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Introduction: Wherever humanity journeys, 

whether the mission is conducted by government or 
commercial entities, and no matter if we are establish-
ing habitation at Deep Space Gateway (DSG), on the 
Moon, Mars, or even on Earth, we will never escape 
the need to efficiently manage our waste. A science 
and technology demonstration of waste conversion for 
volume reduction and resource recovery at DSG will 
enable further reliability on waste conversion systems 
and provide solutions to managing our environmental 
impact, on- and off-Earth. The demonstration and suc-
cess of this technology at DSG will be a requirement 
to move on to longer duration human space flight 
which must close the loop on space waste. 

On current human spaceflight missions aboard the 
International Space Station, (ISS) logistical and mis-
sion waste is stored in cargo transfer bags and stashed 
in a disposal vehicle, which is then jettisoned to burn 
up on Earth reentry. Longer missions dictate more 
waste generation, which indicate future mission chal-
lenges. For DSG, a similar variety of logistical items 
including food, hygiene supplies, and other commodi-
ties will have more demanding launch mass require-
ments and fewer opportunities for resupply. This will 
commensurately reduce the mass that can be devoted 
to science and exploration. Using gravity to dispose of 
waste in low Earth orbit is also no longer an option for 
DSG missions. Jettisoning logistical waste into space 
or creating waste heaps on other worlds is inefficient 
from a mission design perspective, when all of that 
waste could potentially be re-purposed.  

Research Progression: The Trash to Gas (TtG) 
project run by KSC, as part of the Advanced Explora-
tion Systems Logistics Reduction and Repurposing 
Project, was tremendously successful from FY12-
FY14 at converting various waste products (i.e. astro-
naut food packaging, spent clothing, hygiene items, 
fecal, and urine brine), to methane (CH4) (TRL 4) and 
demonstrated potential for water (H2O) production., 
but the technology was highly gravity dependent. TtG 
for CH4 production is a two-step process that would 
use the waste reactor and a Sabatier reactor for full 
CH4 and H2O production. 
 
Step 1: Trash + O2 + H2O → CO2 + CO + H2 + Ash/Tar/Metals 
Step 2: CO2 + 4H2 → CH4 + 2H2O 

 

The six TtG technologies investigated for waste-to-
fuel production were mainly thermochemical processes 
that converted the raw elements of a uniform waste 
simulant into new products [1–3]. Steam-reforming 

technology resulted in the highest performance when 
coupling system mass, power, production rate and car-
bon conversion.  

Waste processing reactors are gravity dependent 
for the following reasons: 1) The fundamental thermo-
chemical process (ex: combustion) is different in mi-
crogravity (μg); 2) waste material falls into the hot 
reaction zone because of gravity; 3) hot gas rises into 
the unreacted waste heating it up and causing drying 
and pyrolysis of the waste before it reaches the hot 
reaction zone; 4) hot gas is forced to exit the bottom of 
the hot reaction zone but density differences cause the 
gas to rise creating mixing that entrains solid particles 
and mixes gas and tars making sure the reactions go to 
completion; 5) ash is collected in the bottom of the 
reactor due to gravity. 

Various trash disposal strategies have been investi-
gated for different deep space mission scenarios [3]. 
On a 1 year mission, it is estimated that a four person 
crew will produce approximately 2,500 kg of waste 
materials, consisting of food packaging, used clothing, 
hygiene items, human waste, life support system sup-
plies and other crew supplies [4]. Jettisoning trash 
from a vehicle at the DSG or during transit to a deep 
space location (i.e. Mars) requires energy for pressuri-
zation and depressurization and could become an or-
bital debris issue. Leaving waste on a planetary surface 
risks the violation of planetary protection rules. The 
reuse of discarded materials on any long duration, 
deep space, mission will reduce the overall mission 
mass, increase usable spacecraft and habitat volume 
and improve mission reliability and robustness. The 
repurposed waste can be converted into fuel, air, H2O, 
replacement parts and even spacecraft construction and 
repair materials!  

