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Abstract  
 
The possibility to fabricate materials from living organisms offers appealing advantages for product 
design, such as higher sustainability and an interesting novel aesthetics. Several designers are now 
‘growing’ their own materials. Despite the large interest shown, this emerging material practice is still 
scarcely understood in design literature. The aim of this paper is to shed light on what it means to design 
with growing organisms as collaborators, identifying the defining traits of this novel, designerly way of 
‘doing materials’. To do so, we first compare this specific approach to the approaches of others working 
in the intersections of biology and design. In this way, we outline the boundaries of Growing Design, 
defining its unique characteristics. We then provide detailed descriptions of three classes of Growing 
Materials: fungal, bacterial and algal materials. For each class, we bring two examples of designers 
utilizing these materials for industrial design purposes. This helps to further explain what truly 
distinguishes Growing Materials from other conventional materials and to understand the challenges in 
working with them. Finally, this discussion enables us to set out a research agenda for Growing Design, 
supporting the development of these materials for industrial production. 

Keywords   
Alive Materials; Mycelium; Bacterial cellulose; Algae; Materials Experience 
 

Over the last decade, designers have started fabricating new materials by utilizing the natural processes 
of growth and reproduction of living organisms such as fungi, bacteria and algae. Among others, the 
works of Suzanne Lee (BioCouture) and of Maurizio Montalti (Officina Corpuscoli) were pioneering in this 
new field at the intersection of design and biology. In the case of BioCouture, Suzanne Lee developed a 
collection of garments that were grown from bacteria by the fermentation of sugar and green tea (Lee, 
2011). In his ongoing project, Maurizio Montalti explores strategies to employ mycelium (the ‘alive’ agent 
of fungi) for the production of novel materials and to explore alternative manufacturing techniques. Both 
designers achieved to develop a range of materials with different characteristics, from paper-like to 
leather-like, which offer promising technical properties and aesthetic qualities (Montalti, n.d.).  

This approach to materials for product design originates from the advances in biotechnology, which were 
originally developed for the fabrication of biological tissues, such as skins and organs for medical 
purposes (Mironov, Trusk, Kasyanov, Little, Swaja, & Markwald, 2009). With the democratization of 
science and manufacturing technologies (Rognoli et al., 2015), biofabrication has become relatively 
accessible to non-experts. The fascinating opportunity to co-create with Nature, the diverse forms of 
expressions that can be achieved, and the possibility to reimagine the paradigms of production motivate 
the cross-fertilization of biology with art, architecture and design (Antonelli, 2012).  

‘Growing Design’ (Montalti, n.d.; Ciuffi, 2013), which we define as the fabrication of materials and 
products from living organisms, can be considered as a type of “DIY material practice” (Rognoli, 
Bianchini, Maffei & Karana, 2015). ‘DIY materials’ are designed and created through individual or 
collective self-production practices, often by techniques and processes of the designer’s own invention 
(Rognoli et al., 2015). Through this lens, it is possible to identify other potential motivations that trigger 
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the interest of designers towards Growing Design. These are: the opportunity of novel aesthetics, in 
contrast with the standardized model of perfection of industrial products; and the willingness of designers 
to have a self-controlled production process from the material development to the embodiment of a 
product (Rognoli et al., 2015).  

All the reasons listed above have made the process of growing materials extremely appealing to 
designers. The amount of design exhibitions (e.g. Fungal Futures, NL: Montalti, 2016; This is Alive, FR: 
Collet, 2013), conferences (e.g. Biofabricate, NY: http://www.biofabricate.co/) and journals (e.g. 
Pavlovich, Hunsberger, & Atala, 2016; Mironov et al., 2009), as well as the establishment of online 
communities (e.g. Growing Materials, 2016) and bio-labs (e.g. Open WetLab at Waag Society, NL: 
Evers, 2016) are clear indications of the increasing amount of interest among design communities 
toward the production of materials from living organisms. 

Despite the large interest, the phenomenon of Growing Design is still scarcely understood. The lack of a 
clear vocabulary and the confusion with other approaches that merge biology and design are evidences 
of this issue. In this paper, we aim to define what the practice of Growing Design is about, gaining more 
knowledge on what type of materials are grown for design purposes and how the process of fabricating 
them unfolds. We will first position Growing Design among other approaches that merge biology and 
design. This will give us a refined definition of the Growing Design practice. Furthermore, we will 
elucidate on three classes of materials derived from living organisms, namely fungal, bacterial and algal 
materials, to explain their unique opportunities for product design.  

When Biology Meets Design  
Next to Growing Design, there are other approaches looking at the possibility to employ natural systems 
for design purposes. These approaches question the various roles that Nature can take in design, such 
as in rethinking the production of artifacts in a more efficient/sustainable way (e.g. biomimicry: Benyus, 
1997; Cradle-to-Cradle: McDonough & Braungart, 2010). They are often grouped under the notion of 
BioDesign (Myers, 2012), which is described as “the emerging and often radical approach to design that 
draws on biological tenets and even incorporates the use of living materials into structures, objects and 
tools” (Myers, 2012, p.8). In a recent UK-based residency program named ‘Synthetic Aesthetics’, 
professionals of diverse backgrounds, such as design, art and biology, investigated the variety of 
approaches that designers can take to design Nature itself, with a special focus on the possibilities 
offered by synthetic biology (Ginsberg, Calvert, Schyfter, Elfick, & Endy, 2014). Yet, these approaches 
present nuanced differences in how actively (or passively) Nature is employed in the design process. For 
example, Carole Collet grouped 34 innovative projects under five categories based on their possible 
relationships with Nature: 1) Nature as a model (referring to designers as “The Plagiarists”); 2) Nature as 
co-worker in design process (“The New Artisans”); 3) Nature as reprogrammed and synthetic (“The 
BioHackers”); 4) Nature as hybridized with non-living technologies (“The New Alchemists”); 5) Nature as 
conceptualized and imagined in a provocative far future (“The Agents Provocateur”) (Collet, 2013).  

We position the notion of Growing Design under the second theme proposed by Collet, considering 
Nature as a co-worker in the material design process. The first category of the Collet’s taxonomy, which 
refers to Nature-inspired design, uses Nature’s principles to inspire ideas for new materials, forms and 
structures (Oxman, 2010), yet does not directly involve the use of biology, and, as such, of any living 
organisms. Accordingly, we identify four main material design practices at the intersection of biology and 
design: 1) Growing Design; 2) Augmented Biology; 3) Digital Biofabrication; 4) Biodesign fiction. Figure 1 
depicts these practices and maps few related cases to this taxonomy. We retrieved these cases by 
screening two published books (Myers, 2012; Ginsberg et al., 2014), recent exhibitions (Collet, 2013; 
Montalti, 2016), online communities (Growing Materials, n.d.), design blogs (www.dezeen.com) and 
scientific publications (Bader et al. 2016; Oxman, 2015).    
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with living, natural ecosystems in the far future. This approach is grounded in Speculative Design (Dunne 
& Raby, 2013; Sterling, 2005). The practice of Growing Design is rooted instead in the analysis of the 
present manufacturing paradigms, working toward the development of new ways to sustain our 
existence.  

So far, we have described a neat separation between the approaches coupling design and biology. 
However, many recent examples combine a number of them, as, for example, the case of the 3D-printed 
Mycelium chair by Eric Klarenbeek (2016). In this case, the designer used additive manufacturing to print 
a scaffold on which the mycelium can grow. This example couples advanced technologies with a 
growing organism, thus falling under the intersection of the Growing Design and Digital Biofabrication 
approaches (Figure 1). Cases with such nuanced identity are very common, combining multiple 
perspectives to reach the intended design purpose. Using this taxonomy, we can even speculate on 
possible future cases, as identified in Figure 1 (in red) by points (A), (B), (C), and (D). For example, at 
the intersection of Growing Design, Augmented Biology and Digital Biofabrication, we anticipate the 
fabrication of materials by growing genetically modified organisms, whose behavior is tailored by the 
designer through a computational algorithm. Similarly, at the intersection of Growing Design, Augmented 
Biology and BioDesign Fiction (B), we envision that the future plants could be genetically programmed to 
produce “superfoods” along with materials for man-made artifacts – similar to what was already 
conceptualized by Carole Collet in the project BioLace (Collet, 2013).    

The presented taxonomy has helped us to reflect upon the distinct characteristics of Growing Design as 
follows: 

1. Designers cooperate with Nature to achieve specific design purposes 
2. The materials employed in Growing Design are grown from living organisms 
3. Designers do not alter the genetic structure of the living organisms 
4. Designers actively engage in growing the materials (DIY) 
5. The fabrication process is rooted in crafting and making  
6. The material is envisioned to be used in products today or in a probable future  

This list identifies few traits that manifestly characterize the practice of fabricating materials for products 
from living organisms. Having detailed these qualities, we now seek to understand what are the unique 
opportunities that Growing Materials offer to product design. In the next section, we will describe three 
classes of materials fabricated from living organisms, providing illustrative cases for each material class.  

