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Figure 1: Myco-accesories using lamination technique for embedding electronics. (a) Necklace. (b) Crown. (c, d) Bracelets.

ABSTRACT

Sustainability has been addressed in fashion, product de-
sign and furniture making fields. Recycling and disposing
e-textiles has been a concern in this community for years[20];
however, the impact of designing sustainable wearables is
still new territory that requires more exploration. This pa-
per approaches sustainability in the prototyping process by
producing wearables that make use of biodegradable ma-
terial for embedding electronics. We have used mycelium,
that unlike other biodegradable materials such as kombucha,
algae, or bioplastics, has heat resistance, thermal resistance
and hydrophobic properties which makes it suitable to apply
in wearables. Moreover, this paper proposes a sustainable
life cycle that uses biodegradable materials to embed elec-
tronics. For example, we embedded an electronic circuit into
mycelium skin to make an accessory. After the accessory has
been worn, the electronic components can be reused and the
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mycelium skin composted. Lastly, we present our method
for growing mycelium, our design process using common
techniques in embedding electronics, and Myco-accessories
as applications to envision the possibilities of this material.
This paper aims to contribute to prototyping wearables sus-
tainably by intertwining biomaterials and electronics.
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1 INTRODUCTION

Biological Human Computer Interaction [28] proposes a
framework to use biological materials as main components
in design. Applying biodesign in different disciplines has
opened new possibilities of interaction between them. Initia-
tives in the fashion industry such as Fruitleather Rotterdam
[11], which uses fruit waste for making leather-like material,
AlgiKnit [2], which uses seaweed for making degradable
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yarns, Modern Meadown [23], which uses a collagen pro-
tein to make a biofabricaded fabric, Bolt Threads [31], which
utilizes genetically modified yeast and liquid silk protein to
obtain microsilk fibers to make fabrics or garments, present
an intersection of design, biology, and material science.

In the field of wearable technology, sustainability has been
assessed not only by finding techniques which enable de-
signers to reuse their electronic components [13], but also
initiatives such as Solar Fashion, which uses solar panels
to design sustainable wearable technology [30]. Materials
and techniques for embedding electronics such as elastomers,
flexible PCBs, synthetic fabrics (felt, foam, neoprene) [18] are
highly desirable because of their physical properties such as
strength, flexibility and resistance [34]. Nonetheless, it is pos-
sible to find similar properties in biomaterials which offer a
more sustainable alternative to waste due to their biodegrad-
able properties. The practice in bio fabrication techniques
could help to mitigate sustainability issues related to wear-
able technology.

2 RELATED WORK

Embedding electronics on the body (body surface, clothing,
or accessories) are diverse in terms of materials and tech-
niques [32] (Fig.2). The techniques can include fiber-based
structures, components embedded in thin film layers (lami-
nation), or fiber-based circuits (yarn transistor, photovoltaic
fibers) [20]. Materials where the electronics are embedded,
play an important role when making e-textiles since most
of the materials used as a scaffold for electronics are not
environmentally friendly or they require specific conditions
to degrade when disposed.
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Figure 2: Skin interfaces: On Body technologies. Source:
Beauty Technology [32]

Next to
the body

© e

On body surface. Materials such as PDMS and TPU (ther-
moplastic polyurethane) are commonly used to emulate a
second skin. Both materials make the lamination technique
non-environmentally friendly when disposing the unused
wearables because the soil should have specific moisture
and mineral concentration for the PDMS to begin hydrolyz-
ing (degradation process)[14]. On the other hand, TPU is
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a petroleum based material and it has a high embodied en-
ergy [33]. Skinmorph [17] uses a lamination technique for
embedding electronics and the hydrogel is encapsulated in
silicone in order to be in contact with the skin. Hydrogel is
a biodegradable material made from natural polymers. How-
ever, silicone can endure per decades in nature if it is not
disposed properly [9].

On clothing. Printing, weaving, knitting, and embroidery
are commonly used for keeping the electronic components
in place [13], [4]. Wires, conductive threads, inks and fabrics
are the most common materials while prototyping wearables.
However, these practices compromise the compostability of
the fabric when the clothing is disposed because the elec-
tronic components remain attached to the fabric [20]. For
example, Embodisuit [5] used haptic modules attached to
the garment by snaps. The project approach of using attach-
able snaps makes it partially sustainable since the electronic
modules could be removed and reused in any other garment
if desired. Similarly, Sense [24] is an interactive garment in-
spired by the current environmental issues of plastic ocean
pollution. The dress uses polyester made from recycled plas-
tic bottles and uses fiber-based structure technique for em-
bedding the electronics, which make the components easy
to detach for reuse.

On accessories. Materials such as PLA for 3d printing,
or MDF, or acrylic for laser cutting, are commonly used
for making wearables enclosures. Even though, PLA is a
polymer made from corn, it is required to dispose in special
conditions for its degradation, otherwise it will remain in the
landfill for hundreds of years similar to plastic [19]. Grown
microbial 3D fiber art, Ava [27] is an approach to the use of
biomaterials in the wearable technology field. The project
explores Kombucha grown bio textile for embedding elec-
tronics and making accessories. This approach to sustainable
wearables shows the potential use of a bio fiber for the fu-
ture of functional wearable e-textiles. However, kombucha
as a biomaterial still has limitations since it is naturally hy-
drophilic which means if the skin transpires it could expand
the accessory [21].

3 BIOMATERIALS

There are some approaches in applying DIY tools for biomak-
ing [7], however they did not aim to merge biomaterials with
electronics. In order to have a better understanding of bio-
material applications in this field, we elaborated a table to
compare the natural physical properties between the most
common biomaterials (Tab. 1). After some analysis in be-
tween biomaterials’ natural properties, we decided to start
exploring possible applications of mycelium skin in wearable
technology. Mycelium-based products have been manufac-
tured in a diverse range of potential applications including
acoustic dampers, super absorbents, paper, textiles, bricks,
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