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NASA’s current efforts are focused on long-duration flights to the moon and beyond.  

NASA’s crewed space missions generate a significant amount of trash (20% plastic by mass). 

As a part of the waste management system, NASA Ames Research Center (ARC) has 

developed the Heat Melt Compactor (HMC). The HMC provides trash volume reduction, 

microbial growth control, and resource recovery (water). A multipurpose waste bag has 

been developed for storing unprocessed trash and other wastes to assist the HMC 

processing. The bags allowed water vapor to escape without disintegrating the bag and the 

dry waste was encapsulated during the heat compaction process. Antimicrobial nanometal 

oxides incorporated into the bag protected the HMC treated discs against microorganism 

growth, allowing them to be stored safely during long-duration space missions. 

Nomenclature 

ARC         =    Ames Research Center 

HMC = Heat Melt Compactor 

ISS            =    International Space Station  

PVA = Polyvinyl alcohol 

Ag-CuO = Silver doped copper (II) oxide 

Y120 = Microporous membrane with 120 gsm weight 

gsm = gram per square meter 

CQ            =   Crew quarters 

LEO          =   Low Earth Orbit 

ECLSS      =   Environmental Control and Life Support System 

AES         =   Advanced Exploration Systems 

LRR =   Logistics Reduction and Repurposing 

WVTR      =   Water Vapor Transmission Rate 
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I. Introduction 

 NASA’s current efforts are focused on long-duration flights to the moon and beyond.  NASA’s crewed space 

missions generate a significant amount of trash (20% plastic by mass)1.  In shuttle missions, wet and dry waste was 

collected in bags and temporarily stored without any compaction or stabilization in the habitat and returned to 

Earth2. On the International Space Station (ISS) trash was transferred to departing logistics vehicles and typically 

incinerated in the earth’s atmosphere as the supply vehicle burned up upon reentry2. This type of solid waste 

disposal method is not feasible for long duration missions. For example, Mars In-Situ Resource Utilization (ISRU) 

operations will involve missions of 480 days or more. It is very expensive to provide large waste storage lockers, 

and overboard dumping is not an option in long-duration flight missions. As a solution to trash management, NASA 

Ames Research Center (ARC) has developed the Heat Melt Compactor (HMC) for compressing trash to recover 

water and reduce the volume of the waste by a factor of ten.  The HMC provides trash volume reduction, microbial 

growth control, and resource recovery. NASA is also considering the use of onboard HMC processed waste discs for 

radiation shielding. A specially designed waste disposal bag has been developed to assist NASA in the HMC 

process. 

 NASA Ames Research Center currently utilizes polyethylene bags in HMC processing. It is not possible to 

remove water from these trash bags without disintegrating them due to high-temperature exposure. These bags are 

also not amenable for removing water vapor from trash using a high vacuum/low-temperature process.  Further, 

under current HMC operating conditions, the vents from the trash processing chamber are often plugged by heat 

melt extruded plastic and trash deposits. The blockage of vents prevents the escape of water vapor (steam). A 

storage container based on a composite membrane material was developed to overcome these problems, which 

allowed water vapor to escape under low temperature/high vacuum and encapsulates the solid waste during the 

HMC process. The waste disposal bags can be used in the Crew Quarters (CQ) of the International Space Station 

(ISS) and for the Orion interplanetary spacecraft for human space exploration beyond Low Earth Orbit (LEO)3. 

 

II. Background 

Waste Management in Space 

 The Environmental Control and Life Support System (ECLSS) for the Space Station handles all types of solid, 

liquid and gaseous wastes4. NASA’s Marshall Space Flight Center in Huntsville, AL, is responsible for the 

regenerative life support hardware used on the ISS5. The function of the ECLSS is to provide the crew with a 

comfortable environment. Waste management is a critical part of the ECLSS. The waste management in ISS is 

described in detail by Dr. Kira Bacal in an article entitled ‘Waste Management”6. 

 In the Shuttle missions, waste was collected and manually compressed to reduce storage volume4. All wet and 

dry trash generated in the space shuttle was returned to Earth for disposal. On the ISS, wet and dry trash is collected 

in separate containers. It is either sent back to Earth with a visiting crew or placed into a Progress rocket and 

subsequently burned upon reentry. However, these approaches are not viable for longer duration missions. 