Growing Materials from Living Organisms 
Although organisms like chitin or protocells can be used in Growing Design (Alper, 1992), in this section 
we focus solely on mycelium (fungal materials), bacteria and algae, as these three groups of 
organisms are used relatively more by designers.  

Fungal Materials 
With the term ‘Fungal materials’ we define materials derived from mycelium. ‘Mycelium’ is a network of 
interwoven, thread-like hyphae that constitute the vegetative part of mushrooms (Kavanagh, 2011). 
Fungal materials are grown by two alternative methods: either exploiting the abilities of mycelium to 
interlock other substances within its network, forming a bulk material (mycelium-based composites), or 
harvesting a liquid culture of mycelium (pure mycelium). For mycelium-based composites, the substrates 
used can span from agricultural waste to sawdust, to orange peels or any organic element that can 
provide nutrients to the mycelium. The choice of the substrate has a significant impact on the final 
material, as it influences both the technical properties and the experiential qualities of the material 
(Karana, 2009; Giaccardi & Karana, 2015).  

Pure mycelium materials are instead fabricated from a liquid culture, in which the mycelium is provided 

104



!"#$%&'()*+&,-./01&,23./01&,4563./0&

F.3@&3@0&;.A@3&:E3;.0:3<&T3@0&GD.:.D5-&D04.EDHV&:020<<5;=&8>;&.3<&A;>F3@B&5:4&D5.:35.:04&.:&<353.2&>;&
D52@.:0X<@5I0:&2>:35.:0;<1&?@0&;0<E-3.:A&<EC<35:20&8>;D<&3@.:B&-053@0;X-.I0&<@003<&>8&D530;.5-B&F@.2@&
25:&/5;=&.:&6;>60;3.0<B&4060:4.:A&>:&3@0&:E3;.0:3<&6;>/.4041&M>;&0N5D6-0B&4.880;0:3&2>->;<&5:4&
3;5:<-E20:2=&088023<&25:&C0&>C35.:04&544.:A&2@0D.25-<&T01A1&A-=20;>-&>;&03@5:>-V&3>&3@0&-.JE.4&2E-3E;0&
TQ-5EF@>88B&'()aV1&&

$:&>;40;&3>&>C35.:&566;>6;.530&;0<E-3<&5:4&6;0/0:3&.:8023.>:<&C=&>3@0;&>;A5:.<D<B&3@0&85C;.253.>:&>8&8E:A5-&
D530;.5-<&;0JE.;0<&3@0&<30;.-.O53.>:&>8&3@0&A;>F.:A&0:/.;>:D0:3B&.:2-E4.:A&3@0&<EC<3;530&>:&F@.2@&
D=20-.ED&<@>E-4&A;>F1&?@0&6;>20<<&5-F5=<&<35;3<&F.3@&5&A;>F3@&>8&D=20-.ED&>:&5&C5<0X6-5301&M;>D&3@.<B&
.3&.<&6><<.C-0&3>&.:>2E-530&3@0&<EC<3;530&.:&3@0&25<0&>8&D=20-.EDXC5<04&2>D6><.30<B&>;&3>&.:.3.530&5&<353.2&>;&
5A.35304&2E-3E;01&7060:4.:A&>:&3@0&.:30:404&;0<E-3<B&3@0&A;>F.:A&6;>20<<&25:&-5<3&3F>&3>&3@;00&F00I<1&?>&
0:<E;0&3@0&A;>F3@&>8&D=20-.EDB&.3&.<&:020<<5;=&3>&2;0530&5&2>:3;>--04&0:/.;>:D0:3B&.:&F@.2@&3@0&
30D60;53E;0&5:4&D>.<3E;0&5;0&D5.:35.:04&<35C-01&7060:4.:A&>:&3@0&<3;5.:&>8&8E:A.B&3@0<0&2>:4.3.>:<&25:&
/5;=&8;>D&'\X^(iU&.:&30D60;53E;0&5:4&a(Xa\j&.:&@ED.4.3=1&,3&3@0&0:4&>8&3@.<&6;>20<<B&3@0&D=20-.ED&25:&
C0&I.--04&C=&4;=.:A&3@0&D530;.5-&53&a(iUB&>;&-083&.:&G@.C0;:5304H&<3530B&6;0<0;/.:A&3@0&6><<.C.-.3=&>8&8E3E;0&
A;>F3@1&

L5:E8523E;.:A&>8&6;>4E23<&<35;3.:A&8;>D&D=20-.EDXC5<04&D530;.5-<&.<&6><<.C-0&3@;>EA@&4.880;0:3&
302@:.JE0<B&.:2-E4.:A&2>:/0:3.>:5-&6;>20<<0<&5<&U]U&2E33.:AB&D.--.:AB&-5<0;X2E33.:AB&0321&R3@0;&E:.JE0&
>66>;3E:.3.0<&5;0&>880;04&C=&3@0&D530;.5-<H&8053E;0<+&8>;&0N5D6-0B&5<&D=20-.EDXC5<04&D530;.5-<&25:&A;>F&
.:3>&3@0&<@560&>8&3@0&2>:35.:0;&E<04&3>&85C;.2530&3@0DB&D>-4<&>8&3@0&<5D0&<@560&>8&3@0&8.:5-&6;>4E23&25:&
C0&E<04&5<&A;>F.:A&0:/.;>:D0:31&Q0->FB&F0&6;0<0:3&3F>&25<0<&.--E<3;53.:A&@>F&8E:A5-&D530;.5-<&5;0&E<04&
.:&40<.A:1&&

56$(7-#.8/"(8*(.6$(7'.'/$(9(:"(;!!-(<-+(4$/(=$$0.2(>8$(?,-0&(-+4(=8$@$(A8%$+--/(

& &
M.A&'1&_?@0&M523>;=&>8&3@0&ME3E;0e&h&5&2>:2063&>8&<E<35.:5C-0&652I5A.:A&D540&8;>D&5&D=20-.EDXC5<04&2>D6><.30B&
40/0->604&8>;&3@0&2.;2E-5;X02>:>D=XC5<04&85;D&G9.3&k0&!.A0:&#354H1& 
?@.<&6;>W023&F5<&2>DD.<<.>:04&3>&3@;00&A;54E530<&>8&3@0&K.--0D&40&">>:.:A&,2540D=&C=&3@0&2>D65:=&
9.3&k0&!.A0:&#354B&5&2.3=&85;D&.:&[>330;45D&8>2E<04&>:&2.;2E-5;&8>>4&6;>4E23.>:&T/5:&40;&S00<3B&,A5<.B&
L>-0:55;B&:141V1&?@0&6;>W023&5.D04&53&3@0&40/0->6D0:3&>8&<E<35.:5C-0&652I5A.:A&8>;&3@0&2>D65:=B&3>&
;06-520&3@0&2>:/0:3.>:5-&6-5<3.2&652I5A.:A1&?@0&40<.A:0;<&40/0->604&5&2>:2063&C5<04&>:&5&F5<30&
<3;05D&>8&3@0&85;DB&F@.2@&>22E;;04&4E;.:A&3@0&2E-3./53.>:&>8&#@..35I0&DE<@;>>D<&5:4&/0A035C-0<1&?@0&
40<.A:0;<&;0XE<04&3@0&@0D6&D53<&3@53&F5<&6;0/.>E<-=&0D6->=04&3>&@5;/0<3&/0A035C-0<&5:4&F0;0&:>&
->:A0;&E<08E-1&]0/0;3@0-0<<B&3@0<0&@0D6&D53<&2>E-4&<3.--&6;>/.40&<E88.2.0:3&:E3;.0:3<&3>&C0&JE5-.8.04&5<&5&
<EC<3;530&3>&A;>F&3@0&#@..35I0&DE<@;>>D<1&ME;3@0;D>;0B&40<.A:0;<&0:/.<.>:04&3@53&3@0&@0D6&D53<B&5830;&
C0.:A&;0E<04&8>;&3@0&2E-3./53.>:&>8&#@..35I0B&2>E-4&C0&;02=2-04&>:20&D>;0&5<&<EC<3;530&3>&<35;3&3@0&
85C;.253.>:&>8&D=20-.EDXC5<04&2>D6><.30<B&F@.2@&0/0:3E5--=&0:5C-04&3@0D&3>&2;0530&5&D>;0&<E<35.:5C-0&
652I5A.:A&8>;&3@0&85;DH<&6;>4E23.>:&>8&/0A035C-0<&TM.AE;0&'V1&?@0&D530;.5-&40/0->604&.<&8E--=&
2>D6><35C-0B&F.3@&A>>4&3@0;D5-&.:<E-53.>:&6;>60;3.0<1&$3&.<&5-<>&@.A@-=&F530;&;060--0:31&$:&3@.<&65;3.2E-5;&
25<0B&3@0&40<.A:0;<&.:30:3.>:5--=&40<.A:04&5&6;>20<<&3>&3.0&3@0&2>D65:=H<&->><0&0:4<&5:4&.D6;>/0&3@0&

