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Abstract 

In order to assess the environmental impacts of different water management options in urban 
areas, a decision support system (DSS) was developed. The DSS is based upon a Material 
Flow Analysis (MFA) of the technical system and a set of environmental indicators. With the 
help of this tool, two scenarios for the conventional wastewater treatment and two ecosan sce-
narios for the city of Berlin are assessed and discussed.  

Introduction 

Traditionally, wastewater systems had been designed and assessed according to their ability to 
fulfil specific, water-related tasks such as ensuring a reliable urban drainage system or the effi-
cient protection of the receiving waters. However, for the development of sustainable wastew a-
ter concepts, the prediction of additional environmental impacts, of social and economic aspects 
must be integrated into the decision-making process. But even an integrated assessment of all 
the environmental impacts remains a complex task without the support of appropriate methods 
for the determination and a set of indicators for the quantificat ion of those impacts. 

Mostly, wastewater treatment plants (WWTPs) have been assessed using MFA (e.g. Dennison 
1998, Jeppsson and Hellström, 2002). However, in only a few cases that method has been 
used for strategic planning or decision-making processes on a local or regional level. Most of 
the investigations were focused on the comparison of specific technologies and the determina-
tion of the best alternative for one single site, not necessarily being the optimal solution for the 
whole region. Therefore, a methodology for the assessment of water management strategies on 
a regional level was developed. From that perspective, all the benefits as well as the negative 
effects of water management strategies may be included in the comparative assessment of di f-
ferent alternatives. 

To measure progress towards sustainability, various indicator concepts for the evaluation and 
comparison of water systems have been proposed (e.g. Lundin et al., 1999; Balkema et al., 
2001; Raval et al., 2001). For the assessment of the ecological aspect of sustainability, the pro-
tection of natural resources and the minimization of enviro nmental impacts (e.g. Daly 1990) are 
two important goals that are reflected in the indicator systems. 
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Methods 

A generally applicable concept for a DSS was developed, consisting of MFA as a method for 
the simulation of environmental impacts caused by different water management strategies. 
Those local, regional and global impacts are quantified with a set of environmental indicators. 
The assessment of the current wastewater system in Berlin and three alternative scenarios was 
carried out to demonstrate the concept. 

Material flow analysis 

A material flow model for the technical constituents of the drinking water and wastewater sy s-
tem in Berlin was used. The model comprises the waterworks, the water distribution system, the 
sewerage system and the WWTPs (primary system, see fig.1) and is based on data supplied by 
the Berliner Wasser Betriebe (BWB, Berlin Water Company). In addition, the environmental i m-
pacts of relevant processes that are connected to water management systems (e.g. supply of 
raw and process materials, sewage sludge disposal) were integrated into the model (extended 
system, see fig.1). The material flow model was realized with the software UMBERTO , a 
widely used tool for environmental management and Life Cycle Assessment (LCA) studies. The 
model is extended successively to different water treatment technologies (e.g. for drinking water 
production, wastewater treatment, sewage sludge treatment, storm water management, dece n-
tralized sanitation). The input flows and output flows of the system were calculated with that 
model and transformed into the values for the environmental indicators. 

Figure 1: System boundaries 

Indicators 

Appropriate indicators for urban water supply and wastewater systems were to be a reflection of 
the current ecological problems related to water (OECD, 2000; Walz et al., 1997). In an interdi s-
ciplinary research group, the indicators for the assessment of the technical constituents of urban 
water management listed in tab.1 were developed together with indicators for groundwater, sur-
face waters and land use (Weigert and Steinberg, 2002). Some of the indicators were adopted 
from the impact assessment of LCA (ISO 14040-43). In water management, suitable indicators 
must reflect specific local (e.g. emissions into surface waters and soil, consumption of local wa-
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ter resources etc.) and site-dependent environmental problems (Hügel 2000). Moreover, pra g-
matic reasons, above all the availability of data, influenced the  choice of indicators. So the in-
formation from environmental management systems of water companies was used. The famili-
arity of decision-makers in water management with parameters that have legislative relevance 
was also taken into account. Thus, emissions  into water were aggregated to the so-called 
“damage units” of the German Wastewater Charges Act for discharges into surface waters. In a 
similar way, the aggregation method for the indicator “emissions into soil” refers to the thres h-
olds of the German regulation on sewage sludge recovery. Although those aggregation met h-
ods do not follow the ISO 14040 ff. guidelines, they were preferred for their higher practical 
relevance. 

The results for the indicators may be expressed as absolute values with regard to the area un-
der investigation, but the presentation as values per capita and year was preferred. That pe r-
spective draws the attention to the consumer as the beneficiary of water related services and 
the source of environmental impacts. 

Specific water consumption per capita and year 

Emissions into surface waters (nutrients, hazardous substances, oxygen-depleting sub-
stances) 

Emissions to air 

Emissions to soil 

Recycling rate (e.g. nutrients, special waste fractions) 

Consumption of finite resources 

CO2-Equivalents 

Solid wastes 

Table 1: Environmental indicators for water management systems 

Scenarios 

The DSS intended for application to urban areas in general was tested with scenarios for the 
specific situation in Berlin: 

1. Current situation 

Scenario 1 is based on the existing wastewater system in Berlin and reflects the predicted in-
crease to 250.3 million m³/year of wastewater in 2010 (4.106 million inhabitants) that is treated 
in nine WWTPs with nitrogen and phosphorus removal. 34 % of the produced sewage sludge is 
incinerated, the rest is digested, treated in composting plants and spread on arable land.  

2. Microfiltration of tertiary effluents 

In scenario 2 further treatment of the effluent through microfiltration is introduced in all WWTPs, 
resulting in a reduction of phosphate (90%) and COD (15%) loads to surface waters. Sewage 
sludge is incinerated or dried and treated in a waste gasification plant where methyl alcohol is 
produced. 

3. Source separation of urine and faeces with vacuum toilets 

For this scenario, the introduction of a source separation system in 100% of the households in 
the urban area of Berlin is assumed. Through vacuum toilets, urine and faeces mixed with flush 
water are collected separately and treated together with biodegradable solid waste in biogas 
reactors. The residue is spread as fertilizer on arable land. As a result of the vacuum system 
and other water saving measures, wastewater flow decreases to 183.3 million m³/year and the 
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number of WWTPs is reduced to five. As in scenario 2, the remaini ng sewage sludge is inciner-
ated or used for methyl alcohol production.  

4. Urine separation 

Lowly diluted urine is collected separately, assuming the installation of urine separating toilets in 
100% of the households. Urine separation efficiency is expected to  be 70%. The remaining 30% 
are collected together with faecal matter in the rear bowl and mixed with other wastewater fra c-
tions in the sewerage system. Six WWTPs receive 204.6 million m³ wastewater annually. Se w-
age sludge is treated as in scenario 2 and 3, while the diluted urine is used as fertilizer. 

Results 

The design of the scenarios was influenced by the dominating environmental problem in Berlin 
connected to the wastewater system, the emission of nutrients into the surface waters. Mor e-
over, recycling of nutrients and reducing the flow of contaminants into the soil were to be 
achieved at the same time. Therefore the lower emissions of P and N in all the progressive sc e-
narios compared to the scenario based upon the current situation (see fig.2) could to some ex-
tend be predicted. Phosphorus emissions were reduced in the scenarios with the microfiltr ation 
stage at the WWTP and with the vacuum system for the separate collection by an order of 
magnitude, whereas the reduction in the urine separation scenario  is less pronounced. Microfil-
tration has little effect on the emissions of nitrogen, as in contrast to phosphorus most of the 
nitrogen in the effluent cannot be separated in particulate form. Here source separation tec h-
nologies show clear advantages over end-of-the-pipe technologies. 

Figure 2: Emissions of P total and N total into surface waters  

As a consequence, the proportion of phosphorus and nitrogen in wastewater that is spread on 
arable land and thus recycled is highest in the scenario with the vacuum toilets, since up to 
100% of urine and faeces can be collected. Under the current practice, with a major part of 
sewage sludge from the WWTPs being composted and reused in agriculture, about half of the 
phosphorus input is recycled, but – because of the losses to the atmosphere in the denitrifica-
tion tank and with the effluent - only 10% of nitrogen. More than 50% of nitrogen may be co l-
lected with the separated urine, but less phosphorus than in the existing system. Because of 
sewage sludge incineration, a ll nutrients are lost in the microfiltration scenario. 
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Even for the high nutrient recycling rates of source separation systems, the percentage of mi n-
eral fertilizer that may be substituted with nutrients from domestic wastewater in Germany is 
relatively small. It is estimated that the use of mineral fertilizer may be reduced by a maximum 
of 20% for nitrogen (ATV-DVWK, 2002) and 20% for phosphorus fertilizer (Grangler et al., 
2002). 

Figure 3: Flows of recycled N and P in relation to total input flows  

Nutrient recycling rates in the conventional wastewater system are mainly influenced by the way 
sewage sludge is treated. A major disadvantage of the spreading of sewage sludge becomes 
visible in fig.4: together with the nutrients, contaminants like organic halo genated compounds 
(AOX) and heavy metals are brought back into the food chain. On the other hand, the inciner a-
tion of sewage sludge (microfiltration scenario) makes nutrient recycling impossible. That d i-
lemma of conventional wastewater systems is less severe in the source separation scenario 
with vacuum toilets, with emissions depending only from the pollutant load in human excr etions, 
and almost negligible in the urine separation scenario. 

In order to evaluate the possible risk for contamination of soil and groundwater by applying hu-
man excrements as fertilizer, a thorough investigation of the material flows of single su bstances 
is necessary (see tab.2). Whereas through the spreading of separated urine on cultivated land, 
only a small fraction of the current heavy metal flows is brought back into the food chain, the 
flow of AOX reaches almost 30% of the existing system. For the vacuum system scenario, the 
heavy metal flows into the soil, though clearly lower than in the existing system, may eventually 
cause problematic concentrations in the long perspective. 

