
An Integrated Solar Fuels System 

Caltech RTTC Project: Development of a Self-Contained, PV-Powered 
Domestic Toilet and Wastewater Treatment System 









Time-lapse Video of Reaction Progress 



E. Coli  

Total coliform Fecal coliform 
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IrO2/Ta2O5/SnO2/Bi2O3/TiO2 Composite Anodes 



vin = 0.3 m3/s 
vpump = 0.12 m3/s 

	



pH 5.41, 2.11 mS/cm 
pH 7.02, 1.76 mS/cm (15 mM NaCl) 
COD: 1,420 mg/g dry Fecal Simulant 
COD: 1,580 mg/g dry Human Feces 
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Bench-Top Tests of Fresh Urine & Actual Wastewater 



Constituent Average 

pH 6.6 ~ 7.3 

COD (mg/L) 180.3 

SCOD (mg/L) 99.4 

TN (mM N) 2.594 

NH4
+ (mM) 1.910 

NO3
- (mM) < 0.01 

Cl- (mM) 3.880 

ClO3
- (mM) < 0.01 

Organic Acids (mM) < 0.01 

Mg (mM) 0.6387 

Ca (mM) 1.287 

Protein (mg/L) 70.55 

Carbohydrate (mg/L) 29.47 

Composition of Domestic Wastewater 



Domestic Wastewater Treatment 



Organic 
Components 

Amount 
(wt. %) 

COD 
(mg L-1) 

Molecular Wt. 
(g mole-1) 

Notes 

Yeast (active) 30 2,960 - E. Coli substitute 

Cellulose 15 1,240  106 - 107  Insoluble fiber 

PEG400 15 2,088 400 (avg.) Soluble fiber 

Oleic Acid 20 2,588 280 Fatty acid 

Soy Protein 8 692 ~ 106 Undigested protein 

Inorganics 12 808     

SUM () 100 10,736     

Salt Added MW (g mole-1) Added(mg g-1) 

NaCl 58.4 40 
KCl 74.6 40 

CaCl2 111 20 
MgCl2 95.2 20 
ZnCl2 136.3 0.8 
FeCl2 126.8 0.6 
MnCl2 125.8 0.3 
CuCl2 134.5 0.1 

Caltech Synthetic Feces Chemical Composition 



Electrochemical Treatment of Synthetic and Human Feces 





Future work - Helminth Egg Elimination 
Helminth eggs: 
1. Cause helminthiases (e.g., Schistosoma); 
2. Remain viable for 1-2 months in crop, wastewater and sludge; 
        for several years in feces; 
3.    Difficult to inactivate using chlorine, UV-light or ozone.  
Electrochemical disinfection:  
1.    Initially with non‐pathogenic nematodes (with Prof. Sternberg) 
2. Quantify the numbers, survivability, and kinetics of Helminth 

egg disinfection. 

 

Schistosomiasis 



The Caltech RTTC Process Flow Diagram 

CFSTR = Continuous Flow Stirred Tank Reactor        PV = Photovoltaic       PFR = Plug Flow Reactor 
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Big Bang Theory: Howard’s Space Toilet Prototype Test 



Electrochemical Disinfection 
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E. coli 

Cathode: 2H+ + 2e-  H2 

Anode:     2H2O - 4e-  O2 + 4H+ 

                  2Cl-  Cl2 + 2e-                              

Bulk Aqueous Phase: 

  Cl2(aq)+H2O  HOCl + H+ + Cl-                    

             HOCl   H+ + OCl–  



Initial Voltage = 3.89 V, Initial Current = 16.7 A, Reactor volume = 20 L, Reaction time 
= 240 min. (Membrane Filtration Methods ) 

Disinfection of domestic wastewater in 20 L Reactor 
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Membrane Filtration Methods  

• Filter water through a 0.45 μm membrane filter 
• Place membrane on selective media 

 mEndo agar LES for total coliform 
 mFC agar for fecal coliform 
 mTEC agar for E.coli 

• Incubate 
 23±1 hours at 35.0±0.5°C for total coliform 
 24±2 hours at 44.5±0.2°C for fecal coliform 
 2 hours at 35.0±0.5°C + 22-24 hours at 44.5±0.2°C for E.coli  

• Count colonies 
 Pink to dark-red color with a shiny, greenish-gold, metallic 

surface sheen for total coliform 
 Light or dark blue for fecal coliform 
 Red to magenta colonies for E.coli  

 
 





 

Helminths eggs  

Standard level is ≤ 1 helminth egg per liter for 
agriculture irrigation  