105



70-83&9:./0;<.3=&>8&?02@:>->A=B&?@0&]03@0;-5:4<&

<E<35.:5C.-.3=&>8&3@0&8>>4&6;>4E23.>:&<=<30D1&&

A"#85;B(9(:"(?+&$%-(C8&.&+@()7'+,-%(7'.'/$01(

?@0&6;>W023&@5<&C00:&40/0->604&5<&65;3&>8&3@0&]KRX8E:404&6;>W023&GL=20-.ED&70<.A:HB&.:&F@.2@&<0/0;5-&
5;3.<3<&5:4&40<.A:0;<&0N60;.D0:304&F.3@&D=20-.ED&TL>:35-3.B&'()aV1&R:0&>8&3@0&40<.A:0;<B&,:.0-5&d>.3.:IB&
E<04&6E;0&D=20-.ED&3>&D5I0&30N3.-0X-.I0&D530;.5-<&8>;&A5;D0:3<&TM.AE;0&^V1&?@0&4;0<<&2>:2063&.<&
85C;.25304&C=&8>;D.:A&4.880;0:3&D>4E-0<&>8&3@0&4;0<<&8;>D&6E;0&D=20-.ED&4.;023-=&>:&3@0&C>4=B&5&<>-E3.>:&
3@53&=.0-4<&8>;&05<=&;065.;<&5:4&54WE<3D0:3<&5:4&.<&<@>F.:A&5&:0F&6;>4E23.>:&6;>20<<&8>;&D5:E8523E;.:A&
2->3@.:A1

&&
M.A&^1&_L=2>?!le&h&40/0->6D0:3&>8&6E;0&D=20-.ED&5<&30N3.-0&8>;&A5;D0:3<1&!
(
?*3+,"%*-(@*+,"%*-.(
#0/0;5-&40<.A:&6;>W023<&.:/0<3.A5304&3@0&E<0&>8&C5230;.5&.:&3@0&85C;.253.>:&>8&D530;.5-<&8>;&6;>4E23&40<.A:1&
K@0:&6;>/.404&F.3@&3@0&2>;;023&:E3;.0:3<&5:4&A;>F.:A&0:/.;>:D0:3B&<>D0&<602.0<&>8&C5230;.5&6;>4E20&5&
-5=0;&>8&20--E-><0B&F@.2@&4.880;<&.:&.3<&6;>60;3.0<&8;>D&3@0&20--E-><0&40;./04&8;>D&6-5:3<1&#602.8.25--=B&3@0&
2>D6>E:4&40;./04&8;>D&C5230;.5&.<&5-D><3&6E;0&20--E-><0&5:4&2>:35.:<&:>&-.A:.:B&F@.2@&D5I0<&.3&8-0N.C-0&
5:4&2>:<0JE0:3-=B&05<.0;&3>&D>-4&5:4&6;>20<<&3@5:&6-5:3&20--E-><0&T$AE2@.B&`5D5:5I5&Y&QE4@.>:>B&
'(((V1&?@0&8>;D53.>:&>8&20--E-><0&.<&3;.AA0;04&C=&3@0&<=DC.>3.2&2E-3E;0&>8&C5230;.5&F.3@&=05<3<1&?@0&
C5230;.5B&F@0:&6-5204&.:&3@0&:E3;.0:3&D04.EDB&6;>4E20&<EC8.C;.-<&5:4&<EC<0JE0:3-=&D.2;>8.C;.-<B&8>;D.:A&5&
3@.2I&-5=0;&>8&20--E-><0&8->53.:A&>:&3@0&D04.ED&<E;8520&T$AE2@.B&`5D5:5I5&Y&QE4@.>:>B&'(((V1&?@0&
C-('48&-'()$D>+*2:%&.<&3@0&D><3&F.40-=&E<04&<3;5.:&>8&C5230;.5&8>;&566-.04&<3E4.0<&<E2@&5<&.:&6;>4E23&
40<.A:B&5-3@>EA@&<0/0;5-&>3@0;&<602.0<&5;0&I:>F:&8>;&3@0.;&5C.-.3.0<&3>&6;>4E20&20--E-><0&TdE5:AB&m@EB&
`5:AB&].0B&U@0:&Y&#E:B&'()gP&]A&Y&K5:AB&'()aV&&

?@0&6;>20<<&>8&A;>F.:A&C5230;.5-&20--E-><0&<35;3<&8;>D&3@0&80;D0:353.>:&>8&C5230;.5&.:&5:&52.4.2&:E3;.0:3&&
D04.ED&T6dn^VB&2>:35.:.:A&0.3@0;&A-E2><0B&8;E23><0&>;&A-=20;>-&T$AE2@.B&`5D5:5I5B&QE4@.>:>&'(((V1&?@0&
A;>F.:A&6;>20<<B&<.D.-5;&3>&3@53&>8&6E;0&D=20-.EDB&25:&C0&523./5304&.:&<353.2&>;&5A.35304&T.101&D52@.:0X
<@5I0:V&2>:4.3.>:<1&$:&6;>4E23&40<.A:B&C5230;.5-&20--E-><0&.<&:>;D5--=&@5;/0<304&.:&<353.2&2>:4.3.>:<&.:&
35:I<&>;&2>:35.:0;<&3@53&25:&5-->F&3@0&85C;.253.>:&>8&-5;A0&<@003<&>8&D530;.5-&TS00B&'())V1&?@0&A;>F.:A&
6;>20<<&;0JE.;0<&5&<30;.-0&0:/.;>:D0:3&3>&6;0/0:3&3@0&8>;D53.>:&>8&C=X6;>4E23<&<E2@&5<&D>E-4<&5:4b>;&3>&
<6>.-&3@0&2E-3E;0&F.3@&>3@0;&<3;5.:<&>8&C5230;.51&?>&0:<E;0&3@0&8>;D53.>:&>8&20--E-><0B&3@0&>63.D5-&
2>:4.3.>:<&5;0&5&30D60;53E;0&>8&'fX^(iU&5:4&<25;20&4.;023&<E:-.A@31&,830;&3F>X3@;00&F00I<B&5&-5=0;&>8&
D530;.5-&8>;D<&>:&3@0&<E;8520&>8&3@0&<>-E3.>:1&?@0&A;>F.:A&6;>20<<&25:&3@0:&C0&6;>->:A04&.:&>;40;&3>&

106



!"#$%&'()*+&,-./01&,23./01&,4563./0&

52@.0/0&5&3@.2I0;&D530;.5-B&>;&<3>6604&C=&2>--023.:A&3@0&20--E-><0&<@003&5:4&F5<@.:A&.3&F.3@&F530;&5:4&
<>561&,3&3@.<&<35A0B&3@0&D530;.5-&.<&40:<0&F.3@&F530;&5:4&:004<&3>&C0&4;.04&>:&5&8-53&<E;8520&>;&>:&5&
3@;00X4.D0:<.>:5-&D>-41&7E;.:A&3@0&4;=.:A&6;>20<<B&3@0&20--E-><0&F.--&;0-05<0&3@0&0N20<<&F530;&5:4&
402;05<0&.:&3@.2I:0<<B&52JE.;.:A&.3<&3;E0&0N60;.0:3.5-&5:4&302@:.25-&6;>60;3.0<&<E2@&5<&2>->;B&3@.2I:0<<&
5:4&<E;8520&56605;5:201&7060:4.:A&>:&3@0&3=60&>8&:E3;.0:3<&3@0&D04.ED&6;>/.40<&5:4&3@0&<3;5.:&>8&
>;A5:.<D&E<04B&3@0&3=60&>8&D530;.5-&40;./04&25:&/5;=&<.A:.8.25:3-=1&$3&25:&C0&85C;.25304&5<&3@.:&6560;X-.I0&
-5=0;<&F.3@&5&<>83&5:4&D5330&<E;8520B&>;&5<&3@.2I0;B&-053@0;&-.I0&D530;.5-<1&&

7.880;0:3&302@:.JE0<&25:&C0&E<04&3>&6;>20<<&3@0&C5230;.5-&20--E-><0&5:4&D5:E8523E;0&6;>4E23<&F.3@&.31&
,->:A&F.3@&2>:/0:3.>:5-&<@56.:A&302@:>->A.0<B&<E2@&5<&-5<0;X2E33.:AB&<0F.:A&5:4&C->FXD>-4.:AB&>3@0;&
6><<.C.-.3.0<&5;0&6;>D6304&C=&.:4E2.:A&<@560&8>;D53.>:&4E;.:A&3@0&85C;.253.>:&6;>20<<&>;&4E;.:A&3@0&
4;=.:A&6@5<0&C=&E<.:A&^7&<@560<1&M>;&0N5D6-0B&<>D0&40<.A:&25<0<&.:/0<3.A5304&3@0&6><<.C.-.3=&>8&
A;>F.:A&C5230;.5-&20--E-><0&4.;023-=&.:3>&<@560<&T<00&3@0&6;>W023&l=-.:ED&U>:0<B&do-<0:B&:141V&>;&C=&
;>353.:A&5&^7&<@560&D>-4&.:3>&3@0&85C;.253.>:&35:I&T]A&Y&K5:AB&'()aV1&L>;0>/0;B&3@0&A;>F.:A&5C.-.3.0<&>8&
3@0&>;A5:.<D&25:&C0&0D6->=04&3>&D5I0&<0-8X5<<0DC-.:A&D530;.5-<B&F@.2@&C.:4&3>A03@0;&4E;.:A&85C;.253.>:&
5:4&A;>F3@&6;>20<<0<1&

