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EIN KREISLAUFFÄHIGES 

SANITÄRSYSTEM UMSETZEN?

Treat used water (e.g. greywater, blackwater, mixed water)
streams to provide an alternative water supply for non-potable and
potable reuse. Depending on the desired end use, water is treated
to match end use demand for quality and quantity, to provide
reliable and safe water supply. Reusing water minimizes demand for
drinking water supply and diverts hydraulic flow to existing sewer
infrastructure.

REUSE WATER

GOAL

The availability and reliability of freshwater resources
are under increasing pressure from climate change
(e.g., warmer weather, heat waves and droughts)
and rapid urbanization (i.e., increased demand). De-
creased and variable supply, as well as increased
abstraction, use, and disposal are increasing water
scarcity in many parts of the world, not just in arid
environments. Reducing water demand, reusing wa- ter
on site, and tapping into renewable water sourc- es
(e.g., rainwater) increases local water availability.

CAPTURE RAINWATER

Harvest rainwater for fit-for-purpose reuse. Depending on the de-
sired end-use, these water sources can be treated to match end- use
demand for quality and quantity, including irrigation, non-po- table
reuse and potable reuse. Using captured water minimizes demand
for drinking water supply and diverts hydraulic flow to existing
sewer infrastructure.

Swap out water-intensive appliances and toilets, with waterless and
water-efficient alternatives. Appliances can be anything from faucet
fittings to water recirculating showers to dry or vacuum toilets. Such
fixtures minimize water demand, and some also re- duce the energy
demand needed to heat the water.

REDUCE WATER USE

SAVE WATER

On-site greywater or
mixed wastewater
treatment for water reuse

Install water-
efficient fittings

Low-flush, vacuum or dry
toilets reduce water use

Rainwater harvesting
for on-site reuse
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water-efficient alternatives. Appliances can be anything from faucet
fittings to water recirculating showers to dry or vacuum toilets. Such
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Current linear nutrient flows are characterized by:
1) cheap and resource-intensive fertilizer production
that relies on fossil fuels, and finite, spatially-con-
centrated ore reserves, 2) food and farming systems
that contribute to soil nutrient imbalances and soil
organic matter depletion, and 3) and human excre- ta
management practices that result in irretrievable
losses of nutrients and organic matter to air, water,
and landfills. Nutrients discharged to surface waters
can cause eutrophication (algal blooms, dead zones,
and fish kills). Recovering nutrients and organic mat-
ter from streams containing human excreta diverts
nutrients from existing infrastructure, reduces loss- es,
and allows for the production of renewable fertil- izers
and soil amendments.

RECOVER NUTRIENTS & ORGANIC MATTER
GOAL

PRODUCE SOIL AMENDMENT

Separate fecal streams at the source, or after solid-liquid sepa-
ration of mixed wastewater, to aid nutrient and organic matter
recovery. Treatment and recovery processes of the fecal streams,
potentially combined with kitchen and/or garden waste, produce soil
amendments that increase soil health and supply nutrients. Source
separation also lowers pollutants, like heavy metals, com- pared to
sludge from centralized treatment plants.

nutrients as fertilizers, minimizing pollution and losses. Recovery can
target specific nutrients (often one macronutrient) or sever- al
nutrients (macro- and micronutrients). The recovered products can be
reused as fertilizer in agriculture, horticulture, plant nurser- ies, and on
sport fields.

PRODUCE FERTILIZER

Separate wastewater streams containing urine and/or feces at the
source to facilitate the treatment and targeted extraction of

While algae is often grown on nutrient-rich liquids, such as urine,
larvae and worms can be grown on fecal biomass and/or kitchen
waste. The products can be used as, or in, animal feed, or used as
soil amendments/fertilizer (e.g., algae)

PRODUCE BIOMASS

Use streams containing urine and/or feces to grow or produce algal
biomass, worms or insects (e.g., black soldier fly larvae).

Fertilizer use in
urban gardens

Soil amendments for
planting

Soil amendments
and fertilizer use in

agriculture

Larvae and worms grown
on fecal-based streams
can used as animal feed
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flush toilet

waterless
urinal

ventilation (one-way to
prevent ammonia loss)
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URINE DIVERSION

PIPING | TRANSPORT

Designated urine piping leads urine to a storage tank for collection at
building scale. “Urinoducts” transport urine via pipes between build- ings
to a mechanical room, enabling neighborhood scale collection and
treatment. Alternatively, collected urine can be transported in
containers to a centralized treatment point (e.g., by truck). Adequate
access points for collection should be considered.