93%

56%
49%

0%
10%

0%

33%

82%

0%

20%

40%

60%

80%

100%

current
situation

microfiltration vacuum
system

urine
separation

N

P



2nd international symposium on ecological sanitation, april 2003 

 738 Mühleck 

 

S
essio

n
 H

 

Figure 4: Critical amount of soil to which the emissions of contaminants would have to be applied for 
concentrations to fall below the limit values of the German sewage sludge regulation  

 
 Vacuum system scenario Urine separation scenario 

AOX 41.8% 29.6% 

Cd 21.3% 1.6% 

Cr 26.6% 2.8% 

Cu 13.6% 0.8% 

Ni 13.4% 0.7% 

Pb 1.9% 0.7% 

Zn 42.1% 1.8% 

Table 2: Contaminant flows into the soil for the source separ ation scenarios in relation to flows for the 
current wastewater system  

The contributions of wastewater systems to the global environmental pro blems emission of 
greenhouse gas emissions (as CO2 equivalents, see fig.5) were investigated. If only the emi s-
sions for the operation of the primary system (waterworks and WWTPs) and the transport of the 
residues are calculated, there are clear disadvantages for the vacuum system scenario. In this 
case, the vacuum toilet scenario is dominated by the high emissions caused by the transport of 
liquid fertilizer from digestion in the biogas plant to use in agriculture. The relatively high dilution 
of mixed urine and faeces with flush water in the vacuum toilets increases the transport volume 
compared to the relatively low diluted urine collected in the fourth scenario. The emissions of 
the remaining scenarios are in the same range, with slightly higher values for the microfiltration 
scenario. 

If the credits for the production of methyl alcohol and – above all – for the substitution of com-
mercial fertilizer are also considered, the resulting net emissions lead to a different ranking: 
greenhouse gas emissions are lowest for the urine separation system, the vacuum system 
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shows only slightly higher emissions than the existing system, and emission are highest in the 
microfiltration scenario. Although the importance of the indicator “emission of CO 2 equivalents” 
for the assessment of wastewater systems is not to be overrated (in Berlin, the entire system of 
water supply and wastewater disposal accounts for less than 1% of total ener gy consumption 
per capita and year), the information about the impact of transports should not be overlooked. 
Apart from the negative effect of CO2 emissions, this result points to the fact that the transport of 
the residue by truck might also be a problem from an economic point of view and contribute to 
the already high traffic volume in Berlin and similar urban areas. Optimisation potentials of 
source separation concepts clearly lie in the transport of human excrements to farmland. Poss i-
ble approaches might be the investigation of the use of alternative transport systems, further 
reduction of flush water volume, the development of concentration techniques or the extraction 
of nutrients, e.g. through crystallization (Lind et al., 2000). 

Figure 5: Emission of greenhouse gases (net values are given, taking into account the credits for ferti l-
izer substitution and methyl alcohol production) 

Conclusion 

With source separation concepts it is possible to reduce emissions of nutrients to surface wa-
ters and recycle a significant percentage of those nutrients at the same time without the rela-
tively high input of contaminants that is caused by agricultural use of sewage sludge from co n-
ventional systems. Taking into account the substitution of commercial fertilizer, even energy use 
and greenhouse gas emissions do not exceed those of conventional wastewater treatment, 
though the high transport volume of the separated and partly diluted human excretions may 
cause additional problems. 

Regional MFAs contribute useful information to an integrated evaluation approach and may 
support decision-making in water management. Weaknesses of specific technologies may be 
identified and inspire the optimization of urban wastewater systems. The final decision on the 
optimal wastewater system for a specific region depends on the priorities of the decision-
makers, on local conditions etc. To assess the relative importance of the indicators, reasonable 
weighting and normalisation is required as demonstrated in the case of the energy -consumption 
and greenhouse gas emissions. Less than 1% of the total energy -consumption and emissions 
of CO2 equivalents per capita and year can be attributed to water supply and wastewater trea t-
ment, therefore the increased energy-demand in the progressive scenarios should not be attrib-

-40

-20

0

20

40

60

80

100

kg
 C

O
2 

eq
u

iv
al

en
ts

/c
ap

*y
ea

r transport

operation
water supply
and WWTP

methanol
production

fertilizer
substitution

urine 
separationvacuum system

micro-
filtration

current 
situation

65.9
55.9 40.6

58.8



2nd international symposium on ecological sanitation, april 2003 

 740 Mühleck 

 

S
essio

n
 H

 

uted the same relevance as, for example, the impacts on the aquatic environment.  
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Abstract 

The Bellagio principles underpin the basis for a new approach to sustainable sanitation where 
human excreta and other societal wastes (solid and liquid) are recycled and us ed as a resource.  
There are two main concepts emanating from the Bellagio principles, which make the basis of 
this paper.  Firstly, the Household Centred Environmental Sanitation (HCES) which puts the 
household at the focal point of environmental sanitation planning and; secondly, the Circular 
System of Resource Management (CSRM) that emphasises conservation, local recycling and 
reuse of resources.  Recycling of Phosphorus (P) (one the three macro-nutrients in plant 
growth) in urban or peri-urban ecological agriculture (without synthetic fertilisers) is used to as-
sess the feasibility of these concepts.  A phosphorus calculator is established, based on studies 
of monthly P-fluxes and stocks in a high-density suburb in Harare, Zimbabwe where agriculture 
is already a major activity.  The P-calculator is a model based on Stella, a systems analysis 
software developed by High Performance Systems Inc.  The calculator can be used as a pla n-
ning and decision-making tool for closing the P-cycle within urban ecosystems.  It also provides 
the means to simulate and evaluate different scenarios in linking household waste P-fluxes to 
agricultural P-requirements. 

Introduction 

Implementation of the Household Centred Environmental Sanitation (HCES) and Circular Sy s-
tem of Resource Management (CSRM) approaches for environmental sanitation as proposed in 
the Bellagio (Italy) principles requires integration between excreta disposal, wastewater di s-
posal, solid waste disposal, and storm water drainage (SANDEC and WSSCC, 2000).  Firstly, 
the HCES makes the household the focal point of environmental sanitation planning, reversing 
the customary order of centralised top-down planning.  The approach argues that only problems 
not manageable at the household level should be “exported” to the neighbourhood, town, and 
city and so on up to larger jurisdiction.  Secondly, the CSRM, in contrast to the current linear 
system, emphasises conservation, recycling and reuse of resources (Schertenleib and Gujer, 
2000).  Many water supply and sanitation problems would be resolved by a new paradigm, 
which places all aspects of water and waste within one integrated service delivery framework 
(Gumbo, 2000; Larsen a. Gujer, ‘97; Niemcynowicz, ‘97).  
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The principal nutrients (Phosphorus and Nitrogen) flow in a circular, closed loop system in na-
ture, but human activities use and dispose nutrients in a linear, open-ended system.  The dan-
ger is that once one closed loop system is opened, it may force open other closed loop systems 
elsewhere in the ecosystem.  Short -cutting or closing P-cycles in the urban environment is 
closely related to closing of water cycles.  New solutions in terms of ecological sanitation for 
sustainable cities (green or eco-cities) of the future are perceived to be source orientated, non-
mixing, ecologically sound, closed loop systems, local and small scale (Otterpohl et al, 1997; 
Roelofs, 1996; Beck et al., 1994).  Since cities need to close the open loop of limited resources 
such as P, urban agriculture seems to be an option in closing the open loop by reusing and 
transforming the by-products of human metabolism especially, which, usually are dumped as 
polluting waste into the bio-region (Smit and Nasr, 1992). 

Closing the P-cycle in urban environments calls for holistic approach which is based on some 
form of computational framework.  The P-calculator described here is one such tool that can be 
used to ensure that the ecological sanitation paradigm fits in the puzzle of the natural cycling of 
plant nutrients like P, so as to avoid creation of negative impacts on receiving media. 

Methods 

Using a systems thinking approach and material flow accounting the calculator is used to co m-
pute the P-fluxes and stocks between two subsystems the "household" (consumption and 
excretion) and "agriculture" (soil-plant interaction) (Figure 1).  Systems analysis and material 
flow accounting present attractive tools in desegregating the complex web of cycles, stocks and 
flows.  The tracking of the flow of materials and products through society and the environment is 
an activity of increasing prominence and consequence throughout the world.  Material Flow Ac-
counting (MFA) is the investigation of the physical flows of materials, typically on a geographic 
basis.  MFA can help us understand how changes in land use, industrialisation, consumption 
and population affect the cycles of elements or chemicals of concern in a watershed.  It pr o-
vides a means of taking a comprehensive rather than an ad hoc view of the drivers and source 
of substances (Baccini and Brunner, 1991; Wackernagel and Rees, 1996; Ayres and Ayres 
1998). 

P-fluxes based on characterisation of input goods, processes, transformation, output fluxes and 
storage were established through measurement, field surveys and using literature values.  The 
micro study catchment area of 6.5 (km)2 has an estimated population of about 100 000.  There 
are 9 400 residential stands which translates to an average occupancy per stand of 10.6 pe o-
ple.  In total urban agriculture extends over an area of about 2.9 (km) 2 i.e. both on-plot and off-
plot.  P inflows into the “household” subsystem (mainly to do with the activities “to nourish and 
clean”) was established through mapping of monthly diet and detergent and soap usage of the 
inhabitants based on a national nutrition survey and a local solid waste study.  The dynamics of 
urban agriculture were also monitored for a period of two years documenting the amount of fe r-
tiliser and manure imported, the crop yields (as maize) and the quantity of phosphorus (both 
labile and non-labile) present in the soil after the harvest.  Since the transport and transforma-
tion of P in a region is dependent on the water cycle, a water flux balance was also established 
for the study area.  