B"%&+'!(D/8E$#.(9(:"(F-++&0(CG%0$+(-+4(H.$*-+(H#6I-3$(

$:&3@0&6;>W023&l=-.:EDB&k5::.<&do-<0:&5:4&#3085:&#2@F5C0&0N6->;04&3@0&E<0&>8&3@0&,203>C5230;&l=-.:ED&
3>&A;>F&0/0;=45=&6;>4E23<&F.3@&4.880;0:3&6;>4E23.>:&302@:.JE0<&Tdo-<0:B&:141V1&?@0=&0N60;.D0:304&F.3@&
80F&302@:.JE0<&3>&6;>4E20&C5230;.5-&20--E-><0&4.;023-=&.:&3@;00X4.D0:<.>:5-&<@560<B&;5:A.:A&8;>D&C5<.2&
2>:.2&<@560<&3>&3@0&2>D6-0N&8>;D&>8&5&<3>>-&TM.AE;0&gV1&?@0.;&.:30:3.>:&F5<&3>&2>DC.:0&3@0&2>>60;53.>:&
F.3@&D.2;>>;A5:.<D<&5:4&3@0&;06;>4E2.C.-.3=&>8&>CW023<B&8.:4.:A&5&C5-5:20&C03F00:&.:4E<3;.5-&6;02.<.>:&
5:4&>;A5:.2&8>;D53.>:&T[>A:>-.&03&5-1B&'()\V1&&

& & &
M.A&g1&_l=-.:ED&6;>W023e&h&A;>F.:A&C5230;.5-<&20--E-><0&4.;023-=&.:&^7&2>D6-0N&<@560<1& 
 
J+<&0&3%$(K$08'/#$0(9(:"(>'L-+-(M8!3808<-(

$:&3@0&6;>W023&G$:/.<.C-0&[0<>E;20<HB&mEO5:5&%>DC><>/5&0N6->;04&3@0&4./0;<0&;>-0<&3@53&C5230;.5&2>E-4&
35I0&5<&GF@.30&C.>302@:>->A.<3<H&<E2@&5<&523.:A&5<&5<<0DC-0;<B&A0:0;53>;<&>;&2535-=<3<&>8&A;>F3@&TM.AE;0&
\B -083V1&Q0=>:4&3@.<&2530A>;.O53.>:B&mEO5:5&0N60;.D0:304&F.3@&4.880;0:3&302@:.JE0<&5:4&:E3;.0:3<&3>&A;>F&
C5230;.5-&20--E-><01&#@0&40/0->604&5&2>--023.>:&>8&8E;:.3E;0&3>&40D>:<3;530&3@0&D530;.5-H<&JE5-.3.0<&TM.AE;0&
\B&;.A@3V1&?@0&6;>4E23<&5;0&:>3&8E--=&8E:23.>:5-&C025E<0&>8&3@0&D530;.5-H<&@.A@&40A;545C.-.3=1&`03B&3@0&5C.-.3=&
>8&C5230;.5-&20--E-><0&3>&2>:<35:3-=&3;5:<8>;D&5:4&2@5:A0&6;>60;3.0<&>/0;&3.D0&.<&.:30;6;0304&C=&3@0&
40<.A:0;&5<&5&F5=&3>&JE0<3.>:&>E;&<0:<0&>8&/5-E0&8>;&D530;.5-<&0DC04404&.:&0/0;=45=&6;>4E23<&
T%>DC><>/5B&:141V1&&

107



70-83&9:./0;<.3=&>8&?02@:>->A=B&?@0&]03@0;-5:4<&

&
M.A&\1&_$:/.<.C-0&[0<>E;20<e&h&;0<05;2@&>:&3@0&6>30:3.5-&>8&C5230;.5&5<&2>--5C>;53>;<&>8&D5:E8523E;.:A&6;>20<<&T-083V1&R:0&
0-0D0:3&>8&3@0&8E;:.3E;0&2>--023.>:&_L540&C=&$:/.<.C-0&;0<>E;20<e&T;.A@3V!

 
:-'*-(@*+,"%*-.(
K.3@&3@0&30;D&G5-A50HB&F0&.40:3.8=&5&-5;A0&A;>E6&>8&6@>3><=:3@03.2&>;A5:.<D<&3@53&5;0&:>3&<.:AE-5;-=&
2-5<<.8.04&.:3>&>:0&C.>->A.25-&4>D5.:1&?@0&D5W>;.3=&>8&5-A5-&<602.0<&5;0&0EI5;=>3.2&>;A5:.<D<B&3@E<&
C0->:A.:A&3>&3@0&<5D0&C.>->A.25-&4>D5.:&>8&8E:A.B&6-5:3<&5:4&5:.D5-<&TQ;>4.0&Y&S0F.<B&'((*V1&d>F0/0;B&
<>D0&>;A5:.<D<&3@53&C0->:A&3>&3@0&4>D5.:&>8&Q5230;.5&5;0&A0:0;5--=&.:2-E404&.:&3@0&A;>E6&>8&5-A50B&01A1&
2=5:>C5230;.5&h&3@0&<>X25--04&GC-E0XA;00:&5-A50H1&?@0&E<0&>8&5-A50&8>;&3@0&6;>4E23.>:&>8&5;3.8523<B&
D530;.5-<B&2@0D.25-<&5:4&8E0-<&@5<&C00:&.:/0<3.A5304&8>;&20:3E;.0<1&,-A50&>880;&5&6;>D.<.:A&5:4&5-D><3&
.:0N@5E<3.C-0&;0<>E;20&3>&<E<35.:5.C-0&5-30;:53./0&6;>4E23.>:&<=<30D<B&C025E<0&>8&3@0.;&4./0;<.3=&TD>;0&
3@5:&\((((&<602.0<&.40:3.8.04VB&5:4&3@0.;&0N2063.>:5-&A;>F3@&;530&Tk0:<0:B&)ZZ^V1&#>D0&<602.0<&2>:35.:&
E6&3>&*(j&>8&20--E-><0B&5:4&5-D><3&O0;>&-.A:.:B&2@5;5230;.<3.2<&3@53&D5I0&5-A5-&D530;.5-<&05<.0;&3>&6;>20<<&
5:4&D>;0&<E<35.:5C-0&3@5:&>3@0;&C.>XC5<04&D530;.5-<1&L>;0>/0;B&5-A50&5;0&0N3;0D0-=&3>-0;5:3&>;A5:.<D<B&
54563./0&3>&/5;.>E<&0:/.;>:D0:35-&2>:4.3.>:<B&5-->F.:A 3@0.;&A;>F3@&6;523.25--=&5:=F@0;01&,-A50&25:&C0&
6;>20<<04&3>&0N3;523&C.>8E0-<B&0-023;.2.3=B&20--E-><0B&5-A.:530<&TE<08E-&5<&C.:4.:A&5A0:3V&5:4&>3@0;&
D530;.5-<&F.3@&D5:=&6>30:3.5-&566-.253.>:<&TK.W880-<B&";E<0&Y&d0--.:AF0;8B&'()^V1&&

