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The problem is simple: the total water 
recovery from current systems is on the order 
of 80% or better. Solid waste recovery is cur-
rently 0%, with the exception of the solids that 
become exhaled water after being eaten (more 
on that shortly). This does not mean that the 
crew ends up short of the 20% of the water 
that is lost to water recycling inefficiency, 
because the carbohydrates in food become 
CO2 and H2O, and this more than makes up 
for the water loss due to treatment. What is 
a problem is that the 20% water and waste-
water solids loss to the whole habitat system 
with each water treatment cycle becomes waste 
in every respect (particularly mass), and this is 
added to 100% of the wet food and packaging 
waste mass as a total mass loss to the mission. 

The integration of well-designed passive membrane systems utilizing FO could lower the 
water loss rate to below 10%, but more importantly could utilize the “lost” water and solid 
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waste to accumulate total mass in a useful way, and drastically lower the required launch mass 
of a properly-shielded spacecraft over time in the process. Also, it will do so without asking 
wastewater treatment processes to extract more water from waste than is practical or desirable. 

Both CTB Logistics for Living and Water Wall as Mechanisms for Accumulating 
and Beneficially Retasking all Mass as Opposed to Wasting It
The retasking of the last 10% to 20% of the water to absorb and process the mass of the 
solids, and thus retask all the mass supplied to the spacecraft, may be more important than 
simply concentrating design efforts on more efficient water treatment systems. This is because 
sustainability in space—as on Earth—is never a single variable problem, and wastewater solids 
handing is certainly not. 

Thus the road to the planets and the stars is not paved with gleaming new machines that 
will squeeze 99.9% of the water out of urine salts, because it is probably impossible to opera-
tionally achieve much better than 90% water recovery from any water processor processing 
urine. It is probably a physical impossibility get much over 95% even in the lab, due to the 
dissolved solids content of urine. As one gets over 90%, the perception end points of many 
things in the waste become a concern. Also, it is probably undesirable to operate above 90% 
anyway, based on the properties of the waste solids produced. Urine-dominated wastewaters 
that are concentrated this much tend to take on some extremely undesirable physical and 
chemical properties. Making urine salt into hazardous waste is not a sustainable solution for 
space flight, or anywhere else. 

Optimal sustainability can be achieved by shipping only food and building your space-
craft sustainably by converting 10% to 20% of your water and 100% of your biomass from 
rations into building material. The biggest untapped resource in space—as on Earth—is our 
own waste, and greater treatment efficiency must eventually give way to sustainable reuse of 
materials as the primary design driver. The CTB Water Wall study offers a new direction 
pointing the way. 

CONCLUSIONS

Assessment of the CTB Water Wall Concept to Date
To date: 

1. The foldable CTB—with or without contents—has been well illustrated. 
2. The FO membrane water treatment bag technology has been successfully tested in 

space, and demonstrated in the worst of conditions terrestrially. 

And 

3. The combined CTB Water Wall concept has been illustrated and demonstrated as an 
architectural element for space habitat design. 

All that remains is integrated CTB Water Wall development to be completed and fol-
lowed by testing and implementation in space. A national human spaceflight program should 
formally adopt this effort at this time. If it does so it will provide human space flight with 
sustainability tools and research justifications at the same time, and in ways that are currently 
lacking. 
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Future Direction for Project Research Both in Space and on Earth
It is often perceived that space flight is the ultimate unsustainable “gray” technology, but if 
it is to continue, nothing could be further from the truth. As a sustainability experiment, 
human space flight is both the most unforgiving and most clearly productive venue for sus-
tainable technology development. 

The life cycle design of a product that is, in effect, a grocery bag that can morphed into a 
water treatment system, and finally compost itself into a Gaian radiation shield, awaiting use 
as soil on a new and barren world, is in some ways the ultimate expression of sustainability 
research. It is art and architecture and engineering science, and what we should expect from 
the endeavor of human space flight. Based on the sustainability constraints of the space envi-
ronment, it may be the only way to make an interplanetary human civilization possible. It also 
may provide a conceptual model for the ultimate sustainable life cycle product design exercise. 
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