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Technical Memorandum 

Consideration of Open Loop Regenerable Carbon Dioxide 
and Humidity Removal Systems for Lunar Habitats 

As NASA moves towards the development of life support systems for Lunar Habitats, there 
has been a renewed interest in open-loop regenerable carbon dioxide (CO2) and humidity 
removal systems. These systems would eliminate the need for the resupply of consumables 
associated with non-regenerable lithium hydroxide-based (LiOH) CO2 removal systems. This 
paper reviews flight-proven open-loop regenerable and non-regenerable CO2 and humidity 
removal systems as well as emerging high maturity systems. A new trade study between a 
LiOH-based system and a Sorbent-Based Atmosphere Revitalization (SBAR) system for the 
initial Surface Habitat (SH) application is presented. Suitability for the specific SH mission 
characteristics, which includes long dormancy periods at low temperatures, is also considered. 

Acronyms and Nomenclature 
2BMS = 2-Bed Molecular Sieve 
4BMS = 4-Bed Molecular Sieve 
CAMRAS =  CO2 and Moisture Removal Amine Swing-bed System 
CHC = Carbon Dioxide and Humidity Control 
CHX = condensing heat exchanger 
CDRA = Carbon Dioxide Removal Assembly 
CO2 = carbon dioxide 
ECLSS = Environmental Control and Life Support System 
ESM = equivalent system mass 
EVA = extravehicular activity 
FBCO2 = Four-Bed Carbon Dioxide 
IVA = intravehicular activity 
LiOH =  lithium hydroxide 
ISS = International Space Station 
KPP = key performance parameter 
NASA = National Aeronautics and Space Administration 
ppCO2 = partial pressure of CO2 
SBAR =  Sorbent-Based Atmosphere Revitalization 
SH = Surface Habitat 
TRL = technology readiness level 

I. Introduction 
rewed missions to the vicinity of and on the surface of the Moon are in various stages of planning and 
development. The duration of these missions will be very limited initially.1 For example, the initial Surface 

Habitat, or SH, is planned to be manned for relatively short periods of 7 days initially, then as long as 28 days in later 
missions. The Multi-Purpose Habitation module is being designed as a potential initial SH by the Italian Space 
Agency.2 A conceptual drawing of an initial SH is shown in Figure 1.  

For missions of comparable durations as the initial SH, prior trade studies3,4 have found that total mission mass is 
actually lower for open loop CO2 and H2O removal technologies, that is, technologies which release CO2 and H2O 
overboard rather than recycling as in closed loop technologies. The equipment mass to achieve recycling is greater 
than the required resupply mass of H2O or O2. 

However, there is also an inner trade space when considering open loop CO2 removal technologies, and that is 
between regenerable and non-regenerable approaches. In this paper, we will consider the specific CO2 and H2O 
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removal needs of the initial SH module and assess the resource requirements of regenerable and non-regenerable 
approaches. Since some CO2 removal technologies also remove H2O, we also consider the impacts on H2O removal 
resource requirements. 

 

 
Figure 1. Representative Initial Surface Habitat.1 

II. Initial Surface Habitat Mission Requirements 
The initial SH is one component of an overall mission of the Moon, wherein four crew members would land on 

the south pole of the Moon. Two crewmembers would deploy to a rover while the other two crewmembers would 
deploy to the initial SH module. Mission duration would initially be 7 days, then increase to 14 days, and finally 
increase to 28 days. Other requirements applicable to this study: 

 
- 2 Crew for nominal case for up to 28 days 
- 4 Crew for contingency case for up to 32 hours 
- Intravehicular (IVA) activity includes an exercise period of 100 minutes total, with serial exercise assumed 
- Initial SH cabin atmosphere is at 8.2 psia 
- Initial SH must survive uncrewed lunar nights for up to 150 days 
- Initial SH must maintain the 1-hr average CO2 partial pressure below 3 mmHg 
- Initial SH volume of 35 cubic meters 

III. Open Loop CO2 Removal Technologies 

A. Lithium Hydroxide (LiOH) 
For short duration missions, CO2 removal has often been achieved with consumable LiOH. This is a historically 

proven method that was used as the primary CO2 removal for Apollo and Space Shuttle missions. LiOH is also 
available for contingency backup on ISS, and used for commercial crew transport to ISS.5,6,7 
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Lithium Hydroxide requires approximately 1.75 kg of LiOH for each crewmember per day, though this can vary  
slightly depending on packaging, crew activity, LiOH form, etc.8 Three examples of LiOH canisters are shown in 
Figure 2. 