,-A5-&D530;.5-<B&.:2-E4.:A&C.>8E0-<&5:4&:53E;5-&6.AD0:3<B&25:&C0&40;./04&0.3@0;&8;>D&D.2;>X&>;&D52;>X
5-A501&$:&3@0&25<0&>8&D.2;>X5-A50B&3@0&6;>4E23.>:&<35;3<&8;>D&@5;/0<3.:A&3@0&D.2;>X>;A5:.<D<B&CE3&8>;&
D52;>X5-A50B&D530;.5-<&5;0&6;>4E204&C=&8.;<3&4;=.:A&3@0&5-A50&5:4&3@0:&6;>20<<.:A&3@0D&F.3@&/5;.>E<&
302@:.JE0<1&M>;&0N5D6-0B&40<.A:0;<&@5/0&40/0->604&302@:.JE0<&3>&0N3;523&5-A5-&<ECX2>D6>:0:3<&8;>D&
4;.04&5-A50B&<E2@&5<&A0-53.:>E<&<EC<35:20<B&6.AD0:3<&>;&>3@0;&5-A.:530<1&?@0&E<0&>8&D52;>X5-A50B&C0.:A&
5&6;>20<<&>8&;0X6E;6><.:A&;53@0;&3@5:&3@53&>8&A;>F3@&>8&5:&>;A5:.<DB&<00D<&3>&<-.A@3-=&4.880;&8;>D&F@53&F0&
408.:04&5<&%;>F.:A&70<.A:1&d>F0/0;B&F0&5;AE0&3@53&40<.A:0;<&<3.--&523./0-=&2>>60;530&F.3@&5-A50B&
C025E<0&3@0=&;0X2>:8.AE;0&3@0&C.>->A.25-&2>D6>:0:3<&>8&3@0&>;A5:.<D&3>&85C;.2530&:0F&D530;.5-<1&7>.:A&
<>B&40<.A:0;<&:004&3>&40/0->6&5:&.:X4063@&E:40;<35:4.:A&>8&3@0&C.>->A=&>8&3@0&>;A5:.<D&0D6->=04B&
F.3@>E3&F@.2@&3@0=&F>E-4&:>3&C0&5C-0&3>&85C;.2530&:0F&D530;.5-<1&ME;3@0;D>;0B&F0&<EAA0<3&3@53&3@0&
4./0;<0&C.>->A=&>8&5-A50&<3.--&6;0<0:3<&5&F@>-0&<03&>8&E:0N6->;04&>66>;3E:.3.0<&3>&%;>F.:A&70<.A:0;<1&
L.2;>5-A50B&8>;&0N5D6-0B&@5/0&5&-5;A0&6>30:3.5-&8>;&3@0&6;>4E23.>:&>8&20--E-><0XC5<04&D530;.5-<B&5->:A&
F.3@&>3@0;&.:30;0<3.:A&5C.-.3.0<&<E2@&5<&3@0&A0:0;53.>:&>8&0-023;.2.3=&Td5::>:B&%.D60-B&?;5:B&[5<5-5B&Y&
L5=8.0-4B&'()(V1&`03B&3@0&-52I&>8&5:&088023./0&.:4>>;&<=<30D&>8&@5;/0<3.:A&5-A50&-.D.3<&3@0.;&6>30:3.5-&E<0&
.:&C.>302@:>->A=&5:4&.:&6;>4E23&40<.A:1&#.:20&<0/0;5-&;0<05;2@0;<&5;0&544;0<<.:A&3@.<&3>6.2&T?5-EI40;B&
75<&Y&KEB&'()gVB&.3&.<&6><<.C-0&3>&<602E-530&3@53&.:&3@0&:05;&8E3E;0B&40<.A:0;<&F.--&C0&5C-0&3>&0N6->.3&3@0&

108



!"#$%&'()*+&,-./01&,23./01&,4563./0&

8E--&6>30:3.5-&>8&5-A50&8>;&%;>F.:A&70<.A:1&&

#.D.-5;&3>&3@0&>3@0;&D530;.5-<&85C;.25304&C=&%;>F.:A&70<.A:0;<B&5-A5-&D530;.5-<&5;0&5-<>&@.A@-=&.:8-E0:204&
.:&3@0.;&6;>60;3.0<&C=&3@0&<3;5.:&>8&>;A5:.<D&0D6->=04 5:4 C= 3@0&85C;.253.>:&6;>20<<&54>63041&
7060:4.:A&>:&3@0<0&/5;.5C-0<B&.3&.<&6><<.C-0&3>&52@.0/0&5-D><3&5:=&3=6>->A=&>8&D530;.5-<B&8;>D&8>5D&5:4&
C.>X20D0:3&3>&.:I<&5:4&30N3.-0<1&d0:20B&3@0&6>30:3.5-&>8&5-A50&-.0<&.:&3@.<&/5<3&;5:A0&>8&6><<.C.-.3.0<&3@0=&
0:35.-B&5<&DE2@&5<&8>;&3@0&@.A@&JE5-.3=&>8&3@0&D530;.5-<&6;>4E2041&&

N$(?%,-/'!(O-.'/-(9(:"(P**&#&+-(Q8/D'0#8%&((

$:&3@.< 6;>W023B&L5E;.O.>&L>:35-3.&TR88.2.:5&U>;6E<2>-.B&5-;054=&D0:3.>:04&.:&3@.<&6560;&8>; @.<&F>;I&>:
8E:A5-&D530;.5-<V&0:A5A04&.:&3@0&85C;.253.>:&>8&D530;.5-<&8;>D&<05F004B&3;.AA0;04&C=&.3<&/5<3&
522EDE-53.>:&.:&D5;.:0&0:/.;>:D0:3<&TL>:35-3.B&'()\V1&$:&2>--5C>;53.>:&F.3@&3@0&2>D65:=&
dE.C0;3<b75:/><&QpB&@0&40/0->604&8E--=&C.>40A;545C-0&D530;.5-<B&F@><0&6;>60;3.0<&;5:A0&8;>D&@5;4&3>&
8-0N.C-0&5:4&8;>D&3;5:<-E20:3&3>&>65JE0&TM.AE;0&aV1&?@0&.:30:3.>:&C0@.:4&3@0&6;>W023&F5<&3>&D5I0&088023./0&
E<0&>8&<05F004&F5<30&6;>4E204&C=&3@0&2>D65:=B&F@.2@&E<0<&5-A50&5<&80;3.-.O0;&8>;&3@0.;&6;>4E23.>:&
2@5.:1&$:&>;40;&3>&E3.-.O0&3@0&F5<30&<3;05DB&3@0&40<.A:0;&40/0->604&5&302@:.JE0&3>&0N3;523&5A5;X5A5;&5:4&
25;;5A00:5:&2>D6>:0:3<&>8&5-A50&3@53&5;0&E<04&3>&85C;.2530&3@0&D530;.5-1&?@0<0&2>D6>:0:3<&5;0&3@0:&
;02>DC.:04&F.3@&3@0&8.C;>E<&-083>/0;<&>8&3@0&2>D65:=H<&6;>4E23.>:&2=2-0&3>&8>;D&'7&8-53&D530;.5-<B&3@53&
25:&3@0:&C0&6;>20<<04&3>&8>;D&^7&<@560<1&&

&
M.A&a1&_70&,-A5;ED&]53E;5e&h&5&65-0330&>8&D530;.5-<&40;./04&8;>D&<05F0041& 
 
?,-/(D%-0.&#&."(9(:"(?A?A(,/8'D(

?@0&A;>E6&>8&k565:0<0&40<.A:0;<&5;0&2>:4E23.:A&5&;0<05;2@&6;>W023&3>&E<0&5A5;&3>&;06-520&<=:3@03.2&
6-5<3.2<&T,;5I.B&L5035:.&Y&LE;5>I5B&'()\V1&,A5;&.<&0N30:<./0-=&<>-4&C=&3@0&k565:0<0&8>>4&.:4E<3;=&.:&3@0&
8>;D&>8&C->2I<B&F@><0&-.A@3B&8053@0;=&JE5-.3.0<&.:<6.;04&3@0&40<.A:0;<&3>&.:/0<3.A530&.3<&6>30:3.5-&5<&
652I5A.:A&D530;.5-1&?@0=&40/0->604&3@;00&302@:.JE0<&3>&85C;.2530&D530;.5-<&8;>D&5A5;&E<.:A&0.3@0;&6E;0&
5A5;&6>F40;&>;&;02>DC.:.:A&.3&F.3@&;04&5-A50&8.C;0<1&Q=&0N60;.D0:3.:A&F.3@&4.880;0:3&2>:20:3;53.>:<&>8&
5A5;&5:4&5-A50B&40<.A:0;<&F0;0&5C-0&3>&>C35.:&<0/0;5-&3=60<&>8&D530;.5-<&@5/.:A&/5;=.:A&@5;4:0<<&5:4&
3@.2I:0<<1&M.AE;0&*&<@>F<&3@0&8E--=&C.>40A;545C-0&D530;.5-<&52@.0/04&C=&3@0&,L,L&<3E4.>B&;5:A.:A&8;>D&
5&2-5=X-.I0&2>D6><.30&3>&2E<@.>:04&652I5A.:A&8>;&6-5:3&6>3<&5:4&F.:0&C>33-0<1&?@0&,L,L&A;>E6&.<&:>F&
0<35C-.<@.:A&.:4E<3;.5-&65;3:0;<@.6<&.:&>;40;&3>&8.:4&<E66>;3&3>&40/0->6&3@0&D530;.5-<&8E;3@0;1&&

109



70-83&9:./0;<.3=&>8&?02@:>->A=B&?@0&]03@0;-5:4<&

$
M.A&*1&_,A5;&c-5<3.2.3=e&h&40/0->6D0:3&>8&5&<03&>8&D530;.5-<&A;>F:&8;>D&5-A50B&;5:A.:A&8;>D&8>5DX-.I0&3>&20D0:3X-.I0&
D530;.5-<1&&

