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Abstract

The thesis explores the emerging realm of “living” fungal-based
composites in architecture, examining a shift from methods that
form and dry mycelium (fungi's rootlike networks,) - referred to here
as "nonliving", to methods based on mycelium's unique growth
processes, referred to here as "living". By utilizing the biological
functions of mycelium in its living state, this generation of living
methodologies addresses the challenges and limitations faced by
earlier mycelium applications and further advances the potential of
mycelium in the construction and architecture industry.

For the past decade, there has been a growing interest in the
bio-fabrication of mycelium due to its sustainable, structural,
and economic benefits. Claimed as one of the leading classes
of biomaterials, mycelium-based composites building material
alternatives that promote low-carbon emission and are compostable.
Despite gaining recognition, the integration of mycelium in
architecture remains limited, with the composite mostly applied to
installation and exhibition scale projects. By drying and killing the
organism, the predominant brick-and-panel approach of mycelium
research of the last decade has tended to fix mycelium in the shape of
a given formwork rather than privilegling mycelium's unique growth
capacities. Earlier research on using mycelium in construction
relied heavily on traditional construction methods and replicating
conventional materials without fully utilizing its capability for self-
healing, self-growth, and self-organization.

By analyzing five case studies that reflect this generation of recent
"living" mycelium research, this thesis aims to demonstrate the
benefits of preserving mycelium in its living state to translate their
innovative methodologies to mainstream architecture applications.
Specifically, the thesis investigates five strategies and illustrative
mycelium research projects that foreground mycelium’'s unique
biological properties in its living state: Myco-welding of conventional
mycelium-based blocks (La Parete Fungina), Fibre reinforcement
and welding of 3D-printed components (Mycera), Bio-collaboration
of mycelium-based composite and bacterial cellulose (BioKnit),
Bio-tectonic of living mycelium (Mycelium Tectonics), and Senso-
aesthetics of mycelium’s natural processes (Mycelium Rope).

The thesis identifies three key characteristics of this generation of
research across these projects: 1. biological utilization (the active
harnessing of mycelium's unique biological processes), 2. integral
and lost formwork (the use of formwork that becomes a permanent
part of the structure), and 3. material understanding and visual
acceptance (the understanding of technical knowledge and aesthetic
appreciation of mycelium as a building material) . Each case study's
research goals, design intentions, methodologies, and reflections will
be explored to provide insights into the potential of living mycelium
architecture. The concepts presented in the paper challenge
traditional notions of today's static architecture and propose a
dynamic and living framework capable of adapting to its environment.
The study positions living mycelium as a model for resilient and
adaptive structures. This approach offers new insights for sustainable
construction that harness the self-repairing, regenerative properties
of living organisms. The purpose of this comparative research is
not to undermine the existing development of non-living mycelium
architecture but rather to expand the knowledge of the unique natural
functions of living mycelium toward sustainable design practices.
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Neighbour_Sensing Model of the Fungal Morphogenesis., January
7, 2006, January 7, 2006, No machine-readable source provided.
Own work assumed (based on copyright claims)., https://commons.
wikimedia.org/wiki/File:Neighbour_Sensing_model_cone.jpg.

Fig. 3.4.5 The Living Fibre prototype before mycelium inoculation.

Image by Gianluca Tabellini, retrieved from “mycelium tectonics,”
mycelium tectonics, May 1, 2015, https://mycelium-tectonics.com/.
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Fig. 3.4.6 The Living Fibre prototype after mycelium colonization
on the fibrous base. Image by Gianluca Tabellini, retrieved from

“mycelium tectonics,” mycelium tectonics, May 1, 2015, https://
mycelium-tectonics.com/.

Fig. 3.4.7 (left) A free standing sample from Mycelium Tectonics
inspired by the Greek columns. Image by Gianluca Tabellini,
retrieved from “mycelium tectonics,” mycelium tectonics, May 1,
2015, https://mycelium-tectonics.com/.

Fig. 3.4.8 (right) Petri dish experiments, prior to fabrication of the
Living Fibre prototype. Image by Gianluca Tabellini, retrieved from
“mycelium tectonics,” mycelium tectonics, May 1, 2015, https://
mycelium-tectonics.com/.

Fig. 3.4.9 A diagram showing the hierarchy of the fibrous base
system. Diagram by Gianluca Tabellini, retrieved from Gianluca
Tabellini et al., “Prof. Alessio Erioli Prof. Alessandra Zambonelli
Maurizio Montalti Philip Ross,” n.d.