Throughout our development we have combined 
fundamental combustion science with technology de-
velopment and plan to continue that relationship. The 
FY18 and FY19 Space Technology Mission Direc-
torate Early Career Initiative selected the KSC Orbital 
Syngas/Commodity Augmentation Reactor (OSCAR) 
project to reduce risk of a space waste conversion sys-
tem by investigating a μg reactor to duplicate TtG’s 
success in space. This work will unlock science ques-
tions and advance the development for DSG and be-
yond. Over the next two years, the team will utilize 
iterative development via μg demonstrations with the 
teamwork of μg and combustion experts at GRC, and a 
suborbital flight demonstration on a commercial vehi-
cle. These experiments will advance a prototype μg 
waste conversion system. The behavior of the material 
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in μg will be observed to see if the main reactions and 
thermochemical processes occur on the surface and/or 
in-depth of the material or in the gas around the mate-
rial in the absence of forced air movement. Additional 
tests with forced air movement can also be done. Cor-
responding 1-g tests will have natural air movement 
due to buoyancy. These tests will be used to decide the 
appropriate method to model the system and help 
guide the design of how air, or other oxidant, should 
be introduced into the hearth zone for optimum mate-
rial conversion. 

The next steps after OSCAR are to test and further 
develop on ISS and then at the DSG. A prototype on 
ISS will have the benefit of crew interaction and it can 
be used to mature the μg technology to the point where 
it can be optimized for long-term, remote, operation.  

DSG Infusion: The DSG offers a unique platform 
for further research and studies that assess the efficien-
cy and effectiveness of reutilizing waste in an operat-
ing deep space mission environment. Long duration 
waste processing on DSG will allow for study of heat 
transfer into the unreacted waste as it moves into the 
reaction hot zone, how solids and tars exit the reaction 
hot zone, as well as studying the fundamental thermo-
chemical processes on mixed waste streams which 
cannot be done in shorter duration μg studies. 

Designing and building a TtG system based solely 
on tests done in gravity and shorter duration  μg testing 
is not enough. The thermochemical process requires a 
prototype demonstration on DSG to validate science 
and processing for use on missions that are greater 
than 1 year. Most related research on combustion or 
material thermal processing has been targeted at fire 
safety or fundamental combustion model development. 
TtG has provided ground validation, OSCAR will pro-
vide insight into the related physics in μg for a sounder 
design. ISS demonstrations will determine additional 
optimizations for long duration use, and a DSG proto-
type demonstration will provide science validation of 
the waste processing hardware in μg.  

During the DSG mission, a waste conversion pro-
totype of ~100kg, using <1KW of power and 200L in 
volume would be built and demonstrated for waste 
reduction, gas production/analysis, and H2O recov-
ery/analysis. The crew logistical waste (food, food 
packaging, and clothing), would be converted to gas 
products for fuel use, H2O for life support, demon-
strate volume reduction, remove the trash smell from 
long term storage, free up working cabin volume, steri-
lize waste, and provide raw metal recovery (i.e. Alu-
minum from food packaging). 

The amount of crew time required to perform the 
research with the prototype system is unknown at this 
stage, but will be reduced after optimization is made 

from ISS experiments. Access to a vacuum line, gas 
analysis, and heat rejection would be required. There is 
no preference on the DSG orbit.   

Long Duration Mission Benefits: Fuel produc-
tion, H2O recovery, and sterile product gases that can 
either be sent to a Sabatier reactor or vented are the 
major opportunities for the waste conversion technolo-
gy. Waste processing can result in a waste volume 
reduction of 19 m3 over the course of a year, equiva-
lent to the pressurized volume of one Orion spacecraft 
[4]. In a mission benefit analysis for producing propel-
lants from waste, enough delta-V potential for yearly 
station keeping of a spacecraft at Earth-Moon La-
grange point L2 is produced in either of the cases pre-
viously mentioned [5]. With a focus on CH4 produc-
tion from waste, enough propellant could be made to 
send a 200 kg payload from L2 to the lunar surface 
each year. For a Mars mission, the propellants can help 
mid-course corrections, depending on the size of the 
spacecraft. 

Along with a commitment to explore and pioneer, 
comes a commitment to use the resources at our dis-
posal fully, efficiently and responsibly. This is the 
heart of closing the loop on human spaceflight and 
logistics reduction and reutilization; but there is signif-
icant science and technology develop-
ment/demonstration needed at the DSG before the 
benefits of this capability can be fully realized for long 
term, deep space, exploration by NASA or by com-
mercial space explorers. 
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