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Paragon Space Development Corporation has developed a Brine Processor Assembly 

(BPA) for demonstration on the International Space Station (ISS). BPA recovers water from 

urine brine produced by the ISS Urine Processor Assembly (UPA). Ground testing has 

demonstrated the ability to achieve water recovery rates significantly greater than the 75-90% 

that is currently recovered by the UPA’s Vapor Compression Distillation (VCD) subsystem. 

BPA utilizes the forced convection of spacecraft cabin air coupled with a robust membrane 

distillation process to recover purified water from 22.5 liters of brine within a 26-day cycle. 

An ionomer-microporous membrane pair contains the brine while transferring distilled water 

vapor to the cabin air, which is then collected by the existing spacecraft condensing heat 

exchangers as humidity condensate. This paper will discuss progress to-date on meeting 

critical technical and ISS integration milestones. Flight hardware was successfully delivered 

to NASA in Fall 2020, launched to the ISS in February 2021, and installed in March 2021. On-

orbit experiments commenced in April 2021 to evaluate BPA performance in microgravity.  

After a pause in operations to mitigate nuisance odor, a filter solution was developed, ground 

tested, and employed on ISS in order to reinitiated dewatering operations.  Since the filter 

assembly was installed and all leak paths were mitigated, odor complaints associated with BPA 

have essentially been eliminated.  By increasing overall water recovery on ISS to greater than 

98%, BPA demonstrates a critical capability needed to close the brine processing technology 

gap identified in NASA’s Water Recovery Technology Roadmap. The continued on orbit 

operations of BPA will contribute significant knowledge and understanding to the most 

efficient use of energy to recover water, and inform best practices for future implementation 

of membrane distillation-based water reclamation technologies.  This technology achieves an 

essential capability to enable human exploration of deeper space.   
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Nomenclature 

AES =  Advanced Exploration Systems 

ARFTA = Advanced Recycle Filter Tank 

  Assembly 

BPA = Brine Processor Assembly 

B.V.  =  By Volume 

B.M.  =  By Mass 

CDR  = Critical Design Review 

COTS  =  Commercial Off the Shelf 

ISS   = International Space Station 

IWP  = Ionomer-membrane Water Processor 

JSC  = Johnson Space Center 

LSS  = Life Support Systems 

LTCT  = Long-Term Compatibility Test 

MSFC  = Marshall Space Flight Center 

NASA  = National Aeronautics and Space 

    Administration 

OAV  = Odor Activity Value 

QD  = Quick Disconnect 

RH   = Relative Humidity 

SMAC   =  Spacecraft Maximum Allowable 

Concentration 

SLPM  = Standard Liters Per Minute 

UPA  = Urine Processor Assembly 

VCD  =  Vapor Compression Distillation 

VOC   = Volatile Organic Compound 

WRS  =  Water Recovery System 

WSTF  = White Sands Test Facility
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I. Introduction 

LOSING the water loop on long duration spaceflight missions is a key aspect of reducing mission mass and 

logistics support for orbiting facilities and interplanetary spacecraft.1 Urine water recovery on the International 

Space Station (ISS) is performed by the Urine Processor Assembly (UPA) via Vapor Compression Distillation (VCD). 

The VCD process is restricted to the solubility limit of various compounds in pretreated urine such as calcium 

phosphate for Alternative Pretreatment and calcium sulfate for Baseline Pretreatment, thus producing concentrated 

brine that requires further processing for water recovery. The Brine Processor was developed to demonstrate increased 

water recoveries on the ISS up to 98% and helps to enable long duration human exploration missions beyond low 

earth orbit. The Brine Processor is based on Paragon’s Ionomer-membrane Water Processor (IWP) technology which 

is a membrane-distillation based water recovery system. BPA operates in an open loop with cabin air and utilizes 

existing spacecraft systems such as the cabin-condensing heat exchanger and trace contaminant control system to 

minimize mass, volume, and complexity. The unique properties of the IWP membrane pair limit contaminant 

permeation from the brine to the recovered water, purge gas, and cabin atmosphere. The Brine Processor was 

developed by Paragon and NASA Advanced Exploration Systems (AES) Life Support Systems (LSS) project as an 

integrated technology demonstration on ISS. The BPA on-orbit demonstration will last one year to prove the IWP 

technology performance in microgravity and feasibility for a long-duration mission, such as Mars, while 

simultaneously benefitting ISS by recovering more water, decreasing the need for resupply, and decreasing associated 

logistics and costs.  This technology represents the state of the art for exploration mission brine water recovery beyond 

the limits of distillation, which is the current ISS technology. Flight hardware was successfully delivered to NASA in 

Fall 2020, launched to the ISS in February 2021, and was installed in March 2021. On-orbit experiments are ongoing 

and will continue to be evaluated to understand BPA performance in microgravity. 