Equations describing the various processes and transformations were develo ped from meas-
ured and collected data and then applied in Stella version 5, a software by High Performance 
Systems Inc (http://www.hps-inc.com).  For simplicity the Stella model is desegregated into four 
compartments, namely the rainfall water balance, muni cipal water balance, household P-
balance and agricultural P-balance.  The list of principal equations used in the model is indi-
cated in Box 1 to 4 together with the description of the various symbols in  Box 5.  
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Figure 1: P-fluxes analysed in the household  and agricultural subsystems 

Box 1: Rainfall water balance (mm/month) 
Symbol Description Equation 

R rainfall Input data 

I interception (de Groen, 2002) 















 −
−=

ß
D

exp1RI mm
 

T transpiration ( )mmm IRBT −=  

Reff effective rainfall )I(RR mmm eff, −=  

Qs surface runoff 
meff,oms, RCQ ×=  

Qg groundwater flow 

?
S

Q mg,
mg, =  

dt

dSg
 

ground water stock variation 

mg,meff,0
mg, Q)RC(1

dt

dS
−−=  

 

Box 2: Municipal water balance (mm/month) 
Symbol Description Equation 

W municipal water supply normalised to the catch-
ment area Input data 

W i municipal water used for garden irrigation 
mmi, 0.2WW =  

Wg grey water generated from the household activi-
ties related to nourishing and cleaning (kitchen, 
bathroom and laundry) 

mlaunrdykitchenbathingmg, )W0.150.1(0.25W ++=  

Wb black water generated from household activity 
related to toilet flushing mmb, 0.3WW =  

Wy yellow water or urine related to human waste e x-
cretion )(30y

A
0.77H

W daymy, =  
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Box 2: Municipal water balance (mm/month) 
Symbol Description Equation 

Wms municipal sewage water, a combination of yellow, 
black, and proportion of grey and storm water 
conveyed through a pipe to a sewage treatment 
plant (Wyb is the sum of black and yellow water) 

ms,mg,myb,mms, Qf WWW ϕ++=  

 

Box 3: P balance household subsystem (kg/month) 
Symbol Description Equation 

Pfb food and beverage P-flux reaching the household 
subsystem per month n

n

1n
mn,mfb, s*FHP ∑

=

=  

Psd soap and detergent P -flux used in the household 
subsystem per month Psd = N[(Mσ)soap + [(Mσ)detergent] 

Pg grey water P-flux emanating from the household 
activities related to nourishing and cleaning 
(kitchen, bathroom and laundry) 

gmg,mg, sWP =  

Py yellow water P -flux derived from of urine excretion  
ymy,my, sWP =  

Pms municipal sewage P-flux arising from a combina-
tion of yellow, black, and proportion of grey and 
storm water conveyed through a pipe to a sewage 
treatment plant 

msmms,mms, sWP =  

Pb black water P-flux emanating from toilet flushing 
of human faecal material smmy,mg,mms,mb, )sQ(Pf PPP ϕ−−−=  

Psw solid waste P-flux derived from household activ i-
ties and local vegetation growth and die -off swmmsw, Hs?P =  

 

Box 4: P balance agricultural subsystem (kg/month)  
Symbol Description Equation 

Pmf mineral P-based fertiliser applied on land per 
month mfmmf,mmf, s?MP =  

Pma manure P-flux imported into the catchment per 
month mamma,mma, sMP =  

Pcsw composted solid waste P -flux applied on agricul-
tural land per month swmmcsw, Hs0.15?P =  

Pwdd wet and dry deposition P -flux due to atmospheric 
fallout per month 

A?P mmwdd, =  

Pgwi grey water P-flux arising from grey water irrigation 
on on-plot agricultural land mg,mgwi, f )P(1P −=  

Psr surface runoff P-flux 
cms,srmsr, AQsP =  

Psl soil loss P-flux arising from soil erosion 

10000
A

0.005QP c
ms,msl, =  

Ple leaching P-flux due to percolation and groundwa-
ter flow mg,lemle, QsP =  

Pbm biomass P-flux uptake i.e. amount of P absorbed 
by the straw in a month relative depending on the 
amount of biomass produced during the growth of 
the crop 

mbm,
bmpotential,

bmc
mbm, X

Y
YA

P =  
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Box 4: P balance agricultural subsystem (kg/month)  
Symbol Description Equation 

Pha economic produce P -flux per month incorporated 
into the harvested portion of the crop during 
growth and finally transported from the agricultural 
subsystem to the household subsystem 

mY,
Ypotential,

Yc
mha, X

Y
YA

P =  

Pnu plant uptake P -flux depending on the total bio-
mass production for a particular economic pro-
duce yield 

mbm,mha,mnu, PPP +=  

Pal atmospheric loading, P-flux arising from activities 
in the agricultural subsystem and other leading to 
atmospheric contamination 

A?P mmal, =  

Pss soil storage, P calculated using either the total 
phosphorus or the available phosphorus concen-
tration in the top 200mm soil layer (plow layer) for 
soil fraction with particles less than 2mm in size  

2mmbssss V?sP 〈=  

 

Box 5: Definition of symbols used 
Symbol Description Unit 

β Mean rainfall on a rain day and scale parameter of exponential distrib ution differ-
ence 

mm/day 

ϕ fraction of storm water which enters the foul sewer system and is conveyed in a 
pipe as municipal sewage 

- 

φ fraction of grey water which enters the foul sewer system and is conveyed in a pipe 
as municipal sewage 

- 

σ phosphorus content in a material expressed as a ratio kg/kg or m3 

λ quantity of organic and biodegradable waste generated per capita per month kg/month 

κ soil permeability parameter month 

χ quantity of phosphorus delivered to the atmosphere normalised to the catchment kg/m2.month 

ζ quantity of phosphorus delivered from the atmosphere normalised to the catchment kg/m2.month 

A area of catchment m2 
Ac total area under cultivation m2 
B slope of relation between monthly effective rainfall and monthly transpiration - 
Co surface runoff coefficient based on land used and amount of effective rainfall  - 
D daily interception threshold mm/day 
F quantity of food and beverage per food group consumed per capita per month kg/cap.month 
H human population appropriately divided into two groupings - 
m during month 1/month 
N number of households in the study micro-catchment  

θ proportion of commercial fertiliser applied as compound D (8:14:7; Nitrogen, Phos-
phorus, Potassium) per month 

- 

Sg groundwater storage mm 

ρ density or (ρb) bulk density m3/kg 

M mass of P-bearing material per month kg/month 
V volume m3 
X specific quantity of P absorbed per month for a particular crop and either stored in 

the straw or the economic produce i.e. XY,m or Xbm,m  
kg/month 

Y yield of economic produce or straw at harvest time i.e. YY or Ybm per unit area kg/m2 
y volume of yellow water excreted by an adult human being per day m3/day 
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Results 

Monthly P-fluxes and stocks for the two subsystems including the water flux for the area are 
computed instantaneously by the P-calculator.  Figures 2 depict the stocks, flows and convert-
ers of the agricultural P-balance compartment in Stella as an example.  The output from the 
Stella model can easily be transferred to a spreadsheet for further statistica l analysis.  By sum-
ming the monthly P-fluxes and stocks the annual P-flux and stock diagrams can also be created 
for the two subsystems.  Figure 3 summarises in graphical form the output from the P -
calculator.  Only the main fluxes are shown for each compartment.  Table 1 provides a sum-
mary of the annual P-fluxes for the micro-study area. 

Figure 2: Stocks, flows and converters for the agricultural P -balance in Stella 

Conclusions 

The calculator indicates that total diversion of P in sewage onto the land unde r agriculture trans-
lates to an annual application rate of about 160 kg/ha.a compared to a recommended fertiliser 
application rate of 42 kg/ha.a as P, for maize production in Zimbabwe (Table 1).  Whilst  
partial diversion of the waste flux in the form of source separated human urine or yellow water 
(103 kg/ha.a) can also sustain agricultural activities in terms of P alone thereby enabling the 
closing of the P-cycle at household and neighbourhood scale through ecological agriculture.  
However the recommended P-application rate for commercial farms in Zimbabwe is quite high 
compared to the maize crop requirement, which is about 14kg/ha as P.  Excessive P applic a-
tions are undesirable as P is quickly immobilised and accumulates in the soil and becomes a 
source of non-point pollution.  The price for compound D fertiliser or “maizefert” in Zimbabwe is 
about US$0.50 per kg implying that in economic terms the urine so diverted and stored has an 
approximate economic value as P of US$104 000.00 per annum.  



2nd international symposium on ecological sanitation, april 2003 

Gumbo  747 

S
es

si
o

n
 H

 

0
500

1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500

J F M A M J J A S O N D

Month

kg
/m

o
n

th

Food & beverage Blackwater Yellow water

Municipal sewage Solid waste
 

Figure 3a: Monthly variation of the household P-flux balance 
 

 
Soil fertility tests done after the harvesting period indicate a deficiency of  available P in the plow 
layer for maize production.  An average value of 10 mg/kg was obtained using the resin extra c-
tion method as compared to the recommended concentration of 30 mg/kg.  From running mult i-
ple simulations of the model it is clear that there is net loss of P from the soil storage thereby 
necessitating the constant replenishment of P especially in the ionic form (labile P), which is 
readily taken up by the plants.  A large part of the P is locked-up in the biomass storage and is 
not readily available for plant uptake.  The phosphorus calculator is an indispensable tool in 
planning urban settlements, which incorporate ecological sanitation and urban agriculture.  
From the results it is clear that excess plant nutrient P is generated in the mic ro-study catch-
ment and cannot be totally utilised for agriculture without creating negative impacts.  Some 
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Figure 3b: Monthly variation of the agricultural P -flux balance 
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functions of the calculator include sizing of urine storage tanks to match the P crop-uptake at 
either household or neighbourhood level for rain-fed or irrigated production. 
 

Household subsystem Agricultural subsystem 

Flow and stock Symbol Value Flow and stock Symbol Value 

1. Food and bever-
ages 

Pfb 49800 1. Atmospheric fall-out Pwdd 30 

2. Detergents and 
soap 

Psd 200 2. Mineral fertiliser Pmf 1220 

3. Solid waste Psw 7000 3. Manure Pma 780 

4. Grey water Pg 180 4. Plant nutrient uptake Pnu 1900 

5. Yellow water Py 29800 5. Plant residue Pbm 1100 

6. Black water Pb 16000 6. Harvest Pha 800 

7. Storage change - 0 7. Atmospheric loading Pal 70 

   8. Leaching Ple 100 

   9. Runoff losses Psr&l 580 

   10. Soil storage change Pss 150 

Table 1: The annual P-Flux for the micro study catchment (values are in kg/annum) 
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Abstract 

Development of appropriate and sustainable sanitation options are required to face the problem 
of inadequate sewer systems in developing countries. High population densities and eutrophic a-
tion problems of freshwater make source control a necessary alternative. To support decision-
makers in assessing sewer system and source control, we developed a method to determine 
the origins of the wastewater and its property changes if source control measures are applied. 
The prototype of the method is based on a case study conducted in Zurich, which will later be 
adapted to a case study in Kunming, China. Analysis of uncertainty has been included in the 
method, as data quality will affect decision-making. Responses of wastewater amount, NH4-N, 
TKN, and TP load, as well as concentration after urine separation, are simulated to study further 
treatment strategies of the new wastewater. The following methods were used: statistical pat-
tern recognition, sensitivity analysis and system identification. 

Introduction 

Rapid urbanisation and a booming real estate in developing regions cause important changes in 
life style and pose a significant threat to freshwater resources. Although urban water manage-
ment planning applying ‘end of pipe’ solutions still prevail, they repeatedly proved to be fina n-
cially unfeasible to solve these problems in time. Poor inf ormation and data availability have 
considerably hindered efficient water pollution control practices. 