Treatment of the urine can take place on site or off site. On-site
treatment usually takes place close to the urine collection tanks in a
mechanical room in the basement. Off-site treatment can require the
pumping of urine from smaller containers to larger tanks. Urine
treatment integrated into the toilet/bathroom is also possible.

TREATMENT

TOILETS

Commercially available urine-diverting toilets, separate urine from fe- ces
and most flush water while waterless urinals and urine-diverting dry
toilets allow for the undiluted collection of urine. Portable fixtures (e.g.,
funnel attachment on a jerrycan) are a low-cost urine collection option.

OFF-SITE TREATMENT
PUBLIC RESTROOMS

Switzerland | 2012

BUILDING SCALE, ON-SITETREATMENT
FORUM CHRIESBACH

Dübendorf, Switzerland | 2011

TARGET OUTPUTS

Liquidfertilizer
Solid fertilizer

INPUT STREAMS

Urine

Yellowwater

Urine contains most nutrients and pharmaceuticals ex-
creted, though accounts for less than 1% of the mixed
wastewater flow. Diverting urine from other wastewa- ter
streams sent to sewer, reduces nutrient and microp-
ollutant loads to centralized treatment plants ex-
tending their operating capacity and increasing their
treatment performance. Recovering nutrients from
urine to produce fertilizer can help close nitrogen, phos-
phorus and other nutrient cycles, and reduce reliance on
synthetic fertilizers in agriculture. Urine diversion via
urine-diverting flush toilets or dry toilets also enables
the separate collection and treatment of blackwater via
flush toilets or fecesviadry toilets . Urinedivert-
ing dry toilets, as well as waterless urinals are water ef-
ficient fixtures that reduce water use .

STRATEGY

The extraction of one or more nutrients
via chemical and physical mechanisms.
Additives are often required (e.g., mag-
nesiumfor precipitation).
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TREATMENT OPTIONSTO CONSIDER

SPACE & PLACEMENT

Unless urine collection occurs at bathroom scale, or in portable
fixtures (e.g., jerry cans), urine diversion requires designated
piping. Space requirements for a mechanical room for storage and
treatment depend on the volume of the collected urine and the
treatment process of choice. A mechanical room is often placed
in the basement.

COLLECTED STREAM

Approximately 0.5 m³ of urine can be collected per person per year.
A urine stream collected with flushwater has a signifi- cantly
larger volume. Spontaneous mineral precipitation in toi- lets and
pipes can lead to deposit build-up and clogging. Flush- ing with
rainwater reduces mineral precipitation compared to flushing with
(calcium- and magnesium-rich) tapwater.

SAFE END USE

Pathogens in urine mainly come from fecal cross-contam-
ination during excretion, while pharmaceuticals, and their
metabolites, come from consumed, and subsequently ex-
creted, medication. Treatment of urine inactivates patho-
gens and removes pharmaceutical compounds to varying
degrees depending on the treatment technology applied. It is
recommended to follow safety measures during fertil- izer
application (lag time between last application and har- vest
and soil application or injection as opposed to foliar
application) to further reduce risks arising from the pres-
ence of pathogens in urine based fertilizers.

Risks arising from pharmaceuticals include plant take-up of
these substances, or dissipation into the environment.
Targeted micropollutant removal steps, like the activated
carbon filtration, ensure high removal.

PATHOGENS & PHARMACEUTICALS
Urine treatment aims to degrade organic substances (to prevent malodor and unwanted bio- logical
processes), minimize volatilization of ammonia (causing nitrogen losses, air pollution, and bad
smell), remove or kill pathogens and micropollutants, and concentrate or extract nutrients.
Different treatments yield urine-based fertilizers with different physico-chemical characteristics
(e.g., solid/liquid; basic/acidic) and composition, suitable for different agricul- tural uses (e.g.,
hydroponics, soil injection, fertigation, broadcasting).

RESOURCE INTENSITY

There are initial material, planning and installation costs for toi-
lets, pipes, storage and treatment, which vary with the con-
figuration and technology selected. To prevent deposit build-up and
clogging of pipes, regular cleaning and maintenance is needed.
In the case of urine collection in containers, transport of urine to a
treatment hub should be considered. Some treat- ment processes
(e.g., struvite precipitation) require additional chemical dosing.

HYBRID VS. DECENTRALIZED

Urine diversion can be implemented in a hybrid scenario,
where other streams are sent to the centralized sewer, or as part
of a decentralized solution, in combination with treatment of fecal
and greywater streams.