Fig. 3.4.10 The fibrous system used as a guiding formwork for the
prototype. Image by Gianluca Tabellini, retrieved from Gianluca
Tabellini et al., “Prof. Alessio Erioli Prof. Alessandra Zambonelli
Maurizio Montalti Philip Ross,” n.d.

Fig. 3.4.11 (next page) A diagram of the Living Fibre components.
Diagram by Author.

Fig. 3.4.12 (right) A photograph of the cotton balls soaked in water
for humidity. Image by Gianluca Tabellini, retrieved from “mycelium
tectonics,” mycelium tectonics, May 1, 2015, https://mycelium-
tectonics.com/.

Fig. 3.4.13 (left) The prototype wrapped in plastic to ensure proper
mycelium growth. Image by Gianluca Tabellini, retrieved from
“mycelium tectonics,” mycelium tectonics, May 1, 2015, https://
mycelium-tectonics.com/.

Fig. 3.4.14 (right) Microscopic image of mycelium network bridging
the gaps and interlocking with one another. Image by Gianluca
Tabellini, retrieved from Gianluca Tabellini et al., “Prof. Alessio Erioli
Prof. Alessandra Zambonelli Maurizio Montalti Philip Ross,” n.d.

Fig. 3.4.15 (next page) A step by step diagram showing the growth
process of the Living Fibre prototype. Diagram by Author.

Fig. 3.4.16 A zoomed in photograph showing the various density
points after mycelium growth. Image by Gianluca Tabellini, retrieved
from Gianluca Tabellini et al., “Prof. Alessio Erioli Prof. Alessandra
Zambonelli Maurizio Montalti Philip Ross,” n.d.

Fig. 3.4.17 An illustration of the aesthetically chaotic outcome of the
prototype. Diagram by Author.

3.5 The Senso-Aesthetics of Mycelium’s Natural Processes

Fig. 3.5.1 The use of mycelium in arts. Lingzhi Girl by Xiaojing
Yahn. Image by Xiaojing Yahn, retrieved from “These Sculptors Use
Mushrooms as Metaphors and Materials,” accessed September

5, 2024, https://www.artnews.com/art-in-america/features/
mushrooms-as-metaphors-urbonas-studio-tj-shin-xiaojing-
jan-1234614585/.

Fig. 3.5.2 The spatial installation Myconnect by Mirjan Svagelj
and Anil Podgornik. Image by Damjan Svarc, retrieved from “SASA
SPACAL, MIRJAN SVAGELJ, ANIL PODGORNIK (SLOVENIE),” Prix
Cube (blog), accessed September 5, 2024, http://prixcube.com/
folio/sasa-spacal-mirjan-svagelj-anil-podgornik/.

Fig. 3.5.3. Natural appearance of mycelium on a tree trunk. Image

by Jerzy Opiola, retrieved from Jerzy Opiota, Mycelium, October 30,
2023, October 30, 2023, Own work, https://commons.wikimedia.org/
wiki/File:Mycelium_a1(2).jpg.

Fig. 3.5.4 A zoomed in photograph of Mycelium Rope. Image by
Katya Bryskina, retrieved from “Mycelium, Rope by Katya Bryskina -
Future Materials Bank,” accessed September 5, 2024, https://www.
futurematerialsbank.com/material/mycelium-rope/.

Fig. 3.5.5 Mycelium growing on the hand-knitted formwork of the
project. Image by Katya Bryskina, retrieved from “Mycelium, Rope
by Katya Bryskina — Future Materials Bank,” accessed September
5, 2024, https://www.futurematerialsbank.com/material/mycelium-
rope/.



Fig. 3.5.6 (right) The view of the public looking into the incubator
as mycelium grows. Image by Katya Bryskina, retrieved from
“Mycelium, Rope by Katya Bryskina — Future Materials Bank,”
accessed September 5, 2024, https://www.futurematerialsbank.
com/material/mycelium-rope/.

Fig. 3.5.7 (next page) A diagram of mycelium colonization bridging
the gaps between spaces. Diagram by Author.

Fig. 3.5.8 Mycelium overgrowth on its integral knitted formwork.
Image by Katya Bryskina, retrieved from “Mycelium, Rope by Katya
Bryskina — Future Materials Bank,” accessed September 5, 2024,
https://www.futurematerialsbank.com/material/mycelium-rope/.

Fig. 3.5.9 Varying results of mycelium density in different areas of
the formwork. Image by Katya Bryskina, retrieved from “Mycelium,
Rope by Katya Bryskina — Future Materials Bank,” accessed
September 5, 2024, https://www.futurematerialsbank.com/material/
mycelium-rope/.