In 1999, only 7% of the Chinese urban population were connected to wastewater treatment fa-
cilities. According to government plans, 45% of the urban wastewater should be treated by 
2005. In the next five to ten years, investments in urban wastewater treatment facilities in China 
will amount to tens of billions of U.S. dollars (People’s Daily, 30/11/2001). The wastewater load 
estimates are often based on drinking water consumption, which accounts for only about 30-
60% of the total wastewater load, depending on the existing hydrological situation and drainage 
system. Extraneous water (“Fremdwasser” in German, sometimes the term for “parasite water” 
is also used to refer to “Fremdwasser”) from groundwater infiltration, connected streams and 
rainwater runoff may add another 40 – 70% to the wastewater load if urban drainage is based 
on combined sewers. In extreme cases, it can amount to more than 70% and result in an insuf-

                                                         
*This paper has been peer reviewed by the symposium scientific committee 
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ficient capacity of existing or planned sewers and wastewater treatment plants  if extraneous 
water and rainwater are not correctly taken into consideration in the design phase.  

Construction of separate sewer systems to gradually  replace combined sewers is regarded as 
the solution to the problem of combined sewer overflow. However, this is not always the most 
appropriate option, as it involves financing difficulties and also the risk of untreated rainwater 
draining directly into receiving waters. This is especially the case in regions with high population 
densities. In less developed areas with poor solid waste management practices, rain runoff can 
greatly contribute to the pollution load of receiving waters. 

An assessment method for evaluating urban water management in rapidly growing developing 
countries is required to assist decision-makers, scientists and engineers in improving urban wa-
ter management and water pollution control practices. The aim is to conduct an impartial study 
on the current measures and other alternatives, as well as to assess their suitability in different 
areas and under different conditions. The reason for initiating the study in Zurich was to first 
develop a method on the basis of good data quality, and to supply a “modern” urban drainage 
model for further assessment of its suitability in developing countries.  

The city of Kunming, at Yunnan China, numbers 2.4 million inhabi tants and 6 operating 
WWTPs, with a total capacity of 555,000 m3/d. How efficient are these WWTPs, and how much 
capacity is still required if that region continues to follow the ‘end of pipe’ solution? What 
happens if source control is implemented? The following describes: 

• A method to quantify the origins of the wastewater using statistical pattern recognition;  

• The simulation of wastewater load and concentration dynamics after applying the urine 
separation concept. 

System comparison 

Figure 1: System comparison: on the left, the urban drainage system in Zurich, on the right, a system in 
a developing country. � Illustrates city districts not connected to WWTP; � Shows small vil-
lages scattered outside the city, mainly without water sanitation facilitie s;� Small streams in-
side the city of some developing countries used as open sewers and conveying wastewater to 
WWTP. These are likely to be replaced by sewers requiring important investments in pipe 
construction. HD: Flood discharge; CO: Canal o verflow; RDT: Rainwater detention tank. 

Gujer (1999) described the system in Zurich (Fig. 1-1) during different precipitation intensities. A 
typical system in developing countries is illustrated in Fig. 1-2, with sections of the city not con-
nected to the WWTP, and villages, mainly without sanitation facilities, scattered outside the city. 
The load from these sections is directly conveyed to receiving waters. Streams or small rivers 
are sometimes also used as open wastewater canals, thereby greatly increasing the volume of 
extraneous water and reducing the efficiency of WWTP. Canal overflow occurs frequently dur-
ing dry and raining days. Street flooding also takes place regularly after heavy and extreme pre-
cipitation; the floodwater discharge is not designed ahead of the canal overflow but sometimes 
at the end of the receiving water. 

According to the 1989 Swiss annual statistics report, the wastewater discharged into the treat-
ment plant originates from households (25%), industry (20%), precipitation (15%), and from ex-
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traneous water (40%). Extraneous water is currently decreasing due to sewer monitoring and 
maintenance. However, the volume of rainwater increases, since less untreated rainwater is 
allowed to be discharged directly into freshwater (Gujer, 1999). 

Determination of wastewater origins using pattern recognition 

The method applies two simple classification criteria to extract the dry weather flow from the 
mixed wastewater flow signals (Fig. 2). 

RFWWRdryinin QQQQQQ ++=+= )(,        (Equ. 1) 

DWlostWW QrQ ⋅−= )1(          (Equ. 2) 

Consequently: DWlostdryinF QrQQ ⋅−−= )1(,       (Equ. 3) 

where: Qin = total wastewater inflow; Qin,dry = dry weather flow; QR = rainwater flow. 

QF = extraneous water flow; QDW = water 
supply quantity into distribution system; 
rlost = lost fraction of water supply. The 
water recorded as water consumption, 
which is not conveyed to the sewer, is 
regarded as “lost”; QWW = the wastewater 
conveyed to the sewer after consump-
tion. 

The dry weather flow Qin,dry can be de-
termined on the basis of datasets of 
WWTP inflow and meteorological data 
records. However, this involves two diffi-
culties: (1) if the region is quite large and 
if the rain gauges are not evenly distrib-
uted throughout the region, (2) water 
from the rainwater detention basin (RDT) 
is not always pumped to the WWTP on 
meteorologically rainy days. To counter-
act these difficulties, the method of sta-
tistical pattern recognition is applied. 

We have established two straightforward 
criteria for determining dry weather flow 

derived from the signals in Fig. 2. If the maximum daily flow exceeds 3 m3/s, or the minimum 
daily flow is greater than 1.3 m3/s, these days are filtered out as days with rainwater runoff in the 
sewer. Since weekday flows behave differently from those of weekends, we aut omatically sepa-
rate weekday, Saturday and Sunday flows and then generate a statistic week flow dynamics. 
Fig. 3 illustrates the distribution before and after filtering out the rainwater according to the 
aforementioned classifier. Classification method and its uncertainties can be estimated, but are 
not addressed in this paper. 

Figure. 2: Time series of wastewater inflow rate into 
WWTP Werdhölzli. Dry weather flow is clas-
sified according to the following criteria: (1) 
Qmin<1.3 m3/s, and (2) Qmax<3 m3/s. A full 
year dataset was used, however, only one 
month is illustrated here. 
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Distributions after classification re-
veal a similar to normal distribution. 
Median and average values fit al-
most exactly (Fig 3). Therefore, 
calculation of total annual dry 
weather wastewater quantity, based 
on the statistical average flow dy-
namics, is fairly accurate. 

By combining the weekdays with 
Saturdays and Sundays, we have 
formulated a statistical time -variant-
curve (Fig. 4). Note the flow rate 
difference between weekdays and 
weekend. By summarising the total 
weekly wastewater quantity, we ob-
tain Qdry,week (weekly total dry 
weather flow). Consequently, we 
obtain Qdry,year = 5.98⋅107 m3 / a, 
(total dry weather flow in 2002). 

We used the statistics on the total water consumption of different communities in the catchment 
area and statistics of inhabitants in every community connected to the WWTP Werdhölzli. The 
estimated water consumption in the catchment area amounts to QDW = 5.33⋅107 m3 / a, with 9% 
loss due to leakage (5%) and quenching water and possible measuring errors (4%) ( Zurich Wa-
ter Supply, 2001). Based on this information, the extraneous water flow into the WWTP Werd-
hölzli is estimated at 0.36 m3/s (Fig. 4). We assume that gardening and other water consump-
tion activities, which are not conveyed to the sewer after consumption, account for up to 6% . 
Therefore, the loss ranges between 9% and 15%. The extraneous water conveyed to the 
WWTP is then estimated at 0.36 – 0.46 m3/s, which accounts for 11 – 14% of the total wastewa-
ter inflow (Fig. 5) and for 25 – 30% dry weather flow. 

Extraneous water is not always constant, especially after precipitation, as revealed by the expo-
nential recession after rainy periods illustrated in Fig. 2. Dynamic extraneous water flow can be 
simulated by the theory of linear reservoir (Gujer and Krebs, 1997).  

Figure 4: Statistical dry weather week flow dynamics 
in WWTP Werdhölzli and estimated extra-
neous water. 

Figure. 5: Origins of wastewater to WWTP 
Werdhölzli. 

 

Figure 3: Flow dynamics before and after classification. 
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The data obtained from the City of Zurich is of good quality. In order to render the methods de-
veloped here widely accessible, we conducted a sensitivity and uncertainty analysis. It reveals 
the importance of data quality for scientists and decision-makers. Sensitivity of QF in relation to 
the three model parameters is predicted as: 0.019 m3/s for a 1% change of Qin,dry, -0.015 m3/s 
for a 1% change of QDW and 0.017 m3/s for a 1% change of rlost. These numbers indicate that a 
systematic measurement error of 1% of either Qin,dry, QDW or rlost would change the resulting QF 
by approximately 5%. 

Since measurement errors for the three parameters are independent, we can use the Gaussian 
error propagation law in its simplest form:  

2

1=

 ∂
= ⋅ ∂ 

∑ i

n

y p
i i

y
p

σ σ          (Equ. 4) 

with σy = standard error of prediction y, σpi = standard error of parameter pi 

For Zurich data, the standard errors for 
the three parameters are estimated at 
less than 5%, and result in a standard 
error of the predicted amount of parasite 
water of σQF ≤ 0.12 m3/s. The prediction 
method introduced here is obviously 
quite sensitive to data quality. In devel-
oping countries, where measurement 
errors can possibly be greater than 
15%, this error will exceed 0.36 m3/s, 
thereby rendering the results practically  
irrelevant, as the 95% confidence inter-
val of QF becomes 0 – 1 m3/s. Decisions 
based on poor data quality become 
highly questionable. Therefore, the 
methods to be developed must deal with 
possible data uncertainties. It is also 
important to enhance data management 
awareness in developing countries. 

 

Determination of extraneous water by system identification 

Qin,dry, obtained through the method of statistical pattern recognition, is now used as the output 
of the system, and the water supply signals as the input. We used the original water consump-
tion signal of 2002 (hourly data record) for the entire city of Zurich (Bolli, M., 2003). Like with the 
method in the previous chapter, we also filtered out the weekends and extreme outliers and 
obtained a daily time-variant-curve distribution on weekdays. Based on this curve, we calculated 
the hourly factor fh curve of water consumption. Since the city of Zurich has the highest popula-
tion (90%, not including commuters) in the catchment area of WWTP Werdhölzli, the  fh curve 
can be approximated to that of the entire catchment area. The dynamic curve of water co n-
sumption is obtained by multiplying fh with the average water consumption of the entire catch-
ment area. 

