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Abstract

In this paper some effects of separating the urine in a housing district with 160
inhabitants in Stockholm is studied. The urine separation is studied as a
complement to the conventional sewage treatment and the reference system is the
conventional sewage system without urine separation. The simulation results show
that urine separation decreases the water emissions and the eutrophic effect of the
sewage system even though the air emissions of NH3 and NOx somewhat
increase. During storage the indicator organisms died off and the hygienic quality
of the stored urine was, with our present knowledge, considered good.

Keywords : Phosphorus, nitrogen, emissions, simulation, energy, sewage system,
urine separation.

Résumé

Les effets de la séparation de l’urine dans un quartier de Stockholm de 160
habitants ont été étudiés. Cette séparation est étudiée en complément du système
conventionnel de traitement des eaux usées qui demeure le système de référence.
Les résultats de simulation montrent que la séparation de l’urine apporte une
réduction des émissions et de l’effet eutrophisant comparativement au système
conventionnel, bien que les émissions atmosphériques d’NH3 et de NOx
augmentent dans certains cas. Au cours du stockage, les organismes indicateurs
sont détruits et la qualité hygiénique de l’urine stockée peut être considérée
comme acceptable.

Mots-clés : phosphore, azote, émissions, simulation, énergie, système d’eaux
usées, séparation urine.
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1. Introduction

Eutrophication of the sea is a serious problem and Sweden has in several
international treaties agreed to significantly decrease its water emissions of
nitrogen and phosphorus. During the period 1986-1990 treated and untreated
wastewater contributed 40% to the Swedish antropogenic emission of phosphorus
to the sea and 32% to the corresponding emission of nitrogen (SEPA, 1993).
Human urine is estimated to contribute 80% to the nitrogen and between 50% and
60% (depending on the amount of phosphorous detergents used) to the
phosphorus found in ordinary household wastewater (SEPA, 1995), but only
around 1% to its volume.

In pot experiments the plant availability of nitrogen and phosphorous in source
separated human urine has been high (Kirchmann and Pettersson, 1995; Kvarmo,
1998). The concentrations of different heavy metals in the urine have also been
found to be very low (Jönsson et al., 1997).

Toilets have been developed for source separating the urine. These toilets have
the bowl divided into two parts, a front one for collecting the urine and a rear one
for collecting the faecal material.

The objective of this paper is to show important changes in nutrient related
environmental impact and resource usage following introduction of urine
separation. Another objective is to indicate the hygienic quality of stored source
separated urine. Environmental impacts and resource usage associated with
construction and building of sewage systems are small compared to those from the
running phase of the system (Tillman et al., 1996). This paper is limited to the
running phase of the sewage system.

2. Methods

The flows of important substances through the sewage system was modelled and
simulated with the model  ORWARE (ORganic WAste REsearch simulation model)
(Dalemo et al., 1997; Sonesson et al., 1997). In ORWARE, organic waste and
wastewater flows are described with 43-position vectors, quantifying substances
which influence treatment processes, give environmental impact or have a value.
ORWARE has a hierarchic structure and consists of a collection of submodels
describing different treatment processes. Submodels have been developed for
waste collection and transport, sewage treatment plant, landfill and residual
product transport and spreading.
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2.1. Studied system

The consequences of introducing urine separation as a complementary function of
the sewage system of  the Understenshöjden eco-village (44 apartments, 160
inhabitants) were studied. Measurement data from this village (Jönsson et al.,
1997) were used for urine separation efficiency, urine analysis and flush water
usage. However, while Understenshöjden treats all its wastewater, except the
source separated urine, in a small sewage treatment plant of its own, the
wastewater is in this study assumed to be treated by the conventional sewage
system of Stockholm. In this system the active sludge process is used to remove
organic matter (BOD), chemical precipitation to remove phosphorus and the
nitrification, denitrification processes to remove nitrogen from the wastewater. The
sludge is anaerobically digested, dewatered and part of it is spread as a fertiliser
on arable land while the rest is landfilled. The percentage of the sludge used as a
fertiliser varies between the years. In this study 50% of the sludge was assumed to
be used as a fertiliser and 50%  to be landfilled.

2.2. Scenarios

The consequences of introducing urine separation was studied by comparing two
scenarios :

Reference scenario : Ordinary toilets are used and all the wastewater from
Understenshöjden is sent to and treated by the sewage system of Stockholm.

Urine separation scenario : The human urine is source separated. The remaining
wastewater is sent to and treated by the sewage system of Stockholm.

