temperature by bringing more 

biodiversity, greener. In that case, you can see the changes also trigger a change 

in the architects. What we also see that the architects are still a bit afraid of using 

green walls because there are a lot of green wall examples that do not work 

properly, or they do not know the water pumps go around the building, and they 

do not know what is needed. I am advising all the time to the architects, the 

construction companies, and building owners. They always think it is hard to make 

a green wall. I always say OK, let me present what we do, and I will ask one more 

time. Everybody says at the end of the presentation: Is it really that simple? Yes, 
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it is. Because you only have to listen to the plant, that’s what we do. We have a 

nursery, and we have to give the plant what it needs. Construction on the building 

with 45kg/sqm is easy to do. Sometimes, they are really relieved that they can 

create the project they have in their mind. 

Berrak Kirbas Akyurek: What about maintenance? 

Very important. You have to cut twice a year for the outer of the building, in the 

wall six times a year, because the inner parts are warm, so they grow quicker. It 

is also important to know from the beginning if we can reach the wall to maintain. 

Because installation on the skeleton is always possible, we have to come back 

twice a year to cut the plants and can be reached, or we need to build a skeleton 

again. It is just a garden but vertical, so you have to cut and maintain it. It is 

important. Without any maintenance, plants will not be as old as we need to cut 

them.  

Berrak Kirbas Akyurek: In which part of the building design process do you think 

this project could be applied? 

Many times, I often receive an architectural drawing, and they say we have this in 

our mind. Can we do this only stripe of green? That’s the part I enter. So the 

architects already have the idea. They should initiate and come and ask us. They 

see more and more, of course. I did in the past. I visited a lot of architects just to 

show what we have, and a lot of architects that were not interested in at that time, 

they are interested in now. You have to wake an exciting part of their minds. 

Nowadays, it goes on so quickly, and they all know how it works. The stage where 

we step in is there is already a green idea. Then we discuss how we do that. Then 

you see when the project started to live. For most of the projects we do, we have 

three to four years before ending the project. That is very important because we 

need to bring the water pipes and the drainage and reserve a place for the 

irrigation system. Architects also need to convince the client. We also sometimes 

contact building owners or the energy company. 

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience? Can you tell me about the user’s feedback? 
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Users are pleased with it. Like I said yesterday, I was in Berlin. I was at a green 

wall we did one and a half year ago. I called the owner; he claims that he cannot 

guess how many people have taken pictures of the wall. He says it is really 

unbelievable. He had one apartment with six apartments, five sold, and one not. 

He says the people who bought the 6th one they bought because they loved the 

green image of the apartment, which was only 45 sqm. The apartment, of course, 

was fine, but the green wall was an extra step to let them buy it.  

Berrak Kirbas Akyurek: Do you see the differences between a building with a green 

wall and a regular building in terms of interior comforts, such as air conditioning? 

Officially on the green walls, we cannot tell how much isolation we bring. We have 

a gap of three cm for the ventilation. In the summertime, when the sun is burning, 

the façade is regularly heated. But the plants reflect the sunlight for %70. So no 

heat from the sun gets through the panel. Thus, the building is 2Co to 3Co degrees 

cooler than a building without a green wall. That’s the same for the roof. If you 

have a green roof, if you have a black roof, just a typical black roof can be heated 

up to 70Co degrees in the summertime. If you put a green roof instead, the roof 

cannot be hotter than 37Co degrees around. You cannot exactly say this is the 

exact amount of the isolation we bring with our walls, because of another reason 

that the panels we use, we water them every hour for a few seconds. So when the 

plants are watered, heat can change. So, we cannot say this is the exact amount 

of isolation before the project. But we do isolate 100%. 

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

I always say, what happens if you take a bunch of flowers for your wife at home. 

They all say she feels happy; she smiles. That’s exactly the same with green walls. 

People feel well at green walls. But we also see many times have the same question 

on vandalism. Does somebody steal plants out of the wall? Nobody takes plants 

out of the wall. It could be a normal idea to think if somebody drinks too much, 

s/he can pull over plants. I will say it never happens. But also vandalism does not 

work. It makes people happy. They say the productivity of people who work in the 
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building is higher when they are surrounded by green. I can understand. The 

oxygen is better, and the smell is better, the amount of fine particles is less.  We 

just did a test with one company that measured everything ( NOx, temperature, 

and so on). 

In Amsterdam, there was a real estate fair. They made three conference rooms. 1th 

with one table with six chairs, 2th with one table with six chairs, and they made 

green with paper on the wall, and the 3rd one was the chair table and our green 

wall. They said OK, you could use it for 15 minutes and pick a room. Everybody 

walked to the room where the green wall was. That was the first thing. The second 

is that room was 2Co degrees was cooler than the others. There was %25 less dust 

in that room, and there was %6 less toxic dust in that room because of the green 

wall. That all helps people to feel better and then work better. It is psychological. 

But it is also real nature. When you walk in green, you feel better. When it is a 

warm day, walking under a few trees, you feel that the temperature is 2-3Co 

degrees less.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

I think the challenge is the height of the building. How high is the building? How 

high can we install? How can we do that? I think the problem is to make sure that 

architects or the owner are comfortable using it. It is not a challenge. It is just 

telling them that it is possible and show them it is possible. And show them winter 

pictures and wintergreen. The challenges are also related to the technical parts of 

water pipes that we need for a building. When you have a bigger wall, then maybe 

we need 5,6,7, or 16 water pipes, and plumper says no, architects say no. Where 

is my space to bring these pipes? That could be a challenge, but there is always a 

solution.  

Berrak Kirbas Akyurek: I believe transferring this knowledge to architects is very 

important because the architecture field is tough to talk about this topic. Also, in 

practice, everything is all about money, and also, they want something stable, 

durable (nothing will going to last), but you know the idea. 
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I ask a lot of architects and owners that how long should it looks like as it looks. 

What we see is the most buildings are renovated after twenty-five years. So, a lot 

of architects ask how old will this wall be. It will last for fourteen years for sure 

because our oldest wall is fourteen years old. The materials we use last for thirty 

years and plus. So, we think of their life as thirty years. And I am turning the green 

walls more into construction materials, same as steel, isolation, aluminum just like 

construction part. It is OK to live aluminum for twenty-five years because 

everybody knows that they need to change it. That’s the knowledge I bring to the 

architects too. We think it will remain twenty-five to thirty years. In the meantime, 

you will renovate the building, and maybe you use it on your new design because 

we are circular. We can be re-used. That is, I tell architects that this green wall is 

a construction material.  

Berrak Kirbas Akyurek: Could you tell me also your experiences on using this 

green wall in the interiors? 

We do more outdoor than indoor. People think that outdoor is more complicated 

than indoors, but as long as you measure everything, it is not. As long as you have 

a winter program, it is not. So, % 70 of our works are for outdoor, maybe %80 

outdoor to %20 indoor. Because indoor is a bit easier, it is always 20Co degrees, 

we complete the same amount of water and fertilizer, but for outdoor, we may 

need to change every time.  

As long as the plumber brings the water pipes or we have a solution to a water 

tank, you have to fill the water tank yourself every six weeks around depend on 

how big the wall is. Then we only need to have electricity points.  

Berrak Kirbas Akyurek: Regarding what we discussed here, could you tell me 

about your expectations for the future? 

How I see in the future, in green, growing, growing everywhere. 

We will keep on developing. For instance, we are working on a quality certificate 

which says you bring that the original or recycle it. I believe it is important to do. 

I think green walls will grow in Europe by about %20 for a year. It grows so fast. 
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We do eighty to a hundred walls in a year. We have doubled it in three years. 

There is a possibility of it. We need more people like you who have the interest to 

bring them into the future architecture. I was in a meeting this morning through 

Skype with two Belgian guys from Zurich University from Switzerland. They are 

developing an irrigation system that was for vegetables. They may think it is 

beneficial for green walls. That is not the case, but their idea in their mind is what 

they have is exciting and triggered me a lot. That’s why I invited them just to tell 

a lot more.  

Berrak Kirbas Akyurek: Do you have any recommendations for architects? 

One important recommendation for architects is that they have to keep their eyes 

open. For a company, it is the same for us too. Maybe some times in life, there are 

coming towards that you need to pick. Maybe some new ideas.  You can always 

work on the same thing, but nothing changes. We have a really very good green 

wall system, and we need to develop them for sure. There is always a better 

version. They should invite new ideas. A lot of architects use green walls, then the 

client asks. I think they should use a green wall as construction material, not as a 

feature, not as your specialty. You should use nature in your building as a 

standard. At the moment, they still think about it, how. In Amsterdam, if you want 

to build a new building, then they say you can have a permit, but you have to 

make it this amount green. You have to catch rainwater, or some percent green, 

etc. Otherwise, you cannot get a permit. That also has already been in the minds 

of an architect who designs buildings. But the idea I have to include nature in it. 

Not only the green roof. It is not enough. These ideas must be their standard. 
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Interview X 

Place: Eindhoven/NL. 

Date: 15th August 2019  

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

I am Jordy, and I work at the Mind mansion as a developer like programming, and 

also a designer. I also work on concepts and creative thinking. We were started 

with Mind mansion about three and a half years ago.  

I am Melle. I was working in the Mind mansion since it began. Basically, my role 

in the company is in the business and finance of the company. In the company, 

Lisa (Slegers) specialized in marketing and communication. Mike (De Greef) is 

also a game developer. And Kars (Van Den Eijnde) also works on programming.  

Berrak Kirbas Akyurek: Can you tell me about your current projects as such aim / 

your role of/ in your company, mission, and goals?  

J: With Mind Mansion, we are combining three different technologies to improve 

the healthcare system of main fear and anxiety. We are using virtual reality to 

simulate the environment that induces fear and panic. For example, for 

claustrophobia (fear of being in a small space) or acrophobia (fear of heights), 

next that, we use gamification to motivate clients to face their fears to those 

exposure therapies. The last thing is biofeedback, which is why you are here, to 

show the client and therapist how the client is reacting on different occasions.  

M: In this way, we are giving more objective feedback towards both of them 

instead of a therapist asking people how they are feeling and giving an opinion 

from one and ten. Because we have heard that a lot of times, clients could also lie 

since they do not do anything or they do afraid too much, the clients can say six 

or maybe it could be ten or perhaps the opposite.  
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J: So, at this moment, we add another layer to the therapist to be more objective 

about the treatment and how the client is feeling. We thought about also 

implementing automated biofeedback, and the environment changes through 

biofeedback. But we stop doing that because it was really risky. Because if the 

biofeedback does not work %100. It does the opposite of what it should do, and 

it only makes it worse. So we stopped doing the automation on it. We just used it 

as an objective measure line for the therapist.  

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of the project? 

J: In general, we started as a school project. We started with business gamification. 

That was a minor, and we all joined from different schools. So the main part was 

to gamification, and we added virtual reality to show that fear could also be 

induced by using virtual simulation by proving that we added the biofeedback. 

After we had demonstrated that biofeedback induces fear, we also proved that it 

could be treated. So that is the reason why we added biofeedback. We finished 

the project in school, and we were realized this is something we should continue 

working on it.   

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

J: Actually, we do not have a lot of competitors using biofeedback. As far as we 

know, we are the only ones using it, and we only know others in Barcelona, Spain.  

M: The combination of all aspects makes us unique comparing the other virtual 

reality exposed therapies in the Netherlands. Maybe because most of them only 

use virtual reality. Maybe in combination with gamification or the adaptability in 

fear simulation. We are combining all that makes our work unique.  

Berrak Kirbas Akyurek: Is it like using biofeedback to make your work unique? 

J: Triangular combination, creating the relationships; gamification, biofeedback, 

virtual reality that what makes us unique.  
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Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

M: Maybe we talk about biofeedback as a whole term. Because for the therapist, 

that is the most known.   

J: We kind of make it smart; we do not use raw biofeedback to the therapist. We 

add a sort of a filter to it and bring it back to one variable. So it is easy for them 

to read. But we do not call it smart.  

Berrak Kirbas Akyurek: You do not want to call it?  

J: Smart gives the idea of the automated part.  

M: We would have an automated home version. I think smart for me as something 

extends its own decision.  

J: Biofeedback is understandable. That’s why we chose the word.  

M: We also have gamification, it is also a hard term, but it is easy to understand. 

That is also similar to biofeedback.  

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of these products? 

J: Mainly faster and targeted treatments. So, the system pinpoints the exact 

problem and the trigger of the clients way faster than in real life. After that, you 

can practice it over and over again compared to real-life situations. You can 

simulate a place like here (a meeting room), an elevator, let’s say, or a plane. You 

are mainly speeding up the treatment period.  

Berrak Kirbas Akyurek: Do you see any advantages in addition to being fast?  

M: It might also be better in some sorts. I am not saying anything is wrong 

technically with the current treatments. But suppose someone being afraid of 

planes, there is no proper way to fly together with his or her therapist. Aside from 

watching through the screen, with virtual reality, you can simulate and get into 

the treatment area.  
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J: It is like a middle step before real-life therapy. Before you start, you think it is 

just simulation. But simulation is emerging enough to trigger your fears, so it goes 

both ways. It motivates people to begin the treatment and good enough to treat 

in general.  

Berrak Kirbas Akyurek: I know you are working in a different field, but still, do 

you foresee any consequences of the integration of these systems on the buildings? 

J: I think there will be more possibilities like we can go to the ER (Emergency 

room) pretty quickly, and the existing room could be changed into a treatment 

room.  

M: Also, the advancements that we have seen. For example, when we start, 

technologies had space limited with cables that create constraints. I think the new 

version will bring new advantages and things will get better.  

J: I do not think virtual reality will ever go away. I believe it has already proven 

itself as a useful and valuable technology.  

M: I do think that the placement of virtual reality in the market was unexpected. 

I think the developers would think that it is a consumer product that is shifted 

more towards the enterprise. I think twenty years ago, when virtual reality was 

released, it is expected that a few years later, people would have a set in their 

homes and used it all day. Maybe in the future, it will happen, but now it has been 

using for more severe purposes rather than entertainment. I think aside from 

serious uses, and gaming is still the highest in entertainment.  

J: I think virtual reality is boosted in applications more than did in the games.  

M: Yeah, virtual reality for gaming seems very high, but not as expected to be.  

J: There are getting cheaper, but not seems possible, at least not yet. 

Berrak Kirbas Akyurek: It is like smartphones. We could not imagine twenty years 

ago, they will be a part of our lives or not. 
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J: It is a very nice example. In the video around 1996, when people asked for using 

cell phones, they seem they are not impressed. They are asking questions like: 

Why would I need it?  

M: Some people said I have one for my car. If I am at work, they can reach me 

from the work phone, and if I am home, they can call me.    

Berrak Kirbas Akyurek: And now, we cannot literally live without our 

smartphones. Could you tell me about the user’s feedback? 

J: Actually, we had a more significant impact on clients at the moment than 

therapists. Because therapists are really holding tide on the current way of 

treatment, they are like… I have already got used to applying this treatment for 

twenty years. Why do I need to change it? However, the clients are actually 

experiencing it, and they see that it works on their behavior and get benefits from 

them. For now, we have significant client results. For example, there was a guy 

with a fear of flying. After two and three treatments of VR, we saw improvements, 

and he started to believe himself. That was very good to see this quick progress. 

We also get a lot of feedback from therapists and leading us to change our 

simulations. That way, we hope to boost the acceptance of our system into the 

treatment.  

Berrak Kirbas Akyurek: Is it like you are challenging with the therapists more like 

clients? 

J: Definitely, mostly because therapists do not believe that VR works even though 

many studies in the literature proving it is working.  

M: Therapists have to take a look at what is financially good for them. They need 

to consider how much time, how much risk do they have if they use this, and many 

more.  

Berrak Kirbas Akyurek: Could you tell me more about the challenges that you 

faced in the design of the project? 
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J: Also, there are a lot of problems with insurance. We do not have specific data 

that they provide faster treatments. So they do not see a way to earn extra money 

back. But we cannot get enough data, so they are not willing to try it.  

Berrak Kirbas Akyurek: What about the role of biofeedback? 

J: The problem is more likely on our side than the client-side. The biofeedback 

that we used, for now, is just a watch, and clients did not mind. But we had a 

problem when you move your arm. It does not measure your heart rate precisely. 

That is a problem because while you are using VR, you are continually moving. 

Then we tried some neurofeedback, which is a bit of a gray area because everyone 

has different brain waves. You do not know how to use them correctly in the whole 

method. Back to biofeedback, we are struggling to find the right hardware for the 

price because we had to sell it to organizations and therapists.  

M: Cheapest way would be ordering samples and typing on people’s skin. But that 

is not user friendly, and it may not work properly. We had a test about a couple 

of months ago with different biofeedback wearables. There are different 

opportunities, but they are expensive. You also need to buy a license.  

Berrak Kirbas Akyurek: What about the feedback you can get from the therapists? 

J: Sometimes, clients tell lies to avoid treatments, get through it, or just stop it. 

They think that it is valuable to have a back-up. So if you are doubting what the 

client is saying, you can double-check the data.  

M: Also, sometimes, the client does not know the exact triggers for the fear. For 

example, for flying, clients could say that fear is affected by the closing of the 

doors. But we see in biofeedback that the fear is triggered while somebody sat 

near them or someone putting a piece of luggage above their head, sometimes 

only the landing. You might be scared of something else that you do not know. 

J: It also plays a part in helping the therapists to diagnose the actual fear by finding 

the triggers. 

M: For example, you can assume that you are afraid of flying, but you might be 

afraid of closing the doors. Actually, it is a different phobia. For example, people 
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with agoraphobia also get claustrophobia because they are inside all the time. But 

they cannot get out, so people get depressed. That’s why we want treatment to be 

faster because, in the Netherlands, there is a long list to get treatment about twelve 

weeks, even more up to twenty. For example, it may start with something simple, 

and if it is not treated, it can begin to affect your daily life in different ways.   

Berrak Kirbas Akyurek: You told me the potential for fast treatment and better 

healthcare. What about the bigger picture? Could you tell me the potential 

impact(s) of these products? 

J: I think there will be a lot more when more people can be treated. Because a lot 

of people do not even start treatment since it takes too much time and not easily 

accessible if you can bring it to at home, pretty much all the people with fear and 

anxiety will be treated for less money. That is also health insurance companies 

can get benefit from it. So it is also easy to build out to the other countries. There 

are a few regulations in healthcare to change or keep in mind, but the rest is 

doable. So I think it is an easy way for more people to get better treatment.  

M: If people get better, and will be able to live their lives. That is also something 

forgotten in healthcare a lot. There is a long waiting list, but there are also a lot 

of people who do not want to go to treatment because they think they can deal 

with it. For example, I can imagine fearing height is something manageable in 

everyday routine. But if you are afraid of driving, your quality of life decreases. It 

is really inconvenient.  

J: So we are not only improving the current system but also adding a new 

customer group. People who do not go to the treatment do not see any use of it. 

But if you bring it home, maybe they will try.  

M: They can try at home without any inference of people. That is also an 

interesting fact that it is hard to admit people to be sick when it especially comes 

to mental care. For example, admitting you are afraid of heights, it may be OK. 

But let’s say it can be hard to accept your social phobia or many different fears.  
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J: We are faced with strange things like fear of ducks, trash cans, stars, and many 

more. Suppose you do not admit that even do not speak about that. You will be 

the only one that knows this fear. In this way, this technology can provide people 

to get rid of their fear.  

M: For example, people still feel the impact of fear, but they do not think they 

should go to the therapist. They know they have to do something, but they do not 

feel a treatment is required. So they reach us because they think that it is 

something in the middle.  

Berrak Kirbas Akyurek: When you talked, I also thought maybe I wish I could test 

myself to define my fears. Does it work like that? 

M: Maybe that is something we could do in the future. Make a virtual reality 

checklist to determine your fears. There are a lot of people with manageable fears 

and anxieties. But in ten years, that fear might not be manageable anymore. So it 

is an interesting thing that the mind works sometimes.   

J: A diagnostic approach… Sure it can be done. 

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

J: I am convinced it will take off exponentially. First, we have to convince those 

therapists and organizations because it costs less money to treat them this way. 

Once that done, it can go in the snowball effect. Every year we see more news 

about fears and virtual reality, and there is more exposure to people that work 

that is available and in progress. Once it kicks off, hardware, software, biofeedback 

will get better.  

M: Something you see quite often in healthcare, one organization has a little bit 

more respect for the others, and the others follow it.  

J: It is also the same for health insurance.  

M: It has also happened with the computers; they took the place of the checklists. 

It takes a while to develop technologies in this specific field.  
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J: What we see the younger therapist, which mainly work children mental care, 

they are more inclined to use it than the older generations.  

M: But, the younger therapist also less leverage within their field comparing the 

older generations. In healthcare, the experience is quite important, which is 

something shifting in other fields. In a lot of sectors in the technological field, it 

seems that younger people are getting more respect. 

Berrak Kirbas Akyurek: Do you have any recommendations for future designers, 

architects in particular? 

J: Change your market, but do not change to please everybody. We did in the 

beginning. As therapist A told us something s/he like that, we assumed that need 

to change. But when we talked with another therapist, he told another. Then you 

spend time and money. So to keep your focus, and do what you want to do, and 

change a bit if you see the benefits for a larger part of the group, not only for 

someone.   

M: I think it is really important to talk about customer issues and their opinions 

because they will be the one who is going to use it. If you are looking for something 

innovative, you should stick to your plan because there is a reason that you went 

for that path with a decision. If they tell you that they do not want to that way, 

you would have a really good understanding of why not they do not like it. If %90 

of a hundred people say do not do it, you do not do it.  I think it is crucial to keep 

in mind: Why are you doing it? How are you doing it? And What is the way to do 

it?   

J: Sometimes things can be different than you expected, but that is the part of the 

journey, I guess. You should keep your vision until the endpoint. You will get 

there.  
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Interview XI 

Place: Skype 

Date: 16th August 2019  

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

I started studying biology. Actually, I quite like it, but I found it quite specific to 

me. It was a little bit too much into microbiology. And I wanted to create things. 

So, at that point, I created a portfolio and applied for the Design Academy in 

Eindhoven. Then, I started to study design from 2010 to 2014. At some point, I 

began to integrate these two. At first, a little bit playing around. Especially during 

graduation, it becomes something that I started to believe in more and more about 

the fact, which I noticed when I was studying biology. There are lots of innovations 

happening all the time, but in scientific institutes, there is not much to derive; we 

had designers have to. The results may be published but not translated into 

something useful, practical, or tangible. Sometimes, but often there is not. Besides, 

scientists have a different mind, and they work differently than designers. So, it 

was a specific example that I had in my mind at that point. A professor of mine, 

working on algae that produce biofuel. It was actually engineering of the algae. 

But he told me at that time; he still had one kind of problem there, that algae were 

killed by biofuel while they were producing. So I was super interested if I could 

manage to solve this problem. I thought you could create a product with the algae 

in it. So I contacted him, he solved this problem, but there was this issue. As I said, 

it was an engineered organism that is, of course, dependent on the strict 

regulations. So if I could make something, it could not leave the laboratory space. 

