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Use of improved sanitation in the worldp

Source: WHO/UNICEF (2010)
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Improved sanitation?Improved sanitation?

Left: Ventilated pit‐latrine (VIP), Durban region, South Africa
C C il h // h i kCenter: Compost toilet, http://www.thequirkymomma.com
Right: Flush toilet, Belize City, 1975. 



An Integrated Solar Fuels System

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



How?
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Electrochemical Disinfection
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IrO2/Ta2O5/SnO2/Bi2O3/TiO2 Composite Anodes

50

60
Ti 
Ir

m

om
ic
 %

30

40

50
Ta 
Sn 
Bi 
O 

TisubstrateCoats

6 ! m

A
to
m

10

20

TisubstrateCoats

( )
2 4 6-2 0 2 4 6 8

0

Thickness (m)

Source: Nanopac Inc. 

From Park et al., J. Phys. Chem. A, 2008, 112 (33), pp 7616–7626



IrO2/Ta2O5/SnO2/Bi2O3/TiO2 Composite Anodes
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Ti l Vid f R i PTime‐lapse Video of Reaction Progress
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ECR‐1

Flush tank

ECR‐2
Decantation 

t kECR 2 tank

⤹ Sedimentation tank
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>
Toilet+CitToilet+City
wastewater

3 5 V3.5 V 
@ 32 A/m2,
30 mM NaCl30 mM NaCl

<
toilet wastewatertoilet wastewater
3.5 V, current unknown



3 pre alpha prototypes3 pre‐alpha prototypes

• Caltech campus (2012)
– 30 ft. long with bathroom included, 1 reactorg ,
– Separate urine path for Microbial Fuel Cell tests

Ah d b d M i i l P k (C lt h ERAM)• Ahmedabad Municipal Park (Caltech‐ERAM)
– 10 ft. cubic container (treatment system only)
– Screening pit between eToilet and Caltech unit

• Mahatma Gandhi University (Caltech‐Kohler)• Mahatma Gandhi University (Caltech‐Kohler)
– 20 ft. long with bathroom included, 1 reactor
– Hydrogen combined with biogas possible studies



Prototype on Caltech campusyp p

3D rendering: A. Aryanfar
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Caltech ERAM unitCaltech‐ERAM unit

Toilet

Location: residential area of the city (Shanti Nagar area) 
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Caltech Kohler unitCaltech‐Kohler unit

Map with Kottayam
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Helminth Egg Detector & Counters
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