USER EXPERIENCE

Urine-diverting toilets typically require all users to sit while
urinating for optimal collection and separation, though urinals are
also an option. Awareness among users about appropriate cleaning
products is critical for biological treatment processes and fertilizer
end use of recovered products.

NEW BUILD VS. RETROFIT

The installation of urine-diversion toilets and designated urine
piping is easiest in new build planning and construction where
designated piping can be incorporated into the building skel-
eton. However, urine diversion is possible when retrofitting
buildings. The planning process is critical for a coordinated and well-
executed implementation.

NUTRIENT EXTRACTION
Processes for the targeted extraction of phosphorus and/or
nitrogen from urine yield single-nutrient fertilizers which can be
used directly or in fertilizermanufacturing.

TREATMENTOFTHE
URINE STREAM

Treatment of the full urine stream yields multinutrient fertiliz- ers.
Concentration is not strictly necessary, but reduces the need for
storage space and facilitates transport and fertilizer
application.
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Stabilization processes (e.g., bio-
logical treatment or acid/base ad-
dition) limit nitrogen losses during
treatment and other steps of the
value chain(e.g., fieldapplication).

Processes of distillation and
evaporation separate out wa-
ter to concentrate target nu-
trientsand reducevolume.

Hygienization involves the reduction
of pathogens, via ammonia sanitiza-
tion or heat. Micropollutant removal
is achieved to varying degrees by fil-
tration and sorption.

PROCESS OBJECTIVES TECHNOLOGY PRODUCT

STORED URINE

NITRIFIED URINE

CONCENTRATED
URINE

STRUVITE

T.3 NITRIFICATION -
DISTILLATION
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URINE

T.2 NITRIFICATION ON
BIOCHAR
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STORAGE |
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Constructed wetlands (also referred to as artificial
marshes, reed filters, or heliiophyte filters) are engi-
neered marshes that mimic natural wetland mecha-
nisms to improve water quality. Constructed wetlands
consist of sealed basins filled with permeable filter
substrate (soil, rock, gravel, sand, etc.) and planted with
reeds and plants adapted to water-saturated condi-
tions, called macrophytes. The water either flows over
the surface of the wetland or through the porous sub-
strate, horizontally or vertically. The material, colonized
by microorganisms, allows for sorption and biological
degradation of nutrients and contaminants; the plants
serve to maintain the permeability of the filter, keep it
aerated, assimilate nutrients, and provide a habitat for
microorganisms. The treatment train for a constructed
wetland often includes pre- and post-treatment steps.

TECHNOLOGY

rain garden

trickling filter

biology
pond

T.44 CONSTRUCTED WETLANDS

SIDWELL FRIENDS MIDDLE SCHOOL
Washington DC, USA | 2007

Wetland treatment for mixed wastewater at urban school
This LEED Platinum-certified school treats mixed wastewater from
toilets and sinks through a series of physical and biological
technologies. The gravity-fed wetland (3600 m²) treats 11 m³ per day,
circulating through the entire treatment train for 3-5 days before reuse
(toilet flushing and irrigation). Pre- and post-treatment steps take place
in the basement. The school has reduced their water consumption by
90%. The wetland, rain garden and biology pond are used in the school
curriculum.

constructed
wetland

WETLAND
CONSTRUCTED T.45 UV

DISINFECTIONT.42
SETTLING T.44

TANK
TRICKLING T.49 SAND T.50

FILTER FILTER
MW

gravel
(3-32 mm)

depth
0.5-1 m

Wetland plants

rhizosphere
(roots)

liner

inlet

outlet

Horizontal, subsurface flow
constructed wetland

INPUT STREAMS TARGET OUTPUT(S)

GW Pre-treated Greywater TreatedWater
MW Pre-treated MixedWastewater
RW Rainwater

Wetlands are low-tech, nature-based solutions that in addition to
treating water, offer ecosystem services, and have
recreational and aesthetic value. Wetlands can be integrated into
the urban environment to support biodiversity, store water, and
provide local cooling.

WELCHE TECHNOLOGIEN PASSEN ZU 
IHREM ZIEL UND IHRER STRATEGIE?