For me, that is an example of what I think that I am doing. When I start new 

research and topic, I try to contact to the scientists to hear their story. Maybe they 

are working on, which is not yet implemented yet.  

(Current projects) 
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Maybe it will never be implemented like the electroactive bacteria that I am 

currently working with. There was actually a part of twenty years of research on 

how we can clean our wastewater streams—at the same time, producing energy 

with this. So there was a fabulous idea, but it was never found profitable on a 

larger scale. In this research, there was not so much that has been done at the 

moment. When  I noticed when I speak with the scientists, usually, they are super 

happy to anything that they do to see it translated into something tangible. The 

projects are more likely conceptual. My last project was electroactive bacteria. 

Now I am a working consumer product, so something that people need to take 

care of it in a way. So that is kind of new for me. Because I also feel that you need 

to show that all these nice developments that you can translate something useful.  

Berrak Kirbas Akyurek: I was going to ask about your current projects, but you 

told me a little bit. Thank you very much. So my next question is: What is the main 

intention and motivation behind the development of the project? 

I think I already told the most critical part of my motivation. Also, what I consider 

very important that if you want to tell people a story, everybody perceives it 

differently. Some people like to read a scientific magazine, but I think it is quite 

common that as something that is visually interactive and people get curious and 

get to more about it. So from the topic that may be difficult to understand, it is 

formed into a straightforward element. It makes people understand a much 

broader topic. Everybody can dive in as deeper they like. They can read the text 

or start asking questions, conducting interviews. So there are different kinds of 

levels that you can get into this research. I think it is also good people take away 

something in it and do their own thing afterward. For example, for 

bioluminescence, one can say that you need to patent it. But I do not feel like that, 

maybe it sparks someone’s interest, and something will be achieved.   

Berrak Kirbas Akyurek: I see your point; there are lots of innovations happening 

in the labs. And for us, we have no idea, not even a clue until somebody makes a 

product.  
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Yes. What I have done with the ‘Spark of life’ project is quite similar to a reactor 

that would be in a laboratory. But if you look at that reactor, you would say it is 

just a pot with liquids and wires. So it is just trying to get the core and the essence 

of making something people can relate to.  

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

I think, especially when I graduated in 2014, it was rare to see people using 

bacteria, in fact, a natural element in general. I think people really in need and a 

craving to feel we are still surrounded by nature in these kinds of technology-

driven World and taking care of nature in some way or another and also 

appreciating that kind of effort. I think my work is exactly in between the technical 

and natural Worlds because I harness this natural part within something in our 

built World. When you push the switch, all the lights are gone. You do not really 

think about it the whole process, which should take for that energy to get to you. 

Actually, it is all being supplied for the all-natural process. Then, for my recent 

lamp design, you have to feed it once a week. And only when you feed it, the light 

goes on. It is an artificial LED light, but it is powered by microorganisms. When 

you feed it, you feed every time feel that it becomes brighter, or if not, it goes 

down. That’s how you start to think also about energy and energy usage; also the 

interaction with us. So, maybe you appreciate less light and energy usage.  

Berrak Kirbas Akyurek: It sounds that you (people) are about to comprehend the 

importance of light and energy and to understand what is happening around you. 

Yes, exactly.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

I always say that I am a ‘bio-designer,’ maybe it is one thing. I like to use the word 

innovation and nature. But I am not sure it is always about sustainability... That’s 

perhaps I realize what it takes to make something that is really sustainable; it is 

not something my projects interestingly are. Something can be part of sustainable 
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development. But of course, it is within the umbrella of sustainability, and you 

have a quite responsibility if you are creating something sustainable. But I do not 

make mass production because it is not sustainable. Maybe you can remind me of 

other terms? 

Berrak Kirbas Akyurek: What do you think about smart? 

I think it applies to me more digital and technical projects. Maybe not smart; it is 

more tangible, tactile, biological. It is more about less technical, trying to get 

emotionally evolve. I have to think about it. 

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of these products? 

That would be a very new thing if they would be in the market. I think what I 

want to achieve that people should start thinking in a different mindset. If you 

start to take care of something, you start to notice energy and light installation 

when you usually do not have to take care of it before. I hope that people start to 

think about the broader aspects of the concepts. I think these objects, maybe, for 

now, they are almost like art. And art has a lot of essential functions to tell about 

who you are. So, if you come and visit somebody’s place and see an art piece and 

you often ask them what it is. So you can have a conversation about someone’s 

interest. If you have this object, in my case, it does not look like something simple. 

It always looks like something you relate to it and also different. It could also 

sparkle a conversation between people, and they could start to talk about the 

planet, sustainability, and smart becoming natural.  

Berrak Kirbas Akyurek: It sounds like a ‘triggering’ object.  

Yes.  

Berrak Kirbas Akyurek: I know you are not working in that field, but do you 

foresee any expected results of the integration of these bioproducts into the 

buildings? 

The technology that I am working with now electromagnetic bacteria is a kind of 

need for a shield of material in which bacteria could live. Now I am using a 
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cylinder because it is material saving, practical and useful. I did think that you 

could implement it into a wall, and you can have your energy wall. I do not know, 

it could be implemented, but I am more into the object scale. Maybe in the future.  

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience? 

No, not yet.  

Berrak Kirbas Akyurek: Maybe you can tell me about your own feedbacks, like 

people’s experiences and observations when they speak on your designs? 

People always kind of surprise about what the possibilities are and hopeful in a 

way. But also just it is fancy and attractive. And speak who immediately wants to 

change the World, want you to own rights for it to gain money. The main thing 

people respond is that they are so surprised that I translated it into something 

visual.  

Berrak Kirbas Akyurek: Do they have any concerns like ethics? 

Rarely. But it surprises me, but there are people asking ethical questions, which is 

if you know biology, very funny, but understandable.  

I usually work with bacteria. If you have a shower and washing soap, you kill a 

hundred bacteria. Bacteria is a kind of organism that lives and dies. Their 

concerns, for instance, for Ambio, I have to refresh the liquid every day. So, liquid 

from the previous day, maybe keep it light is off. But these bacteria will die with 

natural causes as well within a day. On the other hand, from a different 

perspective, I am actually growing them, giving them exactly a place to live. But 

it does not make sense to think about one cell organism to think about ethically.  

Berrak Kirbas Akyurek: I do understand your point. I also have those questions. 

For bacteria, I do not know, but maybe for plants? 

For plants, it is something different, for wood especially. Even if you do not respect 

the tree as a living organism, a tree is a source of life for so many living organisms. 

If you cut trees, there is an impact that you need to compensate for it. I do think 

there is an ethical aspect to it. But then, with bacteria, I am not taking anything 
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from our environment. Because with bacteria, it exponentially grows. I am also 

giving the right environment to live in without interfering with the ecosystem.  

Berrak Kirbas Akyurek: They will not leave that controlled environment, right? 

That is also another thing. I usually work with non-pathogenic bacteria, naturally 

occurring and not genetically modified. I do work with it because I think we are 

too afraid of genetically modified bacteria. So people can be concerned, for 

instance, what happens if you left all things in the toilet. Actually, electroactive 

bacteria strikes in the ecosystem. It is not the singular organism. They all balance 

each other. In a formation, they are very much like naturally appearing in a river. 

If you flush in the toilet, the bacteria will end up only being beneficial. And 

touching with your hands, it is like walking in your garden, nothing specific. 

Modified bacteria, of course, something is occurring in our environment. So, in 

that case, if I would flush into the toilet, I would always put washing soap in it to 

pure them. Not that it is needed because they are super sensitive; if there is any 

influence from outside, they will die. It is just a responsible act.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

I think my projects maybe will not mass produce. I do not see that path, and it will 

not be that kind of big impact. Perhaps in this way, it will become normal to use 

bacteria as a source of energy. Then, it can be more like aesthetics. Maybe there 

is a point to it will become normal to use nature and biology. Then you can be free 

to make things that are powered in this way. 

Berrak Kirbas Akyurek: Is it like mass production is not the only way to get 

attention to these products? 

Yes. Maybe it is also a part, education or something. Perhaps it is helping others 

also to find a way to do it. Why not?  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 
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So many challenges, I would say. Of course, working with living organisms bring 

so many challenges because you are doing something that probably has not been 

done that you are probably doing it. People still want to exhibit, for instance. Now 

I have an installation in New York, US, and they are taking care of it there. I have 

not been there, and they had to do all these works themselves. I think things can 

go wrong right now. We decided to refresh a bit liquid, and it is not working right 

now, although it was working before. I cannot do anything from here. I can only 

advise them to do it. It is tricky because it is just living organisms, and you can 

never know what is happening. You need to restart with a new bacteria or strain, 

or sample. So that is challenging.  

It is also challenging as a studio that sometimes you are making things not possible 

to sell them. People want to buy something from you for the income model, but it 

is often not possible. So you have to think of another business model like a project 

base, which is also really like.  

Working with the university is also challenging for some people. It is also difficult 

to find people within the scientific field.  

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

I think it would be really interesting if the products that I made would be more 

common for people to have something like this which is alive and you need to take 

care of them. It would be exciting if other people would adopt that mindset to 

create things that are hosting nature in a way. Like our plants at home, nobody 

finds it interesting if you have plants in your home. But when you have something 

bacteria, it is interesting. Man-made problems on our planet can still be solved by 

using bacteria like clearing oil spills or even nuclear waste. I think you can start 

to realize the future is hard for us because we do not see bacteria. It is like hygiene; 

if you cannot see it, you can clean it and also hide it. But we realize that we are 

living together with these organisms. I think it is about %60 of the biomass of our 

planet is bacteria; we have to live together with them. Now it is a very unconscious 

way, and a way that I am making it may become conscious.  
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Berrak Kirbas Akyurek: Do you have any recommendations for future designers, 

architects anyone interested in merging living and manufactured elements in their 

designs? 

It would be to realize whatever you create. You create it together with nature, not 

on it with it. Respect for the planet is also important.  

Berrak Kirbas Akyurek: Are you are implying back in history, it was more likely to 

design against nature, and now it is becoming design together? 

Yes, definitely, it was also not realizing that we are nature. It was essential to 

develop to go through. But the times are changing, and we need to embrace that 

and do that more. I think designers can create a super significant impact, either 

positive or negative. The thing is, people are not always responsible. You cannot 

hold a person who is buying a plastic bag responsible for plastic soups in the 

oceans. Maybe nobody is completely responsible. But when you look at the 

products that are made, they are intentionally made to break within twenty years.  

Otherwise, there is no business model. That is a big responsibility that as a 

designer for our environment. You make things to last, and they have lasted. In 

the end, giving them another function such as reuse and recycle and so on is very 

important.  
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Interview XII 

Place: Amsterdam/NL 

Date: 26th August 2019  

 

Berrak Kirbas Akyurek: I read your book, and I see that you have gathered several 

examples that also represent in-between technologies. Why do you prefer to call 

them biodesign? Why did you not prefer to say bioarchitecture or biobuilding? 

Language-wise, biodesign is a very useful term because it is like an umbrella under 

which all these ways of design making. Biodesign term covers work of design it is 

for or with biology. That is a kind of helpful distinction that I found based on the 

intent I had.  

Berrak Kirbas Akyurek: Is there any specific reason that you do not prefer to use 

any other terminology like bioarchitecture?  

I think for reasons of simple occasion and consistency, I like the use of more 

general terms rather than try to define them. Other than using something like ‘bio 

approach to fashion,’ ‘bio approach to architecture.’ Biodesign is an overall 

approach that can be applied to all the different subcategories. For me, it is also 

consistent with the idea that is critical stands for. Biodesign is a land in which you 

can judge all design in a way it is biodesign. For example, (you see this glass) It 

just sand heated to very high temperature for molding. But it does really affect 

biological systems. The fuel that was burned to make the sand. That was biology 

at one point. So in a way, this (glass) is an example of biodesign, but just a poor 

biodesign. It impacts, changes biological systems, but in a small way and not for 

the better, I would argue. I think everything, in a way it is biodesign. It is just that 

plants are much better in some ways. It is acting as a kind of resource support for 

the things growing inside.  

Berrak Kirbas Akyurek: I did not expect that there is a hidden logic inside of the 

term.  
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That is not in the book what I just described. That came to me later by way of 

conversations with academics and other people. Is biodesign need to be a field 

now, or define a question? Maybe it does. I think it does. I would go that way. It 

may be similar to that. At one point, there was no landscape architecture. It was 

like there were architects and gardeners. Architects were like the specialist when 

gardeners were designing a park. Eventually, a merge, a collaboration, was 

happened between those people. And eventually, a field was born. Let’s design a 

curriculum for this; people need to learn these exercises, read those books. This is 

about this, and this is about this. And it was like a start. Maybe there is another 

field that could be born through answering how design could merge with biology. 

I say it is a kind of verbal trick encompassing to help to describe all the works that 

are already happening. Bio designers are just like speculations or critics that we 

design right now.  

Berrak Kirbas Akyurek: What do you think about the terms of smart or 

sustainable?  

I tend not to use those terms. I think smart is overused and often stacked to the 

products to help some people. Sustainability is also overused in so many contexts. 

Its actual meaning of it has been attenuated, reduced to little meaning. Also, the 

term of sustain becomes a tricky term because there are so many systems existing 

now perpetuating, destroying things that are good and necessary for us to 

maintain.  We are sustaining mono-capitalism, power structure, how we do Ph.D. 

We are supporting something like absolutely changed radically.  

I prefer terms or phrases that are more specific, like something that is ecologically 

effective or combinations of words like that. OK, we are talking about ecology and 

effectiveness, meaning there are some assumptions here ecologically effecting 

building supporting, and helping to be sustainable.  

Berrak Kirbas Akyurek: Could I ask the main intention and motivation behind 

gathering all these examples of biodesign? 

I was inspired by other people, writers, and curators like Matilda McQuaid, Paola 

Antonelli, and the others whose work gives a platform and visibility to, especially 
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young designers daring to creative stuff. To put them into the exhibition would 

speed the innovation and advance the field. I want to do that.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

biodesign examples? 

Fortunately, in the last couple of years, we have seen real uptake interest in 

experiential design approaches. You may understand that in many things. The 

major exhibitions come to my mind like; The structure of the art show at 

Pompidou Center in Paris, France,  Tree in alley in Milan, Italy. I think recognizing 

showing to the World that this has become really important. 

Berrak Kirbas Akyurek: Could you also tell me the potential impacts on building 

design? Do you think something will change through biodesign? 

Designing with knowledge of what’s happening around us is important. I hope 

that some of the technologies that we have now might be replaced by utilizing 

biology better. 

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of these biodesign 

examples? 

In a few ways, but maybe the main one is that, to some extents, that can be 

accepted as ‘anti-modernism.’ There is so much of modernism and aesthetics 

around it and controlling sanitizing spaces and objects.  

Berrak Kirbas Akyurek: Do you mean hygiene phobia? 

Yeah, the white cube is a kind of ultimate expression of cleanness, and it is so 

much modernism. We need to step away from it by embracing the uncertainty 

with the inclusion of elements that we cannot control in biology. Actually, you do 

not need to understand how they work thoroughly. That was, for me, the main, 

special thing to be interested in this kind of design examples. We have an outside 

environment; we have lots of stuff like plants, biology, the biosphere is happening. 

Let’s work together and create a friendship not to be odd to each other. Still, it is 

the case in architecture, especially in traditional approaches, let’s control the 

nature, biology, environment, everything... 
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Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

Sure, in the beginning, everything is always hard; it is getting easier but never gets 

super easy working with over time. It is a very challenging process, but I was 

fortunate in the sense that people cooperatively wanted me to introduce myself to 

their works. That has happened in bio-books, exhibitions, and sessions.  

Of course, there are always challenges like finding the platform, funding, etc. 

Maybe there are also challenges about understanding too. Perhaps it is easy to talk 

with you because you are interested in the field. I imagined we would have 

another conversation with people outside of the field. People have other desires, 

and they are often confused by the design of biomimicry or some other things 

vaguely bio-related. They must be thinking that biodesign is design in it and 

something related to inspiration or something. So I kept having to explain it. I 

came up with better and better, memorable, more condensed what it is and why 

it is important.  

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

As I said before, I do have to be optimistic, although they’re a lot of reasons to be 

pessimistic. There is evidence out there. If things are continuing this way, the 

world will be in trouble.  

Berrak Kirbas Akyurek: Do you have any recommendations for future designers, 

particularly architects? 

I really think that they need to be vocal advocates of policy changes, things like 

evaluations of building energy. And be OK with certain things becoming much 

more expensive to do. In the future, we have to pay the prices of the impacts of 

false choices. So if we do not have that those systems in marketing, in buildings, 

we should compromise.  

That’s is something I like about this book (Biodesign). There are a lot of examples 

in the prototype phase. Because they are not economically feasible, but they are 
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an attempt to change the way how the system works, who makes subsidies for the 

design. People are looking at this book and seeing how we can do this. 
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Interview XIII 

Place: Eindhoven/NL 

Date: 27th August 2019  

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

I studied industrial design engineering in Delft and never thought I would be a 

researcher when I studied. Apparently, I also liked a few courses related to 

research. Then somehow ended up in a research group within Delft. And I thought 

I really liked these people in the way they approach design. So I decided to do a 

Ph.D., which is what we now call ‘research through design.’ Actually, through the 

act of designing, you generate knowledge. I thought this is nice because then, at 

least I can use my competencies as a designer to do research instead of becoming 

lab people or an image that I thought about researching. I think my project at that 

point was ‘quiet.’ Other people call it ‘canonical,’ an example of the research 

through design. So designing something like an alarm clock with the buzz words 

of these days, ‘active computing.’ The way you set it could actually generate and 

detect a personal emotion. So this was the thing that I implemented into the 

experiment. But the nice thing was something that I was realized. At that point, 

one of the people on my committee was like, why do you not turn it into a product? 

At that point, I thought like a researcher by saying this was not commercial. This 

was a research point. He explained like you are at the gates of heaven, then you 

turn around. I realized, Ok. Commercial products are like heaven, which frames 

innovation is coming out of research that could go out on the market. Then, I 

supervised Ph.D. students after me going through a similar approach to designing 

a lamp that tells with aesthetics and ethics in the way it has interacted. It changes 

its interaction according to the values of a person.  Then I was like, maybe I should 

take into account to turn into a commercial product, and think about what it 

would mean if it turns into a commercial product. So after his Ph.D., he started a 
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company to develop this further. He managed to bring out 700 lamps on the 

market. Then, during those times, some problems, and the product being too 

expensive company failed. But they used IP to do other things as well. Then I think 

we also realized that for four years, just researching design is not enough for the 

next step. And taking the next step only after finishing the Ph.D. seems not right. 

Why not try to do that step as a part of the Ph.D.? If we study the consequences 

of technology in society, why do we not study the consequences of technology in 

a society already doing a Ph.D. instead of staying within a lab and/or in a design 

studio? 

So for the smart textile projects, because funding from Dutch creative industries, 

a wicked approach that company should be small-medium enterprises, we avoided 

working with Philips and TNL. I think eleven concepts had been created through 

several iterations, and some of them closer to the market. This is what we called 

a growth plan where the first step is incubation, which happens in the design 

studio with a few people in a very protected environment to explore what we can 

do with these technologies, which were at this point in smart textiles. Then, out 

of that collection of ideas, we invited different stakeholders, which could be people 

as service providers. This could be people at elderly care, for the case of smart 

textiles. We invited a technology company that made electronics. When we invited 

them to look at these things, they commented on them. Then, we realized that 

some of these ideas had more potential because they got more interest from these 

companies. 

Then we proceeded through the second phase, what we call; nursery. That still 

occurs in a protected environment, but looking at the implications which we were 

starting to scale these things up. So, instead of researching one prototype, we 

looked into make ten. What does it mean to make ten? What does it mean instead 

of one m2 smart textile if you make 10 m2? If we have ten square meters, we allow 

designers and technologists to see what they can do with this material. We also 

had a small investment that could help with people’s rehabilitation in elderly care. 

It had sensors and electronics, and yarns. It was connected to iPad applications so 

people could play music as elderlies lift their arms. In this way, people are 
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motivated to move their arms, which is very important because if they raise their 

arms, it is easy to put/change clothes on them. It actually saves time. In that 

example, we also realized that it worked from a technological point of view, but 

people said it is not fitting, it is hideous, and they do not want to wear this. So, 

social acceptance also needs something else. So, we also invited people that could 

actually make it more comfortable and better looking. We invited a fashion 

designer, and she turned it into a nice knitted cardigan actually looking good, in 

different colors to understand what does it mean to people. That is the approach 

we are now trying to take. If you want to study technology in the societal context, 

not keep in the lab, in the studio, try to bring out society by considering the 

consequences of whether people are accepted or how they critique it. It is essential 

to understand how other people see value in it.  

Berrak Kirbas Akyurek: I was going to ask about your role in your research, but I 

think you explained a bit? 

Yes, I was the initiator of the project as a big project leader, especially looking at 

a more long-term strategy. And I also help organize these meetings, invite them, 

and look at how people are approaching. It is very important. For example, if you 

put a (regular, common) building to architects, they will be critical. If you provide 

them with new materials, they will be like it is very interesting. How? Who? So 

you get them triggered, and interested in furtherly thinking about it. The way you 

present and how you present are really important to create an attraction to 

different people. I think we realized that by working with different people.   

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of these projects? 

I think two things. One is curiosity. I am curious about the next step. If we were 

able to design it, then I am curious about what it does with the uses. What if 

multiple people have these things. The other important motivation is 

responsibility. As a designer, an engineer, we should have an interest in what the 

next step is. What other people are going to do with my technology instead of I 

only design this technology, and it is the other people’s responsibility to do things 
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with it. I felt like we should be aware of what the consequences could be. Next 

step to put into the market for (mass) production. Something we should take into 

account when we take the first step. Not necessarily take the second step, but at 

least be aware of what is the next step—in that sense, also interested and 

responsible for the next step.  

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

One is demonstrating the opportunities of these new materials, smart textiles, in 

the sense of demonstrating a new class of products, more embodied wearable 

service systems. For example, the cardigan itself is a product, but it can collect 

data, and it can be a part of a service with an iPad. If it gathers data, it can be part 

of a system. So if you collect data by rehabilitation, we can compare data across 

service providers between patients.  

Suddenly it becomes a large system. That is my interest in how we can move 

product design to service design and system design. That was one of the 

knowledge contributions. I think the growth plan on how to approach is one of 

the knowledge contributions. As a side effect, it is not just going from product to 

service to the system but also the collaboration aspect. How to exchange 

knowledge between different partners; textile persons compared to technology 

person, service providers, rehabilitation experts within the elderly care home. 