A. Background 

 The Brine Processor Assembly utilizes forced convection of spacecraft cabin air coupled with Paragon’s 

patented2 IWP membrane distillation process to purify and recover greater than 80% of available water from 22.5 

liters of brine within a 26-day cycle. The IWP membranes are formed into a disposable bladder (Figure 1) to contain 

and process this brine. Because the membranes are extremely lightweight, the entire IWP membrane structure is 

disposable with the brine, maintaining brine containment throughout the life of processing and disposal. At 0.5 kg 

total weight, the consumable bladders are well within the AES exploration program goal of brine processing 

consumables mass of 25% or less of recovered water mass.  The dual-layer bladder serves two purposes: 1) a method 

of containment of the high toxicity level (Tox 2) brine and 2) the technology by which water is recovered. The inner 

bladder contains liquids but allows water vapor and some trace contaminants to pass through its microporous 

membrane. The outer ionomer bladder is also 

permeable to water vapor and fewer trace 

contaminants.  

 The disposable BPA bladder accepts the brine 

from the UPA’s Advanced Recycle Tank Filter 

Assembly (ARFTA) via a brine transfer hose. The 

urine brine received from ARFTA has been 

pretreated with alternative or baseline pretreatment 

formulation (phosphoric or sulfuric and chromic 

acid). A heater warms the air, which passes over the 

bladder and collects the vapor. The vapor is 

condensed in the existing spacecraft condensing 

heat exchanger(s), which recover metabolically 

produced water vapor as humidity condensate. 

Condensate is then further processed to potable 

water utilizing the existing spacecraft Water 

Recovery System (WRS).3 

II. Brine Processor Development Status  

 The Brine Processor program held its Critical Design Review (CDR) in March 2017, completed manufacturing 

in early 2018, completed the proto-qualification test phase in Fall 2020, and was launched to the ISS in February 2021. 

Images of the flight hardware are shown in Figure 2 with the lid open to show the internal Detrusor and with the lid 

C 

 

 

 
Figure 1. Brine processor bladder. 
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closed. The power, data, and brine interfaces are 

all on the forward face of the BPA. The air inlet is 

located on the deck face. Mounting strips are used 

between the BPA and the ISS overhead panel to 

protect each aluminum surface. Since the BPA is 

mounted to the overhead, when installed the door 

of the BPA swings down and the crew change out 

the bladders from underneath. The air inlet filter 

is located in the bottom right corner in Figure 2 

and immediately opens into the inlet enclosure 

which houses the power board. The air enters the 

heater, then a duct curves around to reach the 

detrusor inlet plenum. The fan and noise 

attenuator are located at the exit of the detrusor 

outlet plenum. The air then exhausts the insulated 

aft face through ducting before it passes through 

an outlet filter, not shown in Figure 2, for odor 

mitigation prior to reaching the cabin.  

 The brine supply line contains a flex line to 

allow the crew to connect the supply line to the 

bladder quick disconnect (QD), which is 

facilitated by a slider assembly and lever handle 

to engage the brine QDs.  

 As of February 2022, the BPA had 

successfully completed five dewatering cycles to 

date and is continuing with its sixth cycle. Bladder 

inner-layer leakage, also termed ‘pore wetting’, 

was observed during ground testing, and has also 

been observed on orbit.  An investigation into the 

source of the leaks was launched during ground 

testing, and though a definitive cause for internal 

leakage was not found, it is possibly a result of a combination of effects, including the natural distribution of pore size 

of the inner ePTFE layer of the bladder and chemical surface wetting out of these pores as a result of precipitants in 

the concentrated brine. As a result of the pore wetting being considered a form of leak, the microporous layer was 

invalidated as a level of containment and all bladders require two additional layers of containment for tox 2 stowage. 