LiOH can be implemented in 
granules or sheets, represented by the 
Apollo/Shuttle and Dragon 
manifestations respectively. The 
radial flow packed beds used in the 
Shuttle are also used on the ISS as a 
backup  system. Curtains have also 
been implemented for emergency 
responses on submarines and in 
mines. 

LiOH is frequently used on short 
term missions due to the high CO2 
capacity of approximately (30 
wt.%).9 The LiOH canisters can be integrated into the ventilation system providing an opportunity to share air movers. 

However, the single pass efficiency degrades over time, requiring crew time for staging of fresh and partially spent 
LiOH to maximize efficiency. Also, since LiOH is not regenerable, resupply mass becomes significant as mission 
length increases. As a result, for longer duration missions, non-consumable/regenerable systems are often preferred 
to minimize re-supply demands. 

B. Regenerable Pressure-Swing Sorption Systems 
Three regenerable pressure-swing sorption systems are described in the next sections. Design considerations 

common to these systems are described below: 
Each of these systems are dependent on space vacuum for regeneration and require high vacuum conductance in 

the vacuum vent lines. 
Since cabin air from the interstitial spaces of the sorbent packed beds is dumped overboard with the CO2 and H2O, 

makeup gas is required for these open loop pressure swing systems. This amount can be reduced by approximately 
half by equalizing the air pressure in the adsorbing bed with the bed at vacuum just prior to half cycle change. 

 
1. Skylab 2-Bed Molecular Sieve System (2BMS) 

The 2BMS architecture with zeolite sorbents was first 
flown on the Skylab space station.10 It was the first 
regenerable open loop Environmental Control and Life 
Support System, venting CO2 and H2O to space vacuum. 
This Skylab system provided partial humidity control as 
a condensing heat exchanger (CHX) was also used for 
complimentary humidity removal. Each Skylab bed was 
packed with 10.35 lbs of Linde 13X zeolite and 3.17 lb of 
5A zeolite. The nominal operation consisted of 15 minute 
adsorption and 15 minute desorption half-cycles. The 
primary system operated without any hardware issues for 
three Skylab missions without any need to activate the 
backup system. The Skylab 2BMS system is shown in 
Figure 3. 

As zeolites preferentially adsorb water vapor over 
CO2, periodic bakeout of the beds via internal heaters 
while exposed to space vacuum is required. Generally, 5-hour bakeouts were performed at the start of each Skylab 
mission.11 Interestingly, no mid-mission bakeout was required during the longest (84 day) Skylab mission, even 
though the 2BMS had been qualified based on bakeouts at 28 day intervals.10 The Skylab 2BMS demonstrated the 
flight (technology readiness level (TRL) of nine) success of this 2BMS approach giving confidence in the likelihood 
of success in actual flight of the next generation 2BMS described next. 

 
Figure 3. 2BMS CO2 Removal System from Skylab 

   
Figure 2. Apollo5, Shuttle6 and Dragon7 LiOH Canisters (left to right) 
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2. Sorbent Based Atmosphere Revitalization 

The Sorbent Based Atmosphere Revitalization 
(SBAR)12 was developed as an Orion system risk 
mitigation technology. It is similar in architecture to 
the Skylab 2BMS system, but includes patented 
enhancements that improve efficiency, reduce size, 
and extend the period between thermal bakeouts.13 It 
was developed by NASA to an approximate TRL of 
six. The Orion SBAR configuration would provide 
CO2 and humidity control for up to 6 crew for the 
Orion mission without the need of a CHX. 
Eliminating the CHX significantly decreases the 
complexity of condensate control within the cabin 
and is advantageous when preparing for the 
significant dormant periods expected for Artemis 
lunar missions. 