A%.32..%#&(
?@0&40<2;.63.>:<&>8&3@0&/5;.>E<&25<0<&>8&%;>F.:A&70<.A:&.40:3.8=&80F&<@5;04&2@5;5230;.<3.2<&>8&3@0&
D530;.5-<&A;>F:&8;>D&-./.:A&>;A5:.<D<1&,&2-05;&54/5:35A0&3@53&3@0<0&D530;.5-<&C;.:A&.<&@.A@0;&
.2.+*%&*;%-%+<1&L=20-.EDB&C5230;.5&5:4&5-A50&5;0&5-D><3&.:0N@5E<3.C-0&>;A5:.<D<B&5<&3@0=&5;0&F.40-=&
4.<3;.CE304&5;>E:4&3@0&F>;-4&5:4&5;0&8E--=&;0:0F5C-01&Q0.:A&8E--=&2>D6><35C-0&5:4&C.>40A;545C-0B&3@0=&
25:&C0&<E<35.:5C-0&5-30;:53./0<&8>;&4.<6><5C-0&6;>4E23<1&,:>3@0;&54/5:35A0&.<&3@0&,//%3%,&3<&>8&3@0&
6;>4E23.>:&D03@>4<1&%;>F.:A&L530;.5-<&5;0&6;>4E204&8;>D&3@0&A;>F3@&5:4&;06;>4E23.>:&>8&-./.:A&
>;A5:.<D<B&F@.2@&>22E;&53&.D6;0<<./0&;530<1&?@0&088.2.0:2=&>8&3@.<&<=<30D&C02>D0<&5665;0:3&.8&F0&
2>D65;0&.3&F.3@&>E;&2>:/0:3.>:5-&<=<30D&>8&6;>4E2.:A&5;308523<&8;>D&;5F&D5330;<&F@.2@&3>>I&20:3E;.0<B&.8&
:>3&5A0<B&3>&8>;D1&K.3@&3@0&2E;;0:3&;530&>8&408>;0<353.>:&F>;-4F.40B&0/0:&F>>4&85.-<&3>&JE5-.8=&5<&
;0:0F5C-0&;0<>E;201&R;A5:.<D<&<E2@&5<&D=20-.EDB&5-A50B&5:4&C5230;.5&5;0&.:<3054&05<.-=&;06;>4E2.C-0&
5:4&5;0&5CE:45:3-=&8>;D04&.:&30;;0<3;.5-&5:4&D5;.:0&02><=<30D<B&3@E<&6;>D.<.:A&5&85;&D>;0&<E<35.:5.C-0&
<>E;20&>8&D530;.5-<1&$:&M.AE;0&f&F0&6;0<0:3&5&3.D0-.:0&3@53&@.A@-.A@3<&3@0&<3;.I.:A&4.880;0:20<&.:&3@0&
6;>4E23.>:&>8&8E:A5-B&C5230;.5-&5:4&5-A5-&D530;.5-<&F@0:&2>D65;04&3>&F>>4&5:4&8><<.-XC5<04&6-5<3.2<1&&

?@0&/0;=&8523&3@53&3@0&D530;.5-<&5;0&A;>F:&h&.101&'"#$E*;%-%+<(>8&3@0&D530;.5-F(>60:<&E6&:0F&6><<.C.-.3.0<&
8>;&40<.A:1&M>;&0N5D6-0B&<E2@&D530;.5-<&25:&C0&A;>F:&4.;023-=&.:3>&5&<@560B&<=DC.>3.25--=&6;>4E2.:A&3@0&
D530;.5-&5:4&3@0&6;>4E23&3>A03@0;1&R3@0;&25<0<&40D>:<3;530&3@53&3@0.;&A;>FX5C.-.3=&25:&C0&E<04&3>&<I.6&
C.:4.:A&6;>20<<0<&>8&4.880;0:3&65;3<B&C=&3;.AA0;.:A&A;>F3@&>8&3@0&>;A5:.<D&<E2@&5<&3>&W>.:&3@0&04A0<&
<05D-0<<-=&TS00B&'())V1&U>::02304&3>&3@.<&2@5;5230;.<3.2&.<&5:>3@0;&.D6>;35:3&4.D0:<.>:&>8&%;>F.:A&
L530;.5-<+&3@0&+%),&:020<<5;=&8>;&3@0&>;A5:.<D<&3>&85C;.2530&3@0&D5330;1&?@0=&A;>F&>/0;&3.D0B&5:4&F@0:&
3@0&A;>F.:A&6;>20<<&.<&2>D6-0304&T.101&F@0:&3@0&6;>4E23&.<&;054=VB&3@0=&<3.--&2>:3.:E0&3>&2@5:A0&5:4&
*1*0+&>/0;&3.D01&U>:/0:3.>:5--=B&40<.A:0;<&5;0&E<04&3>&.:30;523&F.3@&D530;.5-<&5<&5&D05:<&3>&2;583&3@0.;&
.405<B&D5I.:A&3@0D&35:A.C-0&TL5:O.:.B )ZfaV1 ?@0=&3.:I0;&F.3@&D530;.5-&5:4 ;08-023&E6>: 3@0&>E32>D0&>8&
3@0.;&0N60;.D0:3<&.:&5&-05;:.:AXC=X4>.:A&2=2-01&$:<3054B&%;>F.:A&70<.A:&.:/>-/0<&5&40-5=&.:&3.D0&>8&80F&
F00I<B&30D6>;5--=&<065;53.:A&3@0&D>D0:3&>8&2;583.:A&8;>D&3@0&0/5-E53.>:&>8&3@0&>E32>D01&&

110



!"#$%&'()*+&,-./01&,23./01&,4563./0&

&
M.A&f1&U>D65;.:A&3@0&3.D0<25-0&>8&.:4E<3;.5-&D5:E8523E;.:A&F.3@&%;>F.:A&L530;.5-<&T3>6&3@;00V&5:4&D>;0&2>:/0:3.>:5-&
D530;.5-<&E<04&.:&6;>4E23&40<.A:1&&!
Q0<.40<&3.D0B&%;>F.:A&70<.A:&5-<>&;54.25--=&2@5:A0<&3@0&.3*-,&53&F@.2@&40<.A:0;<&F>;I&F.3@&D530;.5-<1&
K@.-0&40<.A:0;<&3=6.25--=&;0-530&3>&D530;.5-<&53&3@0&<25-0&>8&D.--.D030;<B&.:&3@.<&0D0;A.:A&6;523.20&3@0=&
40<20:4&3>&3@0&D.2;><2>6.2&<25-0B&0:30;.:A&5&4>D5.:&3;54.3.>:5--=&5<<.A:04&3>&D530;.5-&<2.0:3.<3<&
TL.>4>F:.IB&'((*V1&?@.<&>880;<&%;>F.:A&70<.A:0;<&3@0&6><<.C.-.3=&3>&2>:3;>-&3@0&D530;.5-&2>D6><.3.>:B&
8.:0X3E:.:A&.3<&JE5-.3.0<&3@;>EA@&3@0&/5;.5C-0<&>8&3@0.;&85C;.253.:A&6;>20<<1&?@0&25<0<&6;>/.404&.:&3@0&6560;&
0:5C-0&E<&3>&>E3-.:0&3@0&/5;.5C-0<&<@5;04&C=&%;>F.:A&L530;.5-<&TM.AE;0&ZV1&?@0<0&5;0&3@0&/5;.5C-0<&3@53&
%;>F.:A&70<.A:0;<&25:&D5:.6E-530&3>&52@.0/0&3@0.;&.:30:404&;0<E-3<&>8&3@0&2>:3;>--04&85C;.253.>:&6;>20<<1&
Q0.:A&2>:20;:04&:>3&>:-=&F.3@&3@0&302@:.25-&60;8>;D5:20<&>8&5:&5;3.8523B&CE3&;53@0;&F.3@&.3<&<>2.5-&
<.A:.8.25:20B&40<.A:0;<&25:&E<0&3@0<0&0-0D0:3<&3>&2>:<.40;&@>F&60>6-0&F.--&;020./0&3@0&D530;.5-B&5:4&
52@.0/0&3@0.;&A>5-&.:&30;D<&>8&0N60;.0:3.5-&JE5-.3.0<&T"5;5:5B&Q5;53.B&[>A:>-.&Y&m00EF&p5:&70;&S55:B&
'()\V1&&

