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1.

Introduction

Household waste water was until recently almost exclusively considered as a hygienic risky, polluting stream, which should be removed and treated as far as possible from the production site. The application of central, water-based, transport and treatment systems
was a logical consequence.
The same stream may however be regarded as a source of raw materials, such as energy, fertilizer and water, which can be used locally. With a growing demand for renewable energy and decreasing
availability of raw materials such as phosphate (Driver, 1999) and
(depending on the location) of water, domestic (waste)water is increasingly recognized as a source of raw materials.
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)RU DQ HIÀFLHQW UHFRYHU\ RI UHVRXUFHV RIWHQ DOWHUQDWLYH FROOHFtion (toilet), transport and treatment systems are needed. Separation at source and prevention of dilution of concentrated
ÁRZV DUH OHDGLQJ ZKHQ VHOHFWLQJ VXFK V\VWHPV 7KH DQVZHU WR
the question, ‘centralised or decentralised sanitation’ is on one
side inspired by the optimal scale of the collection and transport
system, on the other side by, location-dependent, usage of the
sanitation products. Wortmann (2008) introduces the term ‘New
Utilities’, which are based on a local balance between supply and
demand, with maximum use of local sustainable resources. ‘New
Utilities’ take a position, in between central (macro) and individual
(micro) systems (Figure 1). On this decentralised (meso) level, local
resources utilization is encouraged and supply and demand can be
aligned.
As an example of such a ‘New Utility the DeSaR, Decentralised Sanitation and Reuse project in Sneek (Zeeman et al., 2008) is mentioned, in which black water of a community of 32 houses provides
energy and nutrients to be reused. In the ‘Zonneterp’ concept (Figure, 2, Mels, et al, 2006), DeSaR is combined with green houses,
together achieving a large extent of autarky (Wortmann, 2008).
Central in the ‘Zonneterp’ concept, is a greenhouse in which solar
heat is harvested and used in the neighbourhood. At the other hand
fertilizers present in domestic waste streams are recovered and
used for cultivation of plants in the greenhouse. The concept results
in maximum recovery and reuse of local resources.
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Composition of domestic wastewater streams

streams are distinguished: black water, grey water
and rain water (Figure 3). Black water is a mixture
RIIHFHVXULQHDQGÁXVKZDWHU$ODUJHIUDFWLRQRI
the main components of domestic wastewater, viz.
organics, nutrients
(nitrogen, phosphorus, potassium), pathogens,
pharmaceuticals residues and hormones are originally present in a very small volume of feces and
urine. The concentration of black water can be inÁXHQFHG E\ FKRLFH RI D FROOHFWLRQ V\VWHP WRLOHW 
Grey water is a voluminous stream characterized
by lower concentrations (and even absence) of
some components in comparison with black water.
It consists of several sub-streams each having its
own characteristics (Figure 4).
Some of these sub-streams are lightly polluted
–bath and wash water (light grey water, Henze and
Ledin 2001); others – especially kitchen wastewaWHUFDUU\DVLJQLÀFDQWSROOXWLRQORDG

The distribution of pollutants, especially nitrogen,
phosphorus and potassium (N, P, K), among the
different waste(water) sub-streams produced in
households, demands upon source separation. In
source-separation based sanitation concepts wastewater streams are separated according to their
degree and type of pollution and reuse potential
of resources. Different degrees of separation can
be applied. Generally three types of wastewater

Water usage per activity in average Dutch houseKROGOHDGLQJWRJHQHUDWLRQRIDVSHFLÀFZDVWHZDWHU
stream (NIPO/VEWIN 2002). Similar water consumption and distribution per household activity
was measured in other EU countries (EEA 2001).
In general drinking water consumption will vary
depending on geographic location. To give some
examples in US daily indoor consumption of water

In addition to the preservation and recovery of raw
materials, removal of micro pollutants, in particular pharmaceutical residues and hormones and
pathogens from domestic wastewater becomes increasingly important when considering application
of local sanitation concepts. In decentralised, on
separation at source-based sanitation concepts,
these micro pollutants and pathogens remain in
a limited volume, which facilitates the removal.
Hospitals and other institutions with an increased
FRQFHQWUDWLRQ RI VSHFLÀF  SKDUPDFHXWLFDO UHVLdues and pathogens become more and more interested in a resource-oriented approach. This paper
addresses a number of sanitation concepts, with
varying degree of source separation.

2.
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)LJXUH*HQHUDOW\SHVRIZDVWHZDWHUVWUHDPVIURPKRXVHKROG .XMDZD5RHOHYHOG =HHPDQ 

is around 280 L capita)1 day)1 (AWWA 2005), in
Europe around 140 (EEA 2001) and in sub-Saharan Africa 52 L capita)1 day)1 (IFPRI 2002).
Most of the nutrients present in domestic wastewater originate from feces and urine.
By diverting black water plus kitchen waste from
JUH\ ZDWHU ² RI WKH QXWULHQWV IURP KRXVHholds can be recovered (Figure 4). In a healthy
adult, the amounts of nutrients are in equilibrium
within the body. All the nutrients consumed are excreted; normally via the urine or via the feces (Guyton 1992). The nutrient content in urine and feces
will vary depending on the food intake, e.g. on protein intake (Drangert 2000; Jönsson et al. 2000).

