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‘Mission Needs Drive Design

LOW EARTH RETURN MARS RETURN

3 HOURS 5 Df\f ) 9 MONTHS
3,000°F 5,200 6,200°F
17,500 MPH 24, 700 MPH 26,800 MPH

250 MILES 240,000 MILES 39,000,000 MILES
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Presentation Notes
The Mission drives design.  NASA is building the exploration systems needed to go beyond low earth orbit to the Moon and Mars.  



MOON AND MARS EXPLORATION

Operations on and around the Moon will help prepare for the first human mission to Mars
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To return to the Moon and prepare for Mars, NASA needs rockets, spacecrafts, landing systems, space suits, communication, rovers, habitats, medical equipment, space food and so much more…..  These items and countless others are being developed by engineers and scientists. 
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= Artemis |I: 2022 Artemis Il: 2024 Artemis Ill: 2025 Artemis IV Artemis V '

Uncrewed flight test Crewed flight test Crewed surface Gateway assembly, Crewed mobile
COMPLETE : expedition crewed sustaining surface exploration,
‘ lander expedition Gateway expansion
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Space Launch System (SLS)
Exploration Ground Systems (EGS)
Human Landing System (HLS)
Power and Propulsion Element (PPE)
Habitation and Logistics Outpost (HALO)
International Habitat (I-HAB)
European System Providing Refueling Infrastructure and Telecommunications (ESPRIT)
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Orbiter: Continued
surface and landing

site investigation

is I: First Artemis II: First humans ay begins science operations ~ Artemis HI-V: Deep space crew missions;
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American companies will deliver lunar payloads to enable scientific exploration of the lunar surface. NASA expects to be one of many customers that will use these commercial landing services.

CLPS payloads will conduct science experiments, enable important technology demonstrations, and facilitate hardware development of future landers, rovers, power sources, and other exploration systems 
Investigations and demonstrations will help NASA study Earth’s nearest neighbor under the Artemis program. CLPS is leading America’s return to the lunar surface and is an important predecessor to the eventual return of humans to the lunar surface.

14 CLPS providers are currently on contract and eligible to bid on payload deliveries to the Moon
NASA solicits bids from CLPS companies and awards contracts to deliver science, exploration, and technology payloads to the lunar surface
NASA has already awarded four CLPS contracts that will deliver a total of 29 payloads beginning with three landers in 2022, and one in 2023 
NASA is also soliciting payloads and subsequent landers to go to the lunar surface with a cadence of roughly two deliveries per year to characterize the Moon’s surface and enable future  human and robotic exploration

Volatiles Investigating Polar Exploration Rover (VIPER)
VIPER is the first surface resource mapping mission on another celestial body  
At the South Pole of the Moon, this mobile robot will get a close-up view of the distribution and concentration of water ice that could eventually be harvested to sustain human exploration �on the Moon, Mars — and beyond
NASA awarded a task order to Astrobotic to deliver the agency’s VIPER to the lunar South Pole in late 2023 as part of the Commercial Lunar Payloads Services program 
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Exploration Ground Systems is based at NASA’s Kennedy Space Center in Florida. EGS was established to develop and operate the systems and facilities necessary to process and launch rockets and spacecraft during assembly, transport and launch. EGS’s mission is to transform the center from a historically government-only launch complex to a spaceport that can handle several different kinds of spacecraft and rockets—both government and commercial.

The SLS Core Stage arrived to Kennedy Space Center on April 27th 2021 and was transported to the Vehicle Assembly Building on April 29th 2021. EGS attached the Core Stage to the 2 Solid Rocket Boosters and then stacked the Orion spacecraft atop the rocket.

The Artemis I rocket rolled out to the launch pad for testing on March 17th.

The Vehicle Assembly Building, or VAB, at NASA’s Kennedy Space Center in Florida, is the only facility where assembly of a rocket occurred that carried humans beyond low-Earth orbit and on to the Moon. For 30 years, it also served as the final assembly point for space shuttles to external fuel tanks and solid rocket boosters.
The iconic facility serves as the central hub of NASA’s premier multi-user spaceport, capable of hosting several different kinds of rockets and spacecraft at the same time. Whether the rockets and spacecraft are going into Earth orbit or being sent into deep space, the VAB will have the infrastructure to prepare them for their missions.

