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The Solar Toilet Concept, 2011 
self-contained, decentralized waste treatment 

• Anaerobic Bioreactor 

• Aerobic Bioreactor 

• Electrochemical Reactor 

• Disinfection 

• Filtration 

• Water Recycling 

• Closed-loop System 

• Electronic Controls 

 



Electrochemical Treatment of Wastewater 
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Overview of Key Electrochemical Reactions 



Disinfection Achieved within 2 Hours 



Breakpoint Chlorination & Nitrogen Removal 
Caltech Prototype Wastewater, +3.3 V, 50 A, 80 mM Cl- 
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2nd Generation Prototypes  





Third-Generation Prototype Flow Diagram 
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Prototype 2 Testing at Industrial Park 
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Phosphate Removal 

T
ita

n
iu

m
 p

la
te

 

IrT
a

O
x  la

y
e

rs
 

  T
iO

2  

                           S
ta

in
le

s
s
 S

te
e

l 

>Ti--- ̇OH 

ClO-/Cl∙/Cl2
-∙ 

Cl- 

NH4
+ ⟵ Urea 

Organic 

matter 

NH2Cl/NHCl2/NCl3 

N2 (g) 

CO2/Cl-DBPs 
H+ 

H2 

OH- 

O2 

˙CO3
- 

>Ti--- ̇OH 

HCO3
- 

ClO- 

Cl- 

Cathode 

e- 

e- 

e- 

3 mm distance E ≈ -2.1 V  

vs. NHE 

HPO4
2- 

(C
a
/M

g
)
5 (P

O
4 )

3 O
H

 

Ca2+/Mg2+ 

e- 

e- 

E ≈ 1.4 V  

vs. NHE 

Anode 

Pathogens 



Smart Phone System Monitoring 









Electrode Manufacturing - Entrustech 

Bare Ti Sand Blasting Ir0.7Ta0.3O2  

Brush Coating 
TiO2  

Spray Coating 





Anode Improvements 2011- 2017 

2011 2015 2016 2014 



Conclusions 
• Human waste can be treated to water reuse standards res 

• Most fecal matter is processed biological 

• Electrochemical disinfection & oxidation for water reuse 

• Calcite and hydroxyapatite deposition on cathodes 

• High residual reactive chlorine levels cause corrosion 

• Maximum number of users per day ranges from 300 to 600 

• Smart phone control and system diagnosis  

• Field testing and problems dictate design changes 
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