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Abstract

Mycelium is the filament structure that fungi use to grow, similar in function to the roots of a plant. It
feeds on a substrate composed of agricultural waste and can grow to fill the shape of various molds. As it
grows, the agricultural waste is decomposed and bonded with the mycelium to form a living mesh. After
three to five days, the mycelium can then be processed to stop growth while retaining the shape of the
mold. The resulting material is lightweight yet strong, with excellent mechanical properties. The
mycelium materials are insulators, waterproof, fire retardant, and do not produce toxic gasses. The
material could also be radiotrophic if melanin-rich mycelium is used in production. Because of these
several useful properties, the simple manufacturing process, and sustainability, mycelium materials are
currently commercially produced as sustainable alternatives to plywood and packaging material. Our
objective is to study mycelium materials for in situ habitation construction material for manned planetary
missions. The proposed work focuses on structural analysis of mycelium structures with an experiment
testing mycelium material as radiation shielding. This fits under Taxonomy 06: Human Health, Life
Support, and Habitation Systems, and Taxonomy 12: Materials, Structures, Mechanical Systems, and
Manufacturing.

Technical Merit and Work Plan

As constant scientific advancements push humanity closer towards manned exploration of space, NASA
needs a cost-efficient yet effective solution to human habitation and radiation protection. The Apollo
missions used the lunar module as a habitat and the aluminum skin of the spacecraft provided a minimal
amount of radiation shielding. Each mission risked solar flares that would rapidly cause acute radiation
sickness. Despite the risk, all Apollo astronauts received a minimal amount of radiation. However, larger
crews and longer missions require larger habitations and significantly increases the risks of radiation
exposure. Building such large habitations on Earth would require large amounts of energy, time, and cost
to launch into space. In situ manufacturing would greatly reduce the costs of building larger habitations.
Our proposed work would be to study mycelium materials as both habitation construction and insulation
material in addition to radiation shielding.

What is mycelium? Mycelium is the filament structure that fungi use to grow, similar in function to the
roots of a plant. It is the most active stage of the life cycle of a fungus; as the mycelium grows in the
provided substrate, the material is decomposed, and the fungi is fed the absorbed nutrients. The
mycelium then grows single cell width fibers that binds the surrounding material together akin to a living
polymer. The colonized substrate can then be split in two and would continue to grow separately.
Providing more substrate would allow a continuous supply of mycelium to grow. If placed in a mold, the
mycelium continues growing until the substrate is saturated completely. After three to five days, the
mycelium can be processed through different processes to kill the organism and stop growth.

The resulting mycelium material is extremely versatile. It can be molded into custom shapes and is
waterproof, fire retardant, and an insulator. During this early development, mycelium requires oxygen
exchange but not sunlight. Reishi mushroom mycelium has been proven as a prime candidate for it’s
tenacity, extremely tight bonding, and appetite for widely available hemp hurd substrate. It is a voracious
grower and has been used by entrepreneurial companies like Ecovative Designs to produce packaging
material and wood substitute for furniture. In a matter of days a colony can be molded into any custom
shape and produce hydrophobic, flame resistant, thermally insulating material. The post process involves
ending the organisms life cycle by heat treating and desiccating it. When composted, this material will
break down completely within a week.

The ideal fungi strain would be fast-growing, tight binding, and slow to fruit (produce mushrooms). After
fruiting, the next step in the mycological life cycle is reproduction by sporulation, which is vital to avoid.



Mushroom spores are a major inhalation hazard for humans on Earth, let alone in space and long-term
exposure leads to lung inflammation and acute lung disease. In a microgravity environment, this would
prove to be a catastrophic level of foreign object debris (FOD). Fortunately, this phase is easily avoidable
via regulated temperature, moisture, and observation given that fruiting and sporulation only make up
about the last 5% of the fungi’s life cycle (see fig. 1.). Even if fruit is produced, it can be harvested before
sporulation occurs.

Fig. 1. The mushroom life cycle [27].

Fungi rapidly mutate to thrive in much more hostile and microgravity environments than on Earth. The
Russian Mir station (20 February 1986 – 23 April 1996) famously had a number of microorganisms that
had hitched a ride to space on (or in) the crew. These organisms evolved to digest metals and glass, and
produced a distinct aroma visitors remarked on.