Full details of the inner-leakage can be found in BPA ICES Paper 2021 submission 428.4 It should be noted that no 

direct correlation has been observed between pore wetting and odor during dewatering cycles.  

 

A. Odor Mitigation 

 The BPA commenced on-orbit operations on April 2nd, 2021, at the highest heater setting of 3 heater coils activated. 

During the initial dewatering cycle of the BPA, some nuisance odor was detected by ISS crew coming from the effluent 

air. Though the BPA was compliant to all NASA levied requirements, including Spacecraft Maximum Allowable 

Concentration (SMAC) levels, as it was designed to be an open loop system, the run was cut short to mitigate the 

nuisance odor complaints. The BPA was reactivated at the lowest heater setting of 1 active heater coil, however, crew 

still noticed malodor from the exhaust. A temporary filter was then assembled and placed at the outlet of the BPA 

using existing onboard filtration devices and ducting already aboard the ISS. The filter utilized in the temporary 

solution was not designed to allow for significant airflow, and as such, increased the pressure drop at the outlet of 

BPA, creating the potential to disrupt nominal BPA operations. Upon the completion of the first dewatering cycle on 

the ISS, the BPA was placed on standby until a permanent solution could be flown for odor mitigation.  

NASA Marshall Space Flight Center (MSFC) and Paragon collaborated to develop and implement a permanent 

commercial off the shelf (COTS) filter at the outlet of the BPA for odor mitigation. To assess operational impacts to 

the BPA and the efficacy of the filter at removing brine odor, it was decided to conduct a full brine dewatering cycle 

with the filter attachment at the Paragon facilities. The BPA Ground Unit was used for testing and examined the effects 

of the filter system on nominal BPA operations (i.e., fan speed, operating temperatures, pressure drop, electrical power 

 

 
Figure 2. Brine processor assembly in a closed position (top) and 

copen position (bottom). 
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consumption) as well as potential for odor reduction. The test data showed a significant reduction in effluent odor, 

without impacting nominal BPA operations.  These results informed the implementation of an Outlet Filter System 

on the ISS.  The test schematic and actual test setup can be seen in Figure 3. The Ground Unit BPA was set up with a 

flow bench to provide airflow and an outlet adapter was used to place ductwork that led to the filter. The filter housing 

was modified to allow upstream and downstream sample port tubing, also shown in Figure 3, and ductwork was used 

to direct airflow into the ambient environment.  

Three test objectives were developed and subsequently worked towards to quantitatively assess the odor mitigation 

filter assembly integration. Objective 1 was to characterize the filter and filter assembly as standalones, i.e., not 

connected to the BPA, with a focus on understanding pressure drop and airflow rate across the filter assembly and 

ducting. A flow bench was used to generate airflow throughout the range of operation (0-310 SLPM) while the 

differential pressure across the filter assembly was measured. The results indicated that the pressure drop across the 

assembly reached a maximum of 0.18 inH2O and that the reduction in flow rate was between 7 and 20 SLPM out of 

the nominal 280-300 SLPM for BPA operations. It’s worth noting that the flow bench and sensor accuracy is between 

+/- 14 SLPM and +/- 0.05 inH2O, so the effects of the filter are almost negligible. The flow rate vs. pressure plot is 

demonstrated in Figure 4. 

Objective 2 of the ground odor mitigation testing focused on comparing flow rates and resultant operation/surface 

touch temperatures of the BPA with and without the outlet filter assembly installed. Tests were performed at several 

heater configurations to assess the increased 

temperatures across the BPA due to any potential flow 

restrictions with the filter.  This data was then 

compared to past functional and performance testing 

to assess potential performance impacts with respect 

to higher operational or touch temperatures. The tests 

were performed with the BPA operating normally 

while mated to the filter assembly which includes the 

filter housing, ducting, and filter. Again, the flow 

bench was used to measure flow through the system. 

To remove uncertainties from potential air leak paths, 

the flow bench was installed at both the inlet and 

outlet of the BPA in “pressure mode” and “suction 

mode”. The first test ran with an air-filled bladder 

inside the BPA to mimic operational flow conditions 

with a brine filled bladder, and was allowed to run at 

its highest setting, 3 coils on, until a steady state was reached. Once the BPA reached steady state, the outlet filter 

assembly was attached to the BPA outlet while the BPA was still operating and the temperature effects were observed. 