 

 

Heat Melt Compactor (HMC)6 

 NASA Ames Research Center has developed a waste management device called the Heat Melt Compactor 

(HMC) as part of the Advanced Exploration Systems (AES) Human Spaceflight Logistics Reduction (LR) project. 

The Heat Melt Compactor was designed to provide high trash volume reduction, microbial stabilization, resource 

recovery (water) and potentially create a radiation shielding material from the trash7.  

 

Volume Reduction 

 The Heat Melt Compactor dries, compresses, and encapsulates the waste inside a bag producing a tile (or disc) 

that has the consistency of hard plastic6.  Increasing the amount of volume available in the crew habitat is highly 

beneficial for long duration flight missions. The trash accumulated from food and supplies occupies lots of valuable 

space in the spacecraft. Reduction of the volume occupied by trash using the HMC will enable recovery of precious 

space in the crew compartment by >85%. 

 

Water Recovery 

 The plastic rich trash contains water trapped in food residue, wipes, paper, duct tape, rubber gloves, and other 

miscellaneous items8. Water from trash is captured and reclaimed by the water removal subsystem of the HMC. The 
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trash and container are partially compressed and heated. Steam that is produced is collected through a baffled 

chamber. The water collection system is currently functioning in a 1g environment and efforts are underway to 

demonstrate the operation of the HMC in a microgravity environment. 

 

Microbial growth 

 A study by NASA has demonstrated that HMC processing was able to sterilize the wastes8.  However, there is 

still a concern that the HMC processed disc surfaces may be susceptible to microbial attack during long-term 

storage. Therefore, the growth of pathogens on the HMC processed discs was prevented by using silver doped CuO 

in the polymer composite membrane. 

  

Concept of Multipurpose Waste Storage Bags for HMC Application 

 Microporous polymer membranes were used in the fabrication of waste disposal bags.  Microporous membranes 

(pore sizes of the same order 1-5 micron) were filled with silver doped copper oxide (Ag-CuO)/Polyvinylalcohol 

(PVA) composite hydrogels as schematically depicted in Figure 1. The polymer composite membrane provided high 

diffusivity for water vapor while resisting microbial growth before and after the HMC process. The waste disposal 

bag also encapsulated solid waste during the HMC process and contained the contaminants from trash within the 

processed compact. 

 
Figure 1. Schematic description of the application of waste storage bag (HMC photograph provided by 

Orbital Technologies Corporation). 

 

 The following are some of the key attributes of the waste disposal bag developed for the HMC application. 

 

• Storage bags were made using microporous polymer membranes.  

• Capable of storing unprocessed solid and liquid wastes in the same container. 

• Able to release water vapor under high vacuum and low-temperature conditions (10-20 mbar, 70-90C) without 

disintegrating the trash bag. 

• Enable encapsulation of solid waste during HMC processing. 

• Produce processed discs without the disintegration of the trash container bag.   

• Protect the HMC processed wastes (dried discs) from microbial growth for long term storage 

• Prevent diffusion of organic vapors during the water recovery step of the HMC processing  

III. Results & Discussion 

Preparation of polymer composite membranes 

 A variety of polymer membranes were evaluated for the application in waste disposal bags.  A list of materials 

investigated is provided in Table 1 along with thickness and water vapor transmission rate (WVTR). Y120 is a two-

layer polymer material supplied by Pragma Engineered Fabrics and is composed of a vapor permeable and liquid 

resistant microporous polyethylene film that is laminated with spun bound polypropylene for improved durability 

and feel. The thin microporous membrane has higher WVTR value compared to plastic trash bags. However, it tears 

easily and is not durable to hold solid wastes. On the other hand, commercial trash bags and plastic bags currently 

used for HMC are sturdy enough to hold solid wastes, but water vapors cannot exit the sealed bag without 
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disintegrating the bag.  The Y120 polymer sheet was down-selected as the optimum material for the waste storage 

application because it had both high mechanical stability and a relatively higher water vapor transport rate.  