Fun Facts
One of the largest buildings in the world by area, the VAB covers eight acres, is 525 feet tall and 518 feet wide.
It would take a stack of about 18,143,000,000 puzzle cubes to fill the VAB high bay.
The VAB high bay doors are the largest in the world at 456 feet high and take about 45 minutes to completely open or close.
The building is home to the largest American flag, a 209-foot-tall, 110-foot-wide star spangled banner painted on the side of the VAB.
It is made up of 65,000 cubic yards of concrete and its frame is constructed from 98,590 tons of steel. It stands atop a support base of 4,225 steel pilings driven 164 feet into bedrock.
The VAB was painted in 2007, when the repairs were completed after the 2004 Hurricanes Frances and Jeanne tore 845 panels off the building.
The flag originally was painted onto the VAB in 1976 for the Bicentennial Exposition on Space and Technology.
It will take more than 500 gallons of paint to repaint the American flag, and the NASA meatball, which measures 110 feet tall by 132 feet wide. 
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Have you ever seen the Statue of Liberty? The SLS will be 322 feet tall, which is a little shorter than Apollo’s Saturn V rocket.  If you have ever stood underneath the Statue of Liberty (305 ft), the SLS will be 17 feet taller.

The rocket for Artemis I will be able to carry 154,000 pounds of supplies. That’s like 12 elephants!  Future missions to Mars will require even more supplies so the larger version of the SLS will be able to carry 286,000 pounds of supplies, which is like 22 elephants!
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Orion Spacecraft Overview

•The crew module is capable of transporting four crew members into deep space and provides a safe habitat from launch through landing and recovery.

•The Launch Abort System is designed to protect the astronauts if a problem arises during launch. It is positioned above the crew module and can activate within milliseconds to pull the crew to safety and position the module for a safe landing.

•The service module, provided by ESA (European Space Agency), is the powerhouse of the spacecraft, supplying it with the electricity, propulsion, thermal control, air and water Orion needs in space. It provides support to the crew module from launch through crew module separation prior to reentry. ESA’s prime contractor is Airbus.




GATEWAY ASSEMBLED







HOWDOYOULIVEANDWORK
| BEYOND LOW EARTH ORBIT S Ta R
| UTILIZING as many of the RESOURCES around you’?
| ‘How do we do this SUSTAINIBLY’? _







LUNAR SURFACE
SYSTEMS
& INFRASTRUCTURE




Surface Habitat

ARTEMIS

Will be a primary asset to achieve a
sustained lunar presence.

NASA is working with industry to
develop conceptual designs for the
Surface Habitat.

2-4 crew — medical, exercise, galley, crew
quarters, stowage

i Houses 2 crew for 30 days

e e HH_III,II{IIHHI“"" _ EVA capable via suitports and includes airlock for
— e —— suit maintenance capability

LT :Ltj.l-.'--'it {4

Power generation, recharge capability for surface
assets

> 3 R e Communication hub for surface assets
o 3"/ , g | Reuse for multiple missions of 15-year lifetime

" S  \Artist’s illustration



Pressurized Rover

Bl e E ey ’ : Artist’s illustration

ARTEMIS

Provides pressurized mobile
habitation to enable long-range
surface exploration in shirtsleeve
environment and access to surface for
exploration.

Habitation for 30 days for 2 crew

Allows astronauts to explore outside the vehicle
in their spacesuits

Provides volume for spares and logistics

Power generation and energy storage for lunar
environment

Dust and radiation protection
Reuse for multiple missions of 10-year lifetime

Capability also identified in current concepts for
first human mission to Mars
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ARTEMIS

In-Situ Resource Utilization

Artemis ISRU systems to demonstrate
resource mapping and a scalable capability
to extract and use lunar-based resources

 Resource Mapping/Estimation: Enable global and
detailed local and subsurface mapping of lunar
resources and terrain, especially for water in
permanently shadowed craters, for science, future
exploration, and commercial use

« Oxygen Extraction: Enable extraction and
production of oxygen from lunar regolith to provide
10’s of metric tons per year, for up to 5 years with
little human involvement and maintenance, for
reusable surface and ascent/descent transportation.

« Water Mining: Enable cislunar commercial markets
through extraction of water resources to provide
100’s of metric tons of propellant per year for
reusable landers and cislunar transportation systems

* Lunar Surface Construction: Building roads,
launch/landing pads, dust free zones, foundations,
blast protection, radiation shielding, shade
structures, unpressurized shelters, and even
pressurized habitats.