No observable changes outside of the measurement tolerance were noticed with the addition of the filter assembly to 

the temperature profile or flow rate. Next, this same test was repeated at the lowest heater setting, 1 coil on, which 

also showed no observable changes to the BPA performance. Both of these tests supported the Objective 1 test that 

the filter assembly has a negligible impact on the BPA performance.  

Finally, Objective 3 was to assess brine dewatering performance with a filter installed at the BPA single heater 

setting with a focus on BPA operational performance as well as to determine the efficacy of the filter in mitigating 

nuisance odor.  Gas, odor, and condensate samples were collected pre- and post- filter to characterize what chemical 

    
Figure 3. Test setup schematic (left) & actual test rig (right). 
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Figure 4.  Filter assembly pressure drop vs. flowrate. 
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compounds were removed by the filter.  ‘Odor’ samples of effluent air were assessed by a human odor panel at the 

NASA White Sands Test Facility (WSTF) for comparison to the chemical compounds identified in both gas ‘air’ and 

condensate samples.  This data was compared to Protoflight testing performance, in which gas and condensate samples 

were collected for three dewatering tests. During testing, ambient conditions were kept flight-like for consistency. 

While the BPA was undergoing the dewatering cycle, a large scale was used to track the water removal by mass. The 

total mass removed over the run was 17.25 kg over 20.2 days which is in-line with expected results. The comparison 

of this test data, shown as ‘Low Temp "Alt" Brine + Filter’ in Table 1, further supported that the effects of the filter 

assembly had a negligible impact on BPA performance.  

           Table 1. Protoflight qual data compared to filter test data.  

Parameter Goal 

Max 

Temp Alt 

Brine 

Nominal 

Temp Alt 

Brine 

Max Temp 

Baseline 

Brine 

On 

Orbit 

Run 

#1 

Low Temp 

"Alt" 

Brine + 

Filter 

Initial Brine Volume 

(L) 
22.5 23.0 22.9 22.9 ~22.5 23.0 

Initial Brine Mass 

(kg) 
N/A 27.9 27.5 24.4 ~27 26.30 

Initial Total Solids 

Fraction  
N/A 0.416 0.426 0.143 ~0.41 0.291 

Initial Water Mass 

(kg) 
N/A 16.3 15.8 20.9   18.7 

Mass Removed (kg) N/A 14.95 14.05 19.85   17.25 

Water recovery  
40 65 61 87   75 

(% by volume) 

Water recovery  
N/A 92 89 95 >90% 93 

(% by mass) 

Duration to 40% by 

volume (days) 
26 5.5 7.6 4.2   9.1  

Total Duration (days) N/A 16.1 20.0 10.8 16.75 20.2 

Dewatering cycles are concluded once the delta temperature across the inlet and outlet plenums of the BPA reach 

a certain value, typically 3°C for the single heater setting. Although the dewatering cycle was stopped at a delta 

temperature of 3.9°C, the accuracy of the BPA sensors is ±1°C and the variance had steadied indicating a finished 

cycle. Temperature profiles can be seen on Figure 5.  

 

 Condensate and odor samples that were collected during the dewatering test were sent to NASA White Sands Test 

Facility (WSTF) for analysis. Consistent urine/ammonia/diaper odor was detected pre-filter throughout the duration 

of testing, as 

demonstrated in Figure 6.  

Unfiltered BPA odor was 

consistent with 

expectations and 

observations during 

previous testing.  In 

general, upstream odor 

was present with notable 

downstream odor 

filtering seen in Figure 7.  

There were obvious 

outliers in the 

Downstream odor ratings 

at 168 and 408 hours of 

testing, suggesting 

process impacts that are  
Figure 5.  Inlet and outlet temperatures for Low Temp alt brine dewatering. 
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being evaluated. Odor description of these downstream outliers were not consistent within family odor sample 

descriptions and were noted to have smells similar to hard-boiled eggs, baked plastic, burnt, and chemical factories. 

Upstream odor samples were consistent throughout the test with odors of urine and brine.  

