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“Among our major tasks is the creation of ecologically derived human support 
systems - renewable energy, agriculture, aquaculture, housing and landscapes. 

The strategies we research emphasize a minimal reliance on fossil fuels and operate 
on a scale accessible to individuals, families and small groups. 

It is our belief that ecological and social transformations must take place at the 
lowest functional levels of society if humankind is to direct its course towards 

a greener, saner world.”

For	more	information	and
for	tax-deductible	donations,	see	
The	Green	Center	website
https://newalchemists.net
Tax	I.D.	#237-058-971

Contact:
Hilda	Maingay,	Earle	Barnhart
28	Common	Way
East	Falmouth,	MA	02536
thegreencenterinc@gmail.com

https://newalchemists.net
mailto:thegreencenterinc@gmail.com


A  critical unsolved problem of sustainability –
the recovery and safe recycling of nutrients from human waste

Our society is entirely dependent on flush-toilet technology that wastes energy, water, and nutrients, and uses our natural environment as a 
dumping ground for our “wastes.”  The result is that our rivers, streams, lakes, and estuaries are showing increasingly severe algae 
blooms and toxic cyanobacteria outbreaks. Developing an affordable, environmentally-sustainable technology for nutrient management 
without contributing to climate change is critical  to maintain a high quality of life and a survivable environment around the world. 

Nitrogen and phosphorus, originating from human waste, are the major pollutants of rivers, streams, lakes and estuaries. The most cost-
effective and rational solution is to avoid putting these nutrients into the groundwater in the first place. 

Composting toilets, urine-diverting (UD) toilets, and incinerating toilets are all innovative alternatives that can keep human waste nutrients 
out of water. Since urine contains most of the nutrients in human waste, diverting urine is the most effective way to reduce water 
pollution. By far the quickest and cheapest strategy is to divert male urine with waterless urinals. Diverting just male urine could 
remove 40% of the total nitrogen. 40% reduction is all that is needed in many watersheds to reduce nitrogen loads to DEP target levels 
for coastal estuaries. There is existing technology to safely recycle urine as fertilizer. 

The Green Center is developing an innovative affordable urinal - the ”P-POD” waterless in-wall urinal. This urinal is concealed in a wall and is 
inconspicuous with a flat closed door when not in use. It is small and designed to fit in most bathrooms. Other innovative urine-
diversion products are portable unisex urinals called “Cubies” and urine diverting toilets, as well as incinerating toilets that destroy 
wastes by burning. Incinerating toilets destroy all nitrogen but recover all other minerals in the remaining ashes.

Communities all over this country are planning to spend hundreds of billions of dollars to build wastewater treatment facilities (WWTF) and 
install "enhanced" septic systems ("mini-WWTF’s"). These options are extremely expensive, do not save water, do not remove nutrients 
except for some nitrogen, do not recover any nutrients, require costly regular maintenance, repairs, upgrades, monitoring, and a
significant amount of energy and contribute to climate change. There are better, cheaper, quicker and more sustainable ways. We 
cannot afford to wait decades for sewers. Society cannot afford sewers. We cannot afford to waste valuable nutrient resources. 

We have to act now and move in a radical new direction: stop waste, recycle nutrients and save water.

“To	avoid	catastrophe,	human	societies	have	12	(now	7)	years	to	completely	transform the	way	we	use
energy,	natural	resources,	water,	and	land	on	a	scale	for	which	there	is	no	documented	historic	precedent.”

2018.			UN	Intergovernmental	Panel	on	Climate	Change1



WHY URINE DIVERSION OR PEECYCLING?

On Cape Cod, MA 
36 of the 40 coastal estuaries are impaired by nutrients and require nitrogen 
reduction. One-third of freshwater ponds on the Cape are polluted by nutrients
and have ‘unacceptable’ water quality.

In the USA
More than 15,000 water bodies are impaired due to nitrogen and phosphorus 
pollution. For example, the San Francisco Bay is now completely toxic.

Globally
Billions of people worldwide live without a toilet. Human wastes 
end up in local waterways – the same place people collect water 
for drinking, cleaning and bathing – and in the ocean.
Excess nutrients from agriculture and human waste have created 
400 “dead zones” in the oceans.

Water bodies all over the world are polluted by excess human waste nutrients. Urine contains 80% of the 
nitrogen and 55% of the phosphorus in human waste.  Preventing urine from entering wastewater and 
waterways is the quickest and cheapest way to reduce water pollution. For example, on Cape Cod 
diverting just male urine with waterless urinals could reduce nitrogen loads in most of the impaired 
coastal estuaries, the most threatened waters from nitrogen pollution, to the target levels set by the 
Massachusetts Department of Environmental Protection (MassDEP). 