,<&F0&@5/0&<00:&8;>D&3@0&25<0<&6;0<0:304B&%;>F.:A&70<.A:0;<&4>&:>3&E<E5--=&8>2E<&>:&3@0&
40/0->6D0:3&>8&42(&D530;.5-h&CE3&;53@0;&>8&&$,&+(''(&>8&D530;.5-<1&%;>F.:A&70<.A:0;<&5;0&<>D0@>F&
;0408.:.:A&3@0&2>:2063&>8&G:53E;5-HB&5<&3@0=&5;0&5C-0&3>&2>:3;>-&3@0&D5330;&5:4&52@.0/0&/5;.5:3<&>8&:53E;5-&
D530;.5-<1&M>;&3@.<&;05<>:B&F0&5;AE0&3@53&%;>F.:A&70<.A:&2@5:A0<&3@0&F5=&F0&;0-530&3>&]53E;01&
L>;0>/0;B&40<.A:0;<&F@>&A;>F&D530;.5-<&<03&E6&3@0&85C;.253.>:&6;>20<<&5:4&3@0:&-03&3@0&-./.:A&>;A5:.<D<&
35I0&3@0&;>-0&>8&2;053>;<bD5I0;<1&?@0&>;A5:.<D<&2>--5C>;530&5<&523./0&5:4&<0:3.0:3&5A0:3<&>8&3@0&2;053./0&
6;>20<<B&>880;.:A&3@0.;&.:30--.A0:20&5:4&6;>4E23./0&5C.-.3.0<1&,3&3@0&<5D0&3.D0B&3@0&A;>F3@&>8&3@0<0&
>;A5:.<D<&.<&AE.404&5:4&4;./0:&C=&@ED5:<B&F@>&6;>/.40&5&<602.8.2&0:/.;>:D0:3&8>;&.31&?@.<&<=DC.>3.2&
;0-53.>:<@.6&.40:3.8.0<&3@0&3#--*;#"*+%8,(0"#3,..&.:&F@.2@&40<.A:0;<&5:4&]53E;0&DE3E5--=&C0:08.3&8;>D&
052@&>3@0;1&%;>F.:A&70<.A:0;<&8>;A0&3@0&2>:4.3.>:<&8>;&3@0&.:/0:3.>:&>8&:0F&D5330;B&F@.2@&F>E-4&:>3&
0N.<3&>3@0;F.<01&?5I0&3@0&0N5D6-0&>8&D=20-.EDXC5<04&2>D6><.30<+&D=20-.ED&F>E-4&20;35.:-=&A;>F&.:3>&
<5F4E<3B&8>;D.:A&DE<@;>>D<&>;&402>D6><.:A&F5<30B&CE3&.3&F>E-4&:>3&3;5:<8>;D&.3<0-8&.:3>&5&CE-I&D530;.5-&
3@53&@5<&:>&02>->A.25-&6E;6><0&h&;53@0;&3@5:&D5:XD540&>:0<1&$:&%;>F.:A&70<.A:B&]53E;0&.<&3;.AA0;04&C=&
3@0&@ED5:&.:30;/0:3.>:&8>;&3@0&6;>4E23.>:&>8&D5:X40<.A:04B&=03&G:53E;5-HB&D530;.5-<1&&&

111



70-83&9:./0;<.3=&>8&?02@:>->A=B&?@0&]03@0;-5:4<&

&
M.A&Z1&&?@0&/5;.5C-0<&40<.A:0;<&25:&D5:.6E-530&.:&%;>F.:A&70<.A:B&3>&588023&3@0&8.:5-&;0<E-3&.:&D530;.5-&JE5-.3.0<&T5456304&
8;>D&Q-5EF@>88B&'()a)1 

5#&3-2.%#&.(
?@.<&6560;&2>:3;.CE30<&3>&5&8E:45D0:35-&408.:.3.>:&>8&5:&0D0;A.:A&D530;.5-&40<.A:&6;523.20+&%;>F.:A&
70<.A:B&F@.2@&.:/>-/0<&85C;.253.:A&D530;.5-<&8;>D&-./.:A&>;A5:.<D<1&K0&6><.3.>:04&3@.<&6;523.20&5D>:A&
>3@0;&;0-5304&566;>52@0<&53&3@0&.:30;<023.>:&>8&C.>->A=&5:4&40<.A:1&?@;>EA@&3@.<&35N>:>D=B&F0&.40:3.8.04&
<.N&3;5.3<&3@53&D5:.80<3-=&2@5;5230;.O0&3@.<&0D0;A.:A&D530;.5-&6;523.20B&<E2@&5<&.3<&;>>3<&.:&2;583.:A&5:4&7>X
.3X=>E;<0-8&6;523.20<1&ME;3@0;D>;0B&0N65:4.:A&>:&3@0&3@;00&2-5<<0<&>8&%;>F.:A&L530;.5-<&40;./04&8;>D&
8E:A.B&C5230;.5&5:4&5-A50&5:4&6;0<0:3.:A&3F>&40<.A:&0N5D6-0<&8>;&052@B&F0&52@.0/04&5:&E:40;<35:4.:A&
>8&@>F&3@0<0&D530;.5-<&5;0&85C;.253041&?@0&<EC<0JE0:3&4.<2E<<.>:&0-E2.4530<&3@0&E:.JE0&>66>;3E:.3.0<&>8&
%;>F.:A&L530;.5-<B&<E2@&5<&3@0&6><<.C.-.3=&3>&A;>F&3@0D&4.;023-=&.:3>&5&<@560&T3@0&A;>FX5C.-.3=V&5:4&3@0.;&
A;>F.:A&3.D01&$:&3@0&:05;&8E3E;0B&3@.<&0D0;A.:A&D530;.5-&6;523.20&F.--&C0&2>:8;>:304&F.3@&2@5--0:A0<&<E2@&
5<&E6<25-.:A&3@0&85C;.253.>:&D03@>4<&3>&D003&3@0&;0JE.;0D0:3<&>8&.:4E<3;.5-&D5:E8523E;.:A1&K0&<00&3@0&
:020<<.3=&3>&E:40;<35:4&3@0&D530;.5-<&A;>F:&8;>D&D.2;>>;A5:.<D<&.:&5&D>;0&<=<30D53.2&D5::0;B&C>3@&
8;>D&3@0&302@:.25-&5:4&3@0&0N60;.0:3.5-&60;<6023./01&,<&3@0<0&D530;.5-<&5;0&/0;=&:>/0-&3>&6;>4E23&40<.A:B&
3@0;0&.<&-.D.304&I:>F-04A0&>:&3@0.;&302@:.25-&6;>60;3.0<&5:4&D02@5:.25-&60;8>;D5:20<1&S.I0F.<0B&@>F&
60>6-0&;020./0&3@0<0&D530;.5-<&@5<:H3&C00:&0N6->;04&3>&45301&M5.-.:A&3>&0N6->;0&3@0&0N60;.0:3.5-&
6;>60;3.0<&>8&%;>F.:A&L530;.5-<&2>E-4&0:A0:40;&5&2>::>353.>:&F.3@&E:85/>;5C-0&50<3@03.2&5:4&2>A:.3./0&
5<<>2.53.>:<&T"5;5:5B&'((ZV1&$:<3054B&F0&<00&3@0&6>30:3.5-&.:&%;>F.:A&L530;.5-<&:>3&WE<3&.:&523.:A&5<&5&
<E;;>A530&3>&>3@0;<&T[>A:>-.&03&5-1B&'()\VB&CE3&5-<>&3>&C0&.40:3.8.04&C=&3@0.;&>F:B&E:.JE0&2@5;5230;.<3.2<&
3@53&25:&C0&0N6;0<<04&5:4&0DC04404&.:&566;>6;.530&40<.A:<1&$:&3@.<&<0:<0B&E:40;<35:4.:A&3@0&A;>F.:A&
D530;.5-<&8;>D&5&302@:.25-&5:4&0N60;.0:3.5-&60;<6023./0&25:&C0&5&3;E0&5<<03&3>&3@0&8E3E;0&40/0->6D0:3&>8&
%;>F.:A&70<.A:1&$:&3@0&E62>D.:A&6;>W023&EL=20-.EDXC5<04&D530;.5-<&8>;&6;>4E23&40<.A:F$T#?KX6;>W023&:;1 
14572)B&F0&F.--&C0&35;A03.:A&3@.<&;0<05;2@&5A0:45&5:4&3@0&8E;3@0;&40/0->6D0:3&>8&D=20-.EDXC5<04&
D530;.5-<&8>;&6;>4E23&40<.A:1&&&

:3G&#$-,1',),&+.(
?@.<&F>;I&.<&65;3&>8&3@0&;0<05;2@&6;>A;5DD0&[0<05;2@&3@;>EA@&70<.A:&F.3@&6;>W023&:EDC0;&14572B&
F@.2@&.<&T65;3-=V&8.:5:204&C=&3@0&]03@0;-5:4<&R;A5:.<53.>:&8>;&#2.0:3.8.2&[0<05;2@&T]KRV&5:4&?5<I8>;20&
8>;&,66-.04&[0<05;2@&#$,1&

112



EKSIG 2017: Alive. Active. Adaptive 

References 

Agapakis, C. M. (2013). Designing synthetic biology. ACS synthetic biology, 3(3), 121-128. 

Alper, M. (1992). Biology and Materials? Part I. MRS Bulletin, 17(10), pp. 24–26.  

Antonelli, P. (2012). Vital Design. In Myers, W. (2012). BioDesign. Nature, Science, Creativity (p. 6-7). High 
Holborn, UK: Thames & Hudson. 