 

Table 1. Microporous polymer membranes investigated for waste disposal bag 

Material Type Thickness (mm) WVTR (g/m2/day) at 35 C 

Thin Microporous Membrane 0.036 1130 

Commercial Trash Bag 0.020 < 10 

Composite microporous membrane 120 gsm 

sheet (Y120) 
0.50 4140 

Plastic Bag currently used for HMC 0.1 < 1 

 

 

The micropores within the host polymer membrane were filled with a 

mixture of a hydrophilic polymer gel (Polyvinyl alcohol, PVA) and silver 

doped  copper oxide (Ag-CuO).  This polymer composite provided the 

dual functionality of allowing water vapor to escape from the trash bag 

while preventing the growth of harmful pathogens. The hydrophilic 

polymer also selectively permits the transport of water vapor over 

organic chemicals.  A schematic representation of the polymer-gel 

composite material used in waste disposal bags is provided in 

Figure 2. The host polymer membrane provided a mechanically 

stable, durable, flexible barrier while the filler (PVA/Ag-CuO) 

within the micropores provided selective water vapor transport 

and antimicrobial properties. 

 In the first step, microporous sheets were surface activated 

by a chemical oxidation process. Then the polymer sheets were soaked for 2-18 hours in an aqueous solution 

containing a mixture of polyvinyl alcohol and silver-doped copper oxide particles.  The PVA/Ag-CuO infiltrated 

polymer membrane sheets were rinsed with distilled water to remove excess PVA/CuO on the membrane surface. 

Then PVA inside the pores was stabilized with cross-linkers.  The Ag-CuO dispersed in the solution became trapped 

in the rapidly forming PVA networks, imparting anti-microbial properties to the polymer composite membranes.  

The bags were air dried to give PVA/Ag-CuO infiltrated Y120 composite membranes. 

 

Fabrication of Composite Membrane Trash Bag 

 Bags of Y120 were prepared by cutting 6” by 12” sheets of the material from a 60” roll.  The sheets were then 

folded in half to form a square with the polyethylene side on the exterior of the bag.  The folded sheets were sealed 

along the 12” folded edge using a heat sealer.  The heat sealer functions by pressing together two sheets of 

thermoplastic material along a heated seam line. The sheets should remain pressed together for 10 seconds upon 

cessation of heating to allow the polymers to solidify under pressure to form a durable bond. 

 

 

Water Vapor Transport Rate  

 Y120 microporous polymer composite sheets were heated at various temperatures (25 C to 150 C) for 10 min 

to investigate the effect of temperature on the material’s water vapor transport rate.  A modified ASTM E 96-95 

(Standard Test Methods for Vapor Transmission of Materials) procedure was followed to measure WVTR values.  

20 mL glass vials, with open-top caps and Teflon-lined septa (14-mm hole), were used. The heat-treated samples 

were placed inside the cap with the cored septa placed behind the membrane to provide an air-tight seal. The vials 

were filled with 10 mL of distilled water and placed in an airtight oven at 35° C or 70C. The relative humidity 

inside the oven was maintained at RH 15%.  The weight of the vials was measured after periods of 24 hours to 

calculate the total weight loss of water and the corresponding transmission rate.  The WVTR data of composite 

membranes measured at 35 C   and 70 C are provided in Table 2. 

 

 

 

 

 

Figure 2. Schematic diagram of polymer 

composite membrane for membrane trash 

bag. 



47th International Conference on Environmental Systems ICES-2017-207 
16-20 July 2017, Charleston, South Carolina 
 

 

International Conference on Environmental Systems 
 

 

5 

Table 2. Water vapor transport rates of PVA/CuO infiltrated Y120 heated to various temperatures 

Membrane Pretreatment 

Temperature (°C) 

WVTR (g/(m2day)  

35 C  

WVTRate (g/(m2day) 

70 C 

25 4140 ± 494 19500 ± 5060 

60 4680 ± 428 16300 ± 2910 

90 4530 ± 539 16200 ± 4420 

120 1260 ± 740 3750 ± 868 

150 292 ± 101 1290 ± 183 

 

The water vapor transport rate significantly decreased for samples heated to 120° C and 150° C indicating the 

sealing of pores in the polymer membrane.  There was no significant difference in the transport rate of samples 

heated to 90° C and below.   