Fig. 3.5.10 Three different iterations of Katya Bryskina's Mycelium
Rope for the LIFORM: Living Megastructures exhibit. Image by
Katya Bryskina, retrieved from “Mycelium, Rope by Katya Bryskina —
Future Materials Bank,” accessed September 5, 2024, https://www.
futurematerialsbank.com/material/mycelium-rope/.

Fig. 3.5.11 A photograph of the incubator displaying an exposed
mycelium growth process. Image by Katya Bryskina, retrieved
from “Mycelium, Rope by Katya Bryskina — Future Materials Bank,”
accessed September 5, 2024, https://www.futurematerialsbank.
com/material/mycelium-rope/.

Fig. 3.5.12 Microscopic images of mycelium’s colonization on the
knitted textiles. Image by Katya Bryskina, retrieved from “Mycelium,
Rope by Katya Bryskina — Future Materials Bank,” accessed
September 5, 2024, https://www.futurematerialsbank.com/material/
mycelium-rope/.

Fig. 3.5.13 Microscopic images of mycelium’s capabilities to bridge
gaps of up to 8 mm apart. Image by Katya Bryskina, retrieved from
“Mycelium, Rope by Katya Bryskina — Future Materials Bank,”
accessed September 5, 2024, https://www.futurematerialsbank.
com/material/mycelium-rope/.
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Fig. 3.5.14 A diagram of Mycelium Rope’'s growth process. Diagram
by Author.

Fig. 3.5.15 An illustration of the project’s learning experience that

fosters a deeper relationship between mycelium and its viewers.
Diagram by Author.
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4.1 Conclusion

The Living Mycelium

The thesis aims to reveal the transformative potential of preserving
mycelium in its living state to translate their innovative methodologies
to mainstream architecture applications. Building upon the principles
laid out by the “grow-kill” or as referred to as “nonliving” in the paper,
the research highlights the unique biological processes of “living”
mycelium architecture that includes self-repair, self-growth, self-
organization, and environmental responsiveness. The thesis delves
into the multifaceted applications of mycelium that involve the
explored unique strategies and their respective projects. By analyzing
these unique strategies, the research shared commonalities that
emphasized three main topics: biological utilization, integral and lost
formwork, and material understanding and visual acceptance.

Biological Utilization

Biological utilization examines how the natural biological properties
of mycelium are harnessed, specifically illustrating the organism’s
unique capabilities such as self-growth, self-repair, and self-
organization. The following case studies exemplify the diverse
applications of mycelium in architectural construction. La Parete
Fungina and Mycera both focus on the myco-welding process, where
mycelium’s hyphal bonding is utilized to bind substrates and units
into cohesive structures. BioKnit introduces a different approach by
showcasing the compatibility of mycelium with other biomaterials
such as bacterial cellulose. Mycelium Tectonics explores the concept
of bio-tectonics, fabricating prototypes that display the responsive
characteristics of mycelium to its environment. Lastly, Mycelium Rope
investigates the influenced growth of living mycelium, demonstrating
how external factors play a role in the organism’s growth.

Myco-welding: As demonstrated in the project La Parete Fungina,
myco-welding, orthe binding capability of mycelium’s hyphal networks
to combine modular units into one single structure. The hyphal
bonding technique harnessed the organism’s ability to self-growth
and self-repair, presenting a sustainable alternative to traditional
mortar. The process addresses challenges faced in transportation and
contamination control during construction as it allows the assembly
of standard modular units in situ. Furthermore, the strategy offers a
practical solution in reducing demands for labour and uncertainties
during on-site assembly

Penetrate: Comparable to La Parete Fungina, Mycera also showcased

the significant advantages of the myco-welding process. However, the
project pushes the technique further and demonstrates a multiplanar

171

assembly system that myco-welded the bars and nodes components,
penetrating and seeping through the gaps of 3D-printed elements.
The connections from the outside wall and hollow core areas show
the complexity of mycelium’s colonizing characteristics

Myco-textile Colonization: Although sharing a similar approach to
Mycera and La Parete Fungina, BioKnit emphasizes the potential of
utilizing the living processes of mycelium alongside other biomaterials
such as bacterial cellulose. By tinkering with mycelium and BC, the
project unveiled special symbiotic relationships that could only be
achieved by incorporating living organisms. Additionally, the project
demonstrates the potential of textile knitted scaffolding to assemble
multiple living composites facilitated by the self-growth process of
living mycelium, colonizing the knitted base and transforming it into
a coherent whole