Figure 4 shows a schematic of the SBAR system. 
Virtually all H2O is removed in the first zeolite 13X 
layer. CO2 is removed primarily in the second two 
layers consisting of 13X and 5A. The blue process 
air line is shown with a partial bypass of the second section. Since crew H2O loading is higher, the full flow is not 
required for the CO2 removal section. Bypassing some of the flow extends the time period between thermal bakeouts. 
The red vacuum vent lines show three ports for vacuum venting. Using three ports has been shown to reduce overall 
bed pressure during desorption, resulting in more efficient desorption and thus greater adsorption on the subsequent 
half-cycle. 

The SBAR system provides substantial improvements in mass, power, and volume compared to the  Skylab CO2 
and H2O removal system. A conceptual flight design of the SBAR system, including a primary and backup 2BMS 
unit, is shown in Figure 5. 

The SBAR concept is currently under further development under the 
Marshall Space Flight Center FY25 Technology Innovation and 
Development funding. The stated objectives of this effort are to further 
technical maturation of SBAR to a system that is more competitive for 
applications in short term missions, such as Gateway and Initial Surface 
Habitat, and obtain test data on the enhanced SBAR test unit to verify 
performance predictions and optimization of key performance parameters 
(KPPs). KPPs include operational lifetime, CO2 and humidity removal 
rates, reliability, mass, power, and volume. 

A key objective in the current effort is to enhance the SBAR design 
based on the design features developed for the successful 4BCO2 
Scrubber, including incorporation of the 4BCO2 Scrubber internal bed 
heaters and other features. These features resulted in a 100 fold reduction 
in dust production rate for the 4BCO2 Scrubber over the previous four-
bed zeolite based system, the Carbon Dioxide Removal Assembly 
(CDRA), as discussed in Ref. 14. 
 

 
Figure 4. Sorbent Based Atmosphere Revitalization 
System Schematic 

 
Figure 5. Sorbent Based 
Atmosphere Revitalization (Flight 
Concept) 
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3. Carbon Dioxide and Humidity Control Subassembly 
The Carbon Dioxide and Humidity Control (CHC) Subassembly was developed for the Orion crew vehicle, where 

it is currently installed. The CHC is a two-bed, pressure swing amine system which vents CO2 and H2O to space 
vacuum. An advantage of the amine absorbent is that CO2 removal capacity is not degraded in the presence of water 
vapor. Prototypes of the CHC were called the CO2 and Moisture Removal Amine Swing-bed System (CAMRAS), 
and were flown as a technology demonstration on ISS.15 This version is shown in Figure 6. Three CHC are units 
installed in Orion. In nominal operation, two units are active 
while the third provides a backup system.  

One of the considerations with the CHC is that amine off-
gasses ammonia resulting in capacity loss over time. The off-
gassed ammonia may also require a dedicated ammonia filter. 
Finally, the presence of ammonia, especially during periods of 
dormancy, may result in material compatibility issues. 

 
4. Resource Comparison for Regenerable Systems 

In the initial phases of the Orion program the Orion 
capsule was to serve as an ISS Ferry, shuttling up to six crew 
up to and back from the ISS. During this time, studies were 
conducted to estimate the mass, power, and volume required for the three regenerable CO2 and H2O removal systems 
described above.4,16 Results for one representative case is shown in Figure 7. This case was for six crew and a cabin 
temperature of 80°F (note: higher temperatures result in high metabolic water production). Skylab estimates included 
both the 2BMS and the CHX since the CHX is not required for SBAR and CHC (aka CAMRAS). 