 

 Selected gaseous and condensate samples were sent to NASA Johnson Space Center (JSC) for analysis and 

findings were corroborated by human panel odor results provided by WSTF. Thirteen contaminants were observed in 

the condensate samples collected upstream of the odor control filter while three or fewer were observed in the 

condensate collected downstream of the filter. The ten primary contaminants contributing to odor, two of which are 

acetaldehyde and 2-butenal, account for a very small percentage of the total effluent gas contaminant concentration, 

detected at levels from 0.1mg/m3 to 0.13mg/m3, representing 4.5% of the total composition of effluent compounds 

identified. Odor causing contaminants were identified as compounds that were detected in amounts higher than the 

human threshold for detection (in mg/m3), as found in literature.  The odor activity value (OAV) was used as a means 

to quantify odor via the degree to which these odor causing compounds were present above their thresholds for 

detection, by summating the concentration of each ‘detectable’ compound divided by its individual detection 

thresholds (i.e., value > 1).  OAV upstream and downstream of the filter was compared, and it showed that similar to 

the WSTF results, where the total contaminant concentration downstream of the filter was higher than upstream at the 

168-hour and 408-hour mark, at which point this phenomena peaks. Even though the total concentration is higher 

from hour 168 to 408, the reduction percentage, or effectiveness, of the filter remains at or above 90% until the 288-

hour mark. At this point shown in Figure 8, the effectiveness takes a steep decline until hour 408 at which point it 

loses complete effectiveness. This loss of effectiveness is attributed to a contaminant roll-up event which is a 

competitive adsorption phenomenon in which higher molecular weight contaminants accumulate to the point at which 

they displace lower molecular weight contaminants from the filter.  The ejection of these lower molecular weight 

 
Figure 6. Upstream odor reports. 
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compounds from the filter media within a short time frame generates a high enough concentration in the effluent air 

that humans are able to detect these shorter chain (primary odorant) contaminants. Even with complete loss of 

effectiveness at the 408-hour mark 

of the dewatering cycle, the results 

demonstrate that the loss in 

filtration efficacy due to a suspected 

contaminant rollup event was 

temporary, and filter efficacy 

recovered at 456 hours. The overall 

odor control filter efficacy is 

estimated to average 83.6% 

effectiveness at mitigating BPA 

exhaust gas odor.  

Two contaminants in particular 

were believed to contribute to the 

odor downstream of the filter at the 

168-hour mark – acetaldehyde and 

2-propenal. A composite odor 

produced by 2-propenal and 

acetaldehyde may be expected to 

possess pungent, disagreeable, 

acrid, and burning material 

characteristics. Some of these 

characteristics are consistent with 

 
Figure 7. Downstream odor reports indicated significant reductions relative to the upstream reports.  

  

 

  

 

 
Figure 8. Odor reduction percentage over runtime.  
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the WSTF odor test results. At the 408-hour mark, five odorant compounds were observed in the samples collected 

downstream of the odor control filter. These compounds are methyl pyridine, hexanal, butanal, 2-butenal, and 

acetaldehyde. Additionally, two minor odor contributors—ethanol and ammonia—were found to have OAV 

magnitudes of ~0.3. Odor descriptors associated with the five primary odorant compounds include the following: 

suffocating, acrid, pungent, obnoxious, unpleasant fish-like, fruity, sweetish, and freshly cut grass. In combination, 

these descriptors are consistent with the odor described by the WSTF odor test participants. All compounds associated 

with the report are routinely observed with BPA operations and human metabolic emissions via urine. However, 

variability in dietary supplements must be considered which dictates that it is possible to have different excretions, 

and thereby, odorant compounds in space exploration crewmember urine and ground test urine.  

 WSTF and JSC chemical composition analyses both support that overall, the filter assembly tested significantly 

improves the effluent odor from BPA brine dewatering operations. Based on NASA subject matter expert Jay Perry’s 

analysis of the ground test results, the average effectiveness of reducing odor is estimated as 83.6% and is >90% 

effective when a contaminant roll-up event is not occurring. The BPA’s operating conditions are challenging for 

adsorption-based filters and contaminant roll-up events are possible that may result in the periodic perceptions of 

higher malodor. 

B. On-Orbit Dewatering Performance  

 ISS Crew observed malodor during the initial activation of the BPA after 4.28 days which resulted in a manual 

shutdown of the dewatering cycle. In an effort to reduce odor, the BPA was reactivated at its lowest temperature heater 

setting, and operated for a total of 6.68 days. Nuisance odor was still observed at the lowest setting which resulted in 

another operational shutdown. A temporary filter was then installed followed by another BPA reactivation for another 

5.79 days. Cumulatively, the initial process run recovered an estimated 54% water by volume, which represented 12.2 

L of water. Upon the conclusion of the dewatering cycles, it is standard for crew to remove and inspect the bladders 

for pore wetting and other anomalous indications.  