Radiotrophic fungi have also been studied as potential organic radiation shields that could be cultivated
on Mars. While alive, the fungi ‘photosynthesise’ using melanin and radioactive energy. “One side of the
petri dish was coated with the fungus; the other side had no fungus and served as a control. A detector
was affixed to the back of the petri dish to measure radiation coming through. The detector was
monitored for 30 days. The researchers found that the side of the petri dish that was covered with fungus
reduced radiation levels coming through the dish by approximately 2% compared to the control side. That
alone is inadequate as a safety shield, but the experiment serves as an indicator of what might be possible.
On its
own, the fungus is known to grow, which means a rocket carrying humans could carry just a small
amount with them. Once on Mars, the fungus could be cultivated on a shield structure” (Testing
Chernobyl fungi as a radiation shield for astronauts by Bob Yirka , Phys.org).

Because these organisms are experts at adaptation and easily cultivated, they would be an amazing
regenerative resource. A mix of substrates sourcing high-carbon, nutrient rich agricultural waste can be
dehydrated, compacted and sent to space. In this state, it would take up little storage space and last
indefinitely. Rehydrating and inoculating the material with a chosen mycelium culture would set
cultivation and production of said material in motion. After inoculation, the mycelium will need
additional nutrients in the form of a simple carbohydrate such as wheat flour within about 10 weeks.

https://phys.org/tags/petri%2Bdish/
https://phys.org/tags/radiation/
https://phys.org/tags/dish/
https://phys.org/tags/fungus/


While the substrate requires a fairly large amount of water per pound to hydrate (3 cups per 1 pound) and
properly support the mycelium, all that water can be reclaimed during the post-processing of the material
and recycled for drinking or other uses.

This technology has the potential to provide a truly renewable resource that can be cultivated entirely off
of Earth. It would enable astronauts to build shelters in otherwise uninhabitable areas, and reduce the
effects of cosmic radiation. As an added bonus, because this material is entirely biodegradable, using it to
amend regolith would support larger scale agriculture with wider biodiversity.
By enabling humans to build outposts and habitat complexes, we would establish a real presence on the
moon as opposed to ‘camping out’ in a lunar module. Besides establishing colonies on the moon and
beyond, this green technology is completely applicable on Earth. Replacing common-use materials like
concrete and lumber with mycelium materials would be a cost-effective and carbon negative solution.

Unlike lumber, which is very commonly treated with arsenic, formaldehyde or other dangerous
compounds, mycelium-based material is entirely biodegradable, and would be an excellent regolith
amendment as our need for agriculture expands. On Earth, it takes about five days to decompose once
composted, compared to 500 years it would take the same volume of styrofoam.

In terms of both transporting and using the material, mycelium is significantly cheaper, lighter, and
longer-lasting material compared to commonly used construction materials such as lumber.When
paired with a substrate such as compacted hemp hurds (between three and eight times less dense as
wood), it would be possible to grow thousands of square feet of mycelium material per pound, as
opposed to the usable square footage of lumber-based structures.

Mycelium material could also be processed in many different ways, most commonly by desiccating the
object in an oven, killing the organism and removing the moisture. Another method is applying heat and
pressure to form it into a dense, wood-like board. But in an extreme environment like the moon or Mars,
why not just expose the water-laden pieces to space? The water would freeze, but our team thinks that's
worth looking into. The current protocol on the ISS for a solar event is for the crew to huddle in the
middle of the module, piling up all the supplies - especially water - around them and hoping that it’s
enough of a barrier to protect them from the worst of the storm. If a mycelium based construction
material with high porosity was still full of water, would that increase its ability to shield human
inhabitants from the harsh radiation of space and significant heat on certain astral bodies?

As more universities and entrepreneurs delve into this new technology, our team proposes NASA
investigate the next steps; How resistant can this material be against cosmic radiation how can we
integrate this with common insulating materials for enhanced performance at lower cost, and how can we
set up astronauts and explorers to farm their future homes?

Table 1 is used to compare mycelium (which will be modelled as MycoComposite029) to various other
materials such as aerogel, polyester film, aluminum, styrofoam, and plywood. These comparisons help us
understand where mycelium outperforms the usual materials we use for building, and where it can be
improved.