2.3. Submodels

The parameters and structure of the ORWARE model has previously been
adjusted so that the waste and wastewater systems of Stockholm are well
modelled (Bjuggren et al., 1998). Those parameter values and submodels were
used in this study for the sewage treatment plant, the landfill and the wastewater
pipe transport and the sludge truck transport and spreading. New models were
developed for the urine pipe transport, urine collection tank, urine truck transport,
urine storage and urine spreading. In these new models the ammonia emission
with the ventilation air leaving the system was calculated, since these were of
special concern in the study. For all these submodels, except emission after
spreading urine, the calculation of the emission was done from the calculated
ammonia content of the air above the urine solution and the assumed ventilation
rate of that part of the system.

The calculations of the ammonia content in the ventilation air was done using
equations from Svensson (1993).
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3. Results

Product Total nitrogen
g/person, year

Plant available1 nitrogen
g/person, year

Phosphorus
g/person, year

Urine 1788 1356 153
Recycled sludge -44 -19 -71
Chemical fertiliser -1338 -1338 -82
1 Calculated as 80% of the ammonium nitrogen plus 30% of the organic nitrogen.

Table 1.
Effects of urine separation system, compared to reference system, on the amounts

of plant nutrients recycled to agriculture and the amount of chemical fertilisers
needed for the same fertilising effect in the scenarios

3.1. Energy

The urine separating toilets only use a small amount of water, 0.1 litres, for flushing
away the urine. Furthermore, this flush water is, together with the urine, collected
and spread on cereal fields. Thus, the amount of wastewater entering the sewage
system is decreased by approximately 14 litres per person and day. The decreased
amount of wastewater means that less energy is needed for pumping and treating
the wastewater (Table 2).

The collected urine solution is transported 35 km to a farm where it is stored and
later spread. Fairly large amounts of energy are needed for these operations
(Table 2). Thus, for the foreground system the energy balance is slightly better for
the reference scenario. However, in the urine separating system chemical fertilisers
are replaced by urine solution. Thus, when the background system, the production
of electricity, fuels and chemical fertilisers, is taken into account, the urine
separating system uses less primary energy than the reference system (Table 2).

Submodel Energy usage
MJ/person, year

Primary energy usage1 MJ/person,
year

Sewage pipes and plant (electricity) -20 -56
Sewage plant (heat) -3 -4
Urine transport and spreading (diesel) 35 39
Sum foreground2 system 12 -21
Chemical fertiliser3 -64 -71
Sum fore- and background system -51 -92
1 These figures include production in the background system of the electricity and the fuels used. Electrical power
generation from oil is assumed and for this a factor of 2.87 (Vattenfall, 1996) is used. This includes the production of
the oil (factor 1.12). The factor 1.12  is also used for the production of diesel and oil. Oil is used for the production of
heat for which an efficiency of 90% is assumed.
2 The electricity and fuel production energies shown as usage of primary energy carriers are part of the background
system.
3 Energy usage according to Patyk (1996).

Table 2.
Usage of energy and primary energy carriers by the urine separating system

relative to the reference system



255

3.2. Water emissions

In the urine separating system the load on the sewage plant is decreased with
respect to nitrogen, phosphorus and wastewater volume. However, since the
sewage treatment, which functions well, would remove almost all of the
phosphorus anyway, the effect on phosphorus emission to the recipient is small
(Table 3) compared with the amount of phosphorus separated with the urine (Table
1). The load reduction is far greater for nitrogen and the removal efficiency of the
sewage treatment is lower. Therefore, the decrease of the nitrogen emission to
water is approximately 100 times greater for nitrogen than for phosphorus.

Submodel Nitrogen
g/person, year

Phosphorus
g/person, year

Sewage treatment plant -663 -7

Table 3.
Water emissions of phosphorus and nitrogen by the urine separating system

relative to the reference system

3.3. Air emissions

The simulated emissions of ammonia for the whole system except the spreading of
the urine proved to be very small. Only 0.02% (Table 4) of the nitrogen of the urine
is lost as ammonia before spreading. The ammonia emission following the
spreading operation is by far the greatest ammonia emission of the whole system.