  Figure 6: Daily variation curve of water consumption 
and dry weather wastewater flow of the 
catchment area. 
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Extraneous water QF is regarded here as a system parameter. The following simple model ne-
glected the fact that the extremes of the flow rate in the sewer are slightly dampened during 
residence time of the wastewater in the sewer system:  

FWW

FWW

leakDW

leakDW

QQ
QQ

QQ
QQ

−
−

=
−
−

min,

max,

min,

max,        (Equ. 5) 

where Qmax,DW and Qmin,DW stand for maximum and minimum daily drinking water delivery to the 
distribution system; Qleak for leaks from the water distribution system; Qmax,WW and Qmin,WW for 
maximum and minimum dry weather flow in the sewer system (Fig. 6).  

If no leaks are assumed (Qleak = 0), then QF = 0.33 m3/s. By assuming a loss of 5% drinking wa-
ter due to leaks, which is typical for Zurich, then QF = 0.4 m3/s. This compares favourably with 
the previously estimated 0.36 to 0.46 m3/s. 

In developing countries, leaks from distribution systems are generally very high due to lower 
investments and poor maintenance. It is therefore crucial to consider this aspect if this method 
is applied in developing countries. 

Response analysis for the complete urine separation scenario 

How will the properties of urban wastewater change after source control measures , such as 
urine separation with No-Mix toilets, are implemented? After applying urine separation in the 
entire catchment area, the “response” is defined here as the change of the following variables: 
dry weather flow Q, NH4-N, total Kjeldahl nitrogen (TKN) and total phosphorus (TP). 

Since the city of Zurich is service-oriented (trade, financing, tourisms , and other services), the 
source of ammonium to the WWTP can actually be assumed to originate only from urine. Ac-
cording to an investigation conducted by the WWTP Werdhölzli (Antener, 2002), the living popu-
lation in the catchment area of WWTP Werdhölzli totals 393,000, commuters to the area are 
estimated at 100,000 persons/day. By assuming that the commuters spend about 8 hours a day 
in the area, the specific daily ammonium load per person amounts to:  

LNH 4 = NH daily,tot /(inhabitants+ 1/3 ⋅ commuters) = 7.4  gNH4-N / PE / d 

PE stands for population equivalent. The dry weather load of ammonium NHdaily,tot = 3.15⋅106 g 
/d is based on analytical data of the first half of 2002. LNH4 values for urine higher than 7.4 g 
N/PE/d have been reported in medical literature. However, the population sample (age struc-
ture, sex, etc.) of a city the size of Zurich is entirely different from the typical sample in the 
medical literature (adult male), which explains the lower value obtained here.  

Pöpel (1993) reports that 88% of TKN and LTP,U = 0.8 g P/PE/d in domestic wastewater originate 
from urine. With the observed ratio of TKN/NH4-N = 1.6 in the wastewater of Zurich, the specific 
nutrient loads in urine become: 

LTKN,U = 7.4⋅1.6⋅0.88 = 10.4 g N/PE/d; LNH4,U = 7.4 g N/PE/d; LTP,U = 0.8 g P/PE/d 

These values will now be used to compare wastewater composition before and after separation 
of urine in no-mix toilets. 

A complete urine separation in Zurich could remove annually  1.62⋅109 g of the TKN load and 
1.25⋅108 g of the TP load. After urine separation, the TKN, NH4-N and TP loads will amount to 
2.9⋅108 gN/a, 0 gN/a (excluding the load conveyed by rain), and 2.26⋅108 gP/a respectively. 
From a resource point of view, the nitrogen could meet the commercial fertiliser demand of 
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186,000 Swiss, and the phosphorus the demand of 83,000 Swiss citizens. The specific com-
mercial fertiliser consumption of N in Switzerland amounts to 8.7 kgN/PE/a, and of P to 1.5 
kgP/PE/a (Lienert, 2003). 

Information on a 2-hour urine and urine flushing quantity is obtained from the NH4-N time-
variant-curve measurements after primary treatment in the WWTP Werdhölzli (with 2-hour time 
resolution and flow proportional sampling) . The dynamic variation of TKN, TP and the inflow 
rate to the WWTP before and after applying urine separation are simulated (Fig. 7). How the 
wastewater treatment process should respond to this change can be studied on the basis of the 
information supplied. However, further measurements on load variation should be conducted. 
Qualitatively speaking, nitrification and denitrification may become unnecessary. Biological 
phosphorus removal would probably improve due to removal of substrate competition from the 
denitrification process. Use of chemicals for phosphorus precipitation and sludge production 
could also decrease significantly. 

In existing conventional sanitation systems, urine separation measures can generally be imple-
mented step by step and whenever feasible. Information on the number of inhabitants con-
nected to conventional systems , and those linked to urine separation, will also allow to assess 
the wastewater properties after implementing the measures stepwise in some areas. 

Conclusions and discussions 

The prototype of a method to assess the existing and alternative measures of urban water 
management has been developed and is ready to be adapted to further case studies in Kun-
ming, China. This method will be refined and its function extended further depending on 
stakeholder requirements. Statistical pattern recognition and system identification are used to 
determine wastewater origin. The results obtained, including the uncertainty analysis in the case 
study of Zurich, reveal that the method is reliable and that the current volumetric composition of 
wastewater conveyed to the WWTP Werdhölzli in Zurich originates from: rainwater (41%), 
wastewater (45 – 48%) and extraneous water (“Fremdwasser”) (11 – 14% accounting for 25 – 
30% of dry weather flow). This shows that quite a large amount of extraneous water is still con-
veyed to the WWTP even in a well-maintained urban sewer system.  

The water flow peak reduction in no-mix toilets in Zurich is estimated at around 0.32 m3/s, which 
is a minor reduction in sewer runoff. However, urine separation can efficiently remove 1.62 ⋅109 g 
of the TKN load, 1.15⋅109 g of the NH4-N load and 1.25⋅108 g of the TP load per year from the 
source within the catchment area of WWTP Werdhölzli, Zurich. The simulation results of dy-

  Figure 7: Variation of wastewater flow, pollution load before and after urine separation (dry 
weather).(1): without urine separation; (2): with complete urine separation; (3): urine flush 
load 
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namic variation of Qin, TP, NH4-N, and TKN, both as load and concentration, reveal how the 
urban wastewater will respond after urine separation measures are adopted. After urine separ a-
tion in Zurich, the concentration of NH4-N will be very small, the TKN concentration will vary 
between 2.6 and 4.4 gN/m3, TP concentration will vary between 0.85 and 4.8 gP/m3. Further 
studies will indicate how to deal with the “new” wastewater.  
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Introduction 

The basic concept of today's conventional centralized water infrastructure systems (wa ter sup-
ply and wastewater) for urban areas in Germany as in other industrialized countries dates back 
more than 100 years. Since then the systems have been continuously extended to spreading 
urban areas, adapted to changing needs of the population served, and to changing require-
ments with respect to public health and environmental concerns. In addition, these infrastructure 
systems are characterized by very long technical lifetime and high sunk costs resulting in a very 
high technological path dependency. 

Due to insufficient maintenance in the past as well as other reasons the urban water infrastruc-
ture, especially the sewer system of most urban areas, is seriously deteriorated and requires 
rehabilitation or renewal. This requires large investments in a time  when municipal budgets are 
tight. Estimates are that about 17 % (= 76.000 km) of Germany’s public sewer system (446.000 
km) require rehabilitation immediately or at least in medium term. This will require investments 
of 45 billion € over the next years. Before spending lots of money into the traditional centralized 
water infrastructure concept it is necessary to identify and assess other options. This is also 
demanded due to the availability of new technologies and new and more stringent enviro n-
mental requirements. 

The paper presents the results of the interdisciplinary AKWA 2100 project which undertook a 
scenario study of long-term alternatives to the conventional urban water infrastructure using two 
German municipalities (Dortmund-Asseln and Selm-Bork) as case studies. 

Methods 

The scenario approach was used to develop long-term visions of alternative urban water infra-
structure systems. Using the year 2050 as time horizon, three scenarios were constructed. The 
scenarios differ with respect to the degree of 1. (de -) centralization of the (waste)water-
treatment plants, 2. separation of various streams of (waste)water, 3. closing loops with respect 
to water and nutrients, and 4. (de-)regulation assumed. 

The "Continuation"-scenario (reference scenario) retains the centralized concept of today‘s con-
ventional systems. Major improvements of the eco-efficiency are gained through a more sys-
tematic separation of rainfall runoff and wastewater and through the use of innovative technolo-
gies such as membrane technology for wastewater treatment. 

The "Municipal Water Reuse"-scenario takes a decentralized approach for rainwater manage-
ment. It applies a water reuse scheme for treated wastewater on a municipal scale to provide 
non-potable water uses in industry, households, and municipal purposes. The urine fraction of 
the sanitary wastewater is separately collected for recycling of the nutrients. The sec ond frac-
tion (feces and gray-water) is collected together with organic wastes from the households using 
the gravity sewer system continuously flushed with non-potable water. The water is treated an-
aerobically and the bio-gas is used for energy production. 
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The "Local Recycling"-scenario abandons the central water supply and wastewater systems 
altogether. Decentralized systems to provide potable water from rainwater and water for non-
potable uses through recycling of various grades of wastewater are used sing le houses up to 
groups of houses. Feces and organic wastes are used as feedstock for decentralized bio-gas 
production. Since the need to operate large numbers of decentralized treatment plants, this 
scenario describes a highly liberalized situation with co mpetition for the operation of the on-site 
plants. 

To evaluate the scenarios, two case studies were performed. The technical components (pipes, 
pumps, fittings, installations, equipment etc.) necessary to implement the respe ctive scenario 
were identified and quantified and the technical lifetime of the components was estimated. 
These data provided the basis for the economic evaluation of the inves tment and operation 
costs associated with the scenarios using the dynamic net present value (NPV) approach. To 
compare the scenarios with respect to their sustainability the Analytic Hierarchy Process (AHP) 
was applied to develop a system of 39 criteria (including the NPV evaluation) and as a multi -
criteria evaluation procedure to rank the scenarios. 

