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A rapid source of high-
temperature steam 

Solar steam sterilization verified  
by destruction of Geobacillus 

stearothermophilus (Mesa Labs, Inc.) 

Solar Steam-Powered Toilet Design 
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Nanoparticles can harvest solar 
energy and produce steam 
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• Water purification/desalination (distillation) 
 

• Food Preparation 
 

• Absorption refrigeration, air conditioning 
 

• Solar processing of bioethanol,  
     
      chemical separations 
 

• Sanitizing medical waste, dental instruments 
 

• Electricity generation (turbine) 

control control sterile sterile 

Surface  area of 1.2 L 
 of nanoparticles at 

2x1010 NP/ml  is 
equivalent to a 20 

meter, 2 cm diameter 
tube 

Initially, light is absorbed by resonant nanoparticles,  raising their 
surface temperature above the boiling point of the fluid.  The 
nanoparticle surface serves as a boiling nucleation site.  Vapor is 
formed around the nanoparticle surface and the complex  moves to 
the liquid-air interface where the steam is released. New liquid is 
continuously replenished at the hot nanoparticle surface, and the 
process is repeated. 

Au nanoshell solution 

N115 carbon black solution 
Temp. required for sterilization: 
Time required at Temp:   

Temp., top of waste treatment vessel: 
Temp., bottom of  treatment vessel: 
Ambient  Temp.:  

Temperature (oC) Incubation time 
(min.) 

132 4.6 
121 15.5 
115 30 

 Left: a variety of nanoparticles 
 can be used for solar steam 
 generation. They must be 
 strongly absorptive across the 
 AM1.5 solar spectrum. The 
 nanoparticles are not 
 consumed in the steam 
generation process. Right: solar steam generation produces 
high-temperature steam rapidly, since it does not require 
heating of a large fluid volume. 
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