
48th International Conference on Environmental Systems ICES-2018-152 
8-12 July 2018, Albuquerque, New Mexico 

Copyright © 2018 Japan Aerospace Exploration Agency 

The Status of JAXA’s Water Recovery System 

Tomoka Nagase,1 Masayuki Goto,2 Yoko Sakai1 and Sogo Nakanoya3 

Japan Aerospace Exploration Agency, Tsukuba, Ibaraki, 305-8552, Japan 

Kazuya Ishiwata4 and Yukitaka Matsumoto5 

Kurita Water Industries Ltd., Nakano, Tokyo, 164-0001, Japan 

The Japan Aerospace Exploration Agency (JAXA) is developing a Water Recovery System 

(WRS) and a Water Collection System (WCS) for future manned space exploration as key 

technologies for future manned space exploration. JAXA aims at achieving a water recovery 

rate higher than that of the current ISS system with fewer consumables to reduce water 

replenishment. This report summarizes the features of JAXA’s WRS and WCS, and reports 

the development status thereof. The WRS is composed of three main units —the cation 

exchange unit, electrolysis unit, and electrodialysis unit. JAXA is planning an on-orbit 

demonstration using a scale model of the JEM Water Recovery System (JWRS) as a technical 

demonstration of future operational use. The main purpose of the ISS demonstration is to 

verify the effect of bubble behavior on the system’s water recovery performance in 

microgravity. The detailed design and final testing of the JWRS was completed using the 

Engineering Model (EM), which was confirmed to satisfy the potable water standard and 

targeted specifications, in preparation for using the JWRS for the ISS demonstration after 

JFY2018. The WCS is a system that collects moisture from waste, such as food waste, 

wastewater, and brine. JAXA has also conducted an element test and confirmed WCS 

performance.  

Nomenclature 

Ca = Calcium 
ECLSS = Environmental Control and Life Support System 

EM = Engineering Model 

GWB = Grey Water Bus 

h = hour 

JWRS = JEM Water Recovery System 

JFY = Japan Fiscal Year, a period from April to March 

L = Liter 

LEO = Low Earth Orbit 

Mg = Magnesium 

MSPR = Multi-purpose Small Payload Rack 

TOC = Total Organic Carbon 

TOCA = Total Organic Carbon Analyzer, located on ISS 

WCS = Water Collection System 

WRS = Water Recovery System 
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I. Introduction 

ATER is the essential resource for human exploration of space beyond Low Earth Orbit (LEO). It is used not 

only for consumption as potable water but also for thermal control and the generation of oxygen. As 

transportation costs are a more important subject in manned space exploration beyond LEO, especially for a long-term 

duration mission lasting more than 90 days, crew urine and condensate water will be recovered to reduce the need to 

transport the water resource. And because it takes much time to return to Earth from the LEO platform, a system that 

requires no consumables and maintenance is desirable. Therefore, JAXA has challenged the development of water 

recovery and collection systems that are smaller, lighter, and consume less power. 

 Figure 1 shows a conceptual schematic of the Water Recovery System (WRS) and Water Collection System (WCS) 

to be used for future exploration. In this schematic, water exchanged by air revitalized systems such as a Sabatier 

reactor and oxygen generator is simplified, and the detailed flow of schematics is described below. 

 

(1) Water generated from the Sabatier reactor of the CO2 reduction system, residual water for the oxygen generator, 

and condensate water from the dehumidification system for thermal control are collected in the Grey Water Bus 

(GWB). Such water will be processed by the WRS. 

(2) Crew urine collected from the toilet and pretreatment will be added to stabilize chemical and microbial control of 

the urine until it can be processed. Flushing water will be provided from the GWB. JAXA has developed new 

organic pretreatment, and through testing has assured more than one year of performance. The pretreated urine is 

then transferred to the WRS.  

(3) The WRS adopts electrolysis methods to produce potable water from pretreated urine and condensate water, as 

described in Section II. After this processing, the WRS adds a biocide to the processed water and then provides 

potable water for the crew. 

(4) The WCS will collect feces separated from urine in the toilet. Crew activity generates such waste as food waste, 

and wastewater is generated from the WRS. The WCS collects water from such waste by using the method of 

freeze-drying, and then provides processed water to the GWB for the disposal of freeze-dried waste. 

