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T H E A N N O TAT E D M A C H I N E

New Tubes

A

Redesigning the toilet to produce water, fertilizer and energy

About 2.6 billion people worldwide
do not have access to a sanitary toilet.
To fix this, the Bill and Melinda Gates
Foundation awarded eight grants
last year to scientists and engineers
to invent a toilet that could function
without piped water, a sewer system
or outside electricity—and would cost
less than 5 cents a day to operate.
With the funding, scientists are working on using processes such as evaporation, combustion, pyrolysis and
anaerobic digestion to break down
waste in toilets into three essential
resources: water, fertilizer and fuel.
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THE CAN

Just as separating paper from plastic
makes recycling more efficient, separating urine from feces makes the production of energy sources, fertilizer and
sterile water more efficient. In Europe,
people already use toilets that divide
urine from feces. Now scientists have
designed a separating toilet for areas
without running water that includes a
hand pump to operate pneumatic tubes
that whisk the waste away.

URINE

EVAPORATION

The urine is heated
by the combustion
chamber and evaporates—one liter
of urine requires
620 calories to
evaporate—leaving
salts and nutrients
behind. Water condenses and collects
in a nearby tank.

WATER

FECES

COMBUSTION

The feces is mixed
in with scrap materials (wood ash, rice
hulls and soil) to
dry it before burning in a chamber.

ASHES

NITROGEN,
PHOSPHORUS
AND
POTASSIUM

PYROLYSIS

The feces gets dried
with organic household waste and then
pyrolyzed (heated
in an oxygen-free,
closed chamber at
about 1,000°F). The
process generates
biochar, a highquality charcoal
that can act as a
sponge to hold nutrients in the soil.

ANAEROBIC DIGESTION

Anaerobic bacteria break down the feces into
nutrients and organic acids such as vinegar, which
can be turned into methane or gasoline.

Waste is vacuumed
through an ultrafiltration membrane,
yielding a sterile
liquid fertilizer. Microorganisms convert the remaining,
drier waste into
methane.

Iodoform, an iodine
compound, stops
the bacteria from
making methane.
Water and salts
are separated, and
limestone is added
to the salts and
heated. Adding
hydrogen gas
produces rubbing
alcohol; passing it
through a clay catalyst makes gasoline.
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