How do they relate to the projects? Make it tangible, visible, demonstrate it.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

We are doing a lot of projects and a lot of smart textiles, service systems. Smart 

was a buzzword and also a nice addition to service systems. We came from 

electronics for interaction design. Certain electronics can be softened and could 

be integrated into textiles. Here, we thought it is a very nice opportunity for 

industrial design, interaction design, and combine it with very nice material 

aesthetic qualities of textiles. This is a very nice, sustainable opportunity. At that 

point, it was about smart textiles. We know that smartness is not integrated into 
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the textile anymore, also because it has huge sustainability issues. But actually, 

smartness is in production, so the software is used to design completely new 

materials. It is not so much, but bio-based materials and its combining 3D printing 

and textile it providing a dramatic result in architecture, not so much in industrial 

design. More parametric design using 3D printing can be related to people. There 

are some examples of shoes. You can measure people’s feet and use them as input, 

and then you can specify parameters for particular designs and characteristics. So 

smartness is more in the design process but less in the final product. It used to be 

that technology, as such, was in the product itself, but now it is more in the 

production process towards technology than again in the service. If we can collect 

data about people, we can use the data across different products and also make it 

within circular thinking. That’s again, a combination of designing with data, and 

data becomes a material. Data becomes material for designers just like for me it 

used to be metal, plastics, and wood.  

In a broader sense, we term these emerging technologies as fashion technology, 

wearables, parametric design, and smart textiles. When I was doing my Ph.D., it 

was a part of the funding for Delft on intelligent products with Philips. We had 

endless discussions on what is intelligent, what is intelligent products, what are 

the characteristics? So we came up with the characteristics. Then, one of the 

examples of people saying this is an intelligent product was Furby. It did not fit 

any of the characteristics. Then we stop doing the definitions. So for me, this is 

also a bit anti-scientific, anti-academic. Instead of first define the phenomenon 

before we start researching it. We do not know what is smart textiles are. We do 

not know the definition yet. But if we want to realize it, we need people that 

understand textiles, technology, and service. Let’s combine those, put a design in 

the middle, and push the project and see what we can end up with. If we start 

with smart products, let's first define what is smart. That is typical engineering 

with requirements, and in the end, we would see if it fits with the requirements. 

Now we are like, let’s start and see what we will end up with. 

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of these products? 
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Did you see the Ph.D. project of Kristi Kuusk, Crafting sustainable smart textile 

services? How she went through the entire process is very interesting. At a certain 

point, she wanted to get some craftmanship there. I am trained as an industrial 

designer. So I never believed in craftmanship because that is artistic and not 

scalable and not industrialized. I did not see so much value in it. The thing that 

she pointed out, especially the values that are in crafts and also in sustainability 

values. Then it is partly economic, social, and environmental sustainability and 

how they were overlayered in the craft. Within craft, you never used more 

materials than they were in your environment. It also has social sustainability 

because many people are involved. They realized craft has even the same 

economic value because craftsmen needed to be paid or, at least, sustained to keep 

on crafting. She used that craft perspective and the values coming from it to look 

at smart textiles. That’s how she came up with some criteria for smart textile 

services to look at these craftsmen’s perspectives as well as sustainability aspects. 

At certain points, you got commercial interests, and because of other people 

getting involved in the projects, you also give away some control. The first one 

was actually embroidering. We used the embroidery machine that we have here. 

Then the company said that they are not an embroidery company. They are a 

weaving company. So we can weave this. There were some stories related to 

Estonian culture. Technology companies involved in image recognition and QR 

codes asked not to have a story behind it. It should be understandable for people 

who are not from Estonia. So she needed to go again some control away. Then, 

commercial partners came in. These went through some iterations when a very 

big Indian company was interested in making it into commercial by putting it into 

the market. They actually did in the US and Canada. At that point, so much giving 

control away resulted in the violation of some craft values in there. 

Thus instead of just weaving, also textile quality has changed. People want to 

touch this material, but it was printed on an inferior material because it was cheap. 

It lost its qualities. Instead of local stories that she wanted to transfer cultural 

heritage, companies asked for local versions to have a general Disney like story. 

At a certain point, the product failed because it did not have the aesthetic qualities. 
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People, parents, and kids could not relate themselves to the story. Therefore, 

parents could not tell the story through to carpets to kids, then also parents are 

not interested in it because they taught that they would let kids play with the iPad. 

But it was important for parents, family to tell the story. Now she is actually 

writing a paper about how the interference of companies concluded with projects 

losing some of these values or ignored some of these values. And the product failed 

partly also because of ignoring these values. She also has some anecdotes and 

some data about unsuccessful products because it violates some of these craft in 

sustainability and qualities that she thought necessary for the product-service 

system.  

Berrak Kirbas Akyurek: Is it like she tried to compensate with the companies, but 

the product is failed? 

Yes. It is always tricky. But then again, if she was on your own, it probably will 

never be realized. There is still this trade that we can expand it, but by losing some 

of the original qualities. At a certain point, if you lose a lot of these qualities, the 

product will never be successful.  

Berrak Kirbas Akyurek: Do you foresee any consequences of the integration of 

these products into the buildings? 

I think some of the ideas behind it in smart textiles incorporated in flooring, for 

example, or walls. I believe there are also several projects on integrating solar cells 

into blinds. So I do see some inputs in there. Based on the success of these projects 

that we did, we got in touch with some European partners, Marie Curie Project. 

The large overall textile thinking to improve quality of life, they looked at four 

different scales; of and on the body, around the body, and also building wise. So 

there were architects doing textile thinking. I do not know what the exact things 

came out of it. What was the knowledge contribution from the different people? 

But, I thought it was exciting to look at textile thinking on different scales, body, 

interior, and building. I do see some cross over between, in that sense, smart 

textile thinking in these different areas.  
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Berrak Kirbas Akyurek: Is it like rather than gathering the smart textile material 

itself, adapting the way of thinking? 

Yes, I am more interested in that sense in the way of designing than the actual 

outcome. I think it would be, in a way, translating. For a while, smart textile was 

very trendy, for wearables is still in trend. But at a certain point, we are over it. 

The way of thinking and designing is what stays, and then it is used for the next 

emergent technology and the next buzz word. We get a better and broader 

understanding of design and material. I found it more interested than the actual 

outcomes; in that sense, I am a researcher. Knowledge is more interesting and 

more sustainable.  

Berrak Kirbas Akyurek: Could you tell me about your researches on the user’s 

experience and user feedback? 

Before designing, it is important to understand the user’s interest and then start 

designing. That is one thing. The other is the design and do user evaluation, but 

also, the best way is to incorporate the user before and even during the design 

process. Then, use the evaluation. I think that is the role of the user within the 

process. Soon after I started to project, I went to Denmark for two years, where I 

was a part of the research center. They were good at the participatory design, 

which, of course, was further away than user-centered design. Because it actually 

starts to dismiss the notion of user. Before designing, it is important to understand 

the user’s interest and then start designing. That is one thing. The other is the 

design and do user evaluation, but also, the best way is to incorporate the user 

before and even during the design process. Then, use the evaluation. I think that 

is the role of the user within the process. Soon after I started to project, I went to 

Denmark for two years, where I was a part of the research center. They were good 

at the participatory design, which, of course, was further away than user-centered 

design. Because it actually starts to dismiss the notion of user. There are 

participants in the design process, not just the end-user that you designed for. The 

interesting thing about participatory design in Denmark is so much ingrained into 

the Nordic culture. That you only realized that it could only work in this culture 
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where it is so democratic. There is a lot of equality. There is also a fear of 

technology taking away the jobs of people. If we are going to research technology, 

we better involve the people whose job is probably going to take. Therefore, who 

will be influenced? But it also made me realize some of the downsides, and you 

cannot really expect huge innovations from participatory design. Because it 

becomes very democratic, and something that is very outspoken and triggers 

people thinking and it becomes a compromise. I also saw it. In the process, it is a 

very long process. I guess I do not have the patience for it. That’s one thing. I also 

think it ignores the skills of a designer. The designer becomes more like a 

facilitator of the democratic process. For me, it should be a healthy mix to be really 

innovative. Outspoken design is not very user-friendly, and user-friendly is not 

outspoken.  

Berrak Kirbas Akyurek: Could you tell me about the alterations that you made 

through user feedback? 

Let me show some examples. This was the alarm clock that I designed, revealing 

emotions and allowing freedom of expression in the way you told in that 

expression. The device could actually recognize a person’s emotions. It was a very 

controlled experiment to demonstrate these relationships. This was then this lamp 

was being designed. You can see how it reacts differently to the user. So this was 

trying to inflict social power, so make the feeling person socially powerful—the 

value of helpfulness. You needed to help to lamb, saying doing well. These 

examples demonstrate the relationships between ethics and aesthetics. Then also, 

aesthetics for interaction, because form its own does not change so much. We are 

here focusing on the aesthetics of interactions, not the aesthetics of visual form.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

I think the bigger impact will show in time, like ten years from now, and also in a 

way that we cannot really foresee now. If I look at smart textile service, I think 

none of the things suggested were successful. What it did that it changed a lot of 

things about how people work and make changes in other ways. For example, the 
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technology company that was involved realized that we are not just providers of 

technology where other people tell us what we need to make and what we need 

to make for them, which is their business model. They realized we could actually 

build our platforms and put those out on the market instead of just doing service. 

So in that sense, it made a lot of additional changes that probably have more 

impact over time than the actual thing itself, like the way we work, the way we 

behave, and the way we communicate with each other, which we found valuable. 

I think that is the place where the changes are going to happen. Hopefully, 

architects do become more user-centered in time or clear separations, which is 

user-centered or not. But we now only distinctions; instead, we only have one 

flavor, which is not user-centered. Or architects were listening more carefully to 

the biologist. I think those cross collaborations are far more interesting than the 

actual outcomes.  I believe there is a real innovation in the methods, the ways of 

working and crossing over, and the notions. I mean, now we see it is not just 

product design; it is more service design. It is probably more sustainable.  

Maybe in the future, it will be more about designing systems and how systems can 

grow. Those are the real innovations instead of having IoT devices. Another thing 

we have now, we try to get away from users because if they involve in the design 

process as well, they become co-designers. If people start, they can print a copy in 

their own printer. They soon turn into manufacturers. I think the current notions 

of design, user, producer, and designer are going to be more ambiguous. That 

understanding and knowledge are more profound than having a little smart t-

shirt. I think that is the real and long-term innovation where designers and 

engineers start cross collaborate with other disciplines, and understand their way 

of thinking, and used them as inspiration and information.  

Berrak Kirbas Akyurek: Like fading the boundaries between disciplines? 

Yes, in that sense creating new disciplines. I mean, we have data designers; 

someone can design with data by relying on computer scientists and 

mathematicians. They do not just rely on a designer. It becomes a new hybrid. 

Then, this new hybrid works together with, let’s say, a biomedical engineer, and 
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then what happens. It’s interesting that it blurs the boundaries of disciplines, 

creating new disciplines, and these new disciplines start working together with 

other disciplines.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

I think the biggest challenge is the last one. Working across disciplines is hard. It 

is difficult. It takes a lot of time. It is also really confronting yourself with your 

limited knowledge, limited scales, and limited attitudes. A lot of those times, 

designers needed to give away control to somebody else, and that is very hard, I 

think. It stops with does with those things. I think you give away control, and you 

are not interested in the project anymore, and then you lose your expertise.  Or 

you give away control, and people are not doing the right things that you have no 

control over what they are getting. From an outsider's look, product design sounds 

more related to other disciplines compared to architectural design. It is also risk 

related. I mean, if you are building a whole building. As an architect, you can 

develop a feeling of a structure like it is yours. But in a small product, a half year 

later you can design another product. But the building will be there like at least 

thirty years more.  

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

I am very hopeful in that sense that I think young people do not have a problem. 

Because they have not established themselves yet, so they are very open to things 

to do outside their own idea of who they are. Therefore, they are really inquisitive, 

very critical. They want to show older people like they are moving on. Young 

people are very much capable of bridging disciplines and willing to take risks. 

Because they do not have so many things to lose, they have not gained much. So 

they are not losing that much if they take this risk. Therefore, they believe that 

they do need to take these risks. In that sense, I am positive about the future that 

will be shaped by young people. I think also think that young people should be 

more concerned about the thing that they put into the World because it’s becoming 
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their world. I was highly motivated, and critical, sometimes very angry. Because 

the things that we are designing are the things we want and need to have. 

Therefore, they are responsible for things they are creating, better use that 

responsibility well. In that sense, I also believe young people for their decisions.  

Berrak Kirbas Akyurek: Do you have any recommendations for future designers 

and architects? 

I think two things; one is to be critical, and the other thing is to be open. Be curious 

and open to new things. Then, this is also a part of my ongoing lecture, not just 

being critical by saying this is going wrong, do not do this because it is bad in such 

a way. It actually provides an alternative. It should be critical and also be open 

and inquisitive for the alternative just being critical. And then, we can discuss the 

alternative, then we gain more insight and be more productive. That’s what the 

students need to say, what already exists, and then provide an alternative and 

demonstrate why the alternative is better. That’s how I am trying to train the 

students here as well.   
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Interview XIV 

Place: Eindhoven/NL 

Date: 27th August 2019  

 

At the beginning of the interview, the following information was provided by the 

interviewee on the ongoing Bio^mi Project. Then the interview continued with 

the interviewer’s questions.  

Bio^mi Project 

Title: ‘Biomimicry and bionanotechnology in education for sustainable 

development.’  

Background: Bio^mi, a collaboration between architect Nadia Jellouli-Guachati 

(XS2N architect.office) and biomimicry architect Lydia Fraaije (FRAAi architecten 

& BiomimicryNL), feels the urgency to investigate sustainability inter-and multi-

disciplinary with various stakeholders involved. 

Bio^mi wants to research, raise awareness, inspire, and connect. Bio^mi wants 

to introduce various stakeholders, through the technical/functional properties of 

biological nano-structures, to biomimicry so that they understand that nature is 

the source of inspiration for the development of sustainable materials. 

Bio^mi wants to share knowledge about new applications or techniques with 

existing and new &natural& materials in bionanotechnology. This should lead to 

more awareness and inspire the development of sustainable materials for the 

future. 

Bio^mi believes in the power and importance of connecting the creative sector 

with the scientific field, business, and education and is now working with various 

partners from these different fields. 

Theme: Various parties are engaged in research into (sustainable) materials. New 

materials such as bio-based and recycled are emerging, and new technologies such 

as (bio) nano-technology. How are (new) sustainable materials found and 



361 

 

developed in a world where some materials exert a major impact on the 

environment, some materials become scarcer, or even disappear? How to increase 

awareness of the use of (new) sustainable materials and to inspire stakeholders 

with practical applications? What can biomimicry, bionanotechnology, and 

ecosystems thinking mean here? How to broadly share and embed acquired 

knowledge in training, business, etc.? 

Content: Sint Lucas, one of the collaborating partners of Bio^ami, wants to 

anchor awareness of sustainability in education because of its impact on design-

oriented thinking and sustainable action. Biomimicry and bionanotechnology are 

used as inspiration in a program and made accessible. In order to be able to anchor 

it sustainably in the education program, support and knowledge are needed. 

Furthermore, Sint Lucas wants to contribute with contemporary means to the 

visualization of bio nano-structures and relevant information about them. 

The process to achieve this (How do we do this?) And for which students, it is 

suitable to offer a ‘view of the world’ from the chosen perspective is a search with 

all kinds of challenges. 

Berrak Kirbas Akyurek: Thank you very much for the information on Bio^mi 

Project. For starters, can you tell me about your background? How do you describe 

your profession? 

I have been introduced to biomimicry through Lydia Fraaije. She is calling herself 

a ‘biomimicry architect.’ I would not say I am because I just met biomimicry 

through her for a year and get into the material. But as an architect, I am very 

interested in sustainability and nature. All these kinds of things I saw the aspects 

also Lydia is interested in. We have been teaching Architecture at the Academy of 

Architecture and Urbanism in Tilburg, NL. We knew our interest in textiles and 

materials. We call ourselves material fetishists. We were always talking about our 

interests. Once there was an open call in Eindhoven Culture, which is a foundation 

of the municipality. The open call called material for the future. When I saw that, 

and called Lydia, and asked what do you think we can come up with, Lydia had 

already some aspects of nano-structures. So we started with Bio^mi Project.  
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Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of the project? 

Our start with this project was motivated by the new materials for the future. We 

all know that the materials are not endless. You cannot get all the materials from 

nature; the sources are limited. We know we have a sustainability problem with 

nature, and all this what we are doing. So we thought that can we have something 

to get back to nature. Eindhoven has a kind of quote, says ‘share the vibe’ in 

Eindhoven.’ So we thought that it could be a nice idea to turn it into ‘share nature’s 

vibe.’ Because, here in Eindhoven, they are focused on technical things and design, 

but not on nature. Even at TU/e, we wanted to research in the nano-lab here. They 

would not allow our research because it was only for designing chips. The rooms 

have to be very clean. If you want to come with organic materials, it is not possible. 

That is very strange. Even in the biomedical and chemical labs of TU/e, there was 

no place available for us. So our partnership with Saxion University of Applied 

Sciences on bionanotechnology was the one participating in this.  

We are now working with the Saxion University of Applied Sciences, Enschede, 

NL, and Fontys University, Eindhoven, NL. We work with Saint Lucas, the creative 

community for the design and graphical industry, and Athos for IT to make a 

platform. We also had an advisory group that comes from different companies. 

That can help us also like company, Biomimicry NL, and some designers, also 

businesses that do something with bios, nano-structures in their products. If you 

want to know what Bio^mi is about. It is about creating awareness, inspiring, 

exaggerating innovation, and educating because we think different kinds of people 

are acquainted with biomimicry through the properties of biological nano-

structures. Therefore, it is important to understand that nature is a great source 

of inspiration for the development of sustainable materials.  

Why biological nano-structures? They are also new techniques; not everybody 

knows about them. There is a very clear example of Leonarda Da Vinci looking at 

birds how to fly. If you get material on that level, you have to know more. Or you 

can look from new perspectives. It does not matter you see more unless you cannot 
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get a new perspective. That could be a way of leading us to develop new materials 

or others. Because of what we do, we try to connect the creative industry, business, 

and researchers. As architects, we cannot do this researches ourselves. We need 

biologists, researchers. We need to work together, and if you work multi-

disciplinary, you get to learn more about the fields where everybody is working 

in, so the knowledge is growing. So if you take an urbanist and biologist and let 

them think about a problem, you get different solutions. Then if the urbanists are 

working with another architect, you see a different kind of perspective. So that’s 

the main goal to create awareness and multi-disciplinary themes. We have the 

motivation to prevent climate change and to achieve sustainability. We know we 

have to do something for a change. So we thought about what can we do as an 

architect. Because, in the building, you need a lot of materials. The building 

industry is one of the greatest industry uses so many materials and is also 

responsible for a lot of CO2 emissions. What can we contribute in that manner?  

You know, I will not call myself a biomimicry architect, because for me, 

interreligious. I do not think there is only one way to see things. I love nature, 

respect nature. I believe that we should create materials. I do not want to limit it. 

But I think it is quite an interesting philosophy. We can inspire by nature; maybe 

there is innovation to find if you use it in the right way.  

What I find very interesting is ‘ecosystem thinking.’ From design thinking, you go 

to the system thinking that was I think interesting in looking at nature to look 

ecosystem thinking. Somebody made the definition I like. Ecosystem thinking is 

systems design through design thinking with a holistic strategy. I like that because 

ecosystem thinking is whatever you do, you think about the whole circle.  When 

you start and where it ends, or there is no end or a beginning. Finally, that’s a kind 

of ecosystem thinking.  

If you look at nature, the things at the start end, and get back to the loop. That’s 

for me, the exciting part of it. Can you get as close as you can? We need a lot of 

time in research before we get very interesting things out of it. There are examples, 

and we show examples to others that like Lotusan (self-cleaning facade paint - Sto 
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SEA). It has paint that has durable qualities because they have kind of structures 

that are inspired by the lotus flower. Because waters fall out of the leaves, and the 

flower stays clean. How does it do that? On the nano level, they (scientists) know 

how it works now before we could not see these kinds of things. They understand 

at the level of nano-structure how it works, how waters stay, etc. By using this 

kind of knowledge, this paint is created; however, we do not know if it is 

sustainable or chemical. We do not know it yet. If it is chemically done, it is not 

biology. 

Nevertheless, if you paint buildings wise, you need less maintenance, likely more 

years. And you make little step in the sustainable circular etc. Everything can 

contribute to a better and more sustainable environment, and it is already a step. 

Maybe we can get further, but that is a step.  

You can show people that there are some examples already using the principles of 

nature. And they can find it in nature. Do you know the Sharklet project? That has 

made materials very anti-bacterial because the shark has anti-bacterial skin. But it 

does more than being anti-bacterial. Everyone looks at what kind of problems they 

have and find a solution for that. Sharklet has become a dome for materials they 

used in hospitals, in kitchens where it is needed to be anti-bacterial as most as 

they can. A spido brand used it for creating swimwear less resistible in water. This 

is more bio-inspired. It is not biomimicry. Then again, you can see it as one step.  

Then working with electrocuting nano-technology, they say that if we are talking 

about nano-technology, a lot of people do not know what we are talking about or 

what it is? They needed a way to visualize nano-structures to communicate with 

and about them. The fact that you can print it and you can see it in your hands. It 

is also a kind of awareness of structures. They are in these materials, but we do 

not see with our eyes. But in some kind of microscopy, we can see these things. 

So, 3D prints are to visualize them. Here I have a sort of sheet that says we are 

researching natural nano-structures what we did in Eindhoven with the biologists 

and got some samples just like plants. We researched them, and we had a biologist 

that are doing some pictures of the nano-structures. With that, we are going to 
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use 3D printing for making a nano box printing to visualize what the structures 

are in these materials. 

What we really want is to find out the technical and functional aspects of these 

plants, so to use them in different problems. It is like the lotus that has all these 

capabilities of hydrophobic, and it gives new ideas. In the 1960s, when they were 

developing nano-structures and looking into that, a lot of people said that it is 

unnecessary. Who needs it? But the first glass developed which could be very 

clean, and you do not need to wash it every time, a bit by bit you see there are 

applications in design. That shows that nano-structures can bring benefits to the 

design problems. Because, when you are having any design problems, you can 

look into different techniques. And nano-structure now, one of the very new 

upcoming method that a lot of research could be developed through it. With all 

these, we want to try to make an open-source database so that we can accelerate 

innovation. Suppose we have this creative industry, business, researchers, 

uploading downloading nano-structures for knowing more about structures, or 

doing something. Even you can do art by visualizing things. We hope that 

accelerates innovations from these aspects.  

Berrak Kirbas Akyurek: Are you trying to create a specific knowledge or more 

general? 

It is more general. It is not for architecture; for the creative industry, all the people 

that are involved in the building design. So it is also for researchers, architects, 

businesses. If you collaborate, we share more of this research that you can come 

up with new ideas. So, we think that is our part, and we want to do this to create 

awareness by inspiring each other.  

Also, electrocute nano-technology telling us that they do a lot of research. All this 

research paper stays in the closet. Nobody sees it. So how can you create 

something with it? So that’s why we want to open up the NOVA company; these 

researchers work together with more designers and businesses and are 

collaborated with our problems. We found out that lot of biomimetic materials 

developed in the medical world. That’s a lot about creating skins, robotic things 
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in our body—the most developed not to the other aspects. So we think OK, in the 

medicine world, they are doing great, but we could go further. So we collected 

plants in Eindhoven. If you want to make a platform, you have to identify things, 

and the identification comes with a lot of knowledge about the aspects of how do 

you look at the plants and characterizes them. You know, from a very simple shape 

from nano-structures. So chemists and biologists do this with us. What you can 

see already, structures in nature are applied in engineering for creating structures 

that have less material. Looking into these kinds of structures, using fewer 

materials to make quite good constructions can be done. To explain a nano-meter 

as we say, making invisible to visible.  