1. To reduce pollution of water bodies
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A critical, unsolved problem of sustainability is the recovery and safe recycling of nutrients from human waste. 
"Peecycling” is the key component of this process and can help save our environment.



2. To capture and reuse nutrients from urine as fertilizers
On the Home-scale: Nitrogen from urine recycled at home can provide a continuous 
supply of safe fertilizer for home gardens.

Globally: Prices of synthetic fertilizers have increased by 400% in the last few years.
On a global scale, nitrogen from urine could replace ¼ of global nitrogen fertilizer needs.

3. To reduce cost of treatment
Existing wastewater treatment systems -
Innovative and Alternative (I/A) septic systems
and sewers - are extremely expensive and energy 
intensive and remove only part of the nitrogen 
from wastewater.

Urine diversion systems are cheaper, require 
little or no energy, are more reliable and divert 
more nitrogen (and phosphorus!) out of the 
waste stream than I/A systems.  Urine is 
collected and safely recycled into fertilizers.

To help save our environment and our waterways, and to secure a reliable food supply,
we have to install urine diverting systems NOW.

The following pages show examples of urine diverting systems and how to treat and reuse  
urine on a home and community scale 3

COMPARISON OF COSTS FOR WASTEWATER MANAGEMENT SYSTEMS APPLICABLE TO CAPE COD 
https://apcc.org/wp-content/uploads/2020/05/CapeCodWastewaterCosts-April2010.pdf

PLEASANT BAY ALLIANCE Report on Nitrogen Trading Opportunities Among Watershed Towns
https://pleasantbay.org/wp-content/uploads/Final-SNEP-Task-2-Report-N-Trading-20210924.pdf

Rich Earth Institute  Guide  to  Starting a  Community-scale  Urine  Diversion  Program    Section:  
“Economics” pp. 47-49
Comparison of costs for wastewater management systems applicable to Cape Cod

Cinderella Incinerating Toilet – website 

“Start of a new era in septic?”  Cape Cod Times   6/3/2022

https://apcc.org/wp-content/uploads/2020/05/CapeCodWastewaterCosts-April2010.pdf
https://pleasantbay.org/wp-content/uploads/Final-SNEP-Task-2-Report-N-Trading-20210924.pdf


The “CUBIE”
PORTABLE NUTRIENT-RECOVERING, 

WATERLESS, UNISEX URINAL SYSTEM

This urinal was developed by the 
Rich Earth Institute, Brattleboro, VT.  
https://richearthinstitute.org

Can be obtained and used immediately
No odors, no splashes.
Urine can be used as fertilizer in the home 
landscape and/or stored in a container in the 
basement or outside. Licensed hauler picks up 
urine for further treatment.

Faucet spout for 
distributing urine 
fertilizer

No odors 
Ball seals opening

Diverting urine removes 80% of nitrogen and 55% of 
phosphorus from the waste stream.

Saves 4000 gallons of water/pers/year.

No odors
One-way curtain 
valve seals opening

The “P-POD” 
IN-WALL, NUTRIENT-RECOVERING, 

WATERLESS, URINAL SYSTEM 
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9” x 11.75”x 4”
Outside dimensions

This innovative product does not exist 
anywhere on the market and is being 
developed by the Green Center, Inc.

Available spring 2023
No odors. No splashes. 
Urine is directed to storage container either 
in basement or outside.
Licensed hauler picks up urine for further 
treatment. 

Level sensor sends digital message to hauler 
when tank is about 70% full.

All storage tanks will have a liquid level sensor.

Diverting only male urine removes 40% of nitrogen 
and 27% of phosphorus from the waste stream. 
Saves 2000 gallons of water/pers/year.

https://richearthinstitute.org/


5

URINE-DIVERTING (UD) TOILETS 
with or without water for flushing solids

WATERLESS INCINERATING TOILETS
burn all human waste

“Cinderella” incinerating toilet
See details on page 15

”Cinderella” incinerating toilet
Can be installed immediately.

-Remove flush toilet
-Cap off waste pipe 
-Place “Cinderella” toilet
-Install vent pipe

-

* Urine of one person contains about 10lbs of nitrogen, 
enough to fertilize 4000-5000 sq.ft. of gardens, lawns, shrubs, 
or trees, or grow enough wheat to make 365 loaves of bread.

* If on average 50% of buildings on Cape Cod would have a 
Separett or Cinderella type toilet, the Cape would not need 
any sewers or I/A septic systems.

Incinerating toilets remove 90% of nitrogen and 100% of 
phosphorus from the waste stream.