Results 

The result of NPV-assessment showed, that in both case studies the “Continuation” -scenario is 
the most preferred one with respect to investment and operation costs. Ho wever, the “Local 
Recycling”-scenario is only slightly more expensive than “Continuation” (5 to 15 %, depending 
on the case study and the mode of implementation). The “Municipal Water Recycling” -scenario 
is consistently the most expensive one compared to “Continuation” (22 to 27 %). In contrast, the 
multi-criteria sustainability evaluation of the scenarios resulted in a different ranking: The “Local 
Recycling” scenario was highly preferred with respect to sustainability as compared to both, the 
“Municipal Water Recycling”- and ”Continuation” -scenario which are nearly equivalent. 

Conclusions 

The results of AKWA 2100 show that alternative concepts to conventional centralized urban 
water infrastructure systems are available, technologically and economically feasible (at least 
for the two case studies) and more sustainable than the conventional concept. One of the ob-
stacles against a transformation of today’s conventional systems to more sustainable ones is 
the long time span required for such a transition. This strongly opposes the short time-frame 
imposed by the legislative periods of municipal decision making bodies. Other obstacles are the 
insufficient practical experience with the technologies required for these new concepts and the 
missing know-how regarding the organization and the management of such extended transfo r-
mation phases. The only way to improve this situation is to learn by actually performing such 
system changes in pilot projects. 
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Abstract 

Using a system analysis approach compares different systems for handling and treatment of 
toilet waste and organic household waste. Design issues considered are source separation of 
urine, use of vacuum toilets and advanced nutrient recovery processes such as Reverse Osmo-
sis (RO). All of the studied systems have low emissions of eutrophy ing compounds. Other envi-
ronmental effects are mainly related to the amount of exergy used at each system. Source 
separating of urine is favourable if only a moderate (50 - 70 %) recycling potential for nutrients 
such as N and K is required. However, if hi gher recycling potential is required systems using 
nutrient recovery processes such as RO/evaporator are probably to prefer. For vacuum sy s-
tems, the maximum amounts of flush water must be below 10 lit/p,d to make them reasonable 
efficient in terms of exergy consumption. The low-flush systems are less sensitive to the use of 
flush water in terms of exergy consumption.  

Introduction 

To be able to meet the challenges of the concept “sustainable development” the resources in 
wastewater and organic waste must be  more efficiently managed. The most important re-
sources in wastewater and organic waste are plant nutrients and energy. Conventional wast e-
water treatment plants (WWTP) using biological nitrogen removal and chemical phosphorus 
removal only have potential to recycle phosphorus and a minor part of the nitrogen by using bio-
solids as a fertiliser. However, only a small fraction of the sludge produced at Swedish WWTP is 
used for agricultural purposes. Almost all of the organic household waste is deposited at land-

                                                         
*This paper has been peer reviewed by the symposium scientific committee 
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fills or incinerated, although development is under way where source separation systems 
gradually are introduced. A more detailed description is given in Jeppsson et al. (2001).  

A common problem for both sewage sludge and source separated organic household waste is 
the quality in terms of heavy metals and other hazardous substances (e.g. pharmaceutical res i-
dues). In order to improve the quality of the collected waste products different source separation 
systems are discussed and sometimes tested in pilot areas. This study concerns a blackwater 
(i.e. toilet waste) system, using vacuum toilets, in which the organic household waste is int e-
grated. The study is a part of the Swedish research programme “Systems for efficient manage-
ment of resources in wastewater and organic household waste” described in Jeppsson et al 
(2001). 

The investigation is focused on the following questions: 

• Should the urine be source separated, collected, and treated separately or mixed with other 
wastewater streams? 

• What are the maximum amounts of water to be used in different system structures in order 
to make them efficient in terms of use of resources and energy?  

• How should the residues from the anaerobic (or aerobic) treatment be managed to achieve 
an efficient utilisation of nutrients and organic matter? 

•  How should the blackwater be treated?  

Method 

Comparing different strategies for design of a blackwater treatment system approaches the 
above questions. The comparison includes utilisation of natural resources, environmental im-
pact and potential to utilise available nutrients in agriculture (i.e. potential for recycling of N, P 
and K). A sensitivity study concerning water use and distance to arable land is included.  

Blackwater systems for blockhouses have only been implemented in a few cases and systems 
where the organic household waste is integrated are rare. However, all parts of the investigated 
system are in use and the experiences from different areas have been used for collection of 
reliable data.  

The different system structures under investigation are simulated using an extended version of 
ORWARE (ORganic WAste REsearch model) – a computer-based material-flow simulator using 
evaluation techniques from life-cycle assessment (Nybrant et al., 1995; Jeppsson et al., 2002). 
ORWARE consists of a number of separate sub-models, which may be combined to design a 
waste management system for e.g. a city, a municipality or a company (Dalemo et al, 1997). 
ORWARE is a model primarily for material flows analysis (MFA). The material flows from differ-
ent sources (wastes) through different methods for waste treatment (composting, anaerobic 
digestion etc) to different end uses (spreading of residues on agricultural soil or landfill). Emi s-
sions from transports, treatments etc are allocated as emissions to air, water and soil. Using 
methodology for impact analysis from life cycle assessment (LCA) different environmental im-
pact categories are calculated (ISO 14042:2000). The ORWARE model has been comple-
mented with exergy analysis. Exergy is energy of supreme quality, i.e. energy that is convertible 
into all other forms of energy. The quality of energy depends on how concentrated, ordered and 
structured the energy source is (Holmberg, 1995). Examples of quality factors for different en-
ergy sources are given in Table 1.  
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Form of Energy Exergy/Energy (%) 

Electrical energy 100 

Hot steam (200 °C) ~70 

District heating ~30 

Heat of wastewater (15 °C) < 5 

Table 1: Example of quality factors for some energy sources. (Reference temperature 5 °C). 

The studied systems include collection and transport of blackwater and organic household 
waste from households to treatment units, operation of treatment units, transport of recovered 
nutrients, and application of nutrients on farmland. The study considers only the operation of the 
systems, and not the building and maintenance of the system. Furthermore, the analysis does 
not include indirect use of resources such as resources needed for production of elec tricity. 

Description of system alternatives 

The blackwater system could either treat urine and faeces together or separately (i.e. two sepa-
rate collection-, storage- and end-use systems). The organic household waste is collected by 
using kitchen waste disposer and mixed with wastewater from the toilets, i.e. blackwater. A low-
pressure system is used for transport of the wastewater to the treatment plant. The greywater 
treatment has been excluded from the comparisons based on the assumption that it is handled 
in the same way for all cases, e.g. treated at a conve ntional treatment plant. All systems include 
hygienisation by heating of the biologically treated residues (70 °C, 1 h).  

The studied systems are supposed to be large-scale systems (> 20 000 pe) and located in a city 
surrounded by a rural area. The sewage will be generated and treated within the urban area 
and residues such as urine and bio-solids will be transported by trucks and spread on available 
farmland within the rural area. The average distance to the farmers is 35 km.  

The investigated systems are (Figure 1): 

System 0: Reference system: The reference system is constructed of conventional collection 
and treatment of blackwater including biological nitrogen removal and chemical phosphorus 
removal. Organic household waste is collected separately and anaerobically digested.  

System 1: Vacuum toilets and anaerobic treatment (VacAn):  Blackwater system using vac-
uum toilets and anaerobic digestion.  

System 2: Vacuum toilets and aerobic treatment (VacAer): Vacuum system and aerobic 
treatment without dewatering (VacAer, System 2): Blackwater system using vacuum toilets and 
aerobic digestion, i.e. wet-composting.  

System 3: Vacuum toilets and nutrient removal (VacRem): Black water (toilet waste) and 
organic household waste is mixed and transported to a mesophilic anaerobic digestion unit by a 
combination of vacuum and low-pressure systems. Anaerobic residues are dewatered by cen-
trifugation. The reject water from the dewatering is treated by biological nitrogen removal (BNR) 
and chemical phosphorus removal.  

System 4: Vacuum toilets and nutrient recovery (VacRec):  Similar to previous system 
(VacRem, system 3) but nutrients in reject water are recovered and concentrated by ev apora-
tion.  

System 5: Vacuum system and urine separation (VacUS):  VacRem, system 3, comple-
mented with source separation of urine. Urine is transported in a separate pipe to a short -term 
storage facility located at the treatment plant.  
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System 6: Advanced anaerobic treatment and nutrient removal (EGSB-Rem): “Conven-
tional” low-flush toilets are used. The treatment plant consists of chemically enhanced sedime n-
tation, two EGSB/UASB reactors operated in series (EGSB = Expanded Granular Sludge Bed 
Reactors). For removal of nutrients, biological nitrogen removal (BNR) and chemical phospho-
rus removal will be used. Sludge treatment consists of anaerobic digestion, dewatering and hy-
gienisation before transportation to farmland by trucks. The reject water from the dewa tering is 
treated together with the influent wastewater.  

System 7: Advanced anaerobic treatment and nutrient recovery (EGSB-Rec): Blackwater 
system utilising ordinary low-flush toilets and advanced anaerobic treatment, e.g. EGSB —
reactors (EGSB = Expanded Granular Sludge Bed Reactors).  

“Conventional” low-flush toilets and kitchen waste disposers are used. Blackwater (toilet waste) 
and organic household waste is mixed and transported to a treatment plant by a low -pressure 
system. The treatment plant consists of chemically enhanced sedimentation, two EGSB/UASB 
reactors operated in series. For nutrient recovery, reverse osmosis (RO) and evaporation is 
used. Sludge treatment consists of anaerobic digestion, dewatering and hygienisation before 
transportation to farmland by trucks. The reject water from the dewatering is treated together 
with the influent wastewater.  

Figure 1: Conceptual model of systems for collection and treatment of blackwater and organic 
household waste. Used abbreviations: WWTP = Wastewater Treatment Plant, BNR = 
Biological Nitrogen Removal, EGSB = Expanded Granular Sludge Bed reactor, CSTR = 
Completely Stirred Reactor (Anaerobic). 