 

 The WRS targets a water recovery rate exceeding 85% from urine and 96% from condensate water, and the WCS 

targets a water recollection rate exceeding 94%. 

 

 
Figure 1. Overview of the Water Recovery System and the Waste Collection System 
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II. Water Recovery System (WRS) 

A. System Description    

The WRS processes both urine and condensate water. As shown in Figure 2, there are three main units—the cation 

exchange bed, electrolysis unit and electrodialysis unit.  

 
Figure 2. Overview of the Water Recovery System 

 

The features of JAXA’s WRS are described as follows: 

 

(1) Removal of Ca and Mg from urine and revitalization of cation exchange resin  

The adoption of the cation exchange system reduces the possibility of failure and requires no maintenance.  

Magnesium (Mg) and calcium (Ca) ions (scale components) in the urine are removed through ion exchange 

reaction caused by the cation exchange resin in the cation exchange bed. The use of cation exchange resin prevents 

the adhesion and deposition of water-insoluble components (scale failure) in the latter stages. Therefore, performance 

trouble attributed to scale components does not occur, unlike in the current ISS system. 

The cation exchange bed will be revitalized by alternatively flushing acid and alkali solution concentrated by the 

electrodialyzer. The regeneration of ion exchange resins is self-contained within the system, and there is no need to 

replace the resins. Therefore, this system offers the benefits of not requiring any maintenance for the exchange of resin 

and reduces the need for consumables. 

 

(2) Decomposition of organic compounds at high temperature and high pressure 

The organic compounds in urine are decomposed by oxidizing substances created by the electrolysis of water in 

the electrolysis unit. There are two main reaction routes: direct reaction on the surface of the electrode, and indirect 

reaction by the generation of oxidants by the electrolysis of water, as shown in Figure 3. Electrolysis is conducted 

under high temperature and high pressure to break down organic matter that is difficult to decompose. The initial TOC 

concentration is approx. 6000 ppm, and after 

processing it decreases to less than 3 ppm. In 

this process, CO2, hydrogen, and a slight 

amount of oxygen are generated from this 

reaction. These gases are separated by a gas 

trap module and then transferred via the 

waste gas line or CO2 reduction system. 

In the future, WRS will processed not 

only urine but condensate water from 

dehumidification system. The organic 

compounds in condensate water are 

processed by catalyst column.  

The processed water is then transferred 

to the electrodialysis unit.   

 

Figure 3. The principle of electrolysis 

reaction 
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(3) Removal of remaining ions 

The ions remaining from the previous process are removed by an ion exchange film that only allows specific ions 

to pass through in the electrodialysis unit. This leaves treated water of drinkable-level quality. In addition, the 

remaining ions are separated into cations and anions to produce acid and alkali, which are used to regenerate ion 

exchange resins. After the electrodialysis process, the processed water will meet the potable water quality standard. 

 

 Table 1 lists the specifications of JAXA’s WRS for exploration and the ISS demonstration. For exploration, the 

model targets a crew of four and the recovery rate is assumed to exceed 90%. The JEM Water Recovery System 

(JWRS), which is a subscale model for the technical demonstration on the ISS, has been developed except for the 

condensate process. The WRS for exploration will be developed based on the results of the JWRS demonstration. 

 

Table 1. Specifications of JAXA’s WRS  

Item For Exploration For ISS demo 

Processing capacity 
4 crew members =19.1 L/day 

Urine: 7.2 L (1.5 L/day/crew + margin) 

Condensate: 11.9 L (2.48 L/day/crew + margin) 

> 0.3 L/day 

Minimum: 0.3 L/day 

Maximum: 1 L/day 

Recovery rate 
> 90% (total) 

> 85% (urine) 

> 96% (condensate) 

> 85% (urine) 

Water quality NASA potable water (SSP41000) NASA potable water (SSP41000) 

Maximum envelope 1552 × 451 × 828 mm (1/2 rack size) 870 × 806 × 521 mm (M01 bag) 
Weight < 130 kg (dry)  < 114.6 kg (wet) 

Power consumption < 500 W < 380 W 
Consumable item None None 

Life time > 3 years 
None 

(The demo will last about six months.) 

 

B. ISS demonstration of JWRS  

 The objectives of the ISS demonstration are as follows: 

 

i) To examine whether processed crew urine satisfies the water quality standard of potable water prescribed in NASA 

SSP41000; and 

ii) To verify the effect of microbubble behavior in microgravity on water recovery performance. 