The resource requirements for the Skylab 2BMS are significantly higher than either SBAR or CAMRAS. Mass, 
power, and volume reductions for SBAR vs. the Skylab 2BMS were estimated at approximately 600%, 300%, and 
1700% respectively.11,17,18 The values for the SBAR and CAMRAS systems are much closer, with the SBAR mass 
being slightly higher, but power and heat rejection requirements significantly lower due to the higher SBAR H2O 
removal efficiency (nearly 100%) and thus lower flow rate requirements. Equivalent System Mass (ESM) analyses 
for the ISS Ferry Mission as well as for Lunar Missions showed that the ESM values for SBAR and CAMRAS were 
very comparable and could be considered equivalent within the accuracy of these studies.4  

 
 Figure 7. Resource Requirements for Orion ISS Ferry Mission11,17,18 
 

The design considerations for LiOH, CHC, and SBAR are summarized in Table 1. Due to the high mass of the 
Skylab 2BMS system, it is not considered any further as a candidate in this assessment. 
 
 
 

 
Figure 6. Amine Swingbed15 
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Table 1. Design Considerations for Open Loop Systems 

Technology Vehicle Integration 
Considerations Pros Cons 

Lithium 
Hydroxide 

Integrates into ventilation 
system 

Longest flight pedigree 
(Apollo, Shuttle, ISS, 
Dragon, etc.) 

Mass and volume of non-
regenerable cartridges becomes 
prohibitive for long missions 

  Simple design requires few 
components 

Crew interaction required to 
stage canisters due to efficiency 
degradation 

    CO2 removal only requiring 
additional H2O removal system 

Solid Amine 
Swingbed 

Requires high vacuum 
conductance to space 

Metabolic CO2 and H2O 
removal 

Amine material CO2 capacity 
degrades over time 

Ullage losses increase gas 
storage 

Water tolerance (no thermal 
regeneration required) 

Ammonia off-gassing 
necessitates consumable NH4 
removal bed 

  Flown on ISS (1000 hours), 
tested on Orion (on ground) 

Ammonia buildup during 
dormant periods can lead to 
material issues 

Sorbent Based 
Atmosphere 

Revitalization 

Requires high vacuum 
conductance to space 

Metabolic CO2 and H2O 
removal 

Gradual water buildup requires 
periodic thermal regeneration 

Ullage losses increase gas 
storage 

Zeolite capacity does not 
degrade over time 

System design must address 
zeolite dusting tendencies 

  H2O removal virtually 100% 
efficient requiring low flow 
rates 

Ground testing only performed 
to date with non-flight 
hardware 

IV. Regenerable vs. Nonregenerable CO2 Removal for Initial SH 
In the following sections a new study is presented where the resource requirements for two different approaches, 

LiOH and SBAR, are compared for the CO2 removal function for the Initial Surface Habitat. 

A. Derived Initial SH Cabin CO2 Requirements 
The CO2 performance correlation described in the next section is based on actual SBAR operations with a range 

of inlet conditions (CO2 partial pressure, H2O vapor pressure, and flow rate). For each discrete test used to develop  
this correlation, however, the inlet conditions were held constant. 

During a initial SH IVA day, variations in crew activity levels as specified in Ref. 19 will result in wide variations 
in cabin CO2 partial pressure. Therefore, simulations of the initial SH transient ppCO2 levels were developed in 
Matlab® based on mass balance equations. These simulations were used to find what daily average ppCO2 level 
corresponds to a daily peak of 3 mmHg ppCO2. This is a slightly conservative case compared to the initial SH 
requirement (maintain the 1-hr average CO2 partial pressure below 3 mmHg). For additional conservatism, one 
crewmember is assumed to be a 95th percentile person as specified in the Gateway requirements.20 The daily average 
ppCO2 levels for each scenario were then used as an input to the SBAR performance correlations. 

 
1. Nominal IVA Daily Profile 
Two specific initial SH scenarios are considered in this analysis. The first is the Nominal IVA Daily Profile. In 

this case it is assumed that no EVA activities are performed for an extended period. This represents the worst case 
loading on the initial SH CO2 removal system. Other requirements are shown in Section II, Initial Surface Habitat 
Mission Requirements. Figure 8 shows the CO2 partial pressure profile for a nominal IVA day. Here the sleep period 
shows the lowest ppCO2 levels, followed by the nominal activity period, followed by the serial exercise period. The 
average ppCO2 was found to be 2.2 mmHg. 