What is ISRU?

“Living off the Land”

Hardware & operations that harness and utilize ‘in-situ’ resources to create
products and services for robotic and human exploration

Resource Assessment (Prospecting)
Resource Acquisition

Resource Processing/Consumable Production
In-Situ Manufacturing

In-Situ Construction

In-Situ Energy
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LIVE: Develop exploration technologies and enable a vibrant space economy with supporting

utilities and commodities
Scalable ISRU production/utilization capabilities including sustainable commodities* on the lunar & Mars surface

Slide Credit: Jerry Sanders, Julie Kleinhenz and Diane Linne, NASA ISRU Presentation to COSPAR July 2022
COMMERCIAL SCALE WATER, OXYGEN, METALS & CoMMODITY PRODUCTION CommMODITIES FOR HABITATS & FOOD PRODUCTION

* Water, fertilizers, carbon dioxide,
and other crop growth support

* Crop production habitats and
processing systems

* Consumables for life support, EVAs,
and crew rovers/habitats for growing
human space activities

* Lunar resources mapped
at meter scale for
commercial mining

* Initial 10’s of metric tons
of commodities per year

* Scalable to 100’s to
1000’s metric tons of
commodities per year

IN SiTUu DERIVED FEEDSTOCK FOR CONSTRUCTION, MAANUFACTURING, CoMmODITIES FOR COMMERCIAL REUSABLE IN-SPACE AND SURFACE
& ENERGY TRANSPORTATION AND DEPOTS

P v

Initial goal of simple landing pads and protective structures
* 100's to 1000’s metric tons of regolith-based feedstock for construction projects
* 10’s to 100’s metric tons of metals, plastics, and binders
* Elements and materials for multi-megawatts of energy generation and storage
* Recycle, repurpose, and reuse manufacturing and construction materials & waste

* Initially 30 to 60 metric tons per lander mission
* 100’s to 1000’s metric tons per year of for Cis-lunar Space
* 100's metric tons per year for human Mars transportation

All activities depicted not currently funded or approved. Depicts “notional future” to guide technology vision. *Commodities are items and consumables that can be eventually sold
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Each Artemins mission to the surface will help test Space Suits, habitats, landers, rovers and systems to prepare for Mars.  Each time we visit the surface, we will stay longer.  We will  live on another world and use what we’ve learned to prepare for Mars.

NASA will build on the momentum of that human return mission in four years and plans to send crew to the Moon about once per year thereafter. To give astronauts a place to live and work on the Moon, the agency’s Artemis Base Camp concept includes a modern lunar cabin, a rover and even a mobile home. Early missions will include short surface stays, but as the base camp evolves, the goal is to allow crew to stay at the lunar surface for up to two months at a time.

A pressurized rover expands exploration range
A surface habitat enables longer duration stays
Supported with small logistics landers including commercial lunar payloads services
A wide range of opportunities for international partnerships
Science investigations, technology demonstrations, and operational analogs for Mars missions


Scientists and engineers are helping NASA determine the precise location of the Artemis Base Camp concept. Among the many things NASA must take into account in choosing a specific location are two key features: The site must bask in near continuous sunlight to power the base and moderate extreme temperature swings, and it must offer easy access to areas of complete darkness that hold water ice.
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Going to Mars will not be easy. Mars, at its closest is about is 39 million miles from Earth. 

The round-trip distance to Mars will be about 2000 times as far as the round-trip distance to the Moon. 

A roundtrip mission to Mars will take two-to-three years (our one-way robotic missions typically take about eight months). 

What we learn from Artemis and the Martian robots will pave the way for crewed missions to Mars. 

Maybe you will be one of the first astronauts to go to Mars?
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HEOMD AES - Logistics Reduction Trash Venting. Left: Plasma
gasification/pyrolysis reactor; Right: OSCAR STMD, ECI and Flight Opportunities Orbital Syngas/ Commodity Augmentation
combustion/gasification/incineration Trash to Gas test rig. Reactor (OSCAR): Waste processing in microgravity suborbital payload.