The other nitrogen emission of large environmental concern is NOx. It is produced
by the internal combustion engines used for transporting the urine (Table 4). In the
background system the NOx emissions are reduced since less electricity and less
chemical fertilisers are used. Still however, urine separation leads to a net increase
in the emission of NOx as well as of NH3 (Table 4).
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Subsystem Ventilation
ratio

NH3 pressure
ratio

NH3-N emission
g/person, year

NOx–N emission
g/person, year

Urine pipe 2 0.5 0,06 -
Collection tank 10 0.25 0,14 -
Truck transport 1 1 0,06 16
Storage tank 1 0.75 0,10 -
Urine spreading - - 107 2
Sum foreground system - - 107 18
Chemical fertiliser and
electricity production1,2

- - -6 -7

Sum foreground and
background system

102 11

1 Data from Patyk (1996).
2 Data for oil power generation (Vattenfall, 1996).

Table 4.
Air emissions of NH3-N and NOx-N by the urine separating system relative to the

reference system. The ventilation is expressed as the ratio between  the flow of air
divided by the flow of urine flush water solution. The NH3 pressure ratio is the ratio

between actual and equilibrium pressure of NH3  in the gas

3.4 Hygienic quality

After four months of storage the concentrations of  coliforms, faecal streptococci
and E. Coli were below detection level (10 cfu/ml) (Table 5). The results of the
hygienic measurements are reported in full detail in Höglund et al. (1998b).

Indicator organism Storage
days

Surface
cfu/ml

Middle
cfu/ml

Bottom + 5
cm

cfu/ml

Bottom
cfu/ml

E. coli <10 cfu/ml at every anaylsis
Coliforms 0 250 82 <10 300

126 <10 <10 <10 <10
Faecal streprococci 0 2400 1600 610 9500

126 <10 <10 <10 <10
Clostridia 0 64 68 97 610

126 15 59 88 290
Table 5.

Effect of storage on concentrations of indicator organisms found in source
separated urine at different levels in the collection (day 0)

and storage tank (day 126)

For the urine separation scenario the air emissions are larger, both of NOx and of
NH3. In some situations both these substances can cause acidification and
eutrophication. The potential eutrophic effect is also affected by the water
emissions. The potential eutrophic effect of the two scenarios are compared in
Table 6. As can be seen the effect due to increased air emissions is small
compared to that of decreased water emissions. Thus, the net effect is a clear
decrease. However, the emission of nutrients were not included in the system. If
these increase the net decrease will be smaller.
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Subsystem Emission
g/person, year

Weighing factor1 Eutrophic effect
kg O2/person, year

Water emissions
Total nitrogen -663 20 -13,3
Phosphorus -7 140 -1,0
Air emissions
NH3-N 102 20 2,0
NOx-N 11 20 0,2
Total eutrophic effect -12,0
1 Nord (1995).

Table 6.
Potential eutrophic effect of the urine separating scenario compared

to the reference scenario

The measurements from the storage tank confirmed the results of survival
experiments in the laboratory (Höglund et al., 1998 a; Olsson, 1995). These have
shown that at ordinary storage conditions E. Coli and coliforms die off fast, faecal
streptocicci die off within 3-6 months and clostridia is hardly affected at all. So far
no bacteria, excluding clostridia spores, have been found to survive longer than
faecal streptococci. Thus, our tentative recommendation in Sweden is to store the
urine for six months before using it as a fertiliser. After this storage we, with our
presently knowledge, consider its hygienic quality good.

4. Conclusions

4.1. Even where wastewater treatment is efficient and well functioning, as in
Stockholm, the results show that urine separation leads to decreased eutrophic
effect. In places where the sewage treatment is not as efficient as in Stockholm, for
example in many rural settlements, the positive effect of urine separation would be
greater. This effect is due to a large reduction in water emissions from the sewage
system. The air emissions somewhat increase. However, the net effect is a clear
reduction in the potentially eutrophic effect.

4.2. Source separating urine and reusing it as fertiliser proved more energy
efficient than removing the nitrogen from the wastewater in the sewage plant
combined with production of plant available nitrogen in a fertiliser plant. For the
usage of primary energy the value of the urine as a fertiliser and the saved
electricity (assumed to be produced by oil power) in the sewage system were
approximately equally important. If however the saved electricity is assumed to be
produced by hydropower, the importance of the saved electricity on the usage of
primary energy carriers is greatly reduced.

4.3. Source separated urine is very suitable as a fertiliser. This study indicates, as
is more fully discussed in Höglund et al. (1998a, 1998b), that the hygienic quality of
source separated urine is good after being stored for six months. Other studies
have also shown that the concentrations of heavy metals are low (Jönsson et al.,
1996) and that the plant availability of the nutrients is high (Kirchmann &
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Pettersson, 1995; Kvarmo, 1998). Thus source separated urine is well suited to be
used as a fertiliser in agriculture.
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