Save 6000 gallons of water/pers/year.

UD/composting toilets remove 90% of nitrogen 
and 100% of phosphorus from the waste stream.

Save 6000 gallons of water/pers/year.

“Separett” UD/composting toilets 
-Solids collect in bucket under seat or in 

modular bin in floor below for further treatment
-Urine collects in storage container in basement or outside

“Separett”
https://separett.com

waterless 
UD + composting toilet

“Wostman”
https://www.wostman.se

UD flush toilet 
Urine is diverted
Solids are flushed

”Cinderella” urinal
https://www.cinderella

eco.com
waterless 

urinal toilet 

https://separett.com/en
https://www.wostman.se/
https://www.cinderellaeco.com/us-en


HYGIENIC 
SAFE

CONSERVE WATER 
REDUCE POLLUTION

RECOVER NUTRIENTS FROM URINE
RECYCLE NUTRIENTS AS FERTILIZER FOR FOOD PRODUCTION

LOW TECH, DURABLE & AFFORDABLE
RELIABLE
SOCIALLY EQUITABLE

REPLACE SYNTHETIC FERTILIZERS
REDUCE GREENHOUSE GAS (GHG) EMISSIONS

WATERLESS URINE-DIVERTING 
NUTRIENT-RECOVERING SYSTEMS

“Cubie” urinal

“P-POD” waterless in-wall urinal

“Separett” waterless UD 
and composting toilet6



WATERLESS URINE-DIVERTING
NUTRIENT-RECOVERING SYSTEMS

• HYGIENIC: no splashing, no odor

• SAFE: Pasteurized urine meets EPA guidelines as a Class A biosolid material. 
It is pathogen-free and can be safely and legally used as fertilizer on all crops.

• CONSERVE WATER: Saves 2000-4000 gallons of pure drinking water used per person per year for flushing urine.

• REDUCE POLLUTION: Human waste nutrients contaminate groundwater, rivers, ponds and oceans, causing toxic algae and 
cyanobacteria blooms in the U.S. and globally, with serious health effects (and death) on people, livestock and wildlife including 
birds and fish. Global warming increases frequency and intensity of toxic algae blooms.

• RECOVER NUTRIENTS: Most of the nutrients in human waste is in urine. Urine contributes 80% of the nitrogen and 50% of the 
phosphorus to the waste stream. Urine contains all the macro- and micro-nutrients needed for plant growth. 

• RECYCLE NUTRIENTS: One adult excretes 100-120 gallons of urine per year, which contains about 10lbs nitrogen, 1lb phosphorus 
and 2lbs potassium, enough to fertilize 4000-5000 square feet of food producing land.

• LOW TECH, DURABLE & AFFORDABLE: Easy to install, easy to maintain, and low-cost. Urinals have no mechanical or electrical parts. 
Urine-diverting toilets have a small electrical fan. Made of durable polypropylene, UV stable plastic.

• RELIABLE: Never fails. Keeps urine reliably contained, out of the waste stream and environment.  Provides a continuous, reliable 
and local source of fertilizers.

• SOCIALLY EQUITABLE: Everyone produces and has access to the same amount of nutrient rich urine-based fertilizer at no cost.

• REPLACE SYNTHETIC FERTILIZERS: Urine-based fertilizers can replace synthetic fertilizers. Prices of synthetic fertilizers have 
increased by 400% in the last few years, making them unaffordable for many home gardeners, farmers small and large in the U.S. 
and the rest of the world.

• REDUCE GREENHOUSE GAS EMISSIONS: Production of synthetic fertilizers from natural gas is extremely energy intensive. 
Production and application of synthetic fertilizers releases lots of carbon dioxide and nitrous oxide.  
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https://www.nature.com/articles/
d41586-022-00338-6

https://www.cnn.com/videos/business
/2022/07/18/fertilizer-crisis-human-pee-
orig-mss.cnn

How recycling pee could help to save the world
CNN   7/18/22

2/19/22
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7/17/22

https://www.nytimes.com › 2022/06/17 › climate › peecy...

https://www.nature.com/articles/d41586-022-00338-6
https://www.nature.com/articles/d41586-022-00338-6
https://www.cnn.com/videos/business/2022/07/18/fertilizer-crisis-human-pee-orig-mss.cnn
https://www.cnn.com/videos/business/2022/07/18/fertilizer-crisis-human-pee-orig-mss.cnn
https://www.nytimes.com/2022/06/17/climate/peecycling-farming-urine-fertilizer.html


No-touch pump station 
to empty ”Cubies”

