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Nutrient removal [%] for each treatment system, as 
shown in the table to the left, is calculated using the 
total mass of nitrogen or phosphorus in the treated 
effluent stream divided by the total mass of nitrogen 
or phosphorus contained in the effluent of the 
reference system (septic system).
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1. Capturing toilet wastes for conversion into 
fertilizer can remove 59.7–93.0% of nitrogen 
from wastewater effluent. Effluent concentrations 
can be reduced to 6.8–13.6 mg-N/L 
(85.2–93.0% N removal) by diverting all 
blackwater, and 29.6–33.5 mg-N/L 
(59.7–65.0% N removal) by diverting urine. 
This produces a sustainable fertilizer product 
and non-potable water, and it is achieved 
without a nitrification/denitrification process.

2. Brightwater Toolsʼ freeze concentration and 
pasteurization process is energy efficient, 
requiring 62.6 kWh ($9.96) per person per 
year to process diverted blackwater and 14.9 
kWh ($2.37) per person per year to process 
diverted urine.

Source separation improves buildings’ 
environmental impacts

The nutrient-dense liquid is then purified for reuse as a sustain-
able fertilizer. The nutrient-depleted ice is combined with the 
buildingʼs greywater for light treatment and non-potable reuse, 
or discharged to a conventional onsite treatment system.

The partial freezing of toilet waste creates two fractions: 
a nutrient-dense free liquid and a nutrient-depleted block of ice.

Freeze concentration partitions 90% of 
nutrients into a concentrated solution
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Toilet waste contains the most nutrients

Diverting urine or all toilet waste from the 
wastewater system supports climate-resilient, 
circular economies for water and nutrients by 

facilitating non-potable water reuse and 
locally-sourced, natural fertilizer.

Urine-diverting 
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Waterless Urinals Vacuum Flush 
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Pure urine, or vacuum-flushed toilet waste, can be collected with 
commercially available fixtures:
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