 
2. Contingency Case Profile 

The second initial SH profile considered was the contingency case, where 4 crew are housed in the initial SH for 
a period of 32 hours. For this case no exercise was assumed to reduce the load on the CO2 removal system during a 
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contingency period. As shown in Figure 9, for this case the nominal awake period shows the highest ppCO2 level and 
the sleep period the lowest level. The average ppCO2 was found to be 2.8 mmHg. 
 

B. SBAR CO2 Performance Correlation 
Different versions of the SBAR system were tested extensively from 2006 to 2014 under a wide range of inlet 

conditions. For the majority of these tests, the inlet conditions were held constant over the multi-day duration of the 
tests. This approach gave a clear understanding of how quickly the H2O vapor was permeating the zeolite, which is 
observed by a decreasing CO2 removal rate. Also, the resulting data, specifically CO2 removal rates at elapsed 
operational days, provided direct input to the SBAR CO2 performance correlation.  

The CO2 removal rate for a typical test is illustrated in Figure 10 by the dark green line, which shows a high CO2 
removal rate initially then slowly decreases over 8.5 days. This test was conducted with the high conductance test 
article, which is described below. 

The required removal rate for a 4-person crew (4.16 kg/day) is shown by the light green horizontal line. If the two 
lines meet, the SBAR will no longer be able to maintain control of the cabin ppCO2 below a specified value, thus 
requiring off-line thermal regeneration. For this case thermal regeneration was not required until somewhat after 8.5 
days of operation. 

Figure 10 also provides the vacuum levels at the four locations called out in Figure 11. The impact of tubing, 
bends, and expansion into the plenums is reflected in the observed pressure increases from the trunk line to the bed 
plenums. 

For the test results shown in Figure 10, the test article shown in Figure 11 was used. This test article was designed 
to maximize vacuum conductance with off-the-shelf components, and to enable conductance sensitivity testing. 
Vacuum conductance was adjusted by adding orifice plates near the valves and in the trunk line. 

More extensive testing was conducted with an earlier test article shown in Figure 12. The data from this test article, 
as well as an earlier single bed test article, is shown in Figure 13. This plot also shows correlated data for the low 
vacuum conductance CO2 removal performance. This correlation was developed to determine the CO2 removal 
performance of an SBAR system as a function of the inlet CO2 partial pressure, humidity, and flow rate, as well as the 
elapsed time since thermal regeneration, sorbent volume, and cycle time. 

 
Figure 8. CO2 Partial Pressure for a Nominal IVA 
Day with Average ppCO2 of 2.2 mmHg 
 

 
Figure 9. CO2 Partial Pressure for a Contingency Case 
Profile with Average ppCO2 of 2.8 mmHg 
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Figure 10. High Conductance SBAR Test Results 

 

As seen in the plot, the correlation fits the test data very well for lower removal rates and elapsed times. The lower 
removal rates correspond to an inlet ppCO2 of 3 mmHg, which is slightly higher than the initial SH mission 
requirement. The test data for higher removal rates in this plot was for inlet conditions of 5 and 7 mmHg. 

A comparison between test data with low and high vacuum conductance is shown in Figure 14. Here the low 
conductance data is in green, purple, and black, with inlet CO2 partial pressure was set to 3, 5, and 7 mmHg  
respectively, and bed sorbent volume of 8.9 liters. The high conductance data is in red, with inlet CO2 partial pressure 
set to 4 mmHg and bed sorbent volume of 6.7 liters. Symbols represent the test data values. 