Our plans, firstly, to look at with a light microscope how do they look at what kind 

of patterns they have, their characteristics. Already we as designers think, wow! It 

sounds exciting. Already the aesthetics are tempting, but they also have functions. 

What are they? Why is it like that structured? So what can we learn from it? 

Berrak Kirbas Akyurek: You explained a bit, but I want to ask one more. 

Nowadays, these innovations are described with a variety of terms such as; 

‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which terminology do you 

prefer to refer to your designs? 

Of course, the meaning of words is very important to know what you are talking 

about. But in Germany, they do not talk about bioinspired, and they talked about 

‘bionica.’ Because they want to do more with technic and it does not matter how 

to reach biological things. It is not a holistic strategy in it. You think about nature, 

and it is also good for nature itself. We can use nature for our benefit without 

considering how it affects nature. You can think of biomimicry as never-ending, 

always have to go in a natural way. But that is not true.  

I saw there are designers. For example, a designer made sequin (payet) from 

cellulose, those payets were used to be plastics, and they become something 

biodegradable. She also looked at coloring from insects. I think that is a very nice 

project. Bio-based is not always something very well to nature. It can have a part 

that is biologically done. It is not degradable as fast as everybody thinks. There 
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are a lot of ways and differences when you talk about it. But I think for me, the 

most important thing is how we can reach sustainability as much as we can. I do 

not believe we cannot do it %100 entirely, but you can always do as much as you 

can because it also has a price; research time. So you cannot say that you have to 

do it like that. You can get inspiration from and think about how the ecosystem 

works.  

Berrak Kirbas Akyurek: And for you, the novelty of these projects is making a step?  

Yes. For terminology, you have to tell what it is, so there will be no mixed up. 

It is also nice that you use the word smart, smart technology. And in Eindhoven, 

everybody is talking it is a smart city. I do not like the word smart much. It is 

pretending that something superior, different. I think it should be better one be 

‘wise.’  It is more including everyone to think about how to become wiser than 

smarter? Smart brings a kind of feeling that not everyone feels attached to it. But 

for a wise city, it can mean a wise place for everyone, benefit all from it. How can 

we benefit all from it, think about it, and contribute it? Not only smart people, 

everyone can contribute it.   

Berrak Kirbas Akyurek: Everyone can contribute? 

How to be wise in getting altogether more sustainable in a sustainable world? 

How can we change a bit by bit? Thinking about your actions, what can you do? 

Do I take the bike? Do I take the car? All these kind of changes does matter. 

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

There is also a lot to find sustainable materials. Technology itself is needed to be 

developed when it comes to biology. These kinds of developments do not come 

from architecture. They come from product design and material design. We have 

now contacted a material scientist in the USA. She also works for architects in 

Canada that are now trying to develop an acoustic material.  She explores the 

wings of moths because they are very silent. And they are researching the 

qualifications of these moths wigs try to make a kind of product. These kinds of 
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processes cost a lot of development and years of research, with many going back 

and forward. Twenty years ago, somethings that we now have were not normal. 

That’s why creating awareness of these kinds of ideas is the right way. Also to 

biologists to think about what they can do better with their knowledge. My 

perspective as a biologist could be mean to create something.  

I think knowing each other better and what we do and what we can and how to 

look at things could be interesting in innovation. Innovation comes from working 

with different themes in multi-disciplinary.  

Berrak Kirbas Akyurek: In the presentation, you mentioned that one of our 

challenges is storytelling. Can you explain a lit bit? Who are you referring to tell 

your story? 

To our customers, our future customers, if you want to make this platform. 

Suppose you want to exchange all this knowledge. Our customers are in 

education, in business, in research, and storytelling is how do you tell the solving. 

So for people, if it is clear what the vision, the mission is all these kinds of things. 

I think storytelling is in any project you do. What is it, and what can it mean for 

them. To find out who our customers really are. As we say, we are making a 

platform; how do you exchange? Do you want to exchange for your research? One 

person advised us. I came from Portugal. If you say to people, do it in open data. 

People spent so much time, why should I share it? It is not for free. That is also an 

issue. Can you create something that has an open data source where you want to 

exchange these things? How do you do that? So it is not easy. We think it could 

be a nice way to accelerate innovation in that manner. Because of the knowledge 

of biology, you cannot find it very easily. That should be open to up more. 

Knowledge of biology and nature is not so easy. So you need to convince people 

how they are so beneficial.  

Berrak Kirbas Akyurek: So you need to convince people how they are so beneficial 

with open data? 

Open up the information and the knowledge to a lot of different kinds of people. 

So they can contribute to nature because it should be benefiting nature itself.  
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Berrak Kirbas Akyurek: I also wonder how these things will affect architects to 

design a building? 

Well. A kind of awareness on materials I think that mainly the kind of materials 

you use… 

Berrak Kirbas Akyurek: Do you think there will be any consequences in the 

building design process? 

What I think is that you should be aware that every decision in the design you take 

is not something you just do. That’s also environmental consequences.  

Berrak Kirbas Akyurek: Is it like every step of the design process with the 

involvement of material thinking you will think about the environment? 

If you look into materials, you should also think about that if I can find them in 

my own neighborhood. To make it with or not. Is there something that is going to 

be demolished, and can we use something out of that for new buildings? There 

are already in the circular economy. There is a lot of business trying to make the 

passport of these materials where they come from where they go to. I think if you 

have a kind of awareness, you should also integrate it into your design process. I 

do not believe you can design whatever you think we did before without 

consciousness and climate change.  

As I said, sustainable materials are one part and environmental thinks. 

Sustainability has a different kind of levels. What kind of space that you create 

can also benefit the environment? There are a lot of aspects to designing what you 

are making. I think if you are aware of these kinds of problems, decisions would 

be changed. You have to think that I can only make a nice design, but how do we 

create it. How does it benefit environmental sustainability, etc.?   

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

Well. This morning there was an article in Eindhoven news. It said that Eindhoven 

is very afraid that there are building productions, and they are very ambitious 

because of the lack of housing, and the expats are coming. Now through court, 
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there is a problem for building projects to be built because of the CO2 emissions. 

So now a lot of projects are stopped because of that. They are now thinking about 

what we should do, what the consequences are. I think the future is telling us that 

already there is no going on like this as we used to do. They have to explain how 

they contribute to making it less CO2 or what do they do something else to reduce 

CO2. Our industry is asking how do you stop. The reality is the problem already 

there. What can we do about it? I think that no matter what, we all have to change 

things in our design process to answer the question of how does it affect the 

environmental issues we do. So the future is already there in a sense. To be honest, 

I do not know if humanity all wants to change. I think changing is the most difficult 

thing, but we have to. We should not think as somebody else will do it.  

Berrak Kirbas Akyurek: Do you have any recommendations for future designers, 

and architects in particular? 

You (architects) are responsible and accountable for the decisions you make. What 

I mean is that even architects, whatever you do, your decisions have consequences. 

So to be aware of it. You should also be responsible for making these kinds of 

decisions. Because you have a huge impact on the way building areas, houses look 

like. You are also responsible for them. You cannot say it is not my problem. I 

think being more responsible and be aware of what you do and your own actions. 

I have been thinking about this for as long as I started to work in architectural 

education. Every decision you make is something that you are responsible for.  

As an architect, you should also combine a lot of social issues—even in urbanism, 

spatially organizing social issues. As an architect, you do a part of that. You should 

be aware of all these social issues there are. Context with social matters is very 

important. That’s why I think architects are also responsible for these kinds of 

things. You do not want to be aware of the decisions you made that are having an 

impact on society is non-sense.   
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Interview XV 

Place: Beneden-Leeuwen/NL 

Date: 5th  September 2019  

 

In architecture, the main improvements and innovations came either by less cost 

or construction technology with less effort. Architects find a way to either more 

solutions in buildings with fewer costs or innovative construction to reducing the 

cost of typical constructions. For this particular building, Zelfherstellend Paviljoen, 

I have many reasons to use self-healing, as a called bio-concrete. With your 

questions, I would like to say the reasons behind it.  

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? I know you are an architect, but I wonder anything 

changed after the use of bio-concrete? 

Too little. I found the mind-blowing new way of designing with concrete. Not only 

I thought I know I did. It is not the same as the industry will follow up. The 

departure of the questions is like whether or not if I fill in this innovative 

technique, design technique. I will explain because we made buildings with six 

centimeters of concrete thickness, roof, and wall. Typically, it is not enough. 

Prescriptions are at least twenty-five centimeters, preferably thirty. 1/5 of the total 

amount is a huge step already. To get there, this is mass construction will get 

stronger via 30cm. I had to find another way to get there. 

By looking back to the older preparations and building techniques, I found the old 

skeleton technique by making timber and carpet. So it was a lost casting for 

concrete; it is not normal anymore. Have you ever lost casting in interior design? 

I talked to people in TU/e, a construction specialist who needed a balloon cast, a 

bubble. This technique to make double-curved structures. I thought if it is going 

to be like that, first of all, no gain in material reduction, and also too expensive. 

So there was a disaster for the project, but as an architect, we found another way 

to design. So I did this lost cast carping cast. This is not interior, so I asked the 
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timber to be red. And it was possible. That’s why I got a wooden building and 

concrete on the top. First, the shape was already there, not sufficient for the 

demand of the building, but it was there. Normally, it should be in concrete to 

have these beams like that. Before, I had a different building in a different location. 

In the end, they did not want that, so I made my solution. 

Ok, I was going to tell you about my projects, but we are already talking about the 

project. Let me show you. Here, the project is in the rural area of Breda. The place 

looks like a tropical area, even someplace like in Australia. There was an existing 

building I tried to design; re-use of buildings was already a perspective in my head 

in the planning part. But in the commission, people did not want to do it. I want 

to decrease the (visual) impact of the building because it is a nice surrounding. I 

want to make an organic shape with less visual noise as possible. That’s what I do 

this.  

Before I studied in academia, I was a contractor designer, designing the inside of 

a firm over the contractor, so gaining his accusations, portfolio, and buildings. 

Because I was a builder, I was technically schooled and skilled. I grew up in a 

family of builders, dad as a contractor architect. I grew up with building structures 

and started to get more interested in architecture.  

Here is my presentation. Why I make a building? Because the place is so beautiful. 

They need to be in control of the spot. Otherwise, terrible ways of tourism could 

go on over there. The area is only one and a half kilometers away from the city 

center of Breda. I gathered the words they used to explain what kind of tourism 

activities could be held over there; night tourism, drag tourism, gay tourism, and 

many more. And they needed to be in control. OK, only a few days, the place is 

above 20Co degrees. So first, I made a tower like the works of Oscar Niemeyer. 

But they found that costly and funny. I tried to make a building something organic 

for the place.  

Berrak Kirbas Akyurek: Can I ask your role in the use of self-healing concrete? 

I make designs on the existing buildings. I was trying to make growing green in 

the concrete. At home, I designed a building in which I could control the green 



373 

 

growing in the concrete. With high-pressure rinsing I cleaned off, I like to be in 

control of what grows. So I found several producers and investigators. I found one 

at TU/e and TU/Delft as well, who was doing a Ph.D. on the green on façades and 

concrete. In the end, he did not want it. I could care less if it was inside; it would 

be less remark on my design. He told me you could talk with Henk Jonker’s 

because he is doing green inside as well. 

Then I saw the picture of concrete. I got so enthusiastic. He (Henk) told me I just 

study in the lab. I said I do not care, and I am going to get it. He was looking for 

more sponsors for more investigation. I said that I could not sponsor you because 

I have no money. But I could be a kind of create a project for testing. Then, he got 

very enthusiastic too. We put in a technical commissioner boss from Breda, and 

he pulled it out. He did not believe it. Then the crisis was there, and we needed 

to reduce costs. So the building was not executed. Later, after almost two years, 

suddenly, some contractors started calling me and had some questions about these 

drawings and the design. They said we have to use these and this concrete. 

That’s the way the project came back. Henk started to do it, the healing agent 

concept, not the inside concept. I wish he did the interior concept. I tried it several 

times for the project, and it is so good. Also, the quality of the concrete is extra 

fine. We were the fanatic contributors to things to realize because there was no 

proof, no rule. There was nothing more than investigation and good common 

sense. This I combined in one page, and the contractor of the builder said I believe 

it. I will try it. 

Berrak Kirbas Akyurek: What is the main intention and motivation behind the use 

of bio-concrete? 

Because it has a significant impact on the CO2 footprint of concrete, it is specified 

in this project and also for the whole building industry. Suppose we would be 

using it more, first of all, less concrete needed. A more specific argument is no 

need for all these fossil maintenance products for bridges. Every day vans go 

around, and they glue roads. That’s why I see a big gain in architecture, in the 

building industry, and environmental causes. 
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Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

For a very low budget, you can make a shell construction. That’s is unique because 

you cannot make a shell construction with an average budget. Now it has become 

possible.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs as such this specific building? 

Self-healing ‘bioconcrete,’ but I think ‘biosmart,’ is the general word.  

Berrak Kirbas Akyurek: Biosmart? As a combination of bio and smart? 

Yes. That’s the way I used it.  

Berrak Kirbas Akyurek: Don’t you think biosmart can be easily confused with 

wearable technologies? 

I do not care. For me, biosmart makes sense. 

Berrak Kirbas Akyurek: What do you think about sustainability to describe this 

building? 

I am using it to make my point. I think CO2 foodprint production is a big step in 

the sustainability of the building industry and the concrete industry. I fanatically 

grow into this commission because I saw the chances of sustainability. 

Furthermore, the major thing was the reduction of the concrete mass. That is 

related to the production of CO2 footprint because of the demand for fossil 

maintenance applying afterward. The building itself has the smart thing of shape 

and eye. That’s what I think a way to design, but it is a design technique.  

Berrak Kirbas Akyurek: Do you foresee any consequences of the integration of 

projects like self-healing concrete into the buildings? 

I still hope. Some steps were made on different projects, either for maintenance 

or for new constructions. Every time, I have a chance to make a new point. To be 

honest, it is not easy. But sometimes, architects really like white concrete-like 

white skin. In this way, they also have to use extra fabric like titanium oxide. The 
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advantage of this bioconcrete is that skin is very soft and white. It is good skin. 

The result of the bacteria gives you whiter skin than the normal, average concrete. 

Sometimes this is an extra motivation to put in something sustainable as 

bioconcrete. For aesthetical reasons, it is a fair reason. It is, surprisingly, additional 

value. We did not know that because there was no project. Several technologists 

were tried in the building, and they said it is far better than we thought. First, we 

were against it, very much in opposition to the technique. When we see it, it is 

doing better than we thought. And the advantage of the skin is nice. Engineers 

and architects want better skins for their designs.   

Berrak Kirbas Akyurek: I wonder about the impacts of using bioconcrete on your 

building design process. Could you tell me about your design process? 

Severally, because I had to change my all idea about how to get a double-curved 

shell construction, I only need six (6) centimeters to get some iron in. And iron 

will not corrugate because concrete self-heals itself. So I have to think about how 

I am going to bear six centimeters of concrete? Via timber, it is not difficult. It is 

not heavy, of course, it is heavy but not like thirty centimeters. This is the problem 

solved by using bioconcrete. It gave me new opportunities to turn back to old 

techniques of skeleton and casting. I felt free. And as an architect, you want to be 

free. That is a cliché in architecture. You are not free at all, because there is money, 

material, functions and many more. I investigated several other possibilities 

because the boss in the commission refused many ideas. He was also scared of 

double-curved shelf construction. He had another project in the city with Erick 

van Egeraat, and they had huge problems.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

The reduction of fossil maintenance products, the reduction of volume needed to 

make a proper concrete construction, furthermore, the nice skin that we discussed. 

We use additional fabric to gain soft skin so that you may have white skin via this 

road. Another one is that you are allowed to put any kind of fabric into concrete 

if it is less than 1%. I found out during the exercise. So I did not have to ask for it. 
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I could just put it in; nobody cares. Everybody can start using it. It is not 

prohibited. You still have mass concrete construction, but it reduces fossil 

maintenance. This is where I won the argument in the second round of trying to 

make the building built. This constructor started to believe in me via different 

ways of investigation its own, via my works, via Henk’s works. But when we said 

the concrete plant could not discharge the content because it allows 1% deviation. 

If the deviation of the one-meter cube, less than %1 is not a problem. It was also 

convincing the contractor and the supplier of the concrete. We convinced them 

with this argument, not with a ‘bio’ argument.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? You told me a bit, but I wonder which one is the most 

difficult.  

There is a technical question in applying this technique and getting insulated as 

well. This building has an advantage because it does not need insulation. The 

building is only used twenty, twenty-five days in a year. So using this technique, 

in living standards, in a house, for example, is a big challenge. I am eager to solve 

it. I believe it can be solved. The next one is that there are all these 3D printers all 

around the World. People should focus on how to use concrete instead of all these 

focuses on printing and designing more with it. More functions and more 

architecture will bring more challenges. To get the industry on this side, you can 

put the fabric in the concrete.  

Berrak Kirbas Akyurek: Putting fabric in concrete does decrease the cost of the 

building? 

It is not a problem. Concrete is the cheapest building material. It is not an issue. 

There is no other comparative material. There are like other companies like 

concrete factory 1, concrete factory 2…  

To be honest, if you use it for cellar building, foundation, you need thicker self-

healing concrete. It has an advantage that it is more durable because it heals itself. 
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Berrak Kirbas Akyurek: I wonder, do you want to use this material in another 

project?  

A thousand times. If there is another possibility, I will go for it. There is a 

possibility in Nijmegen, NL. I hope we can do it.  

Berrak Kirbas Akyurek: Could you tell me about the user feedback as such 

comments after the finish of the construction? 

A big war is going on in concrete technology. Concrete technologists are divided, 

refusers and believers. We are so surprised by the refusers’ part because the 

technology was over there 6-7 years. The designing part and architectural 

journalism part did pick up with our project. It was sent around the globe through 

German magazine. German tv program Galileo, it has been on Tv. They told me 

that they are broadcasting in eighty different countries. I have also been published 

in the biggest architecture magazines.  

Berrak Kirbas Akyurek: What about hygiene phobia of society on bacteria?  

It is the same as the farmers are landing. By the way, they use in soil nowadays. 

It cost them points for soils. Because of artificial chemicals and monothematic 

agriculture, farmers started to think differently. People can think about differently 

to bacteria. The farmers did not need those poisonous pesticides ten years ago. 

Why they need it now? For better and better… 

Bacteria is everywhere. In standard concrete, there are also bacteria and 

biochemicals all over. We all integrate just one of the good ones. This bacteria is 

already in the calcium. Henk told me that if it was not for this bacteria, which he 

uses as a healing agent intensively, it was not to be existing calcium will not be 

there anymore. To me, I used it in my presentation and convinced the people.  

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

I do not have too many expectations. 

Berrak Kirbas Akyurek: Do you think you will construct any other projects? 
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I hope. I do not have too many expectations because this question was asked ten 

years ago. The design is ten years old. 

Berrak Kirbas Akyurek: Is it a bit slower than you think? 

Far more than slower. We could apply this technology far more often. And we 

could use it intensively in the projects if everybody is open about receiving the 

facts of the product. Like you say, people eager to avoid bacteria. Everywhere is 

covered with bacteria. Every spot in the World contains bacteria.  

Berrak Kirbas Akyurek: Do you have any desire to use any other biomaterials in 

your designs? 

Yes, if it is possible. More often, it is more likely a design inspiration like biophilic 

and learn from nature. But sometimes fabric and material improvement like in 

bioconcrete. Most of the design improvement can be learned from it.  Bioconcrete 

is hardware. The design technique is architectural software. You have to be a good 

commissioner or sensible for this argument. For I defended today, I want windows 

low on the floor to be open up to ten centimeters around the whole building. I 

have to hold on to the skylights opening electronically. Not via sunlight, CO2, or 

shadow inspired just by humans. If we need some air, open it, close it. This is a 

design technique. It is not fabric, and it is good architecture. For material in 

fashion, they made some steps, and I feel in the building industry, this will have 

consequences. You see a little bit.  

Berrak Kirbas Akyurek: Do you have any recommendations for future designers 

and architects, especially for the ones who want to use those biomaterials? 

First of all,  to look back on how they do before. Not for a richer, competitive 

economy, before that. How did the medieval Romans build their buildings? How 

are they standing? Not only by the weight and heavy construction but also by 

smart thinking, with the ways of wind and sun. Find your way in whatever you 

call it biophilic, biomimetics, anything bio.  

Beside an architect, I am a heritage expert as well. This heritage part is pretty 

exciting to see how they got things done, either technical or architecturally. Not 
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scientifically underlying ‘bio’ studies, look at it, and use it. See and explore across 

the border of architecture and building techniques.   



380 

 

Interview XVI 

Place: Utrecht/NL 

Date: 5th  September 2019 

 

There is a huge gap between theory and practicality, and no one is bridging the 

gap. Theorists are talking about theory and potentials. And practical companies 

are too afraid to try because they can be damaged financially.  

Berrak Kirbas Akyurek: Do you think it makes it difficult to understand and express 

the ideas? 

I think in the bases, it comes to the flood dynamics. That’s all that matters. We 

have a system; if you mass with the system, something happens. You produce 

something in the system; something happens. It is the basis of everything. All the 

systems that we use in the system of a building, we have to quantify the effect 

dynamically. And humans prefer dynamic equilibrium like your body always 

maintains the same temperature even though outside the temperature is changing 

for better or worse. You have a constant temperature. With our buildings, we give 

one particle around, and we say this is what you do. That’s it. This is absolutely 

ridiculous. It is like wearing a bikini in winter. Because people responsible for 

building design do not know what they are doing. Or they do not want to do it.  

Berrak Kirbas Akyurek: Are you saying architects sometimes underestimate the 

role of the products? 

I really dislike the word biotechnology. It creates a division between mechanical 

and biological technology. They both have an impact on the same system. So we 

should be talking about system technology. Once we could describe the system 

outside and inside, you can see the doubt about the technology.  

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

I studied biology and business economics. So I am the number’s guy.  
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Berrak Kirbas Akyurek: Do you describe yourself professionally as a number’s guy? 

Pretty much. I think all my colleagues do that either. I am the general manager of 

the company because I am good at designing technology. Since I was small, I was 

experimenting with patterns and data. So automatically, I am working on the data 

process. I am making everything together by describing the systems. I did my 

thesis on air filtering capacity of plants because I was very frustrated with all these 

companies saying these plants air filter these amounts of air etc. Biologically, that 

is not right because if we were talking about CO2, the average leaves five million 

milliliters of oxygen every hour. But humans are taking fifty million milliliters of 

oxygen. You need about a hundred plants even to meet one human. So for CO2, it 

is irrelevant.  Plants can only filter CO2, not toxic gasses in the air. This is an 

interesting phenomenon because we are very susceptible to CO2, but we ignore 

the other gases released through building materials like benzene or any aromatic 

gases. We do not see them, but we are very susceptible when we feel them. For 

example, when we are talking about sick buildings, people often say the air quality 

is bad, but it is hard to know what in the air quality is bad. People have a certain 

opinion about the air, and they can be wrong. In Holland, most of the time, we 

have low humanity, which is a problem in the winter. People can say that it is a 

bad air quality, which is not right. It could be very fresh air with low humidity 

content. Then we perceived it as bad.  