 The data provided in Table 2 shows high WVTR at ambient conditions which increased about 5x times when 

measured at 70C. Interestingly, the WVTR values (both at 35 and 70C data) drastically decreased when the 

membranes were heated above 120C. The data observed can be explained as follows: below 120C, the pores were 

occupied by the hydrophilic PVA/CuO polymeric hydrogel, which allowed water vapor to permeate through the 

membrane.  However, when the polymer membranes were heated above 120C the PVA/CuO composite gels dried 

and sealed the pores of the membranes resulting in decreased WVTR values.  These are the exact requirements for 

storing the HMC processed discs for long duration missions; the bags should become completely sealed and 

impermeable once heated above 120°C. 

 

Heat Melt Compactor Testing Using Simulated Trash 

 A simulant for trash produced on the ISS was prepared for testing of the treated trash bags2.   The trash simulant 

contains food and non-food related items similar in composition to the trash produced on the ISS. The non-food 

related items were cut into pieces no larger than 1” by 1” and thoroughly mixed in a 2.5-gallon polyethylene bag.  

The food items were thoroughly mixed in a separate polyethylene bag.  The mixture of non-food items was then 

added to the bag containing food items, and the contents were thoroughly mixed for 20 min by vigorously pressing 

and shaking the items together by hand until the food items were evenly dispersed.  

 

Testing of Water Recovery 

PVA/CuO infiltrated Y120 bags (3” by 3” with an outer membrane total 

surface area of 42.9 cm2) were filled with ~15.0 g of trash simulant, sealed 

with a liquid sealant, and placed inside a stainless steel container.  The 

container was connected to a vacuum pump through a cold trap (Figure 3).  

The trash bag was heated to 90C and the vacuum pressure was held between 

10-20 mbar. The low vacuum condition was used to boil water at a low 

temperature in order extract water vapor from the trash bag without 

disintegrating the bag. This approach was made feasible by the 

nature of the membrane bags which allows water vapor to 

escape the container without the need for high temperatures. 

This approach was also modified to use sweep gas to pull the 

water vapor liberated from the trash bag.  The weight change of the bag was calculated at 30 min intervals (Table 

3).  The estimated water content of the trash simulant was 31.43%. Based on the water content in each bag, the 

percent water removed from each bag was calculated to be above 95% . These test results demonstrated the removal 

of water from trash without compromising the bag material. 

 

Table 3. Water vapor transport rate across infiltrated Y120 bags 

Weight 

of Trash 

Simulant 

(g) 

Weight Change per Time Interval (g) Estimated 

Water 

Content of 

Simulant 

(g) 

Percent 

Water 

Removed 

(%) 

0-30 

min 

30-60 

min 

60-90 

min 

90-

120 

min 

120-

150 

min 

150-

180 

min 

180-

210 

min 

Total 

0-210 

min 

14.97 1.43 1.15 1.00 0.58 0.22 0.10 0.00 4.47 4.71 95.10 

14.97 1.55 1.35 0.78 0.57 0.23 0.02 0.08 4.58 4.70 97.26 

 

Figure 3. Setup for measuring water recovery 

from composite trash bags. 
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Testing of Volume Reduction 

 NASA’s HMC process currently uses water recovery and volume reduction steps using a single system. Water 

was recovered from trash in the first step, followed by compaction of the dry trash bag under high pressure. During 

the HMC process, this can be completed in a single step.  

 PVA/CuO infiltrated Y120 bags (6” x 6”) were filled with trash simulant (50.0 g).  The bags were sealed with a 

liquid sealant (3M SF-100) by applying a thick layer of the adhesive along the inside edge of the open side, which 

was then clamped shut until dried.  This method of sealing the bag proved to be more effective than heat sealing 

after loading with trash. A single trash-filled bag was then placed inside a vacuum chamber.  The vacuum chamber 

was sealed, placed directly on a hot plate, and heated to maintain an internal chamber temperature of 90° C (See 

Figure 3).  The pressure inside the chamber was then reduced to 10-20 mbar by an external vacuum pump.  After 1 

hour, the bag was removed from the vacuum chamber.   