3.

Sanitation concepts

Several authors stress the importance of development of sanitation concepts based on separation
at source, to enable possibilities of recovery and
reuse of water and resources. The collection, transport and treatment methods for feces and urine
EODFN ZDWHU  DUH VWURQJO\ LQWHUUHODWHG DQG ÀQDOO\
determine the possibilities of recovery and reuse of
resources like energy, nutrients, compost and energy. Alternatives to be discussed when choosing/
developing a sanitation concept, are the degree of
separation, viz. black and grey water or brown (only
feces), yellow (urine) and grey water, the maximum
allowable dilution, especially of feces and urine,
full or partial decentralization and house-on-site
or community-on-site treatment. A lower degree of

)LJXUH 'LVWULEXWLRQRIRUJDQLFPDWWHU &2' DQGQXWULHQWV 13. RYHUPDMRUJURXSVRIGRPHVWLF ZDVWH ZDWHUVWUHDPV
.XMDZD5RHOHYHOG =HHPDQ 
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)LJXUH 'HFHQWUDOL]HGVDQLWDWLRQDQGUHXVHFRQFHSWVZLWKEODFNZDVWH ZDWHU VHSDUDWLRQIURPJUH\ZDWHUPDNLQJXVHRI
DQDHURELFGLJHVWLRQ =HHPDQ .XMDZD 

dilution of feces and urine will facilitate the optimal
recovery of energy and nutrients and removal of
micro-pollutants and pathogens.
Otterpohl (2008) distinguishes 3 main lines in
nowadays applied and developing sanitation concepts based on source separation, viz.
 6HSDUDWLRQ RI %ODFN DQG *UH\ ZDWHU PDNLQJ

Compost

Aerobic
composting

feces

use of vacuum black water collection and
transport connected to biogas-Systems;
 'U\VDQLWDWLRQ/RZ&RVWVROXWLRQV
 8ULQH'LYHUVLRQ ZLWK ÁXVK VDQLWDWLRQ LQ FRPELnation with existing sewerage.

kitchen
waste
urine
Irrigation
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)LJXUH 'HFHQWUDOL]HGVDQLWDWLRQDQGUHXVHFRQFHSWVZLWKEODFNZDVWH ZDWHU VHSDUDWLRQIURPJUH\ZDWHUPDNLQJXVHRI
DHURELFFRPSRVWLQJ =HHPDQ .XMDZD 
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)LJXUH $QDHURELFWUHDWPHQWRIEODFNZDVWH ZDWHU LQ
7KH1HWKHUODQGVKRXVHV 0HXOPDQ/DQGXVWULH%9 

Concepts with separation of black
water

Maximal advantage of the reuse potential can be
achieved at black water collection with a minimal
amount of water. The more the black water is diluted, the more volume there is to be treated, stored,
WUDQVSRUWHGDQGVSUHDGRQWKHÀHOGVIRUWKHVDPH
nutritional value. The complexity of the treatment
will highly depend on the possibility to directly reuse treated nutrient rich liquid streams and sludge.
Decentralization enables reuse of treated streams
in for example urban agriculture. For low temperature countries, where application of fertilizers is
not allowed in winter, more severe/advanced treatment for recovery of nutrients, or long term storage
is demanded. For primary treatment of black water two major techniques can be considered, viz.
anaerobic treatment for production of biogas and
aerobic composting (composting toilets) (Figure 5
and 6).
While anaerobic treatment of black waste(water)
has the major advantage of the production of
biogas, which can be used for energy production,
composting toilets provide, when well operated, a

)LJXUH $QDHURELFWUHDWPHQWRIEODFNZDVWH ZDWHU LQ
Tanzania, family.

)LJXUH $QDHURELFWUHDWPHQWRIEODFNZDVWH ZDWHU LQ
Tanzania, family.
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stabilized, dry, safe compost for agricultural use.
7KHÀQDOFKRLFHRIWKHFRQFHSWZLOOVWURQJO\GHSHQG
on local needs, circumstances and habits. Social
and cultural aspects play here an essential role.
Vulnerability for a too high water (including urine)
content, can be seen as the major disadvantage of
composting toilets (Zeeman & Kujawa, 2008). According to Otterpohl (2008) composting toilets are
applicable in rural areas but are not really ready for
‘the very large scale’. Development of breakthrough technology that works in Hamburg and Addis
Ababa is needed (Otterpohl, 2008).
Anaerobic treatment is especially suited for community on-site application as biogas use is favored,
though house-on-site application is also applicable
(Figure 7 to 10). Transport of concentrated black
waste(water) is a point of attention. In Europe vacuum collection and transport is successfully demonstrated at a number of locations (Otterpohl, 1997,
Zeeman et al. 2008). In Sneek (the Netherlands;
)LJXUH WKHÀUVWWUHDWPHQWV\VWHPLQFOXGLQJQXtrient recovery/removal, for black water, collected
and transported with vacuum, has been demonstrated for 32 houses (www.themas.stowa.nl).

atment systems for energy and nutrient recovery
represent a very interesting concept and have
been already applied at some locations (Figures
11 to 14).