Table 1:

General
Application
Reasoning

Mycelium
(MycoComposite029
)

Aerogel Polyester film
(in MLI)[13]

Aluminum
(in MLI)

Styrofoam Plywood

Density Implied built 110 kg/m3 [23] 1390 kg/m3 [12] [5] [20]



added mass 100 - 500
kg/m3

2700 kg/m3 50 kg/m3 520 - 760
kg/m3

Tension/Tensile
Strength

Implied
structural
integrity and
warranty

0.020 - 0.028 MPa 0.081 MPa [9]
28000 - 34000
psi (193 - 234
MPa)

[6]
75 MPa

[15]
18 - 50.9
MPa

[21]
27.6 -
34.5 MPa

Compression Implied required
space storage
and durability

0.070 - 0.150 MPa 500 kPa -
4.2 MPa

2.3 psi (0.016
MPa)

[6]
30 - 280
MPa

30 - 100 psi
(0.207 -
0.689 MPa)

31.0 -
41.4 MPa

Noise Reducing
Coefficient
(1 meaning all
sound is
absorbed)

Hearing
protection (most
applicable to
spacecraft travel)

0.6 [11]
0.67

N/A N/A [9]
0.2

[1]
0.10 -
0.15

R-Value (higher
value = more
effective
insulation)

Heat resistance
thru a certain
thickness of the
material

3.5 deg*F*ft2*h/BTU 10.3 per inch [7]
1.5

[22]
1.80 per 0.5
in

[25]
5.0 per in

[1]
0.10 -
0.15

Fire Rating Resistance
rating, A being
the lowest flame
spread

Fireproof Rating A [26]
Fireproof
Rating A1

[11]
Combustible

[14]
Non-combus
tible

[2]
Untreated
EPS foam
burns at
650-700
deg*F

[4]
A, B, or C

Modulus of
Elasticity
[Young’s
Modulus]

Material
flexibility in
terms of
elasticity (ratio
stress:strain of
linear region of
material)

9.00E-4 - 1.700E-3
GPa

106E-7 GPa [16]
3.79 GPa

[17]
0.048 - 342
GPa

[15]
1.65 - 3.4
GPa

N/A

Flexural
Strength
(greater value =
greater force
necessary to
break)

Material
flexibility
breaking point
(bending)

0.100 - 0.200 MPa [24]
Less than
10^-2
MPa

N/A [17]
172 - 330
MPa

[15]
29.4 - 107
MPa

N/A

Flexural
Modulus
(higher meaning
harder to bend)

Tensile and
compressive
strain

7.200E-3 - 1.300E-2
GPa

[3]
5,000 psi
(0.034 GPa)

490kpsi (3.378
GPa)

[6]
106 GPa

[15]
1.4 - 3.45
GPa

[21]
8.20 -
10.3 GPa

Styrofoam and plywood are two common materials mycelium can replace. MLI, or Multi-Layered
Insulation is a material often used to insulate spacecrafts. Their main two materials are polyester film and
aluminum. Aerogel has more recently been implemented as a highly effective insulation material, but it
does not contain significant strength or flexibility due to its solid but jelly-like structure. Although
mycelium by itself lacks much of the structural strength, it can be strengthened depending on the mold
and substrate material. Due to its structure, mycelium has a 0.6 noise reducing coefficient that could be
used to build quieter spaces in habitats or protect inhabitants from harmful audio levels. Additionally, the
material must be generally safe to handle since it will be transported for the purpose of human habitation.
High combustible materials need additional labor, care, and supplies to meet safety requirements.
Thermal insulation and shear stress must also be determined and enhanced to ensure long shelf life in a
harsh environment



Project Management Approach

Preliminary Schedule for the Mycelium Materials for Habitation Project

Our team proposes to start the project this upcoming year at the start of the new year of 2022. During this
initial first stage, we hope to develop the material in a reusable building block form that gives the desired
mechanical and chemical properties. The following figures are the Gantt charts for testing, structural
analysis, and growth viability of mycelium material.

Testing

Fig. 2. A timeline for radiation testing of the mycelium material, the span of this should be about 2-3 months.

Structural Analysis

Fig. 3. We will also conduct structural analysis on the molds that we develop ourselves for the project and
develop an infrastructure to help with the farming of the product. This will take about 3 months.

Viability of Growth

Fig. 4. Research and development will be conducted on the viability of growth of the product in space and we will
also develop a proposed farming technique that we intend to test ourselves. This will take about 6 months.