STMD Plasma
Precision Cleaning
Robot

HEOMD AES - Water Silver

Biocide, Passive silver ion
STMD CIF : CO, Plasma Gasification releasing composite foam

28






Temperature (C)

Hydrogen Plasma Reduction of Lunar
Regolith for Oxygen Liberation

EE
-
o
=;
-

EsZ
g2
gz7

L2

Computational Modeling

Relevant Environment Testing 29



9

i, ' Artist’s lllustration


Presenter
Presentation Notes
Increased flexibility for exploring new regions and advanced sample collection
Increased size range and modular design accommodate a wider range of crew members
Rechargeable systems enable more spacewalks and longer stays on surface
Specialized tools to collect quality samples and returned them safely to Earth
NASA has selected Axiom Space and Collins Aerospace to build the next generation of  spacesuit and spacewalk systems
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Presentation Notes
-If we truly seek to be sustainable in the future of human spaceflight, 
-Cradle to grave for trash is necessary.
-Team passionate for space visionary goal but also back to our home planet.
-We are in a climate crisis and one of our crises here on earth is 
the management of waste and precious planetary resources
-We are ready to design for the mission of a crew of 4 that 
considers all inputs and outputs of trash
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-If we truly seek to be sustainable in the future of human spaceflight, 
-Cradle to grave for trash is necessary.
-Team passionate for space visionary goal but also back to our home planet.
-We are in a climate crisis and one of our crises here on earth is 
the management of waste and precious planetary resources
-We are ready to design for the mission of a crew of 4 that 
considers all inputs and outputs of trash
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 NASA astronaut and Expedition 63 Commander Chris Cassidy collects trash for disposal during weekend housekeeping activities aboard the International Space Station.
NASA astronaut Scott Kelly, Expedition 25 flight engineer, is pictured near three stowage bags floating freely in the Unity node of the International Space Station.
Cady Coleman, Expedition 26 with a stowage container and its contents in the Harmony node of the ISS.
Left: STS073-356-018 -1995) - Kent V. Rominger, pilot, demonstrates an age-old trash-compacting method on the middeck of the Earth-orbiting Space Shuttle Columbia.
Right: ISS030-E-020706 - 2012) - Don Pettit, Expedition 30 flight engineer, is pictured among stowage bags in the Harmony node of the ISS.







Absolutely No Rinsi;
\

Clothing

Toothpaste

- Nitrile
Gloves

Shampoo

0

Toilet Paper

Packaging

35


Presenter
Presentation Notes
-If we truly seek to be sustainable in the future of human spaceflight, 
-Cradle to grave for trash is necessary.
-Team passionate for space visionary goal but also back to our home planet.
-We are in a climate crisis and one of our crises here on earth is 
the management of waste and precious planetary resources
-We are ready to design for the mission of a crew of 4 that 
considers all inputs and outputs of trash
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-If we truly seek to be sustainable in the future of human spaceflight, 
-Cradle to grave for trash is necessary.
-Team passionate for space visionary goal but also back to our home planet.
-We are in a climate crisis and one of our crises here on earth is 
the management of waste and precious planetary resources
-We are ready to design for the mission of a crew of 4 that 
considers all inputs and outputs of trash
 




Trash Feedstock Simulant Recipes
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Clothing

-

Toilet Paper

.

Food Packaging (FP) |

| Overwrap
~ (Clear)

Component of OWS

Component of
HFWS

Urine Brine
Polyethylene sheet
Clothing/Cotton
Fecal Simulant
Food Simulant

Hand/face wipes

Tissues

Hygiene towels
Nylon sheet
Shampoo
Aluminum foil
Nitrile gloves
Toothpaste
Paper
Maximum

absorbency
garments (MAG)

Disinfecting wipes
Duct tape




Logistics Waste Model — 1 year, 4 people

Launch Mass‘(kg) , Waste Mass (kg)

M. K. Ewert and J. L. Broyan, “Mission Benefits Analysis of Logistics Reduction Technologies,” in 43rd International Conference on
Environmental Svstems, 2013.




._@NASA Sustainable Trash Processing

Gateway Deep . 3
Space Logistics This work lays the framework for

earnest spaceflight sustainability
within next generation of human
spaceflight & exploration.

Artemis hl;ll;r:tai;/n
DRI Surface

Mars Transit Habitat
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-City planning, public works, water and trash management
-Companies who seek commercialization for people and industry will turn to NASA to see what their state of the art is and follow suit.
-We’ve already begun analysis on the integration of recycling, mass jettison and other relatable technologies to make this approach the most impactful with respect to KKPs such as conversion%, O2 recovery, water recovery, and gas production.
-Continue to be that example and move forward with sustainable trash processing development.
-As stewards of this planet and trailblazers for space exploration.