 Following the first process cycle of the BPA, NASA MSFC and Paragon collaborated to implement a permanent 

filter solution at the outlet of the BPA as described above. The filter assembly was installed at the outlet of the BPA 

and BPA was reactivated on October 28th, 2021. The initial process run, and second overall for the BPA, lasted 17.35 

days and was considered complete on November 15, 2021, with a final delta temperature of 2.5°C. Odor notes 

provided from ISS crew during the second dewatering cycle indicated a great improvement at the beginning of the 

run, but were noted as getting stronger towards the end of the run. Ultimately, the odor was determined to be escaping 

from an insufficient O-ring seal at the outlet adapter that connects to the BPA. Select on orbit telemetry data for the 

first dewatering run with a permanent filter can be seen in Figure 9. As shown by the data, the temperature profile 

during a dewatering cycle will remain steady for the beginning stages of the run, but after roughly 10 days of operation 

  
Figure 9. Second dewatering cycle raw data downlink.  (Pink trace is inlet temperature, white trace is outlet 

temperature, and blue trace is delta temperature.) 
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the temperatures start to 

converge more rapidly as less 

water is available to recover and 

latent heat of vaporization 

increases.  

 At the time of this writing in 

February 2022, the BPA has 

completed 5 dewatering cycles 

and is currently underway with 

the sixth run. Estimating the 

water recovered from the on-

orbit runs relies on the input 

parameters which are predicted 

from ground data, on-orbit brine 

concentrations, starting volume, 

and other conditions. Precise 

measurements of the ambient 

temperature and relative 

humidity increase the fidelity of 

the model; however, this data is 

harder to acquire at the start of 

the process cycles and is 

therefore averaged. Additionally, on-orbit operations and parameters do not allow for precise estimates of volume and 

starting mass, so these values are kept as consistent assumptions. All runs have showed similar data trends between 

the inlet and outlet plenum temperatures, though there are slight differences that can be attributed to ambient 

conditions and brine concentrations.  

 Through dewatering analysis, it has been observed that cycles where the brine is more concentrated, the recovery 

by volume has reached lower values. This is expected due to having less recoverable water content. Regardless of 

initial solids fraction or brine density, the BPA has continued to meet its end goal of reclaiming 40% of water b.v., 

and has exceeded this parameter each run as shown in Table 2. In total, it is estimated that the BPA has recovered 

~78.2 kg on orbit and will continue to recover water at a high level.  

 

Table 2. On-orbit water recovery summary.  

 
 Odor reporting throughout the dewatering runs has greatly improved since implementing a permanent filter on 

ISS. The initial filter was in service for two dewatering runs, cycle 2 and 3, before being removed and replaced along 

with the O-ring at the outlet adapter. The second filter has been installed for cycles 4 through 6 and will be monitored 

to understand the expected filter loading going forward. To date, no contaminant roll-up events have been clearly 

identified during on-orbit operations as was observed in ground testing.  

  
Figure 10. Bladder with very little pore wetting (left) vs. bladder closeup of 

pore wetting (right).  
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 Nominal pore wetting was observed during many of the dewatering runs performed on-orbit. And as expected, no 

brine was ever observed outside of the bladder, and it was clear that only the ePTFE layer was wetted. Based on 

previous research and qualification testing performed at Paragon, it was concluded that pore wetting is due to pore 

fouling and not a pressure-based leak of the bladder. Furthermore, wet spots in the bladders do not seem to worsen 

over time, but two bladders being returned on SpaceX-24 will provide further insight once they are inspected on the 

ground. The bladders will continue being used on ISS and there is high confidence that the bladders will not release 

brine externally to the Nafion layer since it is a monolithic (i.e., nonporous) membrane. Figure 10 demonstrates the 

variability in pore wetting observed on-orbit. The image on the left shows no obvious signs of pore wetting while the 

image on the right, a separate bladder, shows nominal pore wetting. 