Budget

Fig. 5: Budget analysis of the project



The figure above represents the cost breakdown of this project where the largest allocations include
personnel, manufacturing, testing, and facilities expenses. Generally, there should be a 20-30% margin
reserved from the total project budget to fund unforeseen situations without severely totalling past the
budget. In total, the cost of this development project is $10,000 including a 20% margin as that is the
amount of grant this team hopes to receive.

Roles and Responsibilities
● NASA Program Executive - ensures that the project meets obligations, i.e. cost, schedule, and

technical; facilitates transitions between phases.
○ Program Scientist - monitors science management and program execution and ensures the

science of the mission remains viable and true to strategic objectives during development
of the mission.

● Mission Manager - provides a team-based operational environment for day-to-day tasks.
○ Project Scientist - determines and executes research goals in relevant areas of expertise.
○ Mission Systems Engineer - understands all technical parts of the mission and how

they come together.



● Principal Investigator - primary individual that has total responsibility for the project to succeed.
○ Project Manager - works with the PI to ensure that the project is meeting its goals and

objectives with the resources proposed.
○ Executive Advisory Council - helps control costs, and resources.
○ Science Team - research, calculate, perform modelling on the scientific aspect of

the mission.
○ Subject Matter Experts/Mentors - mentors or provides expert feedback on research

and prototyping aims.
■ Structural Engineer - provides background knowledge and direction on

structural integrity.
■ Material Scientist - provides background knowledge on material testing

and creation.
■ Mycologist - provides background knowledge on topics concerning

mushroom mycelium development.

Teaming and Workforce Development

Team Member Major Contribution

Alex Langenstein Mechatronics Mushroom farming experience,
long-term conceptual farming

techniques, research

Jessica Boen Chemical Engineering Thermal and radiation research
and analysis, fluid dynamic

modelling, designing P&IDs and
SOPs

David Franco Aerospace Engineering Radiation experiment
development and planning,

structural and thermal analysis

Ashley Perez Aerospace Engineering Thermal, structural, and fluid
dynamics analysis

Ricardo Guzman Computer Science Modeling, programming,
calculations

Ariyan Kalami Computer Engineering Calculations, simulations for
structural integrity tests,

modeling, robotics

Alejandro Martin-Villa Mechanical Engineering Stress and fatigue testing,
manufacturing techniques,

concept design
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Science Traceability Matrix

Column # 1 2 3 4 5 6 7 8

Science
Goals

Science
Objective
s

Scientific
Measurement
Requirements

Mycelium
Performance
Requirement

Projected
Instrument
Performan

ce

Mission
Requirem
ents (Top

Level)

Develop
mycelium
as an
insulating/
constructi
on
material
for
habitation
shelters
intended
as outpost
or
habitation
complexe
s

Develop a
mycelium
material
withstand
able for at
least 6
months in
space

Observabl
es

Physical
parameter

s

Structural
Integrity

30-40
MPa 28 MPa

Needs
compress
i ble
packagin
g and
stress-wit
hstanding
propertiesStructural

Integrity of
Overall
Material or
Composit
e

Tensile,
Compress
ion
Strength,
Shear
Stress

Size
mycelium
can
support
with
optimal
structural
integrity

Max
Radiation
Leakage

Max
tolerable
radiation
for
humans:
20 mSv 15 mSv

Develop a
procedure
of material
growing
and
finishing
process

Compositi
on and
Mass of
Feed

Heat
Resistanc
e R-Value 5 5-10

Must be
packable
in
transport
a tion
storage

Compositi
on and
Density of
Substrate

Fire
Rating

Medium-ri
sk
combustib
ility

Grade A,
low
combustib
ility

Test and
enhance
particle
and
thermal
radiation
resistance
of
mycelium
to within
human
safety
limits

Environm
ental
Compatibil
ity

Operable
Temperatu
re,
Pressure,
Microgravi
ty, and
Humidity

Thermal
operable
range 80 deg F

50-80 deg
F

Must be
compatibl
e with
astro-envir
onments
including
Mars and
Earth's
Moon

Thermal
Resistivity R-Value

Tensile
Strength

0.02-0.10
MPa 0.03 MPa

Human
Health

Fire
Rating
and

Compress
ion
Strength

0.15-1.0
MPa 0.20 MPa



Hazards

Radiation
Absorba
n ce

Absorban
ce
Spectra
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