Berrak Kirbas Akyurek: Can you tell me about your role in your company?  

I started with the idea that I can and want to quantify the air quality because I 

hate all this non-sense going on about air. After all, there is not any concrete 

evidence. I started testing experimental conditions. That has been done before, 

and there is a lot of tests. That seems to be quite a substantial fact on these gases 

because plants can break them down or absorb them. It is not we know them, but 

they disappear in the air. But, I did not find out very interesting. I want to make a 

practical system where we could quantify the benefits of the system that will use 

plants and reduce cost. That would be interesting.  
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One we did the first project, we noticed that we need the right sensors. We also 

noticed that sensors are not there yet. Sensor technology was very bad because 

there is no checks and balances in this data in the systems. If there is inadequate 

data, we cannot really talk about the problems. It is a very unhealthy market 

situation.  

Berrak Kirbas Akyurek: Could I ask about your first prototype? Was it also a wall? 

We started something else, then immediately it has become a wall because it was 

not taking so much space in a building which is always a problem. And we could 

convent plants in the area, and we could control the substrate. Since bacteria and 

soil is very important for the filter capacity of plants. But when we started,  I hired 

someone as an engineer, and we flew to China. All the tips were there, sensor 

companies, and everything. So we have gone there, we have started measuring 

the building. There were a lot of problems in the building, which was caused by 

the system itself. All these different particles were fighting each other. And instead 

of focusing on this problem, the proposals were just wasting all this energy. There 

was no way that plants would ever solve these problems without the help of 

technology. So we moved the system into a dynamic system that we used the data 

to produce ourselves feed models to quantify what is up and identify where the 

problems lay. Before biophilic solutions could mitigate the problems, we could 

solve the problem. Because saying plants can solve everything is ridiculous. 

However, you have a substantial matter of plants; the humidifying capacity of 

plants is quite high. Calculating all these numbers, you see that they have a 

substantial reducing cost effect.   

Right now, our algorithms are so strong that all the companies that produce this 

system (HVAC) want us to help them compete in the market. So the people 

maintain this building; if they do not do it well, we can add another layer to the 

existing system. In that way, we can help to support the strong players in the 

market. Because of what we have done, we have algorithms, and we have sensors. 

We calculate all the necessary data, including outside data, which we need to 

mitigate heating and air solutions. We are looking at all the clusters and 



383 

 

identifying problems on the bent with, and calculating the most cost-efficient way 

of solving that problem is. Then, basically orchestrating machines to do everything 

in sequence, just like they protect the systems inside. It sounds very fancy. I think 

it is very easy what we do we measure, a black box, on and off switch. We can add 

to any system that is already there. So all these systems are there in the 

architectural world, most likely speak one system language. What we do we have 

IoT solutions speaking that language and basically translated it. That allows us to 

take over any infrastructure. So, we can make buildings smart with minimal effort. 

Berrak Kirbas Akyurek: Somebody’s mistake a kind of opportunity for you to make 

a smart building? 

Yes. At the point where we switch everything off, we do see where in the building 

centrally have these problems.  At that point, we can switch on biophilic solutions 

to mitigate the problem.  

Berrak Kirbas Akyurek: Why do you do that? 

Because they look beautiful, they also had a climate impact on humidity and CO2 

gases or a  particular matter, which are a problem in inside conditions.  

On the solution side, we have water solutions that are efficient at humidifying. It 

is passive humidity, not droplets but gas, which does not contain any 

contaminants. So it is very effective at humidifying spaces. We made them into 

not so much walls, kind of like furniture as we use as humidifiers. That can be 

integrated biophilic solutions without any needs.  

Berrak Kirbas Akyurek: Could you tell me more about the main intention and 

motivation behind the development of the project? 

I think when I started, I wanted to this what we are doing right now. But it was 

tough to communicate with people who do not understand. I waited for years for 

everyone to be in line with what we are doing. Only now, people started to 

understand what we are doing and trying to do it. I used plant wall systems to 

give myself time to develop the sensor technology that we needed. Now, plant and 

water systems will be secondary to data systems. But they are in the market as one 
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of the companies in Holland. So, they basically produce enough capital for us to 

innovate. At that point, when we are now, people could start integrating 

everything into current innovations.  

From an architectural perspective, I think it is very important for architects to look 

at physics more. So if you have a building, we call system one we can get the 

outside air, which is system two. We constantly have to look at what system two 

does system one. System one does not have any effect on system two, and only it 

emits toxic gases.  

We are currently working with UN Studio. If you look at their buildings, they are 

bio-inspired, and they look great. But it is all about facades because they know it 

is important. And all certifications etc., are so important these days. 

Berrak Kirbas Akyurek: How do you see those certificates as a win-win situation 

for healthy indoor and outdoor environments for people? 

Yes, but you also copy the system, a lot of lobbies going around trying to protect 

the system, which is failing. At this point, instead of going straight to the market, 

we have built relationships with science faculties. So we have got the support of 

the scientists, and at this point, the data speaks for itself.  Thus, I could just show 

people how the project is performing, how they are performable. At that point, 

what we are doing is not switching off the systems, adding more systems. Most of 

the buildings were designed for overcapacity. So we are saving energy for better 

climate conditions.  

The plant systems are quite expensive, but plants are the solutions for everything. 

They look nice and influence on stabilizing the system. But the best thing we can 

do is to create an equilibrium with all the mechanical systems dynamically. From 

a system perspective, if you think about the products separately, the system will 

get air and will not look at humidity or temperature. Because that is the problem 

of another product so another company. This really does not make sense. All the 

sensor systems do not know about each other. We have parallel systems that are 

practically bonded to focused on the simple factors.  
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Berrak Kirbas Akyurek: I was going to ask about the ‘novelty’ of your project? But 

I guess you explained a bit. 

In brief, it is performability and working quantitively. You are presenting a new 

system and also infiltrating it into the existing system.  

Berrak Kirbas Akyurek: So your systems are for the existing system? 

Yes. The only way to get into the existing system is to change it. That is the 

problem of disruptive technologies. You have to mitigate the change. Biological 

life and mechanical life are very different, and I think we should not distinguish 

differences between living and mechanical. We should describe as ‘impact’ and 

‘system.’ Anything can create an impact. If the system is stable, we are doing well. 

If the system is unstable, we can know why it is wrong by looking at the data.  

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

Then again, it is semantics, is not it? The word does not carry meaning. While we 

are communicating, people do not understand what we do.  

Berrak Kirbas Akyurek: Do you have any preferences? 

I think I need to think about it... Because it is hard to find one single word to 

describe everything.  

Berrak Kirbas Akyurek: What would you like to achieve with the spread of these 

products? 

Efficiency. Efficiency is my greatest driver. I just want to know it works better than 

the existing system, which does not work at all. I do not care about power. I do 

care more about the impact and progress efficiency. 

Berrak Kirbas Akyurek: Can you tell more about the consequences of the 

integration of these products into the buildings? 

The thing we are talking about this until now. I think we are talking about 

marketing where we are coming. But we are starting right now, and we are 
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working with architects in order to overlay it. In the green wall system, we put 

sensors, the humidity parameters in the winter, depending on how much we used 

to increase by about %10, which is huge. That really mitigates the problem in the 

safe zone. For CO2, it is very hard to put any number on it. We were in a medium 

change.  

Berrak Kirbas Akyurek: While you are working with architects, when they involve 

in this process?  

It started to change. We do not talk about data with architects. Now interior 

architects take our story when they go to the client. So tell the client what is 

possible, and the client says, I want that. That’s where they come in.  

But as in the case of the current project, we have. At the beginning of the design 

process, it is the best way to integrating plants into the system because you have 

a stable amount of plants that will impact the system. And you can quantify it.  

Berrak Kirbas Akyurek: As a biologist, have you ever get ethical questions 

regarding the use of plants? 

I do not see anything wrong with using more plants within architecture. The 

unethical thing is to cut down the plants. I do not see any ethical perspective on 

using plants. Often we got ethical questions about spreading soil material. But 

plants have roots, and they rise from there with the bacteria they want. When you 

often see because of the reason being scared of bacteria, they use hydroculture 

plants without any soil. So then you are missing almost half of the plants. They 

will not grow, so they will not have an impact on humidity and the system. I think 

it is very unethical in the sense of making a problem which is not existing in the 

soil and use plants in the wrong way. That is the most unethical thing.  

Berrak Kirbas Akyurek: Do you mean hygiene phobia?  

Actually, hygiene phobia is causing a lot of health problems right now. The more 

they protect themselves, the people become weaker. For biologists, it is very 

straightforward, but for other people, it can be looked strange. The bacteria on 

the leaves, roots, and soils are important, and they do not have any known impact 
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on human health. Actually, one of the know contaminating bacteria in a building 

comes from concrete.  

So ethical questions about plants… I like to think evidence base, and there is no 

evidence that there is unethical ongoing on or there is no evidence of plants being 

the root cause of any harmful issues. I do not know any source of these questions 

coming from anything rather than fear.  

Berrak Kirbas Akyurek: Do you get any questions regarding their maintenance and 

guidance?  

What we do, we do not do the maintenance, and we do not place the plants 

themselves. We make the wall and ensure green scaping will be done. They use 

recommendations for whom they should ask to maintain. Essentially, it is their 

problem. We work supposed to make systems numerical.  

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

I think creating efficient systems where you use a system that creates a system 

rather than product dynamics. Try to create a situation with a system that is an 

incentive and changes itself. This is very difficult for a small company, but I think 

we are doing well.  

Berrak Kirbas Akyurek: Do you think it is possible to see any impacts on building 

design? 

I think it is relevant in the sense that there is a lot of building over there and 

needed to be fixed. But as long as we have a simplified way of calculating the data, 

we can fix any situation without any high-cost. We are thinking of buildings in a 

less static way.  

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

So many… 

Berrak Kirbas Akyurek: Maybe you can tell me some bullet points? 
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I think the biggest challenge is finding out how resistant to the old system for 

change. So you have to force the old model to change. In order to infiltrate the 

system slowly and not aggressively, we as a start-up company need to find a way 

slowly. I think proper technology stepping front should be with your system rather 

than against the system, which is very difficult. You have to be patient. People and 

companies are always thinking about the short-term benefits of a single product, 

not the long-term.  

The other thing is you have to strong enough to get cynical because you see a lot 

of activism going on. There is no point in that either. Because if you do not change 

anything, why all these complaints? Help change the system. People always have 

opinions without foundations, but they do not really understand how the system 

works. They are expecting people to change. That’s happening all around the 

world right now.  

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience of the project? 

We do not interact with the end-user much. Because in the buildings, there are 

feedback loops that can mitigate problems. What we are creating now is to 

interface. People want to have power in their situation while we give them 

questions. It is like, are you cold or hot. Because it is subjective, perception can be 

voiced, and the system can be understood while this is happening. The subjective 

feedback is very important for perception.  You want to create setpoints with this 

feedback, and now we have our system. So that’s why we do not interact with end-

user. They are perceived as true, but fundamentally it is different. I did not even 

want to change the system considering the user feedback. 

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

It is a very dangerous question and conversation. Fundamentally, people tend to 

move forward in the system. I think in the general sense, we had an industrial 

revolution with a whole new market born. Then we had tech-boom, which led to 

a new market movement. And alive-boom, not the general alive, more like the use 
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of computer models. I think from now on, and humans become irrelevant in the 

process. All these specialists could be changed. I think everyone should be very 

afraid. Not so much a dystopian scenario. It is realistic.  I am not saying architects 

will be relevant. Architects should be careful because of all design generating 

models. No matter how the design looks good, it will be irrelevant. I think people 

should be way more worried about it. I think we will have a different world in five 

years, and the world will be a more technogenic place where specialists make their 

rules based on their specialisms. It is fundamentally correct because who else 

knows more than specialist about the special topics. But if specialists are unethical, 

who is going to see what they are doing. We see these with Facebook, and for 

example, no one is doing what they are doing.   

Berrak Kirbas Akyurek: Do you have any recommendations for future designers, 

small companies like you, or architects in particular? 

I think that parametric design is very important, and architects should not 

underestimate its importance and potential. It is the only way to look forward. I 

believe it is crucial to break out the current system, and we should start looking 

at what is relevant in our sector as in now. Because the background you get in 

your school is probably is on the skill sets, but not on the current development of 

technology. Since technology is moving so fast, sector leaders should be integrated 

into it.  
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Interview XVII 

Place: Eindhoven/NL 

Date: 6th  September 2019 

 

Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

So, I am an associate professor, so part research, part teaching, part management. 

Unfortunately, the research part is always on stress. I am teaching at the Human-

Robot Interaction Chair. For research, we usually do perception research and the 

context of a collision and loss experience on robot research. How people interact 

with a robot? How should robots interact with people? Those are my domains, 

what I do here. My background is in physics. I studied applied physics at this 

university and also did Ph.D. Physics of Man at Utrecht University and more and 

more physiological domains came. So, my domains are visual perception and later 

even motor control, even later more locomotive process in the brain. And now, I 

am looking at how to transfer technology for better behavior for robots. So that is 

my background. I see the brain is something like a big inspiration, and I want to 

learn from them and want to model things. Sometimes how the brain solves 

problems, and then we can also see by putting it to robots for interaction. 

Berrak Kirbas Akyurek: Can you tell me about your current projects as such aim / 

your role in your researches, mission, and goals?  

I supervise Ph.D. students and basically make sure that there are courses on the 

topic. And I supervise a lot of student projects. I also do some research myself, and 

then research is basically to publish. I do peer review processes, actively 

participate in conferences, program chairs. I am an associate editor of an 

International Journal of Social robotics, for example. So in terms of research, you 

basically have a number of lines of research. A sort of human-robot interaction is 

very big. We mostly work on approximate so how robots should position 

themselves with respect to people, at a certain distance. But these distances are 

https://www.tue.nl/en/research/research-groups/human-technology-interaction/
https://www.tue.nl/en/research/research-groups/human-technology-interaction/
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not only determined by physical or environmental constraints, but also by 

physiological motivations like what kind of activity I do like reading, watching tv 

or are you, scared or happy, those kinds of things, how robots should behave. So 

this is one research line. The other is the behavior of the robot, on exercises, the 

gestures, or try to make eye contact. How can it be used? How can robots give 

social accuses to help people understands the robot better than it works? If the 

robot understands social accuses as well, then we have an interaction. Most 

recently, I have been thinking about emphasizing more learning aspects, moving 

more to artificial intelligence. I mean, there are already so many works on reason 

and decision making. I want to focus on more recent developments. Already 

initiated Eindhoven Artificial Intelligence Institute, this is going to be a big thing. 

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

development of your projects? 

Originally it was because… Before coming here to work here, I was a post-doc at 

Nijmegen, Radboud University, NL. I have worked on a European project. There 

had an expressive goal to measure the qualitative process on the brain using FMRI 

(Functional magnetic resonance imaging). Normal those processes and then put 

those capabilities to robots; that’s what I actively work on of those things. When I 

come here, I was appointed as an assistant professor. My main task was to take 

care education task. I had to take cover a course on visual perception, and I had a 

good background for it. Then I decided to make human-robot interaction as a 

research line because it fits very well with the main theme of this group, human-

technology interaction, and this like an umbrella where I can put all things I have 

done in the past. Basically, social robotics is the sole application, and it is a win-

win project. 

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ of your project? 

I think a different approach than most. One of the main things that I do differently, 

I am biologically inspired. For sociorobotics, in the Netherlands is still a very small 

number of groups that work in this domain. What I do differently, I do more 

modeling And more experimental validation, a little less applied maybe and more 
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focusing on fundamental issues. That makes it relatively unique in the 

Netherlands. For example, my quote on the webpage is ‘if robots need to 

understand people, then people need to understand robots.’ It causes one level 

deeper. You need to understand them to find out how they understand you. So 

you get this chain of thinking. It is fairly unique; there are a couple of scientists in 

Germany, etc., who do this. For model staff, I am trying to make robots smarter 

and more intelligent. And focus more on social intelligence but not so much on 

deep learning staff. This requires more recognition, classification, and sometimes 

function learning. My topics are more in interactions.  

Berrak Kirbas Akyurek: Can you talk more about biological inspiration? 

When you model how processes in the brain work, then you get an artificial neural 

network that is completely different from what we commonly use nowadays. For 

starters, they are neural networks, and they have a particular structure. This is 

known that the brain uses this structure a lot. So many people believe that that’s 

probably for a good reason. But then, when you build behavior on robots, 

artificially network, you get a completely different model than deep learning. So 

that’s a way in which biological inspiration on a very low level has effects on how 

we do things in artificial systems like robots.  

I am not talking about the body but the mechanisms on the brain. 

Berrak Kirbas Akyurek: Nowadays, these innovations are described with a variety 

of terms such as; ‘sustainability,’ ‘natural,’ ‘organic,’ ‘smart,’ ‘bio,’ etc. Which 

terminology do you prefer to refer to your designs? 

If I want to describe what I do in a short version, I would say robots are socially 

more intelligent. But there are a lot of terms out there; if you are in the field, it 

could mean a number of different things.  One of the problems is the word of 

intelligence sometimes used for systems that are not intelligent at all. But they 

have some feature that makes them able to do things that are considered more 

difficult such as face recognition or emotional – expressional recognition, is 

something really belongs to computer – artificial intelligence because of neural 

network and staff. In that sense, it is intelligent because it has a neural network 
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in it. The fact that it is like classification, and it is more like a dictionary. In that 

sense, the dictionary is not intelligent. Because sometimes it goes with the 

mechanisms that have been used to make it happen. That’s why some people talk 

about general intelligence, and then they mean humans are smart compared to 

any other organism. So having language, reasoning capabilities, cognitive 

capabilities, if you could put all these specifications into a machine, we could say 

a general intelligence. For example, we very much use chat boards like Siri, and 

Google has a version of Alexa; those are examples of systems that have no general 

intelligence. They are basically in the detection stage; they basically detect speech 

and convert it into words. And then they compare it to a vast database of what 

other people sometimes type and respond to these words. So, you just look up a 

dictionary that people say the most and then give them back. The system has no 

reflection, no understanding of what the meaning of these messages is. So, the 

system is as stupid as it can be, but it shows the way people interact with it. It 

gives the impression of intelligence. So, if you say give me a definition, then 

basically, you need to know which context. You can easily test by asking an open 

question like why is that. If you use expressions, it completely fools the systems. 

Berrak Kirbas Akyurek: What would you like to achieve with the 

application/spread of these products? 

My personal goal to have a good understanding of fundamental research 

questions, so I really want to understand things at a very abstract level, but there 

is also the responsibility of a scientist. There is always you do something for 

something in an applied context, at least. Basically, in basic science, you do not 

do anything, just the goal of acquiring knowledge. So that is my first goal, and 

then I want to say what socio-robots be like in the future, then you see a lot of 

things don’t work well today. One of the reasons I am interested in socio 

intelligence is very basic things like, you know, when we are talking, we make 

frequent eye contact but not all the time. So this behavior, how do you model that, 

and how can you put this feature to the robot so that the robot can do that too. 

Because if you put a robot eye stares at all the time, or adjust completely misses 

you and not looking you, but as soon as you make human behavior, then you get 
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a totally different feeling about the robot trying to do. If it is communicating non-

verbally, it has a very profiled impact and how you experienced it all. This means, 

in the future, robots will be used for people that do not necessarily know what a 

robot is, how it works, what limitations and capabilities are. So, in those situations, 

robots have to help all the people live safely and healthy at home, then in those 

situations, you need non-verbal communication and verbal communication as well 

as that work very well. And it should signal the natural way that a person can do 

with a robot. This is still very bad. 

Making eye contact is not too difficult to come up with rules that are OK, but if 

you buy a robot, none of them have it. Maybe you see it. It is a robot girl, bold, 

also called Alexa, I think. A chat board is a face with just an upper body. What 

they do, they give a robot a facial expression that matches the chatting. But the 

novel work of communication is completely wrong. Even though it received a lot 

of media attention, it sort of very stupid social intelligence of non-verbal 

communication. The funny thing is if you do it well, you do not realize it, but 

when it goes wrong, it breaks the level of communication at very, very basic levels. 

It is a missed opportunity, and I think that’s why every application people work 

on robots, they should think OK.  

Berrak Kirbas Akyurek: Do you think those technologies can be applied to the 

buildings? 

The closest thing I think we have done is how to integrate smarter technology, 

especially applied in the building. For example, if you put a robot here and say go 

to a coffee machine, it does require a map to go. It does not know where it is, and 

it requires sensors usually in the building that tell the robot where it is and what 

to do. Also, for the health care domain, we did a European project that goals to 

help elderly people at home. That was monitoring the health of the person, 

environmental quality of air, and sensors that help to detect where the robot is, 

and the motor system was automatic, like where automatic door openers, all sorts 

of things. And that line of thinking goes, all the way the internet of things like the 

fridge knows what to order, the kitchen can dig all information on recipes and 
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presents to you, knows what time you need to cook, how much water you have to 

drink. You see that smart technology also does a lot in a building. Then the 

question is how to design the space so that everything works perfectly. In my point 

of view, I care about the robot but do not care where the sensors are, as long as 

they work. That’s where some point architecture meets robotics when robots do 

not function on their own without their communication equipment in the building. 

For example, if there is no Wi-Fi, probably a robot can do nothing. They all need 

information from some source and transmit them via Wi-Fi. If they cannot, it won’t 

work.  

Berrak Kirbas Akyurek: Is there any study that has been done to evaluate the user’s 

experience and feedback? 

I think a lot of work we do is take user feedback. So most of the time, we do lab 

experiments, sometimes field studies. This is specifically needed to get information 

that you need from people interacting with that system. This can be very basic, 

like whether some people notice things, sometimes IT is very elaborate, but you 

can quantify certain effects, for example, eye contact. You can measure how many 

degrees of eye turn you can look away before you can prefer to break eye contact. 

Then you can have the whole study, and then you can figure out that it is, let’s 

say, 3 to 4 degrees. You can move eyes 3-4 degrees away, and then you still 

experience eye contact. If you go beyond that, then there is a chance that a gaze 

direction is looking somewhere else, then you have 10 degrees, not looking at me. 

The interesting thing is, if you are very far away, it is still 3 to 4 degrees. 

Geometrically saying, it is very strange but apparently how it looks. I also have 

quantitative data collection depending on the details, research question. We 

always have human participants. They have to do some tasks, usually, design such 

a way that we can hopefully access the information we want to have.  