URINLAGERUNG & PASTEURISIERUNG

NITRIFIKATION AUF PFLANZENKOHLE

NITRIFIKATION & DESTILLATION

STRUVIT-AUSFÄLLUNG
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ANAEROBE VERGÄRUNG 
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PFLANZENKLÄRANLAGEN

TROPFKÖRPER

BELÜFTETE BIOREAKTOREN

MEMBRANBIOREAKTOREN

MEMBRANFILTER

FILTER MIT GRANULIERTEM MEDIUM

UV & CHLOR-DESINFEKTION

OZONIERUNG & ADVANCED OXIDATION 

WÄRMETAUSCHER | WÄRMEPUMPEN
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Constructed wetlands (also referred to as artificial
marshes, reed filters, or heliiophyte filters) are engi-
neered marshes that mimic natural wetland mecha-
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Wetlands are low-tech, nature-based solutions that in addition
to treating water, offer ecosystem services, and have
recreational and aesthetic value. Wetlands can be integrated into
the urban environment to support biodiversity, store water, and
provide local cooling.
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RW Rainwater
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Wetland treatment for mixed wastewater at urban school
This LEED Platinum-certified school treats mixed wastewater from
toilets and sinks through a series of physical and biological
technologies. The gravity-fed wetland (3600 m²) treats 11 m³ per day,
circulating through the entire treatment train for 3-5 days before reuse
(toilet flushing and irrigation). Pre- and post-treatment stepsT.44 CONSTRUCTED TRICKLING T.49 SAND DISINUV TION take place in the basement. The school has reduced their water

WETLAND T.45 FILTER FILTER T.50 FEC
consumption by 90%. The wetland, rain garden and biology pond are
used in the school curriculum.

A membrane bioreactor (MBR) combines biological
treatment with membrane filtration. In the aerated bio-
reactor, microorganisms degrade organics and remove
nutrients (see T.46 for more information on aerated
bioreactors). The subsequent microfiltration or ultrafil-
tration membranes (pore sizes ~0.01–0.1 microns)
physically separate suspended solids and microorgan-
isms (see T.48 for more information on membrane fil-
tration), and eliminate the need for a clarification step.
Membranes (flat sheet or hollow fiber) can be directly
submerged in the biological tank, or placed in a dedi-
cated membrane tank. MBRs are compact systems,
compared to other bioreactor configurations, that en-
sure a high quality effluent that is often already suitable
for some types of non-potable reuse. The treated water
can be further disinfected or treated for micropollutant
removal or desalination.

control
panel

skid and
chemicals for

membrane
backwashing

biological
reactor

T.47 MEMBRANE BIOREACTORS

MBRs provide effective biological treatment and filtration in one
system, producing high quality treated water in a relatively small
footprint. They are therefore often the preferred solution for water
reuse projects in urban settings where space is limited.

TECHNOLOGY

Schleswig-Holstein, Germany | 2021
GUESTHOUSE

Source-separated greywater from a guesthouse serving 62 users is
treated with a membrane bioreactor followed by UV disinfection. The
treatment system is located in the basement of the building. The
treated water is used to cover the water demand (~1.5 m³/d) for toilet
flushing (35 toilets) and running two large washing machines.

Greywater treatment and reuse

T.50
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GW

ultrafiltration
membranes

aeration pipe

treated
water tank

screen

excess
sludge
pump

T.47 MBR
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CIRCULAR 
SANITATION

Constructed wetlands (also referred to as artificial
marshes, reed filters, or heliiophyte filters) are engi-
neered marshes that mimic natural wetland mecha-

TECHNOLOGY

T.44 CONSTRUCTED WETLANDS

co

T.42
SETTLING

TANK
MW

gravel
(3-32 mm)

Wetland

rhizosp
(root

liner

inlet

Horizontal,
constru

nisms to improve water quality. Constructed wetlands
consist of sealed basins filled with permeable filter
substrate (soil, rock, gravel, sand, etc.) and planted with
reeds and plants adapted to water-saturated condi-

trickling filter tions, called macrophytes. The water either flows over

the surface of the wetland or through the porous sub-
nstructed strate, horizontally or vertically. The material, colonized
wetland by microorganisms, allows for sorption and biological

degradation of nutrients and contaminants; the plants
serve to maintain the permeability of the filter, keep it
aerated, assimilate nutrients, and provide a habitat for
microorganisms. The treatment train for a constructed
wetland often includes pre- and post-treatment steps.

rain garden biology
pond

Wetlands are low-tech, nature-based solutions that in addition
to treating water, offer ecosystem services, and have
recreational and aesthetic value. Wetlands can be integrated into
the urban environment to support biodiversity, store water, and
provide local cooling.

plants
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GW Pre-treated Greywater TreatedWater
MW Pre-treated MixedWastewater
RW Rainwater

here outlet

s) SIDWELL FRIENDS MIDDLE SCHOOL
depth Washington DC, USA | 2007

0.5-1 m

subsurface flow
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Wetland treatment for mixed wastewater at urban school
This LEED Platinum-certified school treats mixed wastewater from
toilets and sinks through a series of physical and biological
technologies. The gravity-fed wetland (3600 m²) treats 11 m³ per day,
circulating through the entire treatment train for 3-5 days before reuse
(toilet flushing and irrigation). Pre- and post-treatment stepsT.44 CONSTRUCTED TRICKLING T.49 SAND DISINUV TION take place in the basement. The school has reduced their water

WETLAND T.45 FILTER FILTER T.50 FEC
consumption by 90%. The wetland, rain garden and biology pond are
used in the school curriculum.