  

 The JWRS generates gases as bubbles in the electrolysis unit during the water recovery process. In the microgravity 

environment, the bubbles become micro size (microbubbles) as compared to on the ground, making it difficult to leave 

the electrode surface that generates the microbubbles due to surface tension. There are concerns that this situation will 

adversely affect processing performance. Such microbubbles cannot be replicated on the ground, and the influence of 

microbubbles will be demonstrated on-orbit using the telemetry 

data and analysis results of processed water in comparison with 

data obtained on the ground. The findings of this demonstration 

will be reflected in the design of the next WRS for future 

exploration in order to improve performance. 

 

 The JWRS will be launched after 2018 and then installed on 

the MSPR/MSPR2 in JEM. It can process up to 1 L of synthetic 

urine or crew urine with pretreatment. Figure 4 shows an 

overview of the JWRS, Figure 5 illustrates the demonstration 

plan, and the following describes JWRS operations in detail. 

 There are two demonstration terms. First, as a short-term test, 

the JWRS will operate five cycles of processing: four cycles 

using synthetic urine, and one cycle using crew urine. Then, as a 

long-term test, a demonstration using synthetic urine is planned.  Figure 4. Overview of the JWRS 
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 All on-orbit operations of the JWRS will be conducted via ground commands and monitoring, except for 

exchanging the synthetic urine/crew urine bag and processing the water/sample return bag. After the process is 

completed, the portion of processed water will be analyzed by the TOCA onboard the ISS, with the rest being returned 

to the ground and analyzed based on potable water standard SSP41000. The portion of crew urine will also be returned 

to the ground. The returned sample will be analyzed to validate the performance of water recovery. 

 

 
Figure 5.  Demonstration plan of the JWRS 

 

C. Overview of EM test results  

 JAXA will complete the detailed design and performance testing using the EM, and prepare for the ISS 

demonstration after JFY2018. Tables 2 and 3 shows the test results obtained using the Engineering Model (EM) of 

the JWRS. These data show that the EM meets the potable water standard and targeted specifications.  

 

Table 2. Water quality results of the JWRS EM tests  

Item Urine Standard (SSP) EM test result Evaluation 

TOC [mg/L] 5989 3 2.4 Satisfied 

K [mg/L] 2428 340 0 Satisfied 

NH4 [mg/L] 572 1 0 Satisfied 

Mg [mg/L] 133 50 0 Satisfied 

Ca [mg/L] 291 30 0 Satisfied 

Cl [mg/L] 5645 4 0.3 Satisfied 

NO3 [mg/L] 586 10 0.0 Satisfied 

SO42- [mg/L] 2076 250 0.5 Satisfied 

pH - 6.52 4.5-8.5 4.8 Satisfied 

     ※Analysis of water quality item was the excerpt from SSP41000  

 

Table 3. Performance results of the JWRS EM tests 

Item  Standard (Design value) EM test result Evaluation 

Water recovery rate [%] > 85.0 85.9 Satisfied 

Power Consumption [W] < 380 290.7 Satisfied 
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III. Water Collection System 

A. System Description 

The Water Collection System (WCS) collects moisture from waste from crew activity such as food waste, wet 

towels, wastewater generated from the WRS, and brine in the manned space flight facility. Vacuum freeze-drying 

systems remove water from the target and collect it in a cold trap. 

 

 There are two advantages of JAXA’s WCS. First, the freeze-drying method enables improvement of the water 

recovery rate from the target. Freeze-drying can take water from the target by sublimation. Compared with the 

evaporation method, sublimation can reduce the required energy consumption. The other method entails easy 

maintenance. Lyophilization will be conducted in a medium condition to achieve waste that will not scatter, as well 

as less mechanical failure. 

 

B. Element test 

 Based on the design concept of the WCS, an elemental performance test was conducted using the prototype model.  

The objective of this test was to specifically confirm the freeze-drying capability for future operational use as  

follows: 

 

i) To improve WCS equipment by modifying heat conduction and heat insulation; and  

ii) To acquire data for the on-orbit operation cycle by testing actual conditions using wet wipes and wipes with 

water as samples. 

  

1. Test method 

Figure 6 shows an overview of the test configuration, which 

includes the dry processor and cold trap. Samples were put into 

the sample bag that is installed on the shelf of the dry processor. 