We are using user feedbacks for anything you can imagine. For example, just 

before some holiday, a group of bachelor students had a project where the robot 

moved a different way, could move in a zig-zag pattern, could stop and go all the 

time. Hence, the behavior of the robot was how it moved in space and how fast it 
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moved. This was manipulated, and according to literature, people can associate a 

certain emotion with doing that. We have also found out ourselves at earlier 

studies that we wanted to know which emotion did people see in the robot. But 

we also want to know which emotion did they experience. Then we basically 

design an experiment that does exactly that. And we also measured the time and 

how much distance people did respect the robot so suppose you afraid of it. Then 

you may be staying a little bit further away than if you are very comfortable with 

it and like it somewhat. The question that we assess the emotion that people see 

in the robots, assess emotions to experience, and we use sensor data to measure 

the distance to the people to respect it. Sometimes it is really difficult. Colleagues 

of mine wanted to know how aggressive people feel, but how do you measure 

that? I mean, they spend a lot of time figuring out what it is and how do you 

measure it and if it is even possible to measure it. A lot of studies say sometimes 

related to some kind of comfort level. So, for example, we also have a study. We 

measure the perceived comfort people feel when the robot passes by then, and we 

use different distances to see that. The perception studies about this comfort 

layers, we have a light source, how much brightness affects the comfort layer. In 

the end, it is all about how people feel. You want to access physiological 

information, but you cannot do that directly. You need to measure something else 

like the distance, time, or roof of a questionnaire. Sometimes physiological 

variables do not give expected results, but it is typical for physiological research.   

Berrak Kirbas Akyurek: Could you tell me the potential impact(s) of these 

products? 

I think that developments are in industry robots need to perform certain tasks, 

and if they do that very well, they can automate this task, then that way people 

can save money, that’s why they want it. However, if the robots get intelligence 

actually to work together with people, then you do not get robots to take over jobs 

but help people perform better at their jobs. We also have some sort of device just 

to make people better at their jobs. For example, the butcher has knives. But in 

the future, we will see very advanced systems at the bakery where robots help to 

operate a machine, but it is not going to take over jobs over a person. It is going 
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to help that person with tasks it can do, so make World ‘light’ for that person. Then 

the person can do other tasks better because s/he has more time for it. So we see 

in the future, robots will actively collaborate with people rather than 

independently doing things, and where the robot is, people should not go. In a car 

manufactory, there are welding robots, and when they are operational, you are 

not allowed to come there because it is dangerous. So this distinction between 

robot doing something, doing it very well, very fast that will still happen. Still, we 

will also now see a new class of robots that are not necessarily good at everything, 

but there are more and more assistive tools that make people work better. Also, 

in healthcare, the doctor determines which medicine you can get, but the robot 

can help the doctor to administrate them. Because it is at home, that patient has 

to take some reminders, maybe doing some simple monitoring tasks. The whole 

organization of medical care can get better. 

Berrak Kirbas Akyurek: Could you tell me the challenges that you faced in the 

design of the project? 

Challenges are, robots cannot really do what we want them to do yet. So they do 

not move fast, are not accurate enough; they have limitations. The part of the 

problem is that people think that they can do a lot, but it is not really true. So you 

see all sorts of very nice movie clips, robots doing something, but they are fake. 

That one is one challenge. The other challenge is the nature of physiological 

research. Basically, you cannot get measures directly. You need to come up with 

some kind of a modal and then link physical variables that you can measure with 

physiological variables. That is a very fundamental one. Now the challenge is 

general intelligence like we would like to have for artificial systems is really, really 

difficult—nobody able to do that satisfactorily way. So, despite all advancements 

in new technologies like deep learning, this problem is not solved at all. It is the 

same problem that we had in the 1980s and the same problem that we had in the 

1950s. The only different thing is the amount of data and processing power.  
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Berrak Kirbas Akyurek: I was also going to ask about your expectations for the 

future, but you also told me about your ideas about the healthcare system, Is there 

anything do you want to add? 

I think the point is if you put robots in front of people, they have all sorts of 

expectations. They want to communicate with it in certain ways. But they cannot 

because this is not socially intelligent; it can only do its task. This is very 

dissatisfying. So talking about user feedback, people do not like it. So it is more 

like if you have a socially skilled robot, you make all sorts of tasks easier. Because 

people want robots around rather than wanting them to go away, so that’s is the 

big change. Normally people need the robot very severely. Now we are moving 

into the situation that robots are used in the workplace in all sources of roles. And 

there are also people working there. So their workspace is the same. Again it is 

social intelligence that is useful because there are people. 

Berrak Kirbas Akyurek: Do you have any recommendations for future designers 

and architects in particular? 

I think for designers. It is just one simple example. If you put your eyes on the 

robot, people see that the robot thinks since the robot looks in a certain direction. 

But if you use a flat-screen, you have a certain physiological effect. It looks as if a 

picture of a face looking straight into the camera. If you see the picture, that 

picture is looking at you, and that works for any directions. That’s strange, and it 

is very common and useful. If you look at the TV, then the newsreader looks at 

the camera; it does not matter I am sitting here or over there newsreader is always 

looking at me. If you compare to this real world, if you look at this direction at me 

while I am sitting over there, you are no longer looking at me. This is called the 

Mona Lisa effect. So the picture seems to follow you around. That also works for 

the robot if they have a screen with a face on it. It is very easy to do, and a lot of 

designers use it for robots. But if you want to mimic human gazed direction and 

eye contact, it does not work. It is impossible, so you need a real face. So this is 

an example of where knowledge about how things work in humans and the human 

brain affects how things should be designed. There is not that much connection 
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between these domains. For designers, it is important if they are aware of these 

things.  

Berrak Kirbas Akyurek: So, if they are aware, they can design further? 

Yes, nowadays, it is all about aesthetics and functionality. There are so many 

constraints that designers can only put a shell around it. That looks a bit smoother. 

Therefore they are not as scary as an open robot without skin. I mean, these 

technical difficulties will go away. It will be possible to put a lot of hardware and 

software in a very small space. Therefore, there is not just aesthetics, and there is 

also functionality in terms of how people experience the robot and how they 

interact with it. 
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Interview XVIII 

Place: Eindhoven/NL 

Date: 18th  September 2019 

 

Berrak Kirbas Akyurek: (A short introduction of my thesis and studies) 

I am slightly philosophical. If I look at what you are doing, it is a very important 

subject. I feel that we really need to come to flourish in the coming years and 

decades. For me, it is a part of a new narrative. Technology and nature that is 

really interesting. If you look at nature, you could say it is a very advanced 

technology that we do not yet fully understand. That is a wonderful way of looking 

at it. What we had done as human species, we have this narrative that has been 

around for a couple of hundred years. That we are separate, we are not part of 

nature. That’s why we want to control nature. Science is very mechanical in their 

approach, from Da Vinci to Descartes, as they were looking at our bodies that are 

like machines. That model is not really working anymore. We are sort of in the 

mid-phase. We have seen that our old models are not working anymore. They are 

breaking down. They cannot handle the complexity that we are now finding. We 

are in the position now; everything is emerging. It is not possible to control it. If I 

look into the future from my vantage point at the moment, that is very naïve for 

future perspectives. Like all the new technologies are coming, it looks like actually 

lead we would be God-like. In this sense, we can do everything that we want. 

That’s what it looks like right now. Then again, it is very naïve. But what I see, I 

have this narrative for a few hundred decades that we are separate. We need to 

compete with nature instead of collaborating. That is also the system we have 

created. Therefore, we have created many stuff and impact on life, nature, and 

protection from nature as well.  

Berrak Kirbas Akyurek: You mean like nowadays, we have ‘too many’ clean 

environments. That’s very interesting that we see a lot of allergies at the moment.  

Have you ever head of Microbiol? 
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Berrak Kirbas Akyurek: No. 

Microbiol is all your bacteria in our gut. We have more DNA from gut bacteria 

than human DNA. So if you look at our nervous system and our brain, we have 

neurons around the hearth and the gut, about a thousand trillion bacteria. That 

also shifts the focus of what does it mean to be human. Because bacteria also affect 

the way we feel.  

I used to be a physical therapist. It is quite a holistic way of looking at Western 

medicine. Again, it is quite mechanical—our bodies like machines. Physical 

therapy is also trying to see the interrelatedness of all sources of systems. If you 

look at our body, our body is a cooperation of cells working and coming together 

to specific organs. But they are also fighting together. But also with these gut 

bacteria. Now we see if you are too clean, you do not have diverse bacteria in your 

gut. You have more allergies and more terminal diseases. It is far more than 

symbiosis and a combination with nature. If that has been a story about how we 

also built, that would be amazing. At the moment, I love biology. I think biology 

is the next big thing in technology. That way, we can look at the universe as life 

instead of matter. Biophilia is a new buzz word for me if we can thoroughly work 

with nature instead of against it. That is a mindset, and it is a position. Therefore, 

it is amazing that you are doing this work because nature is an incredible 

constructor.   

I do feel that technology is one part of being able to create the future we want. A 

big part is a narrative that I tried to explain what we believed as a society (western 

society). With capitalism, the system was created out of that narrative. It worked 

for years, but now it goes too far. That’s been working, but currently not working 

and actually harming the ecosystem, so that’s why we need to come up with a new 

story and model that works. If you do not do that, any technology that we actually 

create will increase the problems that we are at the moment. Because it is the 

mindset that has been informed by the story that is actually creating issues we see 

around us. Because we have enough technology, we have enough possibilities to 

be already completely sustainable.  
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Berrak Kirbas Akyurek: You talk about the importance of the narrative, so maybe 

it is a good way to start with a question of terminology. Nowadays, these 

innovations are described with a variety of terms such as; ‘sustainability,’ ‘natural,’ 

‘organic,’ ‘smart,’ ‘bio,’ etc.: Which terminology do you prefer to refer to your 

designs? 

Biophilia is a word that I came across just so soon. But it resonates with me 

because it actually explains what I am thinking about what I am feeling over the 

last months. Because for me, it is all about life. What is a life we do not know still? 

Is it not crazy that we still do not know what life is? What makes plants alive? You 

can say a plant is alive, it communicates, it can react. So what are sentients? What 

is consciousness? We are coming to this part in our society who does it mean to 

be alive? What if something inanimate or animated. We are now seeing that planet 

earth is now at the risk of not being able to support life. We are looking into other 

planets like Mars and thinking about how to colonize Mars. So if we just make it 

very, very easy. How can we construct, built, support life in all aspects? Looking 

at the Netherlands, our cities are more biodiverse than our agricultural lands. It is 

difficult on the one hand we have an agricultural industry supporting life, but one 

species: human. That is actually not supporting all the other life forms. How did 

we decide we worth more than the other species? Which species worth more? 

Again this comes from the separateness of seeing ourselves outside of nature 

instead of being part of nature and seeing that we can own land. Can you own 

land? Mars? I say no. Ownership is something that we, as humans, created out of 

wanting to solve the problem. The problem was the tragedy of the commons.  

Berrak Kirbas Akyurek: Can you explain a bit the tragedy of the commons? 

So the tragedy of the commons, as an example, you have a field of grass, and some 

persons put a ship in that grass in order to create wool. Then someone else put 

two ships and try to extract as much as possible. So, what they come up with is 

that we can have ownership; someone owns the piece of grassland. It is there, and 

you can utilize it, and you do not overuse it. It is more about mindset. That’s why 

it is important, and we have all these regulations and rules. Again who is in control 
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of our systems of the earth?  It is a runaway. Nobody has control. I think we need 

to look at that narrative that we are part of nature instead of being apart from it.  

So, yes, technology is essential, but also the mindset of how to apply this 

technology is important. Otherwise, we get more of the same, but then with more 

risks. If you look at exponentially growing technologies, now coming out, they 

seem innocents; how we apply them to what purpose. It is our responsibility.  

Berrak Kirbas Akyurek: So you are saying if the mindset does not change, the 

change in the technology still can be harmful in a way? 

As an example, at the moment, we are looking at a building. It has bricks, glass. 

It is not natural. I mean, not how nature works. Let’s put it that way. There is no 

intelligence in that structure. Nature has intelligence. So I would say that this 

building does not support life even at a minimum level. I would like to go with 

biophilia. It is the love of life. What is the point of the universe? Could you say it 

is a love of life? So what we do is to think about how we can live by supporting 

life. How could we understand nature more? How does nature work? How could 

we grow our building? 

It is about a new story, a new narrative, a new system. Again, I am also looking at 

the housing sector in the Netherlands at the moment. It is also crazy, and prices 

are going up. They said there is too much nitrogen, and they said they are trying 

to protect nature. But it is not working anymore.  

Berrak Kirbas Akyurek: Prices are too high, lots of students are homeless… 

You know why? Every person has the right to live, and that means water, shelter, 

and food. It is a choice that we can make. Then we have to look into it from 

another point than pure economics. I think if we go into sustainable and nature-

based technologies, it just grows. So there is no cost to it, maybe some time.  

Berrak Kirbas Akyurek: Actually, the cost is to create a specific environment that 

makes them grow.  

But the circularity can become smaller, faster. Everything, even oil, is circular but 

very slow circular. Ok, let’s go back to your questions. 
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Berrak Kirbas Akyurek: Can you tell me about your background? How do you 

describe your profession? 

My background is I studied physical therapy. That is a very high-level people and 

technology, social and technological study. It is also where you come across a 

complex system. The human body is a complex system trying to understand and 

help that person to be healthy again. I went into that, and very quickly, I realized 

that it is not for me. To contribute to society, I became an entrepreneur in 2008.  

From there, I have just picked up everything I found interesting. I started really 

learning after school a lot of emerging technologies around us. Social media, and 

how social media could impact society and organizations to become decentralized 

and non-hierarchical. How can we work together? But the theme is really 

technology could impact society to who wants a new way of living. For me, that’s 

really about the new hippie style, the World where we grow old together and live 

in peace and harmony. I genuinely believe that it is possible. I have worked in 

smart cities as well. I love the smart city approach from Boyd Cohen. Again a new 

model of organizing. For me, it is not a technological issue, and the thing is—

technology to enable how humans can organize our cities and society. Then again, 

we have to be very thankful for the system that we have created that’s far brought 

us a long way. It is time to say thank you and goodbye. 

The difficulty is not a new system, per se. It is letting go of the old and embracing 

the new. And it is timing it. Timing it in a way that most people want the future 

all to be inclusive, sustainable. But timing is tricky. If you do not have the time 

right now, there will be a lot of people who will suffer. We cannot have a 

sustainable society by not caring about people who are not able to do that by 

themselves. What we do is to inform the systems that we create. If we say let’s kill 

half of the human population in order to be fair and inclusive, a good society. It is 

not a good option.  

Berrak Kirbas Akyurek: As you are saying, I think we are doing that by letting 

people suffer and die. 
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It is hidden. It is already there. I am a perpetrator as well. So every person living 

in the West is a perpetrator. It is all the hidden costs. We do not pay for what we 

receive. It is very difficult for one person to come out and say I will do everything 

by myself. I think more and more people are doing that. I see myself becoming 

more aware. If we know how to come together, we can build a new system and 

multiple systems in the beginning and say goodbye to the old ones. So it is more 

about a transition issue than a technological issue.  

So, for example, the Titanic has been a symbol for our society at the moment. Has 

it already crashed into the iceberg? We do not know for sure. We are seeing that 

more upper deck people, not enough lifeboats… I do not know. But it is not about 

that. How can we create new ships for people reaching shore in case of an 

accident? So it is about being fully integrative symbiosis with nature is what we 

need. Technology can help with that. Absolutely and especially, the technology 

that has been developed now based on nature and biology. But the technology 

must be something that we, as human beings, give value to. What is the value of 

our systems? We see nature as a cost instead of value; that is an issue.  

Berrak Kirbas Akyurek: What is the main intention and motivation behind the 

biophilic approach? 

I would say it is about questioning the system where the problem resides. It is all 

about the system. So if you look at society at the moment, it is like we invest 

billions of dollars in the desire to innovate. But in this system, we could never 

solve it. As Einstein says, “Problems cannot be solved by the same level of thinking 

that created them.” I would want people to have the same level of thinking, and 

you could say consciousness, awareness.  

So in this system, to tackle CO2 emissions, we would actually cut down the trees 

in Amazon because that is good for the economy. That would be our way of being 

able to do that. We need a new system in order to solve the problem. So problem 

solution, if you look from another perspective, there is no problem at all.  

Berrak Kirbas Akyurek: Are you saying, like seeing as such waste is also a part of 

nature? 
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Exactly, waste for nature is a resource. Suppose it was a natural product. It does 

quickly become philosophical. I mean, they are already trying circular economy 

models, but still, our production ways are not natural. Therefore, it is difficult to 

have that full circle. And economics is holding us back again. But that will change, 

and it is changing. That will be a tipping point where we can be circular quite 

quickly. Looking at genetics, and that is technology. I have big hopes for that. I 

used to be very much against genetic modification. I am now consciously 

optimistic in the sense that if we can understand genetics. We can work with 

nature to create the world we want to. But, we need to be very, very cautious. 

Most probably, we will create other problems. As an example, I see that in the fire. 

I see all the technologies coming in line by now. It is like a fire. At the time fire 

was invented, I could imagine that people were saying I do not do that. You could 

burn yourself. God does not like that.  I bet that people burned down their huts, 

forests. But could we say we are masters of fire? 

The answer is both yes and no. Even after so many years, we can work with it. We 

know it to a certain extent. But we have actually done awareness and fundamental 

knowledge. We created a good system that we could manage the risk. But still, we 

do not have full control over it.  

We have to manage the risks. I think it is like cybersecurity at the moment. The 

security is only there because you have the attackers and defenders. I think they 

balance each other out. I think the same goes for AI technology, Artificial 

intelligence, the only way to check AI is to create AI. That is the paradox, that is, 

the double bind. We would never in control. We are always be balancing two sides, 

hopefully in the right way. I think that’s how the evaluation of species comes 

forward. Now we are in too much on a non-sustainable side, so like the building 

industry does on nature. I think 3D printing is a nice example to look that because, 

for the first time, we have been able to create structures as nature does.  

Berrak Kirbas Akyurek: Could you describe the ‘novelty’ that you see? 

So I believe that if you want to change the system, the system should be better 

and easier. For example, let’s take UBER. The system UBER created a better taxi 
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service, cheaper, safety… So I feel that in a new system, you always have early 

adopters and innovators those are the people that they like to be first that are 

interested in that. They will put more effort. But for the early majority and late 

majority, it needs to be better and easier.  

It is not about technology at all in the sense that technology should be in the 

background. Like clothes, we forget them; they are technology. We are going into 

a phase in that technology could understand us; it will be personalized. So it will 

interact with who I am. It will be all around us, and we will just interact with it 

without having to learn about that technology. Because technology on the 

foreground, the usability of technology is still not there yet. So why UBER works 

is because it has the right time and right space. Because everybody has a 

smartphone, we have GPS systems. So the ease of use is a very important one.  

The integration of multiple technologies leads us to see the experiments easier. 

For example, a car is the same thing. Maybe a couple of decades ago, you have to 

know more about cars on how to disassemble their parts. These days still having 

a sustainable house is not easy. You have to buy different elements, all different 

parts, and elements that you need to take into account. Which of them are better 

to work with together? That is quite a significant barrier for people to do that. If 

you say we have sustainability as a service, you pay us X amount, and we 

guarantee your sustainability.    

Berrak Kirbas Akyurek: So you are saying if solutions are in the foreground, you 

need to think about it, take care of it. Suppose they were like a part of the building 

itself, so people are willing to be part of it.  

Apple did that with white phones, so make it sexy and trendy, desirable. That is a 

perfect example of Tesla. People do not buy a Tesla car because it is electric. 

People buy a Tesla car because it is cool, sexy, and fast.  

Berrak Kirbas Akyurek: And also the governments are supporting? 

Exactly, with the taxes and everything. You know Toyota Prius. That is the early 

innovator people bought that because they wanted to be sustainable. You need to 



408 

 

be the next model. In this case, it is Tesla, cheaper, better, and sexy. That’s how 

we move all markets.  

We are getting there right now. I have been around sustainability for around 

twenty years now, and I know people who have been around sustainability for 

approximately thirty years. It used to be called tree hugger communities. People 

have been living like that since the 1960s, but they have seen it like this. Now we 

have a new word called ‘circular economy.’ It is nothing different than 10-20 years 

ago. But for the wording, it is different. It is becoming interesting as a business 

model, post-reduction value creation model. And wording attracting other people 

with bigger market more power of change.  

So many elements to be able to change. Technology is just one part of that. I would 

say nothing is a technological problem. Technology is there. Let me give you an 

example; solar energy has been around for a long time. If you look at exponential 

technologies from the Singularity standing point, it is not so much technology 

itself that is on the exponential curve; it is the price-performance. That is on the 

exponential curve. An example is photovoltaic solar cells; they have been around 

thirty years of something. In the mid-1960s, one kVA power of energy produced 

by solar cells cost 75 USD.  

Berrak Kirbas Akyurek: It sounds too much. 

It was too much; therefore, who was going to invest in that? It was not feasible in 

that current economic structure. For a long time, it was too expensive. If I want to 

invest, I want to spend money on something that has certainty. So people chose 

to invest in oil. They did not see that oil also has risks like a spill. Then, Warren 

Buffett, 2012, invested not the technology per se, but in big solar cell farms. When 

he was the first mover, many others followed. He said technology is more secure 

than oil. I will invest in this farm, and there will be a return. After that, many 

people invested, money poured into that industry. Because of that, it got 

industrialized, and the factoring process ramped up. Therefore, price-performance 

has gone right.  
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The point of the exponentially to understand is essential, and also to understand 

price performance is important. That is also related to how much we trust and 

invest in technology.  

Another example is stem cell technology. When I was back in the physical 

therapist, I thought of stem cell technology in 2002. I thought I have no future as 

a physical therapist. We just inject stem cells into joints then you do not need a 

physical therapist anymore. So the technology is exponential, then people said no. 

Because you have to take stem cells from an embryo, that is not something a good 

ethical-moral. Therefore the investments and research on stem cells were slowed 

down. Now, they got new technology to get any cell and change that into a stem 

cell. And now the barrier is gone. So it is important to realize where technology is 

at, what is the potentiality of it. But also what is human, society thinking of it.  

Crispr cas9, you heard of it imagine. It is the editing tool for genes. We came across 

that 5-6 years ago. It is a very precise cheap way to be able to find certain genes 

to cut them out and placed them into other genes of other species. And people 

working in that field saying that apparently, it is very easy. But such profound 

effects, because you can change DNA on the level that also affects generations 

afterward. So scientists said, OK, let’s put it on the fridge and discuss how we are 

going to utilize it.  But China said we would just go ahead anyway. So when the 

technology is out to the world. As together as a society, we should decide how do 

we keep each other in check.  

It is quite complicated. That’s why they say it is a VUCA world, ‘volatile,’ 

‘uncertain,’ ‘complex,’ and ‘ambiguous.’ And all these technologies are interacting 

with each other and converting. AI, as an example, the enabler for other 

technologies. As electrification similar to AI, all the opportunities are 

unimaginable.  

I was also thinking that we are going towards a society where circularity becomes 

smaller in a small area. We have already had a global circular system we needed 

to speed it up. But you can also say that we could say that once the house can be 

completely autonomous in terms of energy supply. That’s the issue in the West. 
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Next ten years, we need to put another infrastructure. Ok, let’s get back to your 

questions. 

Berrak Kirbas Akyurek: I was going to ask about potential impacts, but I think with 

several examples, you exemplify the impacts. 