“Urine Depot” for storage
and pasteurization

EPA Class A fertilizer 
to farmers

The “CUBIE”
Optional Methods for Recovering and Reusing Nutrients

with existing and proven technologies developed by the Rich Earth Institute, VT

Empty “Cubie” into storage 
container. With small drum pump 
remove urine to use in personal 

garden as needed

Digital sensor sends message to 
hauler when tank reaches 

70% capacity
Certified hauler empties container

Hauler brings urine to Urine Depot 
for storage and pasteurization 

OR 
directly to sewer plant 

9

Homeowner brings 
”Cubie(s)” to “Urine Depot”

At home dilute urine with water approx. 1:5 and apply to garden, lawns etc. as fertilizer
“Liquid Gold” Fertilizer
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PASTEURIZER

“ECODRUM” COMPOSTER
Urine is mixed with landscape, agricultural, animal and/or food wastes

Pathogens are destroyed by temperatures of 151F for 3 days

Three Ways 
to Treat 

Collected Urine

TRANSPORT 
$16.33 to transport one 

person’s annual urine volume 
to farmer 70 miles away 

Cost to pasteurize 
$0.01 per gallon         

Collected Urine

Class A compost fertilizer

Agriculture

1 - Divert and collect urine. Transport to local sewer plant for further treatment
2 - Divert and collect urine. Transport to ”Urine Depot”  

- Pasteurize urine.  Transport as Class A fertilizer to farmers
3 - Divert and collect urine. Transport to ”Ecodrum” in-vessel composter 

- Combine with landscape & food wastes. Produce compost fertilizer

SEWER

To incinerator and 
toxic waste dump

TRANSPORT
Nitrogen, Phosphorus, heavy 
metals, toxic waste in sludge 

Community-Scale Collection and Treatment of Urine

1

2

3



Costs of Components

Above components developed and available from Rich Earth Institute, Brattleboro, VT

“Cubie” $60
Unisex urinal

“Whale Gulper”$600
urine pump station

“Urine Depot” $20,000
(labor+materials)

Pasteurizer $6,500

“Greenway” waterless UD/composting
$4,000 one toilet
$7,000 two toilets
Complete installation

Developed by The Green Center
[Hybrid of “Separett” toilet + “Full Circle”

Compost Bin developed by Rich Earth Inst.]

“P-POD” $100-$200
In-wall urinal

In development by 
The Green Center

Various UD toilets  $650-$1,200 
Urine only, UD+flush for solids or UD/composting

“Cinderella”$4,200
Incinerating toilet
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Level Sensor 
$200

Urine Containers 55-500 gal.
$10-$1,200

“Ecodrum” Composter
$80,000

https://ecodrumcomposter.com

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwia-KK93Pz6AhUVpIkEHZSnCoEQFnoECBEQAQ&url=https://ecodrumcomposter.com/&usg=AOvVaw2KR32EefjkRQXoB3l8k8Nv


Treatment of Urine 
for odors, pathogens & pharmaceuticals

Home-Scale Treatment                       
to reduce odors     

After each use,  one 
spray of vinegar on 
inside of funnel keeps 
funnel fresh. Some 
people put a couple 
drops of fragrance in 
with the vinegar in the 
spray bottle.

Community-Scale Treatment
to destroy pathogens & viruses

Urine pasteurizer
Urine becomes an EPA 
Class A material and 
safe fertilizer for ALL
crops after it has been 
heated  for 3 minutes 
at 171 F

Cost: $0.01/gallon

Before filling Cubie 
with urine best to 
add 1 cup vinegar. 
This will stabilize 
the urine and stop 
ammonia from 
forming.

Home-Scale Use Without Treatment 
fertilizer in garden or landscape

Pharmaceuticals are present in urine, but when applied as fertilizer , urine enters a complex 
and biologically highly active soil ecosystem, where it can remain in the active topsoil zone 
for weeks or months, allowing time for any pharmaceuticals to be biodegraded.
- Pharmaceuticals found in the crop tissues are extremely small, found in parts per billion

These quantities are not a significant risk to human health.
- pharmaceuticals in the soil were found in parts per billion
- pharmaceuticals in the groundwater below were found in parts per trillion  

Pharmaceuticals
in Crops Grown with Urine Fertilizer

Home-Scale Treatment
to destroy pathogens

Store urine in closed container 
for 6 months. 

pH goes up to 9.5 in a few 
days, which kills pathogens. 