The melting and compaction testing chamber that is 

shown in Figure 4 was designed to simulate the HMC unit 

that melts and compacts trash bags after water removal and 

collection.  The bag was positioned by hand inside the 

testing chamber so that one of the 6” diameter faces was 

flush with the surface of the bottom aluminum disc.  The 

trash bag was heated to 180° C for 1 hour with just the 

weight of the aluminum disc.  

Then the ram was lowered into the testing chamber 

until the upper aluminum disc applied a pressure of 80 psi. 

The pressure was maintained for 10 min as the bag cooled 

and solidified to form a circular disc.  The ram was then 

retracted, and the base of the testing chamber was 

unscrewed from the cylinder to obtain the melt-compacted 

trash bag.  

 

Comparison of Infiltrated Y120 and Polyethylene Bags 

 A quart sized polyethylene bag (similar to current NASA’s trash bag) was filled with trash simulant (50.0 g).  

The bag was then placed in a vacuum oven at 90° C.  The pressure inside the oven was reduced to 10-20 mbar.  The 

bag was kept in the oven for 1 h in an attempt to remove water from the trash simulant.  However, it was determined 

that water was not able to permeate the Polyethylene bag at these conditions as there was not a significant change in 

the weight of the bag.  The bag was then placed in the testing cylinder, and an aluminum disc was inserted above it.  

The testing cylinder was heated to 150° C for 2 h.  The chamber was then removed from the oven and placed below 

a ram.  The ram was lowered, and a pressure of 80 psi was applied to the disc at the top of the testing cylinder for 10 

min.  The testing cylinder was allowed to cool to ambient temperature, and the compressed bag was removed. The 

densities of the compressed polyethylene bag and Y120 containing trash simulant was calculated to be 99 and 95 

kg/m3, respectively.  

 

Figure 5. Polyethylene bag containing trash simulant (left) and the same bag after heat compaction and 

Treated (PVA/CuO) Y120 containing trash simulant and after heat-melt-compaction. 

 

 The bulk density of HMC compacted space mission trash varies from 20 kg/m3 to 70 kg/m3. The final density of 

the compacted discs depended on the type of the trash used (Aluminum foil vs. fabric), temperature and pressure2.  

 

Figure 4. Diagram (left) and picture (right) of the 

melting and compaction testing chamber 



47th International Conference on Environmental Systems ICES-2017-207 
16-20 July 2017, Charleston, South Carolina 
 

 

International Conference on Environmental Systems 
 

 

7 

 

Antimicrobial Efficiency of Heat Melt Processed 

Trash  

 Antimicrobial testing was performed on the 

CuO/PVA loaded membranes and HMC processed discs, 

as well as a control material. Approximately 10g of each 

test specimen was placed in a 50mL centrifuge tube 

along with 100µL of bacteria (E.Coli), which were put in 

a shaker incubator overnight. Afterward, the 100µL of 

bacteria was taken from each tube and plated on a petri 

dish. These were then incubated upside down overnight. 

As shown in Figure 6, there was the substantial growth 

of E. Coli on the CuO treated bag and the control 

sample. The dual treatment of silver-doped CuO showed 

significantly reduced numbers of colonies present after 

incubation, indicating the antimicrobial property of the 

silver-doped CuO coated composite membrane trash 

bags. The results demonstrated that the HMC compacted samples using the developed trash bag can be protected 

from microbial infestation during storage. 

I. Conclusion 

 The proof-of-concept demonstration of the multipurpose waste disposal bag for the HMC application has been 

demonstrated.  A multipurpose trash bag was fabricated using microporous polymer composite membranes. Its 

application in water removal and recovery under low pressure and relatively low temperature without disintegrating 

the storage container has been evaluated. Further, the encapsulation of solid waste by the waste disposal bag after 

the HMC process has also been demonstrated. Preliminary studies on the antimicrobial property of waste disposal 

bags showed that silver doped CuO (Ag-CuO) provided protection against microbial growth.  
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Figure 6. Images of microbial growth on 

plated samples: (A) CuO treated bag, (B) 

Silver doped CuO treated bag, and (C) 

control 


