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Abstract

This paper reports the challenges of introducing bio-based
materials to designers for generating awareness in environ-
mental sustainable prototyping. We conducted a workshop
with 22 novice students to introduce the environmental im-
pact of prototyping materials and creating hands-on expe-
riences with biodegradable materials and digital fabrication
techniques. We reported novice designers’ decisions on
materials from low to high fidelity prototyping and their per-
ception of using mycelium-composite for Digital Fabrication.
We presented a discussion of implications for educators to
address environmental sustainability in their lab or when
teaching digital fabrication in a classroom.
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CCS Concepts

*Human-centered computing — Human computer inter-
action (HCI); Haptic devices; User studies; Please use the
2012 Classifiers and see this link to embed them in the text:
https://dl.acm.org/ccs/ccs_flat.cfm

Introduction
Digital fabrication has been a powerful tool for researchers,
companies, and makers, however, it generates an environ-
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Figure 1: End of Life of common
prototyping materials and
mycelium-composite [3], [7], [10].

Figure 2: Mycelium-composite
sheets laser cut to make different
prototypes samples.

Figure 3: Manufacturing process
in the lab to make
mycelium-composite: a. Breaking
down the material, b. Growing the
materialin molds, c. Compressing
the material.

mental impact due to the use of traditional materials that
can take over 100 years to degrade, the huge amount of
wasted material generated from unused prototypes, left-
overs, and mistakes during prototyping. There are some
approaches in applying DIY tools for biomaking [6] [4] [7]
[5] [1]1[9] however they did not aim to use biodegradable
materials as a prototyping material for digital fabrication.
Mycelium is a fast-growing vegetative part of a fungus
which is a safe, inert, renewable, natural and green material
which grows in a mass of branched fibers, attaching to its
environment [2]. Mycelium based materials have a wide va-
riety of applications and they have the advantage of the low
cost of their raw materials [2]. Other advantages are its nat-
urally non-flammable, good at insulation, lightweight, vari-
able strength capacity, shapeable and hydrophobic proper-
ties, which makes it adequate to use it as a biomaterial for
prototyping [8], [11], [12].

Sustainable Prototyping Workshop

The main purpose of the Sustainable Prototyping work-
shop was to understand participants’ reflections about

the environmental impact of materials. We conducted this
workshop with 22 novice design students. The participants
didn’t have previous experience with digital fabrication tech-
niques (laser cutting and 3D printing), and on working with
mycelium. They were second and third-year undergrad-
uates with no compensation for their participation in this
workshop. Fig. 1 presents data about the degradation time
of common digital fabrication materials and its possibilities
to recycle or compost. This Fig. 2 shows the samples we
prepared for the workshop.

The workshop was divided into three sessions that hap-
pened two times. Fig. 4 shows the Instructional Plan used
for the first session (3 hours). During the hands-on activity
of this session (Cycle 2 and 3 happened in parallel), par-

Anticipatory Set (30 minutes)

1. Prototyping process: Sustainable Design, Lifecycle, Biomaterials.
2. Impact of Prototyping materials in the environment; use and end
of use while DIY prototyping.
Presentation Cycle 1

1. Instructions on use of 1. Hands on activity: Personalize
mycelium (molding and prototype using a basic template
lasercut), samples made with | shared with the class. (22 mins)
different prototyping 2. Iterations after failings (20 mins)
materials. (8 minutes)
Presentation Cycle 2 Practice Cycle 2

1. Laser cutting an electronic 1. Laser cut their customized design
enclosure (materials provided | in groups of 6 students in the

in class) (2 minutes) prototyping lab. (58 minutes)
Presentation Cycle 3 Practice Cycle 3

1. Mold making an electronic 1. Students will mold with mycelium
enclosure (circuit playground) | composites using their objects

or a lampshade. (2 minutes) brought to the class. (58 minutes)

Practice Cycle 1

Wrap up (20 minutes)
Students’ feedback on experience prototyping with an eco-material
Review the learning outcomes of the day

Figure 4: Instructional Plan for the Sustainable Prototyping
Workshop

ticipants were asked to design an electronic component
enclosure using a 2D program such as Adobe illustrator.
They were allowed to iterate up to 3 times and pick their
preferred material to laser cut between matboard, acrylic,
plywood, and mycelium-composite. Participants had two
days to complete this assignment as part of the workshop.
Participants completed two questionnaires at the end of the
first session and the second, to collect student’s reflections
about materials’ impact before and after interacting with bio-
materials (mycelium). We used open-ended questions in
both questionnaires about their materials’ decision-making.
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