These test results show that the high conductance test article achieved equivalent CO2 removal rates with 75% of 
the sorbent and similar inlet CO2 flow rates. However, to achieve high conductance, larger and heavier lines are 

 
Figure 12. SBAR Low Conductance Test Article 

 
Figure 11. SBAR High Vacuum Conductance Test Article 
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required. As the SBAR design matures, trade studies will be needed to weigh the pros and cons of a high conductance 
approach. 
 

 
Figure 13. Low Conductance Test Results vs. Correlation 

 

 
Figure 14. Comparison of High and Low Conductance SBAR Test Data vs. Correlation 

C. SBAR Design Optimization 
To optimize the overall resource requirements of SBAR, the performance correlation was augmented in a 

MATLAB® routine with calculations for gas losses, canister and tubing mass, blower and valve power, and overall 
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volume requirements. This algorithm evaluates total system mass, power, and volume for user specified inlet 
conditions over a user specified range of sorbent volumes and cycle times.  

The results for a representative parametric study is shown in Figure 15. Here the minimum system mass of 129 kg 
was found for a system with bed sorbent volume of 14 liters and half-cycle time of 11 minutes. As low half-cycle 
times result in high gas losses, a sharp mass increase is evident at the lowest half-cycle times. 

For comparison, for the same case with high conductance, the minimum system mass is 108 kg with a sorbent 
volume of 10 liters and half-cycle time of 9 minutes. 

 
Figure 15. Mass Optimization for 28 Day Mission with Low Vacuum Conductance  

 
Overall resource requirements for a nominal mission (2 crew for 28 days) and contingency mission (4 crew for 32 

hours) are shown in Figure 16. These figures compare the mass, volume, and power requirements for low and high 
vacuum conductance cases, including specific values for gas losses and sorbent volume. 

From these charts, it is evident that the contingency case has a higher power requirement due to higher flow rates 
for the 4-crew loading, but minimal gas losses due to short mission duration. This assumes a single SBAR system is 
operational for the contingency case. If single fault failure is acceptable during the contingency case, having two 
SBAR systems would reduce both the power requirement and required sorbent mass. 
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Figure 16. SBAR Resource Requirements for 28 Mission with Thermal Regeneration at 7 Days (left) and for 
32 Hour Contingency Mission with 4 Crew and Thermal Regeneration after 32 Hours: 1 SBAR 2-Bed System 
Operational (right) 

D. SBAR/LiOH Resource Comparison 
The nominal mission resource requirements were revised for the larger sorbent volume required for the 

contingency mission; the resulting requirements are shown in Figure 17. These values will be used to compare the 
SBAR requirements with LiOH requirements. The following ground rules and assumptions apply: 

• Currently using sizing requirement based on low conductance/contingency case for trades (pending 
assessment of high conductance mass penalty) 

• Total sorbent volume of 60 liters (4 beds) 
• Half-cycle time of 13 minutes (40 minutes for high conductance case) 
• Gas losses include tankage in mass calculation (though not in volume calculation at present) 

 

 
Figure 17. Revised SBAR Sizing for Initial Surface Habitat Nominal Mission 
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To compare the SBAR mass requirements with the logistics mass required to employ LiOH, the additional 
assumptions and restrictions apply: 

• 2 days of contingency LiOH is included in the SBAR swingbed consumables 
• Spares mass and other system impacts not yet quantified 
• Initial SH mass reduction for H2O removal system elimination not considered 

An assessment of the SBAR hardware and logistics mass given these assumptions is shown in Figure 18. As 
shown, replacing LiOH with an SBAR swingbed system saves approximately 97 kg of consumable mass per 28 day 
initial SH mission. This assessment would become more favorable if elimination of a H2O removal system is 
considered, and if program requirements allowed for the backup SBAR system to provide single fault tolerance. 

For the current requirements, the break-even point (where it becomes advantageous to use SBAR over LiOH) 
occurs on the second 28 day initial SH mission. From that point forward, almost 100 kg of consumable mass would 
be saved per mission by using an SBAR system vs. LiOH. 