System 8: Advanced anaerobic treatment and urine separation (EGSB-US): Advanced an-
aerobic treatment complemented with urine separation (EGSB-US, system 8). Urine is trans-
ported/pumped in a separate pipe to a short-term storage facility located at the treatment plant. 
Stored urine is then concentrated by evaporation or directly transported by trucks to long term 
storage at farms using urine as a fertiliser. Since most of the nitrogen is recycled by urine, the 
only nutrient recovery process in the treatment plant is chemical phosphorus precipitation. To 
meet stringent demand concerning nitrogen emissions the anaerobic process is complemented 
by biological nitrogen removal.  
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Results and discussion 

Potential nutrient recycling for different systems is shown in Figure 2. As expected, systems with 
nutrient recovery processes such as RO and evaporation and systems where all of the collected 
waste is recycled will have the highest potential for nutrient recycling. Blackwater systems wit h-
out urine separation or nutrient recovery processes will have a rather lo w recycling potential, 
except for phosphorus. Even if all systems will have a high potential for phosphorus recycling, it 
should be noted that the quality of the product from the different systems would differ, although 
the quality is very good due to exclusion of the greywater. The Cd/P-ratio (mg Cd/kg P-tot) are 
as follows: 4,5 (ref.syst.), 6,9 (syst. 1), 6,9 (syst. 2), 4,1 (syst. 3), 6,0 (syst.4), 4,4 (syst. 5), 4,2 
(syst. 6), 6,0 (syst. 7), 7,9 (syst. 8). If greywater from the households is treated toge ther with 
blackwater in the reference system the Cd/P-ratio would be 11.  

Even if the reference treatment alternative has high phosphorus removal efficiency, i.e. above 
95 %, and nitrogen removal efficiency above 70 %, the reference system still has the hi ghest 
emissions of compounds contributing to eutrophication (Figure 3). However, the difference be-
tween the systems is mainly explained by different ambitions for nutrient removal (and not due 
to the design of the system). The removal efficiency for the reference system could be improved 
by adding external carbon source and using post-denitrification processes as is done in system 
3, 5, 6 and 8 (VacRem, VacUS, EGSB-Rem, and EGSB-US). However, this would increase the 
exergy demand for that system (Hellström, 2002). 

The emissions to air derive from transport and handling of the residues from the anaerobic and 
aerobic treatment. Since the volumes to handle are highest for system without dewatering, i.e. 
VacAn (1) and VacAer (2), these systems also have the largest emissions of NO x from trucks 
and tractors 

Figure 2: Part of nutrients that can be recycled to arable land. 
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Figure 3: Eutrophication calculated as maximum eutrophication potential (g/p,d) 

Hence, all of the studied systems have low emissions of compounds contributing to eutrophic a-
tion. Other environmental effects are mainly related to the amount of exergy used at each sy s-
tem. 

Figure 4:  Exergy demand for operation and gas production as kWh/person, year. The difference 
between these is considered as a net result (positive result if production > consumption). It is 
assumed that the vacuum systems use about 7 lit flush-water/p,d (system 1-5) and the low-
flush systems use about 32 lit/pe,d (system 0, 6 -8). 

The exergy demand for operation and exergy in produced methane is shown in Figure 4. The 
exergy demand for hygienisation for the vacuum systems (1 – 5) is relatively high (50 to 60 
kWh/p, year). Systems without dewatering of treated residues (system 1 and 2) also requires 
much exergy for transport and spreading of nutrients (about 65 kWh/p, yr). The wet -composting 
process in system 2 requires about 140 kWh electricity/person, year. Carbon source contains 
exergy and a significant amount of carbon source is used in system using biological nitrogen 
removal (60-70 kWh/p, yr. in system 3 and 6 and about 20 kWh/p, yr. in system 5 and 8). In 
Figure 4 the reference system is complemented by post-denitrification to achieve the same re-
moval efficiency as the other systems and carbon source corresponding to 15 kWh/p, d is used. 
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Reverse osmosis and evaporation requires exergy (in system 5 about 20 kWh/p, yr. and in sys-
tem 7 - 80 kWh/p, yr.).  

Figure 5: Exergy demand for each system versus amounts of flush water that is used (negative exergy 
value means that the exergy content of the methane is higher than the exergy needed for op-
eration). 

Figure 6: Average potential recycling of nutrients, (Nrec + Prec + Krec)/3, versus net exergy production for 
each system indicated as an area (positive exergy value means that the exergy content of the 
methane is higher than the exergy needed for operation). It is assumed that the vacuum 
systems use 10 - 15 lit flush-water/p,d (1 -5) and the low-flush systems use about 30 lit/pe,d (0, 
6-8). 

The exergy demand for operation depends on the amount of flush water used in the various 
systems (Figure 5). Especially all systems with hygienisation of all the collected wastewater 
(system 1 – 5) and system with RO/Evaporator (system 4 and 7) are sensitive to the amount of 
flush water. The normal amount of water for  the different systems is also indicated in Figure 5. 
Since the main differences between the systems are the exergy demand and nutrient recycling 
potential, the results could be summarised by Figure 6.  
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Conclusions 

All of the studied systems have low emissions of eutrophication compounds. Other enviro n-
mental effects are mainly related to the amount of exergy used at each system. Source separa t-
ing of urine is favourable if only a moderate (50 - 70 %) recycling potential for nutrients such as 
N and K is required. However, if higher recycling potential is required systems using nutrient 
recovery processes such as RO/evaporator are probably to prefer. For vacuum systems, the 
maximum amounts of flush water must be below 10 lit /p, d to make them reasonable efficient in 
terms of exergy consumption. The low-flush system is less sensitive to the use of flush water in 
terms of exergy consumption.  
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Abstract 

The Urban Water programme is a major Swedish transdisciplinary research programme, f i-
nanced by MISTRA. The programme started in 1999 and will end in 2005. Eight Swedish uni-
versities take part in the programme. The Urban Water programme aims at developing support 
for strategic decisions on future water and wastewater systems. The main goal for Urban Water 
is to answer the questions: How should the urban water and wastewater systems be designed 
and operated in the future sustainable Sweden? Will the sustainable water and wastewater sy s-
tems of the future be improved versions of what exist today, or will there be some radical 
changes? A conceptual framework has been developed, defining the three subsystems tech-
nology, users and organisation as equally important. Five aspects of sustainability are studied: 
health, environment, economy, socio-culture and technical function. A tool box is being devel-
oped for assessing these five aspects, and applied to five Swedish model cities.  

The programme 

The Urban Water programme is a major Swedish transdisciplinary research programme, f i-
nanced by MISTRA (The Foundation for Strategic Environmental Research), other research 
councils and the participating municipalities. The total budget for the programme is about 12 
MEuro. The programme started in 1999 and will end in 2005. Eight Swedish universities take 
part in the programme 

Objectives 

The Urban Water programme aims at developing support for strategic decisions on future water 
and wastewater systems. The main goal for Urban Water is to answer the question:  

How should the urban water and wastewater systems be designed and operated in the f u-
ture sustainable Sweden? 

Will the sustainable water and wastewater systems of the future be improved versions of what 
exist today, or will there be some radical changes?  

The Urban Water approach 

The Urban Water approach is simple and logical:  

a) A framework describes the system that we study and the five sustainability aspects that we 
apply. Sustainability criteria are developed.  
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b) Tools are developed for assessing the five sustainability aspects.  

c) The tools are applied to and partly developed in five model cities.  

d) The criteria, the tools and the experiences from the applications are presented in a compr e-
hensive “Guidebook” and integrated into the Urban Water syntheses.  

e) Recommendations for the planning and decision-making process are developed, as well as 
recommendations for the choice of systems. 

Each tool development and model city application is carried out as an individual project, held 
together in the Urban Water systems analysis.  

Sixteen doctoral projects take active part in the systems analysis, delivering pertinent knowl-
edge and data within their respective scientific discipline. The PhD students are all participating 
in the Urban Water research school.  

Systems analysis  

“Systems analysis” in the Urban Water programme refers to our interdisciplinary research ap-
proach for comprehensive analysis and assessments of sustainable urban water systems. 
Thereby the concept is more inclusive than the prevalent understandings. A conceptual frame-
work guides the understanding of a system and the research strategy, Figure 1.  

 

An important consequence of the conceptual 
framework is the definition of a system as includ-
ing the technical structure, the organisation and 
the users of the system. Together these three 
subsystems constitute the urban water system, 
which is analysed from five main perspectives – 
representing the programme’s five groups of 
criteria where physical criteria can be separated 
from immaterial criteria. Physical criteria are 
regarded as impacts on the environment (env i-
ronmental criteria) and society (health & hygiene 
criteria). The immaterial criteria, which are socio-
culture, economy and to some extent technical 
function, concern the interactions within the sys-
tem as well as between the water system and 
the surrounding society. 

 

 

 
 

The Urban Water model cities 

The model cities are central in the systems analyses. Five model cities have been chosen, re p-
resenting typical Swedish urban areas. The model cities are:  

Model city Country town 
Model city City centre 
Model city Suburban area  
Model city New area 
Model city Urban enclave 

Figure 1: The Urban Water conceptual frame-
work. 
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The Urban Water toolbox 

A crucial part of the Urban Water programme is devoted to developing a toolbox for the as-
sessment of urban water and wastewater systems. The toolbox contains models and methods 
both for detailed assessments of the studied systems and methods for the decision-making 
process. The main tools are the following:  

Substance flow analysis – URWARE and SEWSYS 

The project aims at developing systems analytical tools for analysing environmental sustainabi l-
ity criteria of urban water systems and applying these tools to the model cities of the pr o-
gramme. The model URWARE, designed for annual averages, and SEWSYS, designed for 
shorter time periods, are both being constructed using the MATLAB framework. The graphical 
interfaces used are also being applied in several of the other tool projects.  

Microbial Risk Assessment 

The objectives of the MRA tool project are 1) to undertake mi crobiological monitoring/modelling 
in the model cities, and to collect data from the literature to estimate viral, parasitic protozoan, 
bacterial and helminth pathogen ranges in source materials and their removal by the key sy s-
tem units expected; 2) develo p a model to undertake life-cycle pathogen flux analysis for index 
pathogens in the model cities. 

The objective of the MRA tool is to identify critical control point(s) (CCP = barriers fundamental 
to controlling risk) for each system structure and describe  the desired level of performance for 
each barrier. Thus the MRA and CRA tools will not only allow comparison of overall system risk, 
but also where and to what degree control is necessary for safe operation; hence linking to the 
social tool within the UW tool box. 

Chemical Risk Assessment 

The objectives of the CRA tool are 1/ to identify and describe relevant risks for the environment 
and health that are associated with the flows of chemicals in different wastewater systems; 2/ to 
quantify relevant risks that may be associated with discharges of wastewater to receiving waters 
and with use of products from the wastewater system on cultivated land. (S ubproject Risk 
analysis); 3/ to identify and assess main sources to substances that imply high risks and to sug-
gest risk-reducing measures at the sources and in the wastewater systems (Subproject Barr i-
ers) and 4/ to develop recommendations for how the assessment of risks can be a/ communi-
cated; b/ assessed in relation to other characteristics of different wastewater systems; and c/ 
used as part of the integrated decision support. 