Bio-tectonic: The project Mycelium Tectonics emphasizes the concept
of tectonics, in which materials are used in ways that respect their
innate. The project offered a model that explores the dynamic and
adaptive behaviours of living mycelium systems. By harnessing the
true biological characteristics of living mycelium, the project was able
to construct a prototype that responds to its environment, suggesting
a shift from traditional practice to construction approaches that
incorporate living systems

Influenced Growth: Shifting away from the assumption that external
components are primarily used for moulding purposes only, the
incubators displayed in Mycelium Rope present a whole new
discussion on incorporating external factors. The project harnesses
the innate capabilities of mycelium to facilitate self-growth while
introducing slightly engineered elements in growing chambers
that influence the growth of the living organism. The chambers
demonstrate the potential of influential factors that could be vital in
guiding living systems to create intricate and unique mycelial forms.

Integral & Lost Formwork

The integral and lost formwork look into the methods of how base
frameworks become one with mycelium as integral structural elements
for these case studies. La Parete Fungina leverages hyphal bonding
and lightweight mycelium-based blocks to create self-supporting units
without external binding agents and reduced base formwork to minimize
waste. Mycera takes a technology-aided design approach by combining
mycelium with 3D-printed clay systems to explore mycelium’s reinforcing
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properties. BioKnit employs a knitted textile system, acting both as a
mould and integral support for a free-standing structure. Mycelium
Tectonics introduces a composite formwork of hemp-fibre scaffolds,
merging structural support with nutrient transfer networks. Lastly,
Mycelium Rope challenges traditional formwork by demonstrating
mycelium'’s capabilities of growing on unsupported areas, bridging gaps
between the knitted formwork.

Standalone: Utilizing the myco-welding strategy along with the
lightweight properties of mycelium-based composites, La Parete
Fungina was able to produce a self-supporting unit with no external
binding agents and very minimal recyclable supports. The project also
employs reusable formwork systems for moulding the composite chunks,
facilitating the production of large fungal blocks while minimizing waste
often considered an issue in the nonliving fabrication process.

Reinforcement: Mycera highlights a bio-hybrid collaboration with the
inclusion of biomaterials, clay, and 3D-printed systems. Revealing an
unrecognized capability for the mycelium to penetrate porous walls
of clay structures, the method results in an increase in the structural
integrity of the clay components due to the additional fibre reinforcement
provided by mycelium. The findings discovered in the experiment bypass
existing structural and fabrication restrictions in mycelium, clay, and
3D-printing processes.

Knitted Scaffold: A key aspect of the project, BioKnit, is its use of knitted
textile formwork that serves as a soft formwork for the inoculated
mycelium substrate, referred to as mycocrete in the project. This
strategy of incorporating the formwork as integral structural support
of the prototype addresses the waste issues of the nonliving projects
without the need for external support.

Machinic: Mycelium Tectonics applies a unique composite formwork
system that supports mycelial growth on modified three-dimensional
hemp-fibre scaffolds. The project expands on the advancements of
readily available tools, resulting in a fibrous formwork that provides
structural support and acts as a nutrient source that facilitates the
organism’s growth and development.

Weaving Guidance: The structural framework of Mycelium Rope
challenges the traditional concept of formwork by creating a knitted
base that guides the overgrowth and colonization of mycelium without
any restrictions. Following the same idea as presented in other projects,
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the biological process of mycelium facilitates the bonding of the organic
fibres that support it. However, the project further exploits the process
that results in bridging gaps, transforming two-dimensional images into
three-dimensional geometries.

Material Understanding & Visual Acceptance

Material understanding and visual acceptance emphasize the role of
collaboration and the influence of mycelium’s natural aesthetic on the
public’'sacceptance of the material. The following projects collectively
demonstrate how collaboration and a deeper understanding of
mycelium can push the boundaries of mycelial architecture. La
Parete Fungina demonstrates an interactive collaborative experience
that fosters an exchange of knowledge that plays a role in advancing
researchon mycelium. Mycerahighlightsthe need forinterdisciplinary
collaboration, particularly between bio-fabrication and 3D printing to
create adaptable material systems. BioKnit explores and embraces
the natural imperfections of mycelium and bacterial cellulose as a key
element of its design. Mycelium Tectonics also embraces the chaotic
and unpredictable nature of living mycelium as seen in its prototypes.
Lastly, Mycelium Rope serves as a visualization of the intersection
between architecture, art, and science, exposing the natural growth
process of mycelium to the public eye.

Interactive & Collaborative: The students and faculty involved in
the design exhibition of the prototype La Parete Fungina showed
appreciation for the collaborative experience offered by the project.
The highly engaging workshop achieved an exchange of resources
and information that was beneficial in developing the research of
living mycelium.