 

C. Ground Data vs. On-Orbit Data 

 Three ground dewatering tests were conducted to verify the BPA’s overall operational performance which include 

runs with alternative 

pretreatment (phosphoric acid 

and chromium trioxide) brine 

(alt brine) at the maximum 

operating temperature (all 3 

heating coils active), alt brine at 

expected nominal temperature 

(2 heating coils active), and a 

run with baseline pretreatment 

brine (baseline brine) at 

maximum temperature. The 

operating parameters can be 

seen in Table 3. The first 

dewatering test was conducted 

with alt brine at maximum 

operational temperature (i.e., 

Max Temp Alt Brine). As stated 

during the on-orbit dewatering 

summary, because alt brine has higher solids concentration than baseline brine, the alt brine test takes longer to 

complete and recovers slightly less water 

overall. As expected, the water vapor mass 

flux (black circles) decreases more 

gradually for the higher solids alt brine as 

well. As water progressively evaporates out 

of the selectively permeable bladder 

membranes, the water vapor mass flux 

decreases and the heat being added to the 

system begins to raise the overall system 

temperature instead of contributing towards 

water evaporation. This is an indication that 

latent heat is transitioning into sensible heat. 

These principles are what drive cycle 

termination and allow the BPA team to use 

delta temperatures of the inlet and outlet 

plenums as indicators of cycle completion.  

 The second test, seen in Figure 11, was 

of alt brine at what was expected to be the 

nominal heater setting (coils 1+2) before the 

odor was observed on the ISS. Although the 

Max Temp Alt Brine test started with a 

slightly higher water vapor mass flux, the mass flux decreased more quickly as compared to the Nominal Temp run. 

As expected, the Max Temp run recovered slightly more water (65 vs 61% by volume) more quickly than the Nominal 

 Table 3. Ground dewatering data. 

 

 
Figure 11. Nominal Temp alt brine ground dewatering data. 
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Temp. However, these differences are minor, and the Nominal Temp configuration can be run to reach dewatering 

goals while potentially reducing loading on downstream processes (e.g., trace contaminant control system) and 

reducing power draw. 

 The third test consisted of a maximum temperature (coils 1+2+3) run with baseline brine, which is treated with 

baseline pretreatment (sulfuric acid and 

chromium trioxide), to capture the worst-

case volatile organic compound (VOC) 

production at the highest BPA heater 

temperature. The average inlet temperature 

during testing was 22.75° C and the average 

inlet relative humidity was 40.56%. 

Baseline brine has much lower solids 

content than alt brine, as indicated by the 

starting point of the blue circles in Figure 

12. As a result, the evaporation rates are 

higher and mass solids increase more 

rapidly than for alt brine, with a very 

consistent mass flux through the first six 

days of testing, followed by steeper drop 

off. This effect was also observed in the 

rapid convergence of the inlet and outlet 

temperatures. 

When the ground data is compared to 

on-orbit data, we see similarities with the 

temperature profiles and concentrations of 

solids as the run progresses. Figure 14 demonstrates predicted transient performance of an on-orbit cycle at the lowest 

heater setting (1 active coil) which was purely alt brine with an estimated initial solids fraction of 0.4. This can be 

compared to the nominal temperature ground run (Figure 11) which contained alt brine with an initial solids fractions 

of 0.426. Another difference between ground and on-orbit tests that should be noted is the temperature being measured. 

While the ground test utilized thermocouples on the bladder, on-orbit data only provides the temperatures at the inlet 

and outlet plenum. Ground testing demonstrated that the average bladder temperature follows the outlet plenum 

temperature over time, within 2-3°C. 

Ultimately, the final concentration of solids by mass at the end of the run is reached more slowly due to the lower 

temperature operation on-orbit. This is observed by the solids trendline (blue line) not plateauing in Figure 14, whereas 

the nominal temperature ground run, Figure 11, has a low slope at the 350 hour mark. The outlet plenum temperature 

is lower by roughly 5-10°C throughout the cycle, and the vapor mass flux reaches lower values later in the dewatering 

cycle before it’s concluded. Lastly, the stop temperature is different when looking at the two cycles due to the heater 

activation though this is not shown in the figures.  

