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The Artemis Program
Artemis is the twin sister of Apollo and goddess 

of the Moon in Greek mythology. Now, she 

personifies our path to the Moon as the name 

of NASA’s program to return astronauts to the

lunar surface. 

When they land, Artemis astronauts will step 

foot where no human has ever been before: 

the Moon’s South Pole. 

With the horizon goal of sending humans to 

Mars, Artemis begins the next era of exploration. 
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Gateway International Partners
Building on ISS partnerships to expand deep space capabilities
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Mission Needs Drive Design
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Humans on Mars
Pushing the Boundaries 

of Current Possibilities 

Go
Rapid, safe, & efficient 

space transportation 

Land
Expanded access to 

diverse surface 

destinations

Live
Sustainable living 

and working farther

from Earth

Explore
Transformative missions 

and discoveries
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2020 NASA Technology Taxonomy (TX)

ECLSS Driven Challenges
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ECLSS Requirements

• For a 30-month mission, a single 

Crew Member (CM) will require:

• 2250 kg water

• 1359 kg food

• And generate:

• 5678 kg total waste

• 1612 kg metabolic waste

• Exceeds $16M/CM at a payload cost 

of $10,000/lb (~$4,535/kg)
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• Harvest and recycle not just water, but 
all elements (particularly C, H, O, N, P, 
K, S, Ca, Mg)

• Treat all organic matter as a resource –
not waste

• Integrate water recycling, plant 
production, atmospheric revitalization, 
and waste management

• Need to be effective, reliable, robust, 
resilient, and safe

• Be bioregenerative – no consumables or 
resupply

Functional Flow Diagram

Next-generation ECLSS

What are the enabling technologies?

Source: Pickett, M., L. Roberson, J. Calabria, T. Bullard, G. Turner, D. Yeh. 2020. Regenerative water purification for space

applications: Needs, challenges, and technologies towards 'closing the loop'. Life Science in Space Research, 24: 64-82.
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Primary Wastewater Streams:  
Constituents and potential technologies 

for treatment and resource recovery

Constituents by type Constituents by size

Process
Stream

Description C N P K S Na Ca Mg
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Waste

High content of complex particulate OM,
fibers, COD 4 3 3 2 3 2 2 2 2 2 4 4 3

Fecal
High content of complex particulate OM,
fibers, COD, pathogens 4 3 3 2 3 2 2 2 2 4 4 4 3

Urine
Mod COD, organic N, urea, ammonium,
phosphate, other salts 3 4 4 4 2 3 2 2 3 2 0 2 4

Hygiene
Low COD, constituents from skin and body
secretions, environmental contaminants 2 2 1 1 1 2 1 1 2 2 2 2 3

Humidity
Mostly pure condensate, with contaminants
from air and surfaces 1 1 0 1 0 1 0 0 1 1 0 0 2

Sabatier
Pure, potentially aggressive, can use for
dilution, regeneration, backwash 0 0 0 0 0 0 0 0 1 1 0 0 0

Notes: First two rows denote streams currently not addressed by technologies on ISS

Relative concentration: Very High (4) High (3), Medium (2), Low (1), Trace (0)
COD = chemical oxygen demand

Source: Pickett, M., L. Roberson, J. Calabria, T. Bullard, G. Turner, D. Yeh. 2020. Regenerative water purification for space

applications: Needs, challenges, and technologies towards 'closing the loop'. Life Science in Space Research, 24: 64-82.



• Water Recovery System (WRS)

• Urine Processor Assembly (UPA)

• Water Processor Assembly (WPA)

• Brine Processor Assembly (BPA)
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Current ECLSS



Universal Waste 
Management System 
(UWMS)

• Fecal waste collected and 
sealed in hydrophobic bag

• Not designed for fecal 
waste to be treated for 
recovery

• Consumable activated 
carbon filter to remove 
odor
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• Current and developing 
technologies available to 
enable addressing these gaps

• EXCEPT concentrated 
waste (i.e., fecal/food)

• Benefits

• Increased water recovery

• Enables sustainable food 
production

• Decreases requirement for 
waste storage
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Developing Future ECLSS
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Functional Flow Block 
Diagram (FFBD) for 
EPB Treatment



System Architecture Design
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Phase 3

Phase 1

Phase 2

Patent Filed 6/29/21



System Architecture Approach for EPB
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AnMBR Design and Fabrication
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AnMBR Experimental Plan
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AnMBR Improvements and Future Work
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• Operating at full strength waste 
(5% solids)

• Expand to treat food waste

• Operate with real waste

• Enhanced pretreatment in BT

• Microbial static loop in 
permeate collection

• Integrate with complimentary 
systems for comprehensive 
sustainable architecture



PMBR Design and Fabrication
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PMBR



PMBR 
Nitrogen 
Balance
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Daniella, Riley, and Jason in front of 
OPA 2 and PMBR



Wastewater as Fertilizer
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Food Production Challenges
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Sustainable technologies: Veggie/APH at TRL5, OHALO TRL 2

Cultivation resources (fertilizer, water, seeds) depend on resupply



Developing 
Future ECLSS

•

•

•
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•
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OPPORTUNITIES 

FOR YOU!!!

www.intern.nasa.gov

www.usajobs.gov

www.nspires.nasa.gov

www.KSCpartnerships.ksc.nasa.gov
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