-_Moon 2 Mars Objectlves g N ~ NNS/

- Trash Conversion/ Trash-to- Gas con3|ders NASA’s sustainable architecture for recycllng/reuse of
on-orbit M2M Objectives:

* OP-12: Establish rocedures and systems that will

, and allow :
(and from the Iunar surface

in the case of Mars) to be used durlng exploratlon

- RT-5: Maintainability and Reuse: when practical, _
*to dpEBr, thelong-lerm sustainabilty of

operations and increase Earth mdependence

. RT-6 Responsible Use Conduct all activities for the exploration and use of outer
space for peaceful purposes consistent with mternatlonal obllgatlons and |
principles for responsible behavior in space <

| TS
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-NASA astronaut Scott Kelly, Expedition 25 flight engineer, is pictured near three stowage bags floating freely in the Unity node of the International Space Station.
-Cady Coleman, Expedition 26 with a stowage container and its contents in the Harmony node of the ISS.
- NASA astronaut and Expedition 63 Commander Chris Cassidy collects trash for disposal during weekend housekeeping activities aboard the International Space Station.
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| Concept: Trash Proqéssing & Reuse Systems / Trash-to-Gas+ NI\SI\
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Evaluated Trash-to-Gas Systems
-evaluated in trade studies from 2020+
(does not include aI_I from 2011-2019)

. InC|nerat|on/gaS|f|cat|on (Inc-Gas NASA/KSC
Anthony and Hintze, 44th ICES, 2014, 016). -

. Plasma gasification (PIas-GaS' NASA/KSC)

« Advanced Organic Waste Gasmer (AOWG)
- PloneerAstronautlcs Inc.).

*  Orbital Syngas Cogmmodity Augmentatlon Reactor
(OSCAR; NASA/KSC) :

* Microwave Assisted Pyrolysis (MAP Advanced
Fuel Research Corporatlon) | .

« Plasma PyronS|s (Plas-Pyro:; NASA/KSC)

. Torrefaction Processing Unit (TPU, Advanced Fuel
Research Corporation). Le

5 7 A N
Olson, J.; Rinderknecht, D.; Essumang, D.; Kruger, M.; Golman, C.; Norvell, A.; Meier, A. A Comparison of Potential Trash-to-Gas Waste Processing Systems for Long-Term Crewed Spaceflight. 2021.



=
Trash Processing & Reuse Systems / Trash-to-Gas /| OSCAR

Oxidizer Line
Heaters

Injection tubes

O, bottle

* “OSCAR” (Orbital Syngas Commodity Augmentation reactor)
was for suborbital flight subscale demonstration only.
* (15 min flight time with 3 minutes microgravity).
* Sub-scale: 10g processed in 3 minutes.

* 0.5 L reactor w/trash injection tubes
« 100% 02 feed gas at 1 SLPM OSCAR Sub-scale System for

Tank1

308 kPa /45 PSIG Suborbital Flight
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based on combustion data from the OSCAR system long duration ground tests, there will be an estimated 4% of irreducible inorganic ash and solids (in large part from food packing aluminum content). However, if the goal of 90% solid-to-gas conversion efficiency is attained, there may be 0.62 - 0.67 kg/day of solid product remaining,  (~570 kg for the mission) for follow on use, or disposal. 



Suborbital Flight 2, ng Post-Flight Ground Test
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Presentation Notes
To further detail the reactor temperature relationship, this figure shows the average temperature values for each of the four measurements in Flight 2 and analogous lab tests. The only temperature measurement that was determined to be warmer in microgravity was TC2 which was located on the plane of the oxygen ports where the flame torches were observed. The hearth zone, or the location where the majority of the combustion activity is taking place, is slightly different in microgravity compared to in the lab. This is largely influenced by the floating nature of trash in microgravity which is not subjected to the downwards gravitational force. Overall, temperatures in the lab were observed to be higher and with a smaller slope between temperature measurements which suggests more efficient heat transfer due to the presence of natural convection. Nonetheless, the thermal profiles are fairly comparable between the two environments which helps us conclude that the forced convective mixing that was performed during the microgravity experiments was successful in mixing the fuel and oxidizer.