Data from ISS cycle 2 (Figure 13) is comparable to the third ground test (Figure 12), however, a major difference 

is the change in heater operation. While the ground unit was operated at the maximum setting (1+2+3 coils), the ISS 

unit was operated at the lowest heater setting (1 coil) to prevent odor buildup in the cabin. It is observed again that the 

concentration of solids by mass differs from the ground test. The on-orbit run has a slower steady increase and lasts a 

bit over 400 hours of operation while the ground unit, shown in Figure 12 above, has a steep increase in production at 

the ~175 hour mark and is concluded at just over 250 hours. The temperature profiles are both steady before a similar 

sharp slope increase is observed. The on-orbit run temperature remains constant until the 250-hour mark, shown in 

Figure 13, while the ground run with all 3 heaters begins to increase at the 150-hour mark. The delta of 100 hours is 

quite large, but is expected due to the difference in heater operation. Similarly, the water vapor mass flux shows the 

same trend in which the ground run is steady before decreasing sharply at the 150-hour mark while the on-orbit run 

shows this at around the 250-hour mark. In both cases the alt brine runs operate for longer than the baseline brine. 

This is understood and anticipated since the alternative brine solution has less water and is typically a higher solids 

fraction to begin the run. The difference on-orbit for the alt and baseline brine is roughly 50 hours while the difference 

for ground tests at the highest heater settings for alt and baseline brine is roughly 130 hours. 

 
Figure 12. Max Temp baseline brine ground dewatering data. 
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III. Conclusions and Forward Work  

 Initial dewatering operations aboard the ISS were successful and the initial run was completed while using a 

temporary filter to reduce the nuisance odors. The BPA was temporarily shut down while NASA MSFC and Paragon 

developed a mitigation strategy by way of a permanent filter solution. The filter was initially characterized at MSFC 

to understand potential impacts to the BPA operation with regards to pressure drop and flow rate and then evaluated 

during a full brine dewatering operational test on the BPA Ground Unit brine for efficacy of odor mitigation.  To 

 
Figure 14. On-orbit run 4 dewatering model data. 

 

 
Figure 13. On-orbit run 2 dewatering model data. 
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assess filter efficacy, samples of filtered and unfiltered effluent air and condensate were taken over the duration of an 

operational run, and characterized via gas chromotagraphy as well as a human odor panel at JSC and WSTF 

respectively. Test results were corroborated by the similarities in findings between the two labs, which demonstrated 

a large net reduction in odorous contaminants and detectable odor in the filtered effluent air, save two events believed 

to be caused by contaminant roll-up effects. Through sample analysis results, contaminant roll-up events were believed 

to be the cause of increased odor observed in filtered air at the 168-hour and 408-hour marks of the dewatering run, 

however, the filter effectiveness to reduce odors still averaged greater than 80% throughout the cycle. 

 The filter assembly was launched and installed on the ISS in October 2021, which allowed the BPA to reinitiate 

dewatering operations. Since the installation of the filter and repair of any effluent air leak paths, all indications are 

that the nuisance odor has been mitigated by the filter and BPA dewatering operations have proceeded without 

disruption. At the time of this writing, the BPA had recovered at least 78 L of water and exceeded its levied water 

recovery requirements, facilitating the ISS to reach its overall water recovery goal of 98%. Driving requirements 

dictated that BPA should recover at least 40% by volume of water from 22.5 L of brine over the span of 26 days. It 

was demonstrated even at the lowest heater setting that BPA can achieve > 60% within the time allotted for the most 

concentrated, Alt Brine. There are limitations to the accuracy that can be achieved through water reclamation model 

predictions, however, the ground and flight data have shown good similarity to indicate that model analysis is 

confidently predicting these high water recovery rates.  

 Forward work includes continuing the on orbit experiment by testing the range of operational heater settings, using 

on orbit telemetry results to increase the accuracy of dewatering predictions in microgravity, using these results to 

further refine the tradeoff between BPA input power and water recovery over time, and continuing to assess the filter 

lifetime and changeout frequency predictions. It should be noted that as solids concentrations increase throughout a 

run, the dewatering efficiency diminishes. Therefore, a tradeoff between power consumption and operation time 

compared to water reclaimed needs further evaluation. The continued on orbit operations of BPA will contribute 

significant knowledge and understanding to the most efficient use of energy to recover water, and inform best practices 

for future implementation of membrane distillation-based water reclamation technologies. 

Appendix 

Table 4. Average concentration observed upstream and downstream of the odor control filter. 
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