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London in the 1800s

London, 1854, Construction of Fleet Sewer



Agricultural Chemist, Justus von Liebig, wrote in 
his 1842 publication ‘Chemistry in its application 
to agriculture and physiology’ that

…it is evident that it would be of much importance to agriculture if none of 
the human urine were lost. The powerful effects of urine as a manure are 
well known..

When we consider the immense value of night-soil as a manure, it is quite 
astounding that so little attention is paid to preserve it. The quantity is 
immense which is carried down by the drains in London to the River 
Thames, serving no other purpose than to pollute its waters. 

https://openlibrary.org/works/OL1470672W?edition=
https://openlibrary.org/works/OL1470672W?edition=




THE PERFECT NITROGEN CYCLE





Lake Erie, United States/Canada
Source: New York Times
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Nutrient Content Breakdown

NITROGEN CONTENT
40mg N/L

600mg N/L

PHOSPHORUS 
CONTENT
7mg N/L
300mg N/L

POTASSIUM 
CONTENT

G R E Y W AT E R U R I N E F E C E S

<1% URINE, <0.1% FECES

N
NITROGEN

7

14.007

P
PHOSPHOROUS

15

30.974

K
POTASSIUM

19

39.10



Macronutrients

PHOSPHORUS (P)
FLOWER, FRUIT, 

AND ROOT GROWTH

NITROGEN (N)
GREEN GROWTH

POTASSIUM (K)
OVERALL HEALTH AND GROWTH

K
POTASSIUM

19

39.10

N
NITROGEN

7

14.007

P
PHOSPHOROUS

15

30.974
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Laufen Gravity-Type Wostman Gravity-Type Laufen Save!

Water closets – Urine diverting

AT EAWAG IN DÜBENDORF, 
SWITZERLAND 

Wostman Vacuum-Type



Urine diverting 
water closet



Urine diversion for nutrient recovery

Pasteurization

Electrolysis

Reverse osmosis

Freeze concentration

Nitrification / Distillation

Struvite precipitation

Carbon filtration

W C / U R I N A L S E P A R AT E
P I P I N G
S Y S T E M

U R I N E
S T O R A G E

TA N K

U R I N E
P R O C E S S I N G
E Q U I P M E N T



Gradient

FECES DRAIN



Urine Drain Diameter Size

DIAMETER?
GRADIENT?

A flow of urine at 10 mL/s to 21 mL/s  will achieve a 
scouring force of 2.5 N/m² in a DN32 drain if installed 
at a gradient between 4% and 5% 

𝑆𝑆 =
𝜌𝜌𝜌𝜌𝑑𝑑ℎ𝐽𝐽

2

Refer to DIN 1986-100 Kommentar for 
additional information on equation



Key Technical Takeaways

1. Gradient of 2% to 4%
2. Hot water washdown system if gradient cannot be achieved
3. One-way vent terminations with AAVs
4. Plastic piping recommended
5. Tank overflow and tank bypass, and tank vent
6. Cleaning of the piping every few years
7. Inspection and Maintenance procedures
8. Nutrient Management Plan



Key Code Development Takeaways

1. 2014 Redcode developed the model code for ecological sanitation
2. 2017 IAPMO adopted the model code
3. 2024 WE*Stand Update
4. 2024 IAPMO and ICC Proposed adoptions
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Pasteurizer

Brightwater Tools
BRATTLEBORO, VERMONT

Figure 2. Connect pumps to in/outfeed tanks, main unit



PAE Living Building 
Portland, Oregon



PAE Living Building (office building)



PAE Living Building
PORTLAND, OR

Credit: Biohabitats



Biological Nitrification
VUNANEXUS
ZURICH, SWITZERLAND



Carbon filtration
ANECO
GENEVA, SWITZERLAND

Concrete 
tank

Carbon

Carbon

Hanging 
bags





Summary

1. Recovering nutrients from urine in buildings is necessary to 
transition to a post-carbon economy and restore the nutrient cycle

2. When combined with regenerative agricultural practices, the 
nitrogen in urine is enough eliminate the need for fossil fuel-based 
fertilizers and industrial mining of phosphorus and potassium

3. Piping and equipment requirements are be much simpler in 
comparison to water recycling systems, though both water 
recycling and nutrient recovery are critical elements for plumbing 
in a post-carbon economy

4. Separating urine at the source allows less resource intensive and 
lower cost treatment, allowing simpler treatment for feces 
drainage and greywater.
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