Trash-to-Gas syStems evaluated Mars transit propellant requirements

tG System Name, Year of Operational Total Vehicle Mass Total Mass Reduction
hermal Process Technology
Report (kg) (kg)
n.a.

aseline (Stowage Model) 309,296 --
ASA Incinerator/Gasifier
Inc-Gas), 2014 [23]

ASA Plasma Gasification [30]
Plas-Gas), 2019

Advanced Organic Waste Gasifier (AOWG),
Pioneer Astronautics, Inc. (developed Oxygen-Enhanced Steam Reforming 303,391 5,905
under NASA SBIR.) 2020 [23]

Incineration and Gasification 303,074 6,222

Plasma-Induced Incineration and Gasification 303,145 6,151

Orbital Syngas Commodity Augmentation

Reactor (OSCAR), 2021 [28], [48] Oxygen-Enriched Combustion 303,141

Microwave Assisted Pyrolysis (MAP),

(Advanced Fuel Research (AFR)

Corporation (developed under NASA
BIR)) 2014 [23]

(Plas-Pyro), 2020 [45] Plasma-Induced Pyrolysis 303,511

orrefaction Processing Unit, (TPU), AFR
‘ICorporation (NASA SBIR), 2019 [40]

Microwave-Iinduced Pyrolysis 303,430

Torrefaction 305,597

J. A. Olson, P. Chai, D. Rinderknecht, and" A. J. Meier, “A Comparison of Propellant R_equiyements for Crewed Mars
Missions Incorporating Different Waste Processing Technologies,” presented at the ASCEND, Las Vegas, Nevada &
Virtual, 2021. doi: 10.2514/6.2021-4080. : | _ & - | 51




Resources Available for
Future IVI|SS|on Scenarlos in Trash

A@L

<‘:«

“R.Pitts et.al.

ue -

850-Day l\/Iars Mission

- 30-Day Lunar Mission

Mission duratlon 850days.. ..y " e
|V|ISSIOn location: Mars '

o
Crew size: 4. B °
o

Trash production rate: 1.607 kg/CM d

3 Trash composition: OSCAR FS 2 g

Trash Total Oxygen Water Polyethylene

1148.9 628.3

Mission duration: 30 days
Mission location: Mdon
Crew size: 4 :

Trash productlon rate: 1. 607 kg/CM d

- Trash composition: OSCAR-FS

Polyester Polypropylene Nylon

916.6

Space Exploration Waste”, ASCE

Aluminum
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Innovations/Future Focus:

* Large scale demonstrations

* Integration into crop/LSS 3

"« Full Scale OSCAR/ Trash-to-Gas Demonstration
* OSCAR-Full Scale

e crew of 4 on 1 year mission

« ~6.5 kg/day for 30 days demo

* Large reactor to accept 1 kg / batch of trash.
 Crop infusion with solids/ash nutrient tuning

* Water, ash and gas recovery

* Plasma VOC mitigation

e High throughput plasma gasification system

e CHAPEA Mars Analog Habltat trash and data
collection -

| « Alternative material selectlon for Ioglstlcs -
| packaging B .

il » Additive manufacturmg with polymers or

{"  recovered metals from logistics
‘materials/packaging-
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- Other papers for data on waste processing for space applications:

1. McKinley, M. K., Ewert, M. K., Borrego, M. A., Orndoff, E., Fink, P., Sepka, S., Richardson, J., and Meier, A.

Advancements in Logistics Reduction for Exploration Missions. Presented at the 52nd International
- Conference on Environmental Systems, Calgary, Canada, 2023.

2. Olson, J. A., Chai, P., Rinderknecht, D., and Meier, A. J. A Comparison of Propellant Requirements for Crewed
Mars M|s3|ons Incorporatlnq Different Waste Processmq Technblogies. Presented at the ASCEND, Las Vegas
Nevada & Virtual, 2021.

3. Olson, J., Rinderknecht, D. Essumang, D , Kruger, M., Golman, C., Norvell, A., and Meier, A. AComparlson of .
Potential Trash to-Gas Waste Protessing Systems for Lonq Term Crewed Spacefllqht Presented at the 50th
International Conference on Environmental Systems, 2021.

