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This technology development was supported by 
the NSF Small Business Innovation Research 
(SBIR) program.

Novel Treatment Process Makes Fertilizer from Human Waste
Excess nitrogen and phosphorus in 

surface waters cause harmful algae 
blooms, and in densely populated 
watersheds, human urine and feces in 
ZDVWHZDWHU�VLJQL¿FDQWO\�FRQWULEXWH�WR�
this nutrient pollution. Many waste-
water plants are at capacity and strug-
gle to meet tightening nutrient removal 
regulations, prompting them to pass on 
the cost of related sewer upgrades, in 
the form of connection and usage fees, 
to building developers. 
	 When blackwater, including water, 
urine, feces, and toilet paper, is col-
lected as a separate stream and fully 
treated onsite, new buildings can dra-
matically reduce their environmental 
impact. This option increases climate 
resilience, saves energy, and produces 
a natural fertilizer product. Blackwater 
separation allows new buildings to 
greatly reduce sewer connection and 
usage fees, especially when paired 
with onsite systems that recycle grey-
water for non-potable reuse, which are 
LQFUHDVLQJO\�FRPPRQ�LQ�FHUWL¿HG�JUHHQ�
buildings and water-scarce regions. 
	 Brightwater Tools (a Vermont-
based start-up company supported by 
the U.S. National Science Foundation) 
has developed a treatment process to 
manage digested blackwater onsite, 

using automated block freeze concen-
tration, pasteurization, and activated 
FDUERQ�¿OWUDWLRQ�SURFHVVHV��
	 Blackwater separation is achieved 
XVLQJ�YDFXXP�ÀXVK�WRLOHWV��ZKLFK�
collect all toilet waste using 83% less 
water than conventional toilets. The 
diverted blackwater is pre-processed 
LQ�DQ�XSÀRZ�DQDHURELF�VOXGJH�EODQNHW�
潦⁩捥⁯癥爠瑷敬癥⁨潵牳⸠䕮敲杹⁵獥 
楳⁲敤畣敤⁢礠牥捯癥物湧⁬慴敮琠慮搀 
獥湳楢汥⁨敡琠批⁯灥牡瑩湧⁴睯⁦牥敺攀 
捨慭扥牳⁯畴⁯映灨慳攠⡯湥⁣桡浢敲 
浥汴楮朠睨楬攠瑨攠潴桥爠潮攠晲敥穥猩Ⰰ 
畳楮朠愠桥慴⁰畭瀠瑯⁥硴牡捴⁨敡琠晲潭 
瑨攠晲敥穩湧⁣桡浢敲⁡湤⁤畭瀠楴⁩湴漀 
瑨攠浥汴楮朠潮攮
	 䅦瑥爠灡瑨潧敮⁲敤畣瑩潮⁶楡⁰慳ⴀ
瑥畲楺慴楯測⁴桥⁬楱畩搠捯湣敮瑲慴攠楳⁡ 
VDQLWL]HG�DQG�SXUL¿HG�&ODVV�$�IHUWLOL]HU�
product that is collected and distrib-
uted by Brightwater Tools through a 
VHUYLFH�FRQWUDFW��7KH�HIÀXHQW�VWUHDP�
is recombined with the building’s 
greywater for light treatment and non-
potable reuse to achieve circular onsite 
wastewater treatment. 
	 Wastewater management compa-
nies have expressed that water reuse 
and nutrient recovery are fundamental 
to the creation and implementation 
of sustainable water infrastructure. 
According to Amelia Luna, a prin-
cipal engineer at Sherwood Design 
Engineers, “A technology that could 
concentrate nutrients in a high-strength 
wastewater would be of high value in 
my clients’ infrastructure portfolios.” 
With a global water recycling market 
estimated to grow to $30.5 billion by 
2030, and municipalities subsidizing 
new urine-separation infrastructure, 
Brightwater Tools is poised to imple-
ment next-generation sanitation solu-
tions to achieve a circular economy 
and a sustainable future.

▲ Brightwater Tools� innovative equipment presents an integrated system for nutrient recovery and non-potable 
water production from residential wastewater. In this flowchart, g-N/day and g-P/day stand for grams of nitro-
gen or phosphorus per day, respectively. 
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