Araki, K., Maetani, N., & Muraoka, A. (2015). Agar Plasticity. Retrieved November 3, 2016, from http://www.a-ma-
m.com/  

Bader, C., Patrick, W. G., Kolb, D., Hays, S. G., Keating, S., Sharma, S., ... & Oxman, N. (2016). Grown, Printed, 
and Biologically Augmented: An Additively Manufactured Microfluidic Wearable, Functionally Templated for 
Synthetic Microbes. 3D Printing and Additive Manufacturing, 3(2), 79-89. 

Benyus, J. M. (1997). Biomimicry. New York: Harper Collins. 

Blauwhoff, D.R.L.M. (2016). Mycelium based Materials. A case on Material Driven Design and forecasting 
acceptance. Master Thesis, Delft University of Technology.  

Brodie, J., & Lewis, J. (2007). Unravelling the algae: the past, present, and future of algal systematics. Boca Raton, 
FL: CRC Press. 

Ciuffi, V. (2013). Growing Design. Abitare magazine, 531, pp. 108-111. 

Collet, C., curator (2013). This is Alive. Retrieved November 3, 2016, from http://thisisalive.com/  

Collins, J. (2012) Synthetic biology: Bits and pieces come to life. Nature, 483, S8−10. 

Dunne, A., & Raby, F. (2013). Speculative everything: design, fiction, and social dreaming. Cambridge, MA: MIT 
press. 

Evers, L. (n.d.), Open Wet Lab. Retrieved November 3, 2016, from https://waag.org/en/lab/open-wetlab  

Giaccardi, E., & Karana, E. (2015). Foundations of materials experience: An approach for HCI. In Proceedings of 
the 33rd Annual ACM Conference on Human Factors in Computing Systems (pp. 2447-2456). ACM. 

Ginsberg, A. D., Calvert, J., Schyfter, P., Elfick, A., & Endy, D. (2014). Synthetic aesthetics: investigating synthetic 
biology's designs on nature. Cambridge, MA: MIT press. 

Gombosova, Z. (n.d.). Made by Invisible Resources. Retrieved November 3, 2016 from http://zuzana-
gombosova.squarespace.com/#/made-by-the-invisible-resources/  

Growing Materials, (n.d.). Retrieved November 3, 2016, from 
https://plus.google.com/communities/116984929618483037920  

Hannon, M., Gimpel, J., Tran, M., Rasala, B., & Mayfield, S. (2010). Biofuels from algae: challenges and 
potential. Biofuels, 1(5), 763-784. 

Huang, Y., Zhu, C., Yang, J., Nie, Y., Chen, C., & Sun, D. (2014). Recent advances in bacterial 
cellulose. Cellulose, 21(1), 1-30. 

Hülsen, J. (n.d.). Xylinum Cones. Retrieved November 3, 2016, from 
http://www.jannishuelsen.com/?/work/Xylinumcones/  

Iguchi, M., Yamanaka, S., & Budhiono, A. (2000). Bacterial cellulose—a masterpiece of nature's arts. Journal of 
Materials Science, 35(2), 261-270. 

Jensen, A. (1993). Present and future needs for algae and algal products. In Fourteenth International Seaweed 
Symposium (pp. 15-23). Springer Netherlands. 

Karana, E. (2009). Meanings of materials. Doctoral dissertation, TU Delft, Delft University of Technology. 

Karana, E., Barati, B., Rognoli, V., & Zeeuw Van Der Laan, A. (2015). Material driven design (MDD): A method to 
design for material experiences. International journal of design, 19 (2) 2015. 

113



Delft University of Technology, The Netherlands 

Kavanagh, K. (2011). Fungi: Biology and Applications, 2nd Edition. Chirchester, UK: John Wiley & Sons. 

Klarenbeek, E. (n.d.). Retrieved November 3, 2016, from http://www.ericklarenbeek.com/  

Lee, S. (2011). Grow your own clothes. Retrieved November 3, 2016, from 
https://www.ted.com/talks/suzanne_lee_grow_your_own_clothes?language=en  

Manzini, E. (1986). La materia dell’Invenzione [The material of invention]. Cambridge, MA: MIT Press. 

McDonough, W., & Braungart, M. (2010). Cradle to cradle: Remaking the way we make things. New York, NY: 
North Point Press. 

Mironov, V., Trusk, T., Kasyanov, V., Little, S., Swaja, R., & Markwald, R. (2009). Biofabrication: a 21st century 
manufacturing paradigm. Biofabrication, 1(2), 1-14.  

Miodownik, M. A. (2007). Toward designing new sensoaesthetic materials. Pure and Applied Chemistry, 79(10), 
1635-1641. 

Montalti, M. (n.d.). The Growing Lab. Retrieved November 7, 2016, from http://www.corpuscoli.com/projects/the-
growing-lab/ 

Montalti, M. (2015). De Algarum Natura. Retrieved November 3, 2016, from http://www.corpuscoli.com/projects/de-
algarum-natura/  

Montalti, M., curator (2016). Fungal Futures. Retrieved November 3, 2016, from http://www.fungal-futures.com/  

Myers, W. (2012). BioDesign. Nature, Science, Creativity. High Holborn, UK: Thames & Hudson. 

Ng, F.M.C., & Wang, P.W. (2016). Natural Self-grown Fashion From Bacterial Cellulose: A Paradigm Shift Design 
Approach In Fashion Creation. The Design Journal,19(6), 837-855. 

Oxman, N. (2010). Material-based design computation. Doctoral dissertation, Massachusetts Institute of 
Technology. 

Oxman, N. (2015). Design at the intersection of technology and biology. TED Talk, Retrieved November 3, 2016, 
from https://www.ted.com/talks/neri_oxman_design_at_the_intersection_of_technology_and_biology?language=en 

Pavlovich, M. J., Hunsberger, J., & Atala, A. (2016). Biofabrication: a secret weapon to advance manufacturing, 
economies, and healthcare. Trends in Biotechnology, 34(9), 679-680. 

Rognoli, V., Bianchini, M., Maffei, S., & Karana, E. (2015). DIY materials. Materials & Design, 86, 692-702. 

Sterling, B. (2005). Shaping Things. Cambridge, MA: MIT Press. 

van der Leest, E., Agasi, Z., Molenaar, L. (n.d.). Growing Materials. Retrieved November 3, 2016, from 
http://cargocollective.com/growingmaterials/  

Talukder, M. M. R., Das, P., & Wu, J. C. (2014). Immobilization of microalgae on exogenous fungal mycelium: a 
promising separation method to harvest both marine and freshwater microalgae.Biochemical Engineering 
Journal, 91, 53-57. 

Wijffels, R. H., Kruse, O., & Hellingwerf, K. J. (2013). Potential of industrial biotechnology with cyanobacteria and 
eukaryotic microalgae. Current opinion in biotechnology, 24(3), 405-413. 

 

Serena Camere 
 
Serena Camere is Post-Doc researcher at Delft University of Technology. Serena concluded the PhD 
(cum laude) in March 2016 with a thesis titled “Experience (Virtual) Prototyping”, which explored the 
potential of new CAD/CAM technologies for experience-driven multisensory design. Within this research, 
she developed methods and tools for designers, to assist them during the use of these technologies for 
experience-driven design. After the PhD, her research evolved towards the Experiential Characterization 
of Materials, coupling her interest for materials with the experience-centered approach developed during 
the PhD. In the STW-funded project “Mycelium-based materials for product design”, she is in charge of 
conducting a series of characterization studies (both on a technical and experiential level) to assess the 

114



EKSIG 2017: Alive. Active. Adaptive 

material’s properties. The results of these studies will be then used to stimulate the further development of 
the material and its embodiment in products. Serena has been constantly seeking for opportunities to 
merge design practice and design research. This has led her to contribute to peer-reviewed journals and 
international conferences, as long as to engage in several design contests and projects as a design 
professional, receiving distinctions and awards in both contexts (Lucky Strike Talented Design Award 
2013; Best Paper Award at Design & Emotion 2016). In the past, Serena has collaborated with design 
studios and design companies, such as Skitch, Serralunga, Alessi, Woodnotes, Camparisoda, 
Eurochocolate, Design Innovation and Fiat-Chrysler.  
 
 
Elvin Karana is Associate Professor of Design Engineering at the Delft University of Technology, 
where she founded and directs the cross-country research group Materials Experience Lab. Her 
research aims to understand and enhance the relationships people have with the materials of 
products. She is published in Design Issues, The Journal of Cleaner Production, Materials and 
Design, International Journal of Design. More recently, she has published her work within the Human 
Computer Interaction field, in the ACM conferences Computer Human Interaction (CHI), NordiCHI and 
Design Interactive Systems (DIS). She is the main editor of “Materials Experience: Fundamentals of 
Materials and Design” (Elsevier, 2015). 

 

 

 

115

View publication statsView publication stats

https://www.researchgate.net/publication/319355171



