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Recycling and reuse of materials (closed-loop system) = self-sustainable 
human presence in space:

- minimize the resupply of resources from Earth
- ethical considerations associated with space waste generated by the 

human presence 
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Organic waste Non-organic waste
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• Metallic structures 
• Electronic devices
• Clothes
• Consumables: 

plastics

Soil formation



Plastics

Plastic recycling in space will be pivotal to: 
• upcycle carbon 
• obtain feedstock 
• produce new consumables 
• reduce space waste production

Wide range of synthetic or semi-synthetic polymeric materials, high durabile and 
adaptabile. Often derived from non-renewable fossil fuels. 

A space perspective

• Will be indispensable in our everyday life in
space, construction, food and pharmaceutical
industries.

• Key role, due to their resistance and capacity to
withstand harsh space conditions.

• Fossil fuels, are not available in space.

• Bioplastic production potential solution, but could
suffer limitations, e.g., when biomass is required
to feed other LSS compartments.

BUT…



Plastic biodegrading microorganisms

• Microorganisms have been shown to break down 
microplastics (biodegradation) into organic 
nutrients to support growth.

• Synthetic biology approaches used to engineer 
microorganisms to produce useful molecules 
starting from plastic waste.

Shah et al., (2008) 
Biotechnol. Adv., vol. 26, pp. 
246–265

Plastic-biodegrading microorganisms could become promising 
components of extraterrestrial outposts. 

Yoshida et al. Science. 351, 5 (2016).

Sadler & Wallace 
Green Chem. 23, 

(2021).
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However microorganisms:
• respond unpredictably to space conditions
• can have deleterious effects on materials and crew

Their potential use in human space exploration for novel 
applications, such as plastic recycling, requires investigation.



Plastic biodegrading microorganisms for a sustainable future 
on Earth and beyond

To study the cellular and molecular mechanisms of microbe-mediated biodegradation under space 
conditions (e.g., simulated microgravity), which will be pivotal to establish space biotechnologies. 

Focus on two aspects: 
• advancing the knowledge on the molecular mechanisms of microbial plastic biodegradation, 

particularly under space conditions; 
• applying the results to terrestrial and space biotechnologies

The project



A potential new tool for space ecology?

(Santomartino et al., under revision)

Space biotechnologies aimed to recycle non-
organic waste could produce primary and 
secondary products that could sustain biological 
compartments in LSS, and vice versa. 

Plastic biodegrading microorganisms for a sustainable future 
on Earth and beyond

Toward loop closure
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Microbial species selection

Scouriemore

Durness

Isolation from Scottish plastic-polluted 
environments -> sample collection in June 
2022



Plastic biodegrading microorganisms for a sustainable future 
on Earth and beyond

Microbial species selection

Isolation from Scottish plastic-polluted 
environments -> sample collection in June 
2022

Scouriemore

Durness

Test known plastic-degrading 
microorganisms under space conditions

i.e., Penicillium simplicissimum, 
Sphingomonas spp. etc.



BioRock logo created by Hadrien Jouet and Mauro Manzo BioAsteroid logo created by Dr Sean McMahon

2019 2020-21

The first two biomining experiments on a space station



BioRock logo created by Hadrien Jouet and Mauro Manzo

2019

The first two biomining experiments on a space station
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BioAsteroid – biomining meteorites in space

Samples grew in liquid culture in the presence of the 
meteorite rock pieces for 19 days at 20°CMedium: 50% R2A

Fixative: RNAlater

Microbial species:

Crushed L-chondrite

Sphingomonas
desiccabilis

(bacterium)

Penicillium 
simplicissimum

(fungus)

Non-biological
control

S. Desiccabilis + 
P. simplicissimum

ISS

EARTH

Microgravity (µg)

True terrestrial
gravity (1 x g,
Ground control)

Gravity condition:Rock substrate:
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Silicone-rubber semipermeable membrane1.5 cm
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BioAsteroid – biomining meteorites in space

Washed to 
remove 

adherent cell

CPD

Air-dried

Yoshida et al., 2016Scanning Electron Microscopy
(SEM)

SEM

Fourier-transform infrared 
spectroscopy (FTIR)

Silicone-rubber semipermeable membrane1.5 cm

Ongoing



Scanning Electron Microscopy (SEM)

ISS

Earth

Non-biology FungiBacteria Mix

Reference (fresh membrane)

Crack
Patch
ScratchSinéad Corbett, SH student



Fourier-transform infrared spectroscopy (FTIR) to monitor 
plastic biodegradation

• new peak between 3200 cm-1 and 3600 cm-1. This 
corresponds to the stretching vibration of the Si-OH 
bond. 

• -CH3 functional group peak increased during exposure.
• hydroxyl compounds were formed: this confirms 

degradation by hydrolysis. 



Fourier-transform infrared 
spectroscopy (FTIR)

ISS Earth

OH streching

CH3 streching

280031003600
Dr Corentin Loron

CH3 stretching: 2800 cm-1-3100 cm-1

OH stretching: 3200 cm-1-3600 cm-1



Dr Corentin Loron

Fourier-transform infrared 
spectroscopy (FTIR) OH streching

CH3 streching

CH3 stretching: 2800 cm-1-3100 cm-1

OH stretching: 3200 cm-1-3600 cm-1

280031003600

Chemometric OH/CH3 ratio to 
reflect the degradation gradient

Polydimethylsiloxane, vinyl terminated

Microgravity seems to have a stronger effect on 
reducing bacterial rather than fungal 

biodegradation
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Take home messages

• Plastic waste represents a valuable resource for extraterrestrial outposts

• Although not providing products traditionally included in regenerative LSS (e.g., food, oxygen, water), non-organic 
waste recycling (i.e., plastic) compartments would produce primary and secondary products that could sustain 
biological LSS compartments, and vice versa

• Plastic-biodegrading microorganisms could therefore become promising components of extraterrestrial outposts: 
a potential tool to close the loop.

• Preliminary side results from a space microbiology experiment (on biomining) provided the first evidence that
microbial biodegradation could be possible, but potentially less efficient, under space conditions – research is
required to test/improve the process for space application!

How can microbial biotechnologies support sustainable space exploration, contributing 
to the establishment of a space circular economy?
How can advancement in this research be transferred to Earth, to address crucial 
environmental issues?



Can advancement in this research be transferred to 
Earth, to address crucial environmental issues?

Space agencies, included ESA, and 
companies believe this is possible!



Looking forward to collaborate!
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