Figure 12 -

The SPARC-style sanitation block in Gatwekera village in Kibera, Nairobi, managed by
WKH FRPPXQLW\ ZRPHQ 3KRWRJUDSK FRXUtesy of Rob Clarke, Halcrow/Water and SaQLWDWLRQIRUWKH8UEDQ3RRU 

Figure 13 -

The SPARC-style sanitation block in Gatwekera village in Kibera, Nairobi.

Figure 14 -

The SPARC-style sanitation block in Gatwekera village in Kibera, Nairobi.

For developing countries vacuum collection and
transport systems might technically become too
complex. For highly populated areas, like slumps,
central toilet blocks combined with anaerobic tre-

Figure 11 -

The SPARC-style sanitation block in Gatwekera village in Kibera, Nairobi.
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Biogas production can be enhanced by addition
of kitchen and market wastes. Digested slurry is
rich in nutrients, therefore attractive for agricultural purposes, but special attention should be paid
at handling and or post-treatment of the slurry, as
pathogens are only partially removed during anaerobic treatment.

5.

Concepts with separate urine collection

(Kujawa-Roeleveld & Zeeman, 2006)
Since treatment of the whole wastewater stream is
not an optimal approach leading to maximization
of nutrient recovery and recycling, in some (already
existing) cases urine can be separately collected
and reused for agricultural purposes. Moreover hospitals and elderly houses become more and more
interested in reducing the emissions of hormones
and pharmaceuticals via urine separation. Urine
separation is often considered in combination with
central treatment of the remaining wastewater.
Urine diversion requires a specially constructed
toilet where mixing of urine and faeces is avoided
(WRS 2001). Simple toilets with urine diversion
have been used in parts of China, in Japan and in
other parts of the world for centuries (Winblad &
Simpson-Hébert 2004). The collected urine can
either be used directly in the garden or stored on
site for later collection either as liquid fertiliser
or further processed to a clean fertilizer (STOWA,
2005). Although urine is originally almost sterile,
fecal cross-contamination occurs during its separate collection in the no-mix toilet. The fate of any
enteric pathogens present in urine is crucial for
the risk assessment for transmission of infectious diseases. A proper storage of urine provides
inactivation of pathogenic organisms. The risk for
transmission of infectious diseases by reuse is
dependent on the storage temperature and the
duration of the storage (Höglund 2001). Further
LQDFWLYDWLRQ RI SDWKRJHQV LV H[SHFWHG LQ WKH ÀHOG
and the risk for infection by ingestion of crop will be
reduced during the time between fertilization and
FRQVXPSWLRQ 7KH FKRLFH RI FURS ZLOO VLJQLÀFDQWO\
reduce the risk for infections. Urine collected
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from individual households and used for the household’s own consumption involves less risk than
large-scale systems and is suitable for fertilising
all types of crops if 1 month is allowed between
fertilization and consumption (Höglund 2001).
Using urine directly as fertilizer implies transport
of liquid. This is costly where great distances have
to be covered, typically from densely populated
urban areas to farmland. In some situations urine
would have to compete with animal manure as a
potential recycled fertilizer. Modern and highly
specialized agriculture is very demanding, making
WKH DFFHSWDQFH DQG ÀQDOO\ UHXVH RI XULQH GLIÀFXOW
or undesired. Production of pure nutrients needs
to be developed. Recovery techniques of nutrients
from concentrated urine involve struvite formation
(Lind et al.2000; Ronteltap et al. 2003), ammonia
stripping following absorption, volume reduction
by evaporation, partial freezing or reverse osmosis
(Maurer et al. 2003a, b) or ion exchange (Nguyen &
Tanner 1998). The remaining wastewater mixture,
EURZQZDWHUDQGJUH\ZDWHUFRQWDLQVVLJQLÀFDQWO\
less nutrients.

6.

Conclusions

 Domestic waste (water) should be regarded as
a source of raw materials, such as energy, fertilizer and water, which can be used locally.
 Decentralized sanitation enables local resources utilization while supply and demand can be
aligned.
 Maximal advantage of the reuse potential of
black water can be achieved with collection at
a minimal amount of water. The complexity of
the treatment will highly depend on the possibility to directly reuse treated nutrient rich liquid
streams and sludge.
 Urine separation for recovery and reuse of nutrients can be applied in combination with central treatment of the remaining wastewater.
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