Yes.  

Berrak Kirbas Akyurek: We also talked about the challenges, but can you tell which 

one has more crucial than the others? 

I think one of the most challenging things is that we created systems that are so 

large. Anyone does not feel involved anymore. As an example, insurance 

companies these days, a lot of people do not like them. And when something goes 

wrong, people are trying to get the most from the companies. But insurance 

company becomes so strict, and policies go up. Not good for the whole system. 

The insurance company was used to be twenty people that knew each other. If 

something happens to one person, we will come together and help you to build 

your house. And we have security. That works because people know each other. 

After all, there is a relationship there. There is no relationship within people 

anymore, and security becomes all numbers. People do not feel responsible 

anymore or do not think they have any influence. I believe that is the analogy of 

all the systems we created. And because of that, people feel powerless. What is my 

influence? We have been a kind of separated. If I do not do it, someone else does. 

I think our separateness that is the root cause of willing the change.  

Berrak Kirbas Akyurek: It is very interesting. So people feel kind of worthless. 

And I do not have direct feedback. Ok, if I do something not sustainable now. I do 

not get personal feedback. So the system feedback loop is so fuzzy and so non-

directional. 

For example, if you get sick. You get an allowance. That also like in between 

twenty farmers, and if you get sick, you will get your food anyway. And that ill 

person felt very grateful. People did not easily stay sick for a long time. Because 
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other people could see directly, in these days, the system is so non-personal—the 

tragedy of the commons all over again on another bigger problem.  

It is also the same as flying. At the moment, flying is not taxed very cheaply. It 

gives a lot of added value. But we all know that it is really bad for the environment. 

In Sweden, people started to feel shame because of flying. But still, I fly, a lot of 

people fly. Because, again, it is very abstract.  

Berrak Kirbas Akyurek: It is tough to comprehend the connection between flying 

and sustainability for regular people, I guess.  

This, I feel, is the biggest issue in the change, and innovation is how do you bring 

all these really big things to small actions that people do not think small actions 

are meaningless. I think the most significant barriers is this. The feedback loop of 

our actions is just too slow and too fuzzy. People feel less empowered in all aspects 

of life. There is not togetherness, a feeling of separation.  

Berrak Kirbas Akyurek: Regarding what we discussed here, Could you tell me 

about your expectations for the future? 

Change is coming anyway. Because the system has at the moment is not 

sustainable at the moment and will change. How will it change, and what will 

change? That is the question. We are in a special time. We are in a special time as 

people do have the possibility of directing what we want to change into. Now is 

the time to stand up and to take as much responsibility as anyone can to be guided 

into what everybody wants it to be. But it will change anyway for good or bad.   

Berrak Kirbas Akyurek: Do you have any recommendations for future designers 

and architects when this change is happening? 

I think our habitat where we live is a basic need. Unfortunately, the land is 

property; therefore, you can speculate, and it can become too expensive. But how 

we manufacture where we live can be automated now. It has already been done, 

of course. Therefore, making it more affordable for people to be able to live that 

would be amazing in equilibrium with ecosystem and nature. I think I am not sure 

how big the impact of the built environment, but around %25 of the total negative 
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impact. So that is a huge benefit to be made there. I think in the building industry, 

there are tremendous opportunities over there.  I believe there are a lot of people 

wanting to do that. The investments and money are a bit defensive. Also, other 

people think, OK, how can I live myself sustainably? It is not an easy question. But 

do what you can.  

The smallest actions and the intentions of what and why we do are indeed matter. 

For me, when I was young, to throw something away, not into the bin, is 

something that hurts. But not anymore, for many people. We need to get this kind 

of behavior again. To have people to get in contact with surroundings and also 

building dwellings and houses. People need to connect with nature instead of 

being separated. Creating communities making people coming together, and also 

with nature, is important. How do we design that? Again it is more social than 

technological. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



413 

 

PUBLICATIONS FROM THE THESIS 

 
Kirbas Akyurek B., Mohammadi, M., Ciravoglu, A., Yegenoglu, H. (30 September  

2020).Technological Transition in Building Design at the Intersection of 
Living and Manufactured. TECHNE Journal of Technology for Architecture and 
Environment Special Issue 2, In publication. 

Kirbas Akyürek, B., Ciravoğlu, A., Mohammadi, M., & Yegenoglu, H. (July 2020). 

Building Design in between Living and Manufactured : A Research on 
Terminology. Online Journal of Art and Design, 8(3), 75–89.  

http://www.adjournal.net/articles/83/836.pdf 

Kirbas Akyurek B., Mohammadi, M., Ciravoglu, A., Yegenoglu, H. (2020). 
Exploring the Potential Impact of Biobuilding Components into Building 
Design: An Experiment in Architectural Design Studio (Under Review at 
The Journal of Design and Built Environment). 

Kirbas Akyurek, B., Sanders - Kortekaas, M. H., Fisscher, J. L., & Mohammadi, 
M. (2018). Technological integration of the ‘house of the future’: case study 
analyses of the integration level of technology for innovative housing projects 
between 1920 and 2010. In J. Veuger (Ed.), 3rd conference of interdisciplinary 
research on real estate: book of proceedings (pp. 130-148). Ljubljana: Institute 
of Real Estate Studies. (Published in the conference proceedings). 

 
Kirbas Akyurek, B., Fisscher, J., Kortekaas, M., & Mohammadi, M. (2018). 

Technological integration of the ‘house of the future’: Case study analyses of 
the integration level of technology for innovative housing projects between 
1920 and 2010. Barometer Public Real Estate Special Issue 2018 (pp.127-144), 
Groningen: Spryg Real Estate Academy En Bariet Ten Brink. (Published as a 
book chapter). 

Kirbas Akyurek B., Ciravoglu, A.,(2018). Man-Made to Born-Made : Shifting  
Perspectives in Architecture. In  Virtual + Actual, Process and Product of 
Design, Proceedings of Design Communication Conference (pp. 604-610). New 
York, United States Of America, 07 October 2018. 

 

 

 

 

 

 

http://www.adjournal.net/articles/83/836.pdf


414 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



415 

 

CURRICULUM VITAE 

 
Berrak Kirbas Akyurek was born on 19.10.1988 in Konak-Izmir/Turkey. After 

receiving her bachelor’s degree in Architecture at Bahcesehir University in 

Istanbul/Turkey in 2011, she studied for her master’s in Architectural Design at 

Middle East Technical University in Ankara/Turkey. During her master’s program, 

she also gained experience as an architect in an architectural firm by working on 

architectural projects and design competition entries. In 2013, she started to work 

as a Teaching&Research Assistant at Yildiz Technical University (YTU) in 

Istanbul/Turkey, assisting and lecturing courses in the undergraduate curriculum, 

contributing to the design studio environment, workshops and exhibitions until 

November 2020. Meantime, she began her Ph.D. in Building Research and 

Planning in 2014 at YTU. Her Ph.D. is financially supported by TUBITAK (The 

Scientific and Technological Research Council of Turkey) with a Ph.D. scholarship 

entitled 2211/A between 2014-2018. In 2017, she came to Eindhoven University 

of Technology (TU/e) as a guest Ph.D. Later on, in 2018, this collaboration became 

a joint Ph.D. between YTU and TU/e under the supervision of Prof. dr. Masi 

Mohammadi, Prof. dr. Aysen Ciravoglu and dr. Husnu Yegenoglu.  

 

By challenging herself working on the interrelation between nature, technology, 

and building design, her research interests include architectural theory and 

philosophy, sustainability, smart technologies, and the integration of biobuilding 

components, including biomaterials and biotechnologies, and biologically inspired 

design methods and approaches. 

 

 

 

 



416 

 

 



Bouwstenen is een publicatiereeks
van de Faculteit Bouwkunde,
Technische Universiteit Eindhoven.
Zij presenteert resultaten van
onderzoek en andere activiteiten op
het vakgebied der Bouwkunde,
uitgevoerd in het kader van deze
Faculteit.

Bouwstenen en andere proefschriften van de 
TU/e zijn online beschikbaar via: 
https://research.tue.nl/



Reeds verschenen in de serie
Bouwstenen

nr 1
Elan: A Computer Model for Building 
Energy Design: Theory and Validation
Martin H. de Wit
H.H. Driessen
R.M.M. van der Velden

nr 2
Kwaliteit, Keuzevrijheid en Kosten: 
Evaluatie van Experiment Klarendal, 
Arnhem
J. Smeets
C. le Nobel
M. Broos 
J. Frenken
A. v.d. Sanden

nr 3
Crooswijk: 
Van ‘Bijzonder’ naar ‘Gewoon’
Vincent Smit
Kees Noort

nr 4
Staal in de Woningbouw
Edwin J.F. Delsing

nr 5
Mathematical Theory of Stressed 
Skin Action in Profiled Sheeting with 
Various Edge Conditions
Andre W.A.M.J. van den Bogaard

nr 6
Hoe Berekenbaar en Betrouwbaar is 
de Coëfficiënt k in x-ksigma en x-ks? 
K.B. Lub
A.J. Bosch

nr 7
Het Typologisch Gereedschap: 
Een Verkennende Studie Omtrent 
Typologie en Omtrent de Aanpak 
van Typologisch Onderzoek
J.H. Luiten
 
nr 8
Informatievoorziening en Beheerprocessen
A. Nauta
Jos Smeets (red.)
Helga Fassbinder (projectleider)
Adrie Proveniers
J. v.d. Moosdijk

nr 9
Strukturering en Verwerking van 
Tijdgegevens voor de Uitvoering 
van Bouwwerken
ir. W.F. Schaefer
P.A. Erkelens

nr 10
Stedebouw en de Vorming van 
een Speciale Wetenschap
K. Doevendans

nr 11
Informatica en Ondersteuning 
van Ruimtelijke Besluitvorming
G.G. van der Meulen

nr 12
Staal in de Woningbouw, 
Korrosie-Bescherming van 
de Begane Grondvloer
Edwin J.F. Delsing

nr 13
Een Thermisch Model voor de 
Berekening van Staalplaatbetonvloeren 
onder Brandomstandigheden
A.F. Hamerlinck

nr 14
De Wijkgedachte in Nederland: 
Gemeenschapsstreven in een 
Stedebouwkundige Context
K. Doevendans
R. Stolzenburg

nr 15
Diaphragm Effect of Trapezoidally 
Profiled Steel Sheets: 
Experimental Research into the 
Influence of Force Application
Andre W.A.M.J. van den Bogaard

nr 16
Versterken met Spuit-Ferrocement: 
Het Mechanische Gedrag van met 
Spuit-Ferrocement Versterkte 
Gewapend Betonbalken
K.B. Lubir
M.C.G. van Wanroy



nr 17
De Tractaten van 
Jean Nicolas Louis Durand
G. van Zeyl

nr 18
Wonen onder een Plat Dak: 
Drie Opstellen over Enkele 
Vooronderstellingen van de 
Stedebouw
K. Doevendans

nr 19
Supporting Decision Making Processes: 
A Graphical and Interactive Analysis of 
Multivariate Data
W. Adams

nr 20
Self-Help Building Productivity: 
A Method for Improving House Building 
by Low-Income Groups Applied to Kenya 
1990-2000
P. A. Erkelens

nr 21
De Verdeling van Woningen: 
Een Kwestie van Onderhandelen
Vincent Smit

nr 22
Flexibiliteit en Kosten in het Ontwerpproces: 
Een Besluitvormingondersteunend Model
M. Prins

nr 23
Spontane Nederzettingen Begeleid: 
Voorwaarden en Criteria in Sri Lanka
Po Hin Thung

nr 24
Fundamentals of the Design of 
Bamboo Structures
Oscar Arce-Villalobos

nr 25
Concepten van de Bouwkunde
M.F.Th. Bax (red.)
H.M.G.J. Trum (red.)

nr 26
Meaning of the Site
Xiaodong Li

nr 27
Het Woonmilieu op Begrip Gebracht: 
Een Speurtocht naar de Betekenis van het 
Begrip 'Woonmilieu'
Jaap Ketelaar

nr 28
Urban Environment in Developing Countries
editors: Peter A. Erkelens 
 George G. van der Meulen (red.)

nr 29
Stategische Plannen voor de Stad: 
Onderzoek en Planning in Drie Steden
prof.dr. H. Fassbinder (red.)
H. Rikhof (red.)

nr 30
Stedebouwkunde en Stadsbestuur
Piet Beekman

nr 31
De Architectuur van Djenné: 
Een Onderzoek naar de Historische Stad
P.C.M. Maas

nr 32
Conjoint Experiments and Retail Planning
Harmen Oppewal

nr 33
Strukturformen Indonesischer Bautechnik: 
Entwicklung Methodischer Grundlagen 
für eine ‘Konstruktive Pattern Language’ 
in Indonesien
Heinz Frick arch. SIA

nr 34
Styles of Architectural Designing: 
Empirical Research on Working Styles 
and Personality Dispositions
Anton P.M. van Bakel

nr 35
Conjoint Choice Models for Urban 
Tourism Planning and Marketing
Benedict Dellaert

nr 36
Stedelijke Planvorming als Co-Produktie
Helga Fassbinder (red.)



nr 37 
Design Research in the Netherlands
editors: R.M. Oxman 
 M.F.Th. Bax 
 H.H. Achten

nr 38 
Communication in the Building Industry
Bauke de Vries

nr 39 
Optimaal Dimensioneren van 
Gelaste Plaatliggers
J.B.W. Stark
F. van Pelt
L.F.M. van Gorp
B.W.E.M. van Hove

nr 40 
Huisvesting en Overwinning van Armoede
P.H. Thung 
P. Beekman (red.)

nr 41 
Urban Habitat: 
The Environment of Tomorrow
George G. van der Meulen 
Peter A. Erkelens

nr 42
A Typology of Joints
John C.M. Olie

nr 43
Modeling Constraints-Based Choices 
for Leisure Mobility Planning
Marcus P. Stemerding 

nr 44
Activity-Based Travel Demand Modeling
Dick Ettema

nr 45
Wind-Induced Pressure Fluctuations 
on Building Facades
Chris Geurts

nr 46
Generic Representations
Henri Achten

nr 47
Johann Santini Aichel: 
Architectuur en Ambiguiteit
Dirk De Meyer

nr 48
Concrete Behaviour in Multiaxial 
Compression
Erik van Geel

nr 49
Modelling Site Selection
Frank Witlox

nr 50
Ecolemma Model
Ferdinand  Beetstra

nr 51
Conjoint Approaches to Developing 
Activity-Based Models
Donggen Wang 

nr 52
On the Effectiveness of Ventilation
Ad Roos

nr 53
Conjoint Modeling Approaches for 
Residential Group preferences
Eric Molin

nr 54
Modelling Architectural Design 
Information by Features
Jos van Leeuwen

nr 55
A Spatial Decision Support System for 
the Planning of Retail and Service Facilities
Theo Arentze

nr 56
Integrated Lighting System Assistant
Ellie de Groot

nr 57
Ontwerpend Leren, Leren Ontwerpen
J.T. Boekholt

nr 58
Temporal Aspects of Theme Park Choice 
Behavior
Astrid Kemperman

nr 59
Ontwerp van een Geïndustrialiseerde 
Funderingswijze
Faas Moonen



nr 60
Merlin: A Decision Support System 
for Outdoor Leisure Planning
Manon van Middelkoop

nr 61
The Aura of Modernity
Jos Bosman 

nr 62
Urban Form and Activity-Travel Patterns
Daniëlle Snellen

nr 63
Design Research in the Netherlands 2000
Henri Achten

nr 64
Computer Aided Dimensional Control in 
Building Construction
Rui Wu

nr 65
Beyond Sustainable Building
editors: Peter A. Erkelens
 Sander de Jonge
 August A.M. van Vliet
co-editor: Ruth J.G. Verhagen

nr 66
Das Globalrecyclingfähige Haus
Hans Löfflad

nr 67
Cool Schools for Hot Suburbs
René J. Dierkx

nr 68
A Bamboo Building Design Decision 
Support Tool
Fitri Mardjono

nr 69
Driving Rain on Building Envelopes
Fabien van Mook

nr 70
Heating Monumental Churches
Henk Schellen

nr 71
Van Woningverhuurder naar 
Aanbieder van Woongenot
Patrick Dogge 

nr 72
Moisture Transfer Properties of 
Coated Gypsum
Emile Goossens

nr 73
Plybamboo Wall-Panels for Housing
Guillermo E. González-Beltrán

nr 74
The Future Site-Proceedings
Ger Maas
Frans van Gassel

nr 75
Radon transport in 
Autoclaved Aerated Concrete
Michel van der Pal

nr 76
The Reliability and Validity of Interactive 
Virtual Reality Computer Experiments
Amy Tan 

nr 77
Measuring Housing Preferences Using 
Virtual Reality and Belief Networks
Maciej A. Orzechowski

nr 78
Computational Representations of Words 
and Associations in Architectural Design
Nicole Segers

nr 79
Measuring and Predicting Adaptation in 
Multidimensional Activity-Travel Patterns
Chang-Hyeon Joh

nr 80
Strategic Briefing
Fayez Al Hassan

nr 81
Well Being in Hospitals
Simona Di Cicco

nr 82
Solares Bauen:
Implementierungs- und Umsetzungs-
Aspekte in der Hochschulausbildung 
in Österreich
Gerhard Schuster



nr 83
Supporting Strategic Design of 
Workplace Environments with 
Case-Based Reasoning
Shauna Mallory-Hill

nr 84
ACCEL: A Tool for Supporting Concept 
Generation in the Early Design Phase 
Maxim Ivashkov

nr 85
Brick-Mortar Interaction in Masonry 
under Compression
Ad Vermeltfoort

nr 86 
Zelfredzaam Wonen
Guus van Vliet

nr 87
Een Ensemble met Grootstedelijke Allure
Jos Bosman
Hans Schippers

nr 88
On the Computation of Well-Structured 
Graphic Representations in Architectural 
Design 
Henri Achten

nr 89
De Evolutie van een West-Afrikaanse 
Vernaculaire Architectuur
Wolf Schijns

nr 90
ROMBO Tactiek
Christoph Maria Ravesloot

nr 91
External Coupling between Building 
Energy Simulation and Computational 
Fluid Dynamics
Ery Djunaedy

nr 92
Design Research in the Netherlands 2005
editors: Henri Achten
 Kees Dorst
 Pieter Jan Stappers
 Bauke de Vries

nr 93
Ein Modell zur Baulichen Transformation
Jalil H. Saber Zaimian

nr 94
Human Lighting Demands: 
Healthy Lighting in an Office Environment
Myriam Aries

nr 95
A Spatial Decision Support System for 
the Provision and Monitoring of Urban 
Greenspace
Claudia Pelizaro

nr 96
Leren Creëren
Adri Proveniers

nr 97
Simlandscape
Rob de Waard

nr 98
Design Team Communication
Ad den Otter

nr 99
Humaan-Ecologisch 
Georiënteerde Woningbouw
Juri Czabanowski

nr 100
Hambase
Martin de Wit

nr 101
Sound Transmission through Pipe 
Systems and into Building Structures
Susanne Bron-van der Jagt

nr 102
Het Bouwkundig Contrapunt
Jan Francis Boelen

nr 103
A Framework for a Multi-Agent 
Planning Support System
Dick Saarloos

nr 104
Bracing Steel Frames with Calcium 
Silicate Element Walls
Bright Mweene Ng’andu

nr 105
Naar een Nieuwe Houtskeletbouw
F.N.G. De Medts



nr 106 and 107
Niet gepubliceerd

nr 108
Geborgenheid
T.E.L. van Pinxteren

nr 109
Modelling Strategic Behaviour in 
Anticipation of Congestion
Qi Han

nr 110
Reflecties op het Woondomein
Fred Sanders

nr 111
On Assessment of Wind Comfort 
by Sand Erosion
Gábor Dezsö

nr 112
Bench Heating in Monumental Churches 
Dionne Limpens-Neilen

nr 113
RE. Architecture
Ana Pereira Roders

nr 114
Toward Applicable Green Architecture
Usama El Fiky

nr 115
Knowledge Representation under 
Inherent Uncertainty in a Multi-Agent 
System for Land Use Planning
Liying Ma

nr 116
Integrated Heat Air and Moisture 
Modeling and Simulation
Jos van Schijndel

nr 117
Concrete Behaviour in Multiaxial 
Compression
J.P.W. Bongers

nr 118
The Image of the Urban Landscape
Ana Moya Pellitero

nr 119
The Self-Organizing City in Vietnam
Stephanie Geertman

nr 120
A Multi-Agent Planning Support 
System for Assessing Externalities 
of Urban Form Scenarios
Rachel Katoshevski-Cavari

nr 121
Den Schulbau Neu Denken, 
Fühlen und Wollen
Urs Christian Maurer-Dietrich

nr 122
Peter Eisenman Theories and 
Practices
Bernhard Kormoss

nr 123
User Simulation of Space Utilisation
Vincent Tabak

nr 125
In Search of a Complex System Model
Oswald Devisch

nr 126
Lighting at Work:
Environmental Study of Direct Effects 
of Lighting Level and Spectrum on
Psycho-Physiological Variables
Grazyna Górnicka

nr 127
Flanking Sound Transmission through 
Lightweight Framed Double Leaf Walls
Stefan Schoenwald

nr 128
Bounded Rationality and Spatio-Temporal 
Pedestrian Shopping Behavior
Wei Zhu

nr 129
Travel Information:
Impact on Activity Travel Pattern
Zhongwei Sun

nr 130
Co-Simulation for Performance 
Prediction of Innovative Integrated 
Mechanical Energy Systems in Buildings
Marija Trcka

nr 131
Niet gepubliceerd

�



nr 132
Architectural Cue Model in Evacuation 
Simulation for Underground Space Design
Chengyu Sun

nr 133
Uncertainty and Sensitivity Analysis in 
Building Performance Simulation for 
Decision Support and Design Optimization
Christina Hopfe

nr 134
Facilitating Distributed Collaboration 
in the AEC/FM Sector Using Semantic 
Web Technologies
Jacob Beetz

nr 135
Circumferentially Adhesive Bonded Glass 
Panes for Bracing Steel Frame in Façades
Edwin Huveners

nr 136
Influence of Temperature on Concrete 
Beams Strengthened in Flexure 
with CFRP
Ernst-Lucas Klamer

nr 137
Sturen op Klantwaarde
Jos Smeets

nr 139
Lateral Behavior of Steel Frames 
with Discretely Connected Precast Concrete 
Infill Panels
Paul Teewen

nr 140
Integral Design Method in the Context 
of Sustainable Building Design
Perica Savanovic

nr 141
Household Activity-Travel Behavior: 
Implementation of Within-Household 
Interactions
Renni Anggraini

nr 142
Design Research in the Netherlands 2010
Henri Achten

nr 143
Modelling Life Trajectories and Transport 
Mode Choice Using Bayesian Belief Networks
Marloes Verhoeven

nr 144
Assessing Construction Project 
Performance in Ghana
William Gyadu-Asiedu

nr 145
Empowering Seniors through 
Domotic Homes
Masi Mohammadi

nr 146
An Integral Design Concept for
Ecological Self-Compacting Concrete
Martin Hunger

nr 147
Governing Multi-Actor Decision Processes 
in Dutch Industrial Area Redevelopment
Erik Blokhuis

nr 148
A Multifunctional Design Approach 
for Sustainable Concrete
Götz Hüsken

nr 149
Quality Monitoring in Infrastructural 
Design-Build Projects
Ruben Favié

nr 150
Assessment Matrix for Conservation of 
Valuable Timber Structures
Michael Abels

nr 151
Co-simulation of Building Energy Simulation 
and Computational Fluid Dynamics for 
Whole-Building Heat, Air and Moisture 
Engineering
Mohammad Mirsadeghi

nr 152
External Coupling of Building Energy 
Simulation and Building Element Heat, 
Air and Moisture Simulation
Daniel Cóstola