No storage treatment of urine is needed to fertilize 
crops within the same household collecting the urine, 
as long as crops that are eaten raw are not harvested 
within a month of fertilization. The risk of direct 
disease transmission within the household is far larger 
than the risk from using urine to fertilize crops  [“Urine 
diversion – hygienic risks and microbial guidelines for reuse”] 
by Caroline Schönning (2003) 
https://www.who.int/water_sanitation_health/wastewater/
urineguidelines.pdf

Developed by 
https://richearthinstitute.org
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University research over 6 years studying 26 
pharmaceuticals showed that:

Reference: “Analysis of Pharmaceuticals in Food Crops Grown in Urine- and Struvite-
Fertilized Soil ...”  University at Buffalo, Rich Earth Institute, University of Michigan 

https://richearthinstitute.org/
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Existing Incinerating Toilet Technology Keeps All Human Waste 
Nutrients Out Of Wastewater and Destroys All Pathogens

Cinderella Incinerating Toilet 
Electrical Version - Cinderella "Comfort”
Propane Version  - Cinderella "Freedom"  (cannot use natural gas)

-- simple to use - push one button
-- no water, no plumbing connection, can freeze without damage 
-- capacity up to 12 people
-- capacity 4 sequential uses per hour (max 6 uses per hour)

(incineration process pauses during next use)
(time of burn for one use 1-3 hours) 

-- burning auto-adjusts to amount of waste
-- uses outdoor combustion air
-- catalyst in exhaust pipe destroys odors 
-- ashes  -- can be used a fertilizer; ashes are pathogen-free; 

-- ashes produced by 4 people per week = 1 cup
-- made in Norway, marketed in Canada and US
-- $4000 - $4200

Costs of incinerating all waste = feces, urine and toilet paper
-- electricity costs $1-$1.20/day, (uses 1.0 kwh per use)   

$435/yr for one person annually (2190 uses per person/yr)
-- propane costs about $1.50/day for one person 

Costs of incinerating only solids = feces and toilet paper
-- electricity costs would be about 1/9 of the above cost or about

$50/year

Urine can be diverted with the use of the “Cinderella Urinal”, or
a portable unisex “Cubie” urinal and/or a “P-POD” in-wall urinal

Incinerating toilets burn all waste, destroying nitrogen in the process but recovering all other mineral nutrients in a small amount of ash. 

UL791
Standard for Residential Incinerators
UL791-CRD
Standard for Residential Incinerators
CSA 5.2-1971 (R2019)
Gas-Fired Waterless Toilets
CSA C22.2 No. 64-10 (R2014)
Household Cooking and Liquid-Heating 
Appliances, Includes Update No. 1 (2013), 
Update No. 2 (2016)

- Permitted as the only toilet in a house
- No variance required. No DEP involvement
- Can be approved by local plumbing board
- Solves ALL nutrient pollution problems
- No I/A septic systems or sewers needed

https://www.cinderellaeco.com

Cinderella unisex urinal toilet
Cinderella incinerating toilet

https://www.cinderellaeco.com/us-en
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Collect & Transport to 
Treatment and Agriculture

DO THIS FIRST!  

-Removes 40% of nitrogen and 27% of phosphorus from waste stream
-Saves 2000 gallons/pers/year on drinking water
-Produces nitrogen and phosphorus rich fertilizers

Collect Male Urine

P-POD
in-wall urinal
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OUR OWN DATA
In 22 years, our household of 3-4 people with 
three eco-toilets
- saved over 400,000 gallons of fresh drinking 
water by not using flush toilets
- produced enough compost and fertilizers to 
grow much of our food and maintain a very 
large ornamental landscape with playfields
- spent $40.15/year on electricity to run one 
small fan for our system with three waterless, 
composting eco-toilets.

REPORT FROM THE BARNSTABLE COUNTY DEPARTMENT OF HEALTH AND ENVIRONMENT:
…“waterless urine-diverting eco-toilet systems reduced 
the nitrogen in the septic tank effluent by 90% and reduced 
the phosphorus in the septic tank effluent by 99%.”

Keeping human waste nitrogen out of the 
environment with our eco-toilet system costs only 
$1/per pound of nitrogen, compared to 
$180-700+/pound with proposed I/A septic systems 
and $ 300+/pound with sewer systems.

Our savings include:
- Less water purchased
- Free fertilizers

Figure 1. Total Nitrogen (TN) and Total Phosphorus (TP) 
concentrations in wastewater effluent before and after 
composting eco-toilet installation.



For	more	information	and
for	tax-deductible	donations,	

go	to
The	Green	Center	website
https://newalchemists.net
Tax	I.D.	#237-058-971

Contact:
Hilda	Maingay,	Earle	Barnhart
28	Common	Way
East	Falmouth,	MA	02536
thegreencenterinc@gmail.com
508-563-3101		phone+fax

https://newalchemists.net
mailto:thegreencenterinc@gmail.com