4. Chen, T., et al. Benefits of Trash-to-Gas versus Jettison of Waste via Trash-Lock for Mars Transit.
Presented at the 52nd International Conference on Environmental Systems, Calgary, Canada, 2023.

5. Linne, D. L., Palaszewski, B. A., Gokoglu, S. A., Balasubramaniam, B., Hegde, U. G., and Gallo, C. Waste
Manaqement Options for Long-Duration Space MlSSlons When to Re|ect Reuse, or Recycle Presented at the
7th Symposium on Space Resource Utilization, AIAA SciTech Forum, 2014. . -

6. Shah, M. G., Pitts, R. P., Benson, M. A., and Gleeson, J. R. Investigating Waste Preparatlon Methods for
Trash-to- Gas Technologles Presented at the 51st International Conference on Environmental Systems, St.
Paul, Minnesota, USA, 2022.

7. Meier, A., Rinderknecht, D., Olson, J., Shah, M , Toro Medlna J P|tts R., Carro, R., Gleeson J., Hochstadt, J.,
Forrester, E., Kruger, M., and Essumang, D.° Plpneerlnq the Approach to Understand a Trash-to- Gas

- Experiment in a Microgravity Environment.” Gravitational and Space Research, Vol. 9, No..1, 2021, pp. 68—85.
- https://doi.org/10.2478/gsr-2021-0006.



https://doi.org/10.2478/gsr-2021-0006

Expected Trash Production Rate for Exploration

TOP DOWN
Estimate production rates of each high-level waste category (refer
to “Logistics Rates and Assumptions for Future Human Spaceflight
Beyond LEO” (ATIAA Control ID: 3907708)
Waste Category Production Rate (kg*CM = *day )
Food Packaging and Adhered Food 0.56
Waste & Hygiene Consumables 0.30
Wipes and Gloves 0.20
Fecal/Urine Collection Bags 0.17
Healthcare Consumables 0.09
Hygiene Kits f(crew size, duration)*
Used Clothing f(crew size, duration)*
Used Towels f(crew size, duration)*

Notes:

* Hygiene kits, clothing, and towel waste productions vary per
item and are a function of crew size and mission duration.
Refer to the ELPG for discrete production rates for each item

type.
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Presentation Notes
From Ray’s AICHE presentation 2023


Trash to Supply Gas — General Sys. Analysis

Waste Volume Reduction: 19 m3
Equwalent to pressurlzed volume of one Orion Spacecraft

Enough delta-V for yearly statian.-ke'eping at Earth?Moon Lagrange pbjnt._

Productlon
~800 kg of O2 ~900 kg of H,0, 1 100 kg of CO,

~800 to 1500 kg of CH4Iy '. _

Lunar: ' | : } o
Enough to send one 200 kg payload from L2 .: upé

Mars
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Steam reforming is considered the strongest technology for both TtSG and TtG scenarios, due to its high throughput, and complete conversion of carbon to product gases
Incineration/gasification is considered the second strongest technology for the TtSG scenario due to its high conversion of carbon to product gases
Pyrolysis is considered the second strongest technology for the TtG scenario due to its high throughput, water production rate, and trash volume reduction by producing char instead of product gases


" ISRU Challenges

« Landing site

» Maximize performance / Reduce
mass ’

3 Reliability_ _
« Thermal management

« Extreme environments (dust,
radiation, temperature, pressure)

~ + Microgravity environment

* Long duration operation, _
autonomy, failure recovery -

o ‘Interfaces-

e Plén'etary' pr_ot_ectioﬁ



- Logistics Reduction Mission Impacts - Volume

Existing Approach (no LRR Technologies) LRR Technologies Incorporated

Increased
Habitable
Volume

EVA & Medical Supplies
Consumable Fluids

Clothing

Hygiene Items

Other Crew Supplies

Life Support Sys. Supplies
Food System

Trash

Increased Habitable Volume

Earth Departure
Earth Departure

Volume
Baseline Volume Reduction =18%

Increased
Habitable
Volume

Increased
Habitable
Volume

Mars Arrival
Mars Arrival

Volume Volume
Reduction=2% Reduction =45%

J. L. Broyan, et. Al, “Logistics reduction technologies for exploration missions,” presented at the AIAA SPACE 2014_.
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Other Ideas w.Trash @ NASA. 
impregnate regolith
feed mechanism
change food packaging
Bulk
Commercialization opportunities
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