´



nr 153
Adaptive Decision Making In 
Multi-Stakeholder Retail Planning 
Ingrid Janssen

nr 154
Landscape Generator
Kymo Slager

nr 155
Constraint Specification in Architecture
Remco Niemeijer

nr 156
A Need-Based Approach to 
Dynamic Activity Generation
Linda Nijland

nr 157
Modeling Office Firm Dynamics in an 
Agent-Based Micro Simulation Framework
Gustavo Garcia Manzato

nr 158
Lightweight Floor System for 
Vibration Comfort
Sander Zegers

nr 159
Aanpasbaarheid van de Draagstructuur
Roel Gijsbers

nr 160
'Village in the City' in Guangzhou, China
Yanliu Lin

nr 161
Climate Risk Assessment in Museums
Marco Martens

nr 162
Social Activity-Travel Patterns
Pauline van den Berg

nr 163
Sound Concentration Caused by 
Curved Surfaces
Martijn Vercammen

nr 164
Design of Environmentally Friendly 
Calcium Sulfate-Based Building Materials: 
Towards an Improved Indoor Air Quality
Qingliang Yu

nr 165
Beyond Uniform Thermal Comfort 
on the Effects of Non-Uniformity and 
Individual Physiology
Lisje Schellen

nr 166
Sustainable Residential Districts
Gaby Abdalla 

nr 167
Towards a Performance Assessment 
Methodology using Computational 
Simulation for Air Distribution System 
Designs in Operating Rooms
Mônica do Amaral Melhado

nr 168
Strategic Decision Modeling in 
Brownfield Redevelopment
Brano Glumac

nr 169
Pamela: A Parking Analysis Model 
for Predicting Effects in Local Areas
Peter van der Waerden

nr 170
A Vision Driven Wayfinding Simulation-System 
Based on the Architectural Features Perceived 
in the Office Environment
Qunli Chen

nr 171
Measuring Mental Representations 
Underlying Activity-Travel Choices
Oliver Horeni

nr 172
Modelling the Effects of Social Networks 
on Activity and Travel Behaviour
Nicole Ronald

nr 173
Uncertainty Propagation and Sensitivity 
Analysis Techniques in Building Performance 
Simulation to Support Conceptual Building 
and System Design
Christian Struck

nr 174
Numerical Modeling of Micro-Scale 
Wind-Induced Pollutant Dispersion 
in the Built Environment
Pierre Gousseau



nr 175
Modeling Recreation Choices 
over the Family Lifecycle
Anna Beatriz Grigolon

nr 176
Experimental and Numerical Analysis of 
Mixing Ventilation at Laminar, Transitional 
and Turbulent Slot Reynolds Numbers
Twan van Hooff

nr 177
Collaborative Design Support:
Workshops to Stimulate Interaction and 
Knowledge Exchange Between Practitioners
Emile M.C.J. Quanjel

nr 178
Future-Proof Platforms for Aging-in-Place
Michiel Brink

nr 179
Motivate: 
A Context-Aware Mobile Application for
Physical Activity Promotion
Yuzhong Lin

nr 180
Experience the City:
Analysis of Space-Time Behaviour and 
Spatial Learning 
Anastasia Moiseeva

nr 181
Unbonded Post-Tensioned Shear Walls of 
Calcium Silicate Element Masonry
Lex van der Meer

nr 182
Construction and Demolition Waste 
Recycling into Innovative Building Materials 
for Sustainable Construction in Tanzania
Mwita M. Sabai

nr 183
Durability of Concrete
with Emphasis on Chloride Migration

nr 184
Computational Modeling of Urban 
Wind Flow and Natural Ventilation Potential 
of Buildings 
Rubina Ramponi

nr 185
A Distributed Dynamic Simulation 
Mechanism for Buildings Automation 
and Control Systems
Azzedine Yahiaoui

nr 186
Modeling Cognitive Learning of Urban
Networks in Daily Activity-Travel Behavior
Sehnaz Cenani Durmazoglu

nr 187
Functionality and Adaptability of Design 
Solutions for Public Apartment Buildings
in Ghana
Stephen Agyefi-Mensah

nr 188
A Construction Waste Generation Model 
for Developing Countries
Lilliana Abarca-Guerrero

nr 189
Synchronizing Networks:
The Modeling of Supernetworks for 
Activity-Travel Behavior
Feixiong Liao

nr 190
Time and Money Allocation Decisions 
in Out-of-Home Leisure Activity Choices 
Gamze Zeynep Dane

nr 191
How to Measure Added Value of CRE and 
Building Design 
Rianne Appel-Meulenbroek

nr 192
Secondary Materials in Cement-Based 
Products:
Treatment, Modeling and Environmental 
Interaction
Miruna Florea

nr 193
Concepts for the Robustness Improvement 
of Self-Compacting Concrete: 
Effects of Admixtures and Mixture 
Components on the Rheology and Early 
Hydration at Varying Temperatures
Wolfram Schmidt

¸



nr 194
Modelling and Simulation of Virtual Natural 
Lighting Solutions in Buildings
Rizki A. Mangkuto

nr 195
Nano-Silica Production at Low Temperatures 
from the Dissolution of Olivine - Synthesis, 
Tailoring and Modelling
Alberto Lazaro Garcia

nr 196
Building Energy Simulation Based 
Assessment of Industrial Halls for 
Design Support
Bruno Lee

nr 197
Computational Performance Prediction 
of the Potential of Hybrid Adaptable 
Thermal Storage Concepts for Lightweight 
Low-Energy Houses 
Pieter-Jan Hoes

nr 198
Application of Nano-Silica in Concrete 
George Quercia Bianchi

nr 199
Dynamics of Social Networks and Activity 
Travel Behaviour
Fariya Sharmeen

nr 200
Building Structural Design Generation and 
Optimisation including Spatial Modification
Juan Manuel Davila Delgado

nr 201
Hydration and Thermal Decomposition of 
Cement/Calcium-Sulphate Based Materials
Ariën de Korte

nr 202
Republiek van Beelden:
De Politieke Werkingen van het Ontwerp in 
Regionale Planvorming
Bart de Zwart

nr 203
Effects of Energy Price Increases on 
Individual Activity-Travel Repertoires and 
Energy Consumption
Dujuan Yang

nr 204
Geometry and Ventilation:
Evaluation of the Leeward Sawtooth Roof 
Potential in the Natural Ventilation of 
Buildings
Jorge Isaac Perén Montero

nr 205
Computational Modelling of Evaporative 
Cooling as a Climate Change Adaptation 
Measure at the Spatial Scale of Buildings 
and Streets
Hamid Montazeri

nr 206
Local Buckling of Aluminium Beams in Fire 
Conditions
Ronald van der Meulen

nr 207
Historic Urban Landscapes:
Framing the Integration of Urban and 
Heritage Planning in Multilevel Governance
Loes Veldpaus

nr 208
Sustainable Transformation of the Cities:
Urban Design Pragmatics to Achieve a 
Sustainable City
Ernesto Antonio Zumelzu Scheel

nr 209
Development of Sustainable Protective 
Ultra-High Performance Fibre Reinforced 
Concrete (UHPFRC):
Design, Assessment and Modeling
Rui Yu

nr 210
Uncertainty in Modeling Activity-Travel 
Demand in Complex Uban Systems
Soora Rasouli

nr 211
Simulation-based Performance Assessment 
of Climate Adaptive Greenhouse Shells
Chul-sung Lee

nr 212
Green Cities:
Modelling the Spatial Transformation of 
the Urban Environment using Renewable 
Energy Technologies
Saleh Mohammadi



nr 213
A Bounded Rationality Model of Short and 
Long-Term Dynamics of Activity-Travel 
Behavior
Ifigeneia Psarra

nr 214
Effects of Pricing Strategies on Dynamic 
Repertoires of Activity-Travel Behaviour
Elaheh Khademi

nr 215
Handstorm Principles for Creative and 
Collaborative Working
Frans van Gassel

nr 216
Light Conditions in Nursing Homes:
Visual Comfort and Visual Functioning of 
Residents 
Marianne M. Sinoo

nr 217
Woonsporen:
De Sociale en Ruimtelijke Biografie van 
een Stedelijk Bouwblok in de Amsterdamse 
Transvaalbuurt 
Hüseyin Hüsnü Yegenoglu

nr 218
Studies on User Control in Ambient 
Intelligent Systems
Berent Willem Meerbeek

nr 219
Daily Livings in a Smart Home:
Users’ Living Preference Modeling of Smart 
Homes
Erfaneh Allameh

nr 220
Smart Home Design:
Spatial Preference Modeling of Smart 
Homes
Mohammadali Heidari Jozam

nr 221
Wonen:
Discoursen, Praktijken, Perspectieven
Jos Smeets

nr 222
Personal Control over Indoor Climate in 
Offices:
Impact on Comfort, Health and Productivity
Atze Christiaan Boerstra

nr 223
Personalized Route Finding in Multimodal 
Transportation Networks
Jianwe Zhang

nr 224
The Design of an Adaptive Healing Room 
for Stroke Patients
Elke Daemen 

nr 225
Experimental and Numerical Analysis of 
Climate Change Induced Risks to Historic 
Buildings and Collections
Zara Huijbregts

nr 226
Wind Flow Modeling in Urban Areas Through 
Experimental and Numerical Techniques
Alessio Ricci

nr 227
Clever Climate Control for Culture:
Energy Efficient Indoor Climate Control 
Strategies for Museums Respecting 
Collection Preservation and Thermal 
Comfort of Visitors
Rick Kramer

nr 228
Fatigue Life Estimation of Metal Structures 
Based on Damage Modeling
Sarmediran Silitonga 

nr 229
A multi-agents and occupancy based 
strategy for energy management and 
process control on the room-level
Timilehin Moses Labeodan

nr 230
Environmental assessment of Building 
Integrated Photovoltaics:
Numerical and Experimental Carrying 
Capacity Based Approach
Michiel Ritzen 

nr 231
Performance of Admixture and Secondary 
Minerals in Alkali Activated Concrete:
Sustaining a Concrete Future 
Arno Keulen 



nr 232
World Heritage Cities and Sustainable 
Urban Development: 
Bridging Global and Local Levels in Monitor-
ing the Sustainable Urban Development of 
World Heritage Cities 
Paloma C. Guzman Molina 

nr 233 
Stage Acoustics and Sound Exposure in 
Performance and Rehearsal Spaces for 
Orchestras: 
Methods for Physical Measurements
Remy Wenmaekers

nr 234
Municipal Solid Waste Incineration (MSWI) 
Bottom Ash:
From Waste to Value Characterization, 
Treatments and Application
Pei Tang

nr 235
Large Eddy Simulations Applied to Wind 
Loading and Pollutant Dispersion
Mattia Ricci

nr 236
Alkali Activated Slag-Fly Ash Binders: 
Design, Modeling and Application
Xu Gao

nr 237
Sodium Carbonate Activated Slag: 
Reaction Analysis, Microstructural 
Modification & Engineering Application
Bo Yuan

nr 238
Shopping Behavior in Malls
Widiyani

nr 239
Smart Grid-Building Energy Interactions:
Demand Side Power Flexibility in Office 
Buildings
Kennedy Otieno Aduda

nr 240
Modeling Taxis Dynamic Behavior in 
Uncertain Urban Environments
Zheng Zhong 

nr 241
Gap-Theoretical Analyses of Residential 
Satisfaction and Intention to Move 
Wen Jiang

nr 242
Travel Satisfaction and Subjective Well-Being: 
A Behavioral Modeling Perspective 
Yanan Gao

nr 243
Building Energy Modelling to Support 
the Commissioning of Holistic Data Centre 
Operation
Vojtech Zavrel

nr 244
Regret-Based Travel Behavior Modeling:
An Extended Framework
Sunghoon Jang

nr 245
Towards Robust Low-Energy Houses: 
A Computational Approach for Performance 
Robustness Assessment using Scenario 
Analysis
Rajesh Reddy Kotireddy

nr 246
Development of sustainable and 
functionalized inorganic binder-biofiber 
composites
Guillaume Doudart de la Grée

nr 247
A Multiscale Analysis of the Urban Heat 
Island Effect: From City Averaged 
Temperatures to the Energy Demand of 
Individual Buildings
Yasin Toparlar

nr 248
Design Method for Adaptive Daylight 
Systems for buildings covered by large 
(span) roofs
Florian Heinzelmann

nr 249
Hardening, high-temperature resistance and 
acid resistance of one-part geopolymers
Patrick Sturm



nr 250
Effects of the built environment on dynamic 
repertoires of activity-travel behaviour
Aida Pontes de Aquino

nr 251
Modeling for auralization of urban 
environments: Incorporation of directivity in 
sound propagation and analysis of a frame-
work for auralizing a car pass-by
Fotis Georgiou

nr 252
Wind Loads on Heliostats and Photovoltaic 
Trackers
Andreas Pfahl

nr 253
Approaches for computational performance 
optimization of innovative adaptive façade 
concepts
Roel Loonen

nr 254
Multi-scale FEM-DEM Model for Granular 
Materials: Micro-scale boundary conditions, 
Statics, and Dynamics
Jiadun Liu

nr 255
Bending Moment - Shear Force Interaction 
of Rolled I-Shaped Steel Sections
Rianne Willie Adriana Dekker

nr 256
Paralympic tandem cycling and hand-
cycling: Computational and wind tunnel 
analysis of aerodynamic performance
Paul Fionn Mannion

nr 257
Experimental characterization and nu-
merical modelling of 3D printed concrete: 
Controlling structural behaviour in the fresh 
and hardened state
Robert Johannes Maria Wolfs

nr 258
Requirement checking in the building indus-
try: Enabling modularized and extensible 
requirement checking systems based on 
semantic web technologies
Chi Zhang

nr 259
A Sustainable Industrial Site Redevelop-
ment Planning Support System
Tong Wang

nr 260
Efficient storage and retrieval of detailed 
building models: Multi-disciplinary and 
long-term use of geometric and semantic 
construction information
Thomas Ferdinand Krijnen

nr 261
The users’ value of business center concepts 
for knowledge sharing and networking be-
havior within and between organizations
Minou Weijs-Perrée

nr 262
Characterization and improvement of aero-
dynamic performance of vertical axis 
wind turbines using computational fluid 
dynamics (CFD)
Abdolrahim Rezaeiha

nr 263
In-situ characterization of the acoustic 
impedance of vegetated roofs
Chang Liu

nr 264
Occupancy-based lighting control: Develop-
ing an energy saving strategy that ensures 
office workers’ comfort
Christel de Bakker

nr 265
Stakeholders-Oriented Spatial Decision 
Support System
Cahyono Susetyo

nr 266
Climate-induced damage in oak museum 
objects
Rianne Aleida Luimes

nr 267
Towards individual thermal comfort:
Model predictive personalized control of 
heating systems
Katarina Katic



nr 268
Modelling and Measuring Quality of Urban 
Life: Housing, Neighborhood, Transport and 
Job
Lida Aminian

nr 269
Optimization of an aquifer thermal energy 
storage system through integrated model-
ling of aquifer, HVAC systems and building
Basar Bozkaya

nr 270
Numerical modeling for urban sound 
propagation: developments in wave-based 
and energy-based methods
Raúl Pagán Muñoz

nr 271
Lighting in multi-user office environments: 
improving employee wellbeing through 
personal control
Sanae van der Vleuten-Chraibi

nr 272
A strategy for fit-for-purpose occupant 
behavior modelling in building energy and 
comfort performance simulation
Isabella I. Gaetani dell’Aquila d’Aragona

nr 273
Een architectuurhistorische waardestelling 
van naoorlogse woonwijken in Nederland: 
Het voorbeeld van de Westelijke Tuinsteden 
in Amsterdam
Eleonore Henriette Marie Mens

nr 274
Job-Housing Co-Dependent Mobility 
Decisions in Life Trajectories
Jia Guo

nr 275
A user-oriented focus to create healthcare 
facilities: decision making on strategic 
values
Emilia Rosalia Catharina Maria Huisman

nr 276
Dynamics of plane impinging jets at 
moderate Reynolds numbers – 
with applications to air curtains
Adelya Khayrullina

nr 277
Valorization of Municipal Solid Waste 
Incineration Bottom Ash - Chemical Nature, 
Leachability and Treatments of Hazardous 
Elements
Qadeer Alam

nr 278
Treatments and valorization of MSWI 
bottom ash - application in cement-based 
materials
Veronica Caprai

nr 279
Personal lighting conditions of office 
workers - input for intelligent systems to 
optimize subjective alertness
Juliëtte van Duijnhoven

nr 280
Social influence effects in tourism travel: air 
trip itinerary and destination choices
Xiaofeng Pan

nr 281
Advancing Post-War Housing: Integrating 
Heritage Impact, Environmental Impact, 
Hygrothermal Risk and Costs in Renovation 
Design Decisions
Lisanne Claartje Havinga

nr 282
Impact resistant ultra-high performance 
fibre reinforced concrete: materials, compo-
nents and properties
Peipeng Li

nr 283
Demand-driven Science Parks: The Per-
ceived Benefits and Trade-offs of Tenant 
Firms with regard to Science Park Attributes
Wei Keat Benny Ng

nr 284
Raise the lantern; how light can help to 
maintain a healthy and safe hospital 
environment focusing on nurses
Maria Petronella Johanna Aarts

nr 285
Modelling Learning and Dynamic Route and 
Parking Choice Behaviour under Uncertainty
Elaine Cristina Schneider de Carvalho



nr 286
Identifying indoor local microclimates for 
safekeeping of cultural heritage
Karin Kompatscher

nr 287
Probabilistic modeling of fatigue 
resistance for welded and riveted bridge 
details. Resistance models and estimation 
of uncertainty.
Davide Leonetti

nr 288
Performance of Layered UHPFRC under 
Static and Dynamic Loads: Effects of steel 
fibers, coarse aggregates and layered 
structures
Yangyueye Cao

nr 289
Photocatalytic abatement of the nitrogen 
oxide pollution: synthesis, application 
and long-term evaluation of titania-silica 
composites
Yuri Hendrix

nr 290
Assessing knowledge adoption in post-
disaster reconstruction: Understanding the 
impact of hazard-resistant construction 
knowledge on reconstruction processes of 
self-recovering communities in Nepal and 
the Philippines
Eefje Hendriks

nr 291
Locating electric vehicle charging stations: 
A multi-agent based dynamic simulation
Seheon Kim

nr 292
De invloed van Lean Management op de 
beheersing van het bouwproces
Wim van den Bouwhuijsen

nr 293
Neighborhood Environment and Physical 
Activity of Older Adults
Zhengying Liu

nr 294
Practical and continuous luminance 
distribution measurements for lighting 
quality
Thijs Willem Kruisselbrink

nr 295
Auditory Distraction in Open-Plan Study 
Environments in Higher Education
Pieternella Elizabeth Braat-Eggen

nr 296
Exploring the effect of the sound environ-
ment on nurses' task performance: an 
applied approach focusing on prospective 
memory
Jikke Reinten

nr 297
Design and performance of water resist-
ant cementitious materials– Mechanisms, 
evaluation and applications
Zhengyao Qu

nr 298
Design Optimization of Seasonal Thermal 
Energy Storage Integrated District Heating 
and Cooling System: A Modeling and Simu-
lation Approach
Luyi Xu

nr 299
Land use and transport: Integrated ap-
proaches for planning and management
Zhongqi Wang

nr 300
Multi-disciplinary optimization of building 
spatial designs: co-evolutionary design 
process simulations, evolutionary 
algorithms, hybrid approaches
Sjonnie Boonstra

nr 301
Modeling the spatial and temporal relation 
between urban land use, temperature, and 
energy demand
Hung-Chu Chen

nr 302
Seismic retrofitting of masonry walls with 
flexible deep mounted CFRP strips
Ömer Serhat Türkmen

nr 303
Coupled Aerostructural Shape and 
Topology Optimization of Horizontal-Axis 
Wind Turbine Rotor Blades
Zhijun Wang



nr 304
Valorization of Recycled Waste Glass and 
Converter Steel Slag as Ingredients for 
Building Materials: Hydration and Carbona-
tion Studies
Gang Liu

nr 305
Low-Carbon City Development based on 
Land Use Planning
Gengzhe Wang

nr 306
Sustainable energy transition scenario 
analysis for buildings and neighborhoods - 
Data driven optimization
Shalika Saubhagya Wickramarachchi Walker




	berrakkirbasakyurek_phdthesis_15122020_e_final
	berrakkirbasakyurek_phdthesis_15122020_e_final
	1.1 Literature Review
	1.1.1 Scope
	1.1.2 Potentials & Problems

	1.2 Objective of Thesis and Research Questions
	1.3 Methodology
	1.4 Original Contribution
	1.5 Structure of the Thesis
	2.1 Questioning the Concept of Nature
	2.2 Summary of the Changing Dynamics in Building Design Through the Concept of Nature
	2.3 Summary of the Changing Dynamics in Building Design   through the Development of Technologies
	2.4 Shifting Notions of Nature and Technology in Contemporary Concepts
	2.5 Discussion on the Changing Dynamics in Building Design in-between Living and Manufactured
	2.6 Conclusions
	3.1 Methodology
	3.2 Literature Review
	3.3 Findings and Discussions
	3.4 Conclusions
	4.1 Methodology
	4.1.1  Level of Technological Integration
	4.1.2 Determination of the Relevance with Building Design

	4.2 Examples of Biobuilding Components
	4.3 Findings and Discussions
	4.4 Conclusions
	5.1 A Building Design Experiment in Building Design Studio
	5.1.1 Methodology
	5.1.2 Phase 01, Warm-Up
	5.1.3 Phase 02, The Experiment
	5.1.4 Final presentations & Key Results

	5.2 Conclusions
	6.1 Interviews with the Practitioners
	6.1.1 Methodology
	6.1.2 Summary of the Interviews
	6.1.3 Development of Biobuilding Components and their Integration into Building Design

	6.2 Conclusions
	7.1 Research Questions Revisited
	7.2 Recommendations
	7.3.2 Recommendations for Future Research and Practice

	7.3 Closing Remarks
	Interview I
	Interview II
	Interview III
	Interview IV
	Interview V
	Interview VI
	Interview VII
	Interview VIII
	Interview IX
	Interview X
	Interview XI
	Interview XII
	Interview XIII
	Interview XIV
	Interview XV
	Interview XVI
	Interview XVII
	Interview XVIII


	Bouwstenen reeds verschenen tm 306 - A4



