
Sustainable Sanitation  
A Community Scale Project 



Recipe for conventional 
sanitation: 
 
In a toilet combine: 
 
1.6 gallons potable water 
1 cup urine 
 
Flush. 

Recipe for 
Conventional 
Sanitation: 
 
 
Take 1.6 - 3 
gallons of 
potable water  
in a toilet 



Add 1 cup urine. 
 
Mix thoroughly. 
 
Flush. 



Treat lightly to 
remove 
pathogens and 
organic matter. 
 
Discharge the 
nutrient-rich 
effluent to a river 
or lake. 



Eutrophication 
Allow nitrogen 
and phosphorus 
to create algae 
overgrowth, 
killing fish and 
rendering water 
unfit for drinking 
or recreation. 



OR… 



Use toilets that collect urine for recycling. 
Turn the urine into sanitized fertilizer to grow crops. 



Nutrients in Urine 

 
 
 
 

Produce enough wheat for a loaf of bread every day 
using the recycled nutrients from one person’s urine. 



Nutrient flows in agriculture 



Business as usual 
Energy-intensive      Unsustainable 



Source-separation with nutrient reclamation 
Creates fertilizer      Eliminates waste 



Characteristics of Urine 
Wet mass Dry mass 

Urine 

Feces 

Annual production of urine and feces in (kg/person) 



Nitrogen Phosphorus 

Nutrients in Urine 

Urine 

Feces 

Grams of nitrogen and phosphorus per person/year  



Eutrophication: 
Overgrowth of algae caused by excess plant nutrients  
 
Nitrogen in marine waters 
Phosphorus in fresh waters 



What is wastewater? 
Relative contribution to wastewater volume 
(per person per day) 



Urine Feces Combined 

Nitrogen  75% 5-10% 80-85% 

Phosphorous 55% 25% 80% 

Sources of nutrients 
in wastewater 

(Larsen and Gujer 200, Otterpohl 2002, Maurer et al. 2006, Lienert et al. 2007, 
Vinneras et al. 2002, and Meinzinger and Oldenburg, 2009) 



Source 
separation/ 
urine 
diversion 



(All measurements in mg/L) 



(All measurements in mg/L) 



Practical Benefits 

•  Water conservation 

•  Nutrient reclamation 

•  Wastewater quality 
Reduced nutrient pollution 
Pharmaceutical removal 

 



First community-scale urine-recycling 
project in the United States 



Collection 









30 Minutes at 158° F 
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Hay yield in pounds 
 
Effect of fertilizer on hay yield 



Contaminants 
Urine Sewage 

Pathogens Low High 

Heavy metals Very low Potentially high 

Industrial and household 
chemicals 

Very low Potentially high 

Pharmaceuticals 
 

Potentially high Potentially high 



2-Year Pharmaceutical Study 
funded by the US Environmental Protection Agency 

Tracking pharmaceuticals from urine used as fertilizer: 
●  Soil 
●  Groundwater 
●  Harvested crops 
 

Final results will be published in 2016 

  Rich Earth Institute is collaborating with: 
●  University of Michigan  
●  University at Buffalo  
●  Brown & Caldwell (wastewater engineers) 
●  Hampton Road Sanitation District 



 
   Pharmaceutical contaminants being analyzed 

        Contaminant Drug Type 
Acetaminophen analgesic 

Caffeine stimulant 

Carbamazepine anti-seizure 

Clofibric Acid metabolite of the cholesterol-lowering drug Clofibrate 

Ciprofloxacin antibiotic 

Diclofenac nonsteroidal anti-inflammatory  

Dilantin anti-seizure 

Erythromycin antibiotic 

Ibuprofen nonsteroidal anti-inflammatory  

Meprobamate antianxiety 

Naproxen nonsteroidal anti-inflammatory 

Sulfamethoxazole antibiotic 

Sulfamethoxazole-acetyl conjugate metabolite of antibiotic sulfamethoxazole 

Trimethoprim antibiotic 
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39 



 
 



Where is urine diversion already the  
best solution? 
 
Communities in sensitive watersheds  
with many septic systems: 
 
Cape Cod 
Great Bay, NH 
Chesapeake Bay 
Long Island Sound 
 



Cost to remove nitrogen 
dollars / pound (single family home) 



Where is source separation already practical? 
 
Onsite with N removal requirement: 

 
•  Less costly than denitrification 
•  Can be installed building-by-building 
•  Requires no new infrastructure 
•  Conserves water 
•  Produces a fertilizer resource 

 



Where is source separation already practical? 
 
Central with N or P removal challenges: 
 

•  Reduces N, P, and BOD loading 
•  Eliminates daily nutrient spikes 
•  Allows nutrient removal without extending sewer 

lines 
 



Economic Drivers 

Avoided wastewater costs > fertilizer value of urine 

 

Low-cost nutrient removal strategy for: 

  Towns and small cities 

  On-site septic systems   



  
      How do we 
      achieve it? 
 



The Rich Earth Institute is developing: 
 

•  Technical innovations 

•  Urine treatment methods  

•  Regulatory pathways for adoption 

•  Public acceptance 

•  A network of leaders in this emerging field 









 







 

Next Steps for the Institute  
 
•  Create public demonstration installations 

•  Compile and publish research results 

•  Refine tools and technologies 
 



Public Demonstration Projects 



The demonstration project will: 
 
Inspire confidence in urine diversion for 
mainstream settings 
 
Facilitate development of new urine-processing 
technologies 
 
Test the performance and user-acceptance of 
urine-diverting toilets 
 
Educate the public 









Key Aspects of Urine Diversion 

Low-tech or high-tech 
Centralized or decentralized 
Turns a pollutant into a resource 
Removes both phosphorus and nitrogen 
Increasingly considered as a viable strategy 
. 





30 days stored above 20° C 







Results: 
 
Heather Goetsch 
 

Fate of Pharmaceuticals and Biological 
Contaminants Through Preparation and 
Application of Urine-Derived Fertilizers 
 

Wednesday 11:00 



Urine diversion throughout the U.S. 
would: 
 
•  Save 960 billion gallons of water per year (3,000 

gallons per person) 

• Remediate nutrient pollution and restore 
damaged waterways 

• Replace 9 billion pounds of synthetic fertilizer 
with urine-derived fertilizer 



Small investment for a big change 

The time to invest in developing and testing source separation 
technologies is now. 
 
$298 billion needed in capital investment for wastewater 
infrastructure over the next 20 years. (ASCE Infrastructure report card) 
 
Source separation today is like recycling in the early 90’s 
•  Currently a very small portion of total flow 
•  A fundamentally different method of waste management 
•  Potential for massive growth 



Resources 
 
Products: 
 

 Bathroom fixtures (urine-diverting toilets) 
Sanitization (pasteurizer) 
Volume reduction (reverse osmosis) 
Fertilizer production (nitrification) 

 
Professional support: 
 

Permitting 
Outreach/education 
Installation/maintenance guidelines 
Farmer/septage hauler/plumber partnerships 



Our strategy 
 
Make source separation accessible to 
municipalities and wastewater authorities by 
providing tested tools, technologies, and 
techniques. 
 



What you can do 
 
•  Share what you’ve 

learned today with 
others 

 
•  Begin using urine on 

your home gardens 

•  Make a financial 
contribution 



“Pollution is nothing but the resources 
we’re not harvesting.”       —Buckminster Fuller 