A membrane bioreactor (MBR) combines biological
treatment with membrane filtration. In the aerated bio-
reactor, microorganisms degrade organics and remove

T.47 MEMBRANE BIOREACTORS
TECHNOLOGY

GW

aeration pipe

screen

T.42 SCREEN

nutrients (see T.46 for more information on aerated
bioreactors). The subsequent microfiltration or ultrafil-

biological treated tration membranes (pore sizes ~0.01–0.1 microns)

reactor water tank physically separate suspended solids and microorgan-
control isms (see T.48 for more information on membrane fil-

panel tration), and eliminate the need for a clarification step.
Membranes (flat sheet or hollow fiber) can be directly
submerged in the biological tank, or placed in a dedi-
cated membrane tank. MBRs are compact systems,
compared to other bioreactor configurations, that en-
sure a high quality effluent that is often already suitable
for some types of non-potable reuse. The treated water
can be further disinfected or treated for micropollutant
removal or desalination.

MBRs provide effective biological treatment and filtration in one
system, producing high quality treated water in a relatively

excess small footprint. They are therefore often the preferred solutionsludge for water reuse projects in urban settings where space is limited.
pump

INPUT STREAMS TARGET OUTPUT(S)
GW Pre-treatedGreywater Treated Water
MW Pre-treatedMixed Wastewater
SW Stormwater

ultrafiltration skid and
membranes chemicals for

membrane GUESTHOUSE
backwashing Schleswig-Holstein, Germany | 2021

Greywater treatment and reuse
Source-separated greywater from a guesthouse serving 62 users is
treated with a membrane bioreactor followed by UV disinfection. The
treatment system is located in the basement of the building. The
treated water is used to cover the water demand (~1.5 m³/d) for toilet

UV flushing (35 toilets) and running two large washing machines.
T.47 MBR T.50 DISINFECTION

T.49 CARBON
FILTERS T.50
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DISINFECTIONT.50

UV
DISINFECTION

T.49 CARBON
FILTERRW CALCITE

FILTER

Ultraviolet (UV) disinfection and chlorination are treat-
ments to inactivate pathogens, including bacteria,
viruses and protozoa present in the water. UV disin-
fection is based on physical mechanisms (i.e., electro-
magnetic radiation). As water passes along UV bulbs, the
UV light damages the pathogens’ genetic material, leaving
them unable to replicate. Inactivation by UV de- pends on
the continuous exposure to and intensity of the light
(typically 254 nm), the duration of exposure, and the
absence of suspended particles. Chlorination is a quick,
simple, and cheap method of disinfection based on
chemical mechanisms: by adding chlorine to the water to
attack pathogens. Chlorination is the only treatment that
provides residual disinfection, pre- venting regrowth of
pathogens in water distribution networks and storage
tanks. For effective disinfection, the influent requires pre-
treatment to remove organic matter, nutrients, and
suspended particles.

T.50 UV & CHLORINE DISINFECTION

Chlorine disinfection removes odor, taste, and color, and provides
residual disinfection, however, it also produces potentially
harmful disinfection byproducts (e.g., trihalomethanes). UV has no
effect on color, odor, taste and regrowth prevention, and does
not produce disinfection byproducts.

TECHNOLOGY

BULLITT CENTER
Seattle, WA, USA | 2015

building (175 occupants) is led to a 800 m³ cistern in the basement.
From there, the rainwater is treated by a 5 micron carbon cartridge
filter, a 0.5 micron cartridge filter, UV disinfection, a second 0.5
micron cartridge filter, remineralization (calcite filter), and chlorination.
Treated water is stored in two 2 m³ tanks. The building uses 94% less tap
water than an average building in the city and is Living Building
Challenge (LBC) certified.

Rainwater-to-tap with UV and chlorine disinfection
Rainwater from the rooftop catchment area of this six-story office
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Stickstoffrückgewinnung mit dem Vuna-Verfahren
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