 
 

 
Figure 18. CO2 Removal Consumables Assessment for 28 Day Initial Surface Habitat Missions 

V. Considerations for Lunar South Pole Missions 
Based on current NASA plans, the next missions to the Moon will target the lunar South Pole due to areas of 

permanent darkness in this location. This area may contain volatiles in the form of ice, potentially providing valuable 
resources for exploration and unique scientific value.1 

However, the lunar South Pole also presents challenges, including the six-month winter period when solar 
illumination is not consistently available. Missions would be conducted during the summer period, then equipment 
would be put in a dormant state for the winter. Minimal solar power for heating would lower habitat temperatures 
drastically, perhaps to freezing temperatures. 

Consumable needs, as focused on in the previous section, is important for these missions as both supplies and 
wastes must be transported from the landing vehicle to the habitat, a distance that may be up to 5 km. Thus both the 
mass and volume of consumables, such as LiOH canisters, have an impact on the requirements for the transport 
vehicle. 
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Finally, the longevity of the overall mission of the Initial Surface Habitat is measured in years, although only one 
individual mission may be conducted per year, thus any degradation of sorbent capacity must be considered in the 
initial sizing of a CO2 and humidity removal system. 

Table 2 provides a high-level summary of design considerations for the open loop systems reviewed in this paper 
as applied to the lunar South Pole mission. 

 
Table 2. Open-Loop System Design Considerations for Lunar South Pole Mission 

Technology Pros Cons Approx. Consumable 
Mass (kg) 

Lithium 
Hydroxide 

Low consumable mass for 
first mission 

High cumulative consumable mass 
for subsequent missions 

Mission 1: 98 

Stability of LiOH in freezing 
conditions unknown 

 Mass and volume of consumables 
drive logistics vehicle sizing 

Mission 2: 196 

    Mission 5: 490 

Solid Amine 
Swingbed 

(CHC) 

Provides for dry-out before 
winter 

Ammonia buildup during dormancy 
may require purge evacuation cycles 
during dormancy  

Mission 1: TBD 

Stability of regenerated 
Amine in freezing conditions 
likely 

Beds must be oversized to account 
for amine degradation over time  

Mission 2: TBD 

  Vacuum regeneration required prior 
to dormancy 

Mission 5: TBD 

Sorbent 
Based 

Atmosphere 
Revitalization 

Provides high efficiency dry-
out before winter 

Thermal regeneration required prior 
to dormancy 

Mission 1: 157 

Stability of dry zeolite in 
freezing conditions likely 

 
Mission 2: 177 

    Mission 5: 236 

 

VI. Summary and Further Work 
This paper reviewed the current high TRL open-loop technologies in general, and more specifically design 

considerations for application to the lunar South Pole mission. It also focused on a comparison of the consumable 
needs of one non-regenerable CO2 removal technology, LiOH, with a regenerable technology, SBAR, for a lunar 
South Pole mission. One opportunity for further work is to expand the scope to include another regenerable 
technology, CHC. The existing comparison can also be expanded to include, for example, taking into account mass 
savings due to the elimination of a humidity control system, consideration of spares mass, and inclusion of the high 
vacuum conductance option once a tubing mass penalty has been evaluated. 

VII. Conclusions 
The trade space for open loop ECLSS is amenable to multiple systems, technologies, and vehicle integration 

approaches. There are opportunities to reduce consumables which will likely benefit the lunar architecture as a whole 
by reducing the logistics footprint. Initial Surface Habitat architectures that align with operations such as dormancy 
and surviving lunar darkness are significant attributes and must also be considered. Other aspects of CO2 and humidity 
control systems to minimize the generation, or even remove certain trace gas contaminants to support initial ingress 
promote system longevity is also a factor.  Both the CHC and SBAR regenerable systems offer long term consumable 
benefits beyond traditional consumable based systems.  Each system has unique features that offer advantages over 
the other.  Proper evaluations that consider all relevant factors, including logistics footprint, operations, mission 
compatibility, and crew maintenance are all important considerations when choosing the best technology for the 
functions of CO2 and humidity control to enable missions within the Artemis portfolio. 
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