Myco-extrusion: Mycera emphasizes the need for interdisciplinary
collaboration, in this case between mycology, bio-based fabrication,
and 3D printed advancements, to develop unique and innovative
material systems. Furthermore, the project advances the exploration
within these collaborative systems with the incorporation of living
organisms to enhance structures’ adaptability and resilience.

Imperfections: BioKnit, presents the potential of collaboration in
architecture and design to produce not only durable structures
but also aesthetically pleasing visuals of natural components. The
project serves as an inspiration to embrace the natural impurities
of biomaterials, as it is evident that no concealment and touch-ups
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were applied to the final prototype, exhibiting the organic and natural
aesthetics of each organism’s patterns and textures.

Chaos: Though it may appear chaotic, the prototypes produced in
Mycelium Tectonics exhibit a brutal yet fascinating aesthetic. The
models display an unpredictable architecture that drifts away from
the discreet element assembly but is rather defined by the features
that emerge from its evolving system. Furthermore, the project lays
out a concept to rethink technology in terms of ecologies and utilize
digital simulation techniques to open new possibilities for integrating
living systems into mainstream construction applications.

Symbiotic Visualization: Mycelium Rope is a testament to the potential
of a unique intersection between art, science, and architecture.
Serving as both a canvas and the art itself, the incubators expose
the complex beauty of mycelium’s natural aesthetics and processes
while challenging the notions of traditional building materials and
methods. Moreover, the project serves as an inspiration that displays
a harmonious environment where humans and natural processes can
collaborate by preserving the beauty of human craft combined with
advanced digital fabrication techniques.
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4.2 Reflection

Outlook

The paper highlights the most frequently utilized biological advantage
of living mycelium which is its hyphal-bonding process, referred to as
“myco-welding” in this paper. When used as a binding material for
loose substrates or components, mycelium exhibits properties that
could potentially replace traditional mortar. In projects like La Parete
Fungina and Mycera, the organism’s self-growth capabilities allow
the penetration of small gaps and interconnect with other mycelial
networks in proximity, effectively bonding elements together. This
process allows for a more labour-efficient approach that requires
fewer resources as compared to traditional mortar. Moreover, as
showcased by Modular Mycelia, mycelium adapts well to multi-scalar
assembly systems, binding units of varying sizes to create intricate
forms and geometries. This finding offers insights into the potential
of living mycelium as a bonding agent for adaptive and responsive
modular screening facade systems. Additionally, the unique findings
in Mycelium Rope indicate that mycelium can bridge gaps between
knitted units, which could provide both insulation and aesthetic
appeal in fungal screening systems. Although Mycera primarily
employed mycelium for myco-welding, there is also potential in 3D
printing with pre-inoculated mixtures, which would allow mycelium
to grow within the microscopic gaps of the printed elements as they
dry and cure.

Another advantage of using living mycelium in architecture and
construction is its form-flexibility, as illustrated in projects such as
Mycelium Rope, Mycelium Tectonics, and BioKnit. These projects
demonstrate mycelium’s ability to adapt to complex shapes, allowing
the creation of intricate and even self-supporting structures. The
form-adaptive properties of mycelium offer a sustainable alternative
to traditional cast-in-place methods, allowing for the production of
unique geometries without the high carbon emissions associated
with concrete. This capability is particularly beneficial when
incorporated with digital simulations of mycelial growth, aligning
with the growing trend of parametric computer-aided design in
contemporary construction practices.

However, the paper also puts emphasis on the limitations of using
living mycelium in architecture, which may hinder its broader
application in mainstream construction. Structurally, mycelium alone
cannot replace conventional load-bearing materials like concrete or
steel. Without adequate support or formwork, mycelium lacks the
rigid structural support to provide compressive and tensile strengths
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comparable to those of traditional structural materials. Additionally,
mycelium can be brittle when dried, making it prone to cracking
or breaking under stress. As an organic material, mycelium-based
composites are prone to degradation over time, as evidenced by the
Monolito Micelio prototype,which eventually collapsed. Nevertheless,
as shown in Mycera and BioKnit, mycelium remains promising as a
reinforcing element, potentially enhancing the structural integrity of
materials such as clay and knitted textiles.

While mycelium, living or nonliving, remains a marginal and niche
material seeking a wider adoption in mainstream applications, its
potential in design and construction presented in this thesis remains
strong. Like many other research fields, continuous exploration is
essential to develop a stronger material understanding and to push
the boundaries of what is possible. The more engagement with living
organisms and systems, the greater the potential for innovative and
sustainable design and building approaches to emerge.
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