The sample temperature, shelf temperature of the dry processor 

(equal to the heater temperature), and vacuum were measured. 

The samples are described below.  

 

i) 320 sets of wet wipes, equal to the amount used by four 

crew members per week; and 

ii) 320 sets of dried wet wipes and 2.7 L of water, roughly 

equal to the amount of wastewater generated from the WRS 

per week (i.e. maximum absorption capacity of the wet 

wipes). 

 

 Once the dry processor becomes heated and vacuumed, 

freeze-drying will start. Water collected from the sample is 

transferred to the cold trap. After freeze-drying is completed, the 

increment in weight of the ice water from the cold trap is 

measured and the recovery rate calculated from the expected pre-

drying content. The temperature and vacuum program were 

optimized to reduce equipment power consumption by shortening 

the operating time while maintaining the collection rate. 

 Sample i) was used to acquire data on the processing time for 

drying and on power consumption, and then to modify the heat conduction and heat insulation. Sample ii) was tested 

using the modified equipment. 

 

2. Test results and discussion 

Table 4 lists the results of the water collection rate, processing time, and integration of power consumption in wet 

wipes (before equipment modification), wet wipes (after equipment modification), and dried wet wipes with water.  

The water collection rate reached the targeted level (more than 94%) in all the tests.  

Figure 6. Overview of test configuration 
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Table 4. Test results of each sample 

No. Name  
Water collection rate 

[%] 

Processing time 

[hr] 

Integration of power consumption 

[kWh] 

1 wet wipes (before) 98.4 34 17.4  

2 wet wipes (after) 97.4 35 16.9  

3 wet wipes & water 97.4 89 45.9  

 

In sample No. 2, the equipment was modified for heat conduction and heat insulation from sample No. 1. This 

modification shortened the pre-freezing time. As heat conduction was improved by contact between the refrigerator 

and the plate, and leakage load from the CT tank was reduced by the heat insulation construction, the cold trap’s 

cooling efficiency during self-freezing is considered to have increased. However, as a vacuum formed inside the 

chamber after primary drying, resulting in a vacuum insulation state, the overall influence on power consumption and 

processing time was rather small. 

In sample No. 3, drying took more time to be completed. As the water content of the sample is larger, a large 

amount of heat was required for sublimation. Water vapor transfer resistance was greatly increased by wet wipes, and 

it was difficult for water vapor to escape from inside of the sample. As the internal pressure of the sample increased, 

the sample temperature also increased; thus, even if the operating temperature was raised, the temperature gap between 

the sample and shelf decreased, as did the heat input. Therefore, the progress of drying was delayed. 

Table 5 lists the assumed types of targeted processing waste. As future work, different scenarios of on-orbit 

operation should be considered, such as whether wastewater will be processed in combination with solid waste. And 

further equipment modification is required based on the data acquired. And given the particularly large volume and 

latent heat quantity of wastewater, the efficiency of heat conduction must be increased in order to efficiently evaporate 

heat.  

 

Table 5. Targeted processing waste for the WCS 

Waste  
Generation 

resource 

Generation amount 

(moisture content amount) 
Remarks 

Food waste 
From crew activity 

0.5 kg/CM-day 

(0.364 kg/CM-day) 

- 

Wet wipe - 

Wastewater From WRS 0.403 kg/day - 

Brine From toilet - 

Under consideration whether the 

process should separate brine from 

other waste 

 

IV. Conclusion 

 JAXA is developing the WRS and the WCS for future manned space exploration, and the development status of 

each system is reported as follows: 

1. WRS 

The WRS is composed of three main units—cation exchange unit, electrolysis unit, and electrodialysis unit. The 

advantages of JAXA's WRS are less scale failure and no need for maintenance by adopting the cation exchange bed, 

coupled with the decomposition of organic compounds at high temperature and high pressure in the electrolysis unit. 

JAXA plans to start an on-orbit demonstration after JFY2018 using a scale model of the JWRS for a technical 

demonstration to verify the effect of bubble behavior on the system’s water recovery performance in microgravity. 

The detailed design and performance testing of the JWRS have been completed using the EM. 

2. WCS 

The WCS is a system that collects moisture from waste such as food waste, wastewater, and brine by freeze-drying. 

The element test confirmed that WCS performance achieved a water collection rate exceeding 94%. 