Cost estimation tools 

The objectives are to develop 1/ a method to assess economically sustainable urban water 
management systems and 2/ criteria and indicators to evaluate economic aspects of sustai n-
able urban water management. 

Capacity profiles and network analysis - graphical tools for systematic comparisons 

The objectives of this project are to develop 1/ criteria related to organisational and institutional 
aspects on sustainable water management and 2/ graphical tools in order to enhance syste m-
atic comparisons between different system structures.  

A comparative approach to developing and feeding knowledge about household’s needs and 
prerequisites into urban water management  

Households are currently identified as important actors in the process of restructuring society in 
the direction of ecological sustainability, so also in the  field of urban water management. Al-
though recognized as vital for sustainability, applied knowledge concerning critical household–
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system relations as well as methodology for eliciting and feeding this type of knowledge into 
development and management processes are very much wanted.  

The objective of this work is to perform and present a systematic compilation and analysis of 
knowledge about individual’s and household’s perceptions, preconditions and preferences in 
relation to the context and conditions provided in the different model cities and system struc-
tures. A conceptual framework will be outlined in order to analyse and discuss the results. E m-
phasis will be put on the transformation of findings into recommendations for policy and systems 
development in concordance with the needs and wishes of households.  

Methodologies for integration of knowledge areas – MIKA 

The aim of the Urban Water programme is to provide with a comprehensive toolbox to be used 
in strategic planning- and decision-making processes.  One tool in the toolbox can be character-
ised as a process support tool through which integration of knowledge areas, in a trans -
disciplinary sense, are made. The trans-disciplinary perspective comprises all kinds of know l-
edge including layman knowledge, professional knowledge, traditional knowledge as well as 
scientific knowledge.  

A wide range of methodologies for integrating knowledge exists today, from product oriented, 
software-based multi-criteria methods to process oriented methodologies emphasising 
participation, learning and communication. The model NAIADE has in a comparative evaluation 
been selected for application in the programme. The model has been tested in the research 
school and will this autumn be applied in the model city Surahammar (the small town model 
city).  

The Urban Water context projects 

All water and wastewater systems exist in a context that to a high degree affects the systems 
and sets limits to what is possible. This project aims at defining and assessing the possibilities 
and limitations to the urban water systems. 

Environmental context  

This project focuses on the ecological or environmental dimension of sustainability. The obje c-
tive is to examine different approaches to define ecological sustainability and what they imply 
for the assessment of urban water management. Proposed environmental criteria and indicators 
for urban water supply and wastewater management are discussed.  

The following approaches to define ecological sustainability are examined:  

• Ecological sustainability defined by using a Guiding principles approach  

• Ecological sustainability defined as compliance with politically set environmental quality cr i-
teria 

• Ecological sustainability defined by using scientifically derived critical loads and carrying 
capacities. 

Legislative context  

Legislation affects the urban water systems, in particular the Swedish legislation and the EU 
legislation. These legislations set certain limits to what is possible to do or not, at least in a short 
to medium-long sight. The project aims at identifying the current laws that affect the design and 
operation of urban water system. Further, laws-in-making will be studied and attempts will be 
made to forecast forthcoming laws that affect the water sector. Conflicts between Swedish and 
EU laws will be identified.  

Sustainable water organisations: international experiences of organisational structures and dri v-
ing forces in a water sector in development 
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The objective is to compare international experiences of different organisational structures. The 
driving forces for existing structures will be studied.  

Three questions will be studied:  

• Which principally different organisational structures exist for urban water management?  

• What are the experiences regarding efficiency and sustainability? 

• What can we learn?   

The future city  

The objective is to attempt to describe possible developments of future Swedish urban areas 
and to put the urban water systems into this context. Possibilities and limitations to different de-
velopments of the water systems will be identified and assessed.  

Risks associated with future climate change  

The project aims at assessing the impacts that future climate change will have on urban water 
systems. The Urban Water framework will be applied. The scenarios developed by the MISTRA 
programme SWECLIM will form the basis for the assessments.  The project comprises both a 
systematic structuring of the problem and applications in the Urban Water model cities and/or 
other cities with different prerequisites. Experiences from the last year’s flooding in Sweden and 
Europe, as well as drought situations, will be taken into consideration.  

Effective communication? – perceived and measured impacts of environmental approaches  

The objective is to assess the impacts of the information efforts by the recycling companies in 
Stockholm, including economic incitements, on the tenants´ environmental behaviour.  

Sub-objectives are 

• To assess the interest and preparedness of the recycling companies and the households to 
take responsibility for different aspects of a more sustainable urban living.  

• To investigate the relevant actors´ anticipations and the communication between them re-
garding environmental measures in Hammarby Sjöstad.  

• To compare the anticipations with measurements of physical parameters wherever possible. 

Syntheses 

“Will the sustainable water and wastewater systems of the future be improved versions of what 
exists today, or will there be some radical changes?” 

The answer cannot possibly be a single clear answer covering all cities in Sweden. On the con-
trary, each city has to make strategic decisions depending on the local context. Urban Water 
aims at delivering decision support to the planners of future sustainable water and wastewater 
systems. This decision support has the following compone nts: 

Criteria for the main critical aspects, defined as hygiene and health, environment, economy and 
socio-cultural aspects. Each group of criteria contains a set of indicators or strategies for the 
assessment of sustainability. Some of these indicators wi ll be based on thresholds where spe-
cific requirements have to be met. Some of the indicators will be relative and intended for co m-
parisons between two or more systems.  

Characteristics of a number of possible and realistic systems for drinking water, wastewater 
and stormwater. These characteristics are related to the three system components technical 
systems, organisation and users. The combined results from the PhD projects and the Systems 
Analyses will give recommendations concerning design and operation of the system or system 
components, as well as more generalised recommendations.  
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Tools for the assessment of urban water systems will be crucial components guiding the syn-
theses. The planner of a local water system will have access to tools – models, methods and 
recommendations – for the assessment of possible systems for the area to be planned. These 
tools and methods will be delivered in a version that can be managed by a skilled and interested 
professional. Handbooks and guidelines will be developed.  

Recommendations for the planning and decision-making process. Decisions concerning 
future urban water systems have a multi-dimensional character and must include a multi-criteria 
decision-making approach, whether explicit or not. Evaluations of a number of me thods for 
knowledge integration  in some of the model cities will generate recommendations regarding 
involvement of stakeholders, the process of planning and decision-making, information to the 
participants, and workable presentation of knowledge.  

Experiences from the model city applications. Different water systems, real and hypothetical, 
will have been assessed in the model cities by using the Urban Water toolbox. Experiences 
from the model city assessments will guide the planner not only for the use of the tools but also 
for the process of applying the tools. 

Recommendations for the choice of system . The Urban Water syntheses will be based on 
experiences gained in the PhD projects, the model cities and in several cases in other cities. 
General conclusions will be drawn regarding which kind of system that may be appropriate in a 
certain local context, and which kind of system that is inappropriate. The recommendations will 
have many dimensions, but will be structured along three main dimensions a/ physical scale 
(large-scale technical structures or small-scale structures?); b/ flows (combining the flows in one 
pipe or separating the flows in several pipes?) and c/ organisation (a centralised or a decentral-
ised organisation?). 

Conclusions for urban planning.  The water systems are integrated parts of the city infrastruc-
ture. They affect and are affected by all other systems and activities in the city. The relations 
between the water systems and the city that they serve will be visualised.   

Conclusions for regional and national spatial planning. Based on statistical data for Swed-
ish built-up areas (population, surrounding environment, existing infrastructure etc.) conclusions 
will be drawn concerning the environmental effects of a change to alternative systems.  Will al-
ternative water systems contribute to a more sustainable Sweden? Will alternative systems co n-
tribute to achieve the Parliament’s environmental goals? Will investments in the urban water 
sector be cost-effective compared to investments in other sectors? 

The doctoral projects 

There are 16 PhD projects in the programme. For more information look at www.urbanwater.org  

The Urban Water research school 

The research school has been central for the interdisciplinary ambitions within the Urban Water-
programme, giving the PhD students 20 academic points (corresponding to 20 weeks) of inte r-
disciplinary courses, based on the PBL principles (Problem-based learning).   

In 2002 and 2003 four study tours to international Me ga-cities take place. Calcutta and Tokyo 
have been visited; Cairo and St. Petersburg to come.  

References 

Published papers, conference contributions and other publications can be found at www.urbanwater.org 
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Abstract 

The aim of the research programme Urban Water, financed by MISTRA - the Foundation for 
Strategic Environmental Research, is to develop support for strate gic decisions on future sus-
tainable sewage systems in Sweden. About 20 researchers and 17 PhD -students are engaged 
in the programme.  

The single most important question in the programme is whether the best way towards a sus-
tainable sewage system would be by improving the present system or whether the shortco m-
ings of this are so large that it would be better to change over to an alternative, source separa t-
ing sewage system.  

The research in Model City Urban Enclave concentrates upon investigations and studie s of 
source separating sewage systems, i.e. systems where the greywater is not mixed with excreta. 
Excreta are either collected mixed with flushwater, as black water, or the urine is diverted and 
the faeces collected dry. The research within Model City Urban Enclave is well under way and 
several papers are being presented here in Lübeck.  

Introduction 

The Swedish parliament has decided on 15 environmental goals and the performance of the 
sewage system is of prime importance for reaching several of these. The  most important goals 
for the sewage system are “no eutrophication” and “a good built environment”, which includes 
as sub-goals increased resource efficiency and increased recycling of the plant nutrients in 
sewage and organic waste. Thus, ideally the sewage system should not cause any eutrophica-
tion and it should be resource efficient and allow recycling of safe, i.e. hygienic and unpolluted, 
plant nutrients. 

The aim of the research programme Urban Water is to develop support for strategic decisions 
on future sustainable sewage systems in Sweden. About 20 researchers and 17 PhD-students 
are engaged in the programme.  

The single most important question in the research programme Urban Water is whether the 
best way towards a sustainable sewage system would be by improving the present system or 
whether the shortcomings of this are so large that it would be better to change over to an alte r-
native, source separating sewage system.  

More information on the whole Urban Water programme can be found in the paper “The Swed-
ish Urban Water Programme” presented by Prof. Per -Arne Malmqvist at this symposium.    
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Methods 

To answer the question of whether the sewage system should be further developed in small 
steps or be changed to a source separating system, criteria are needed for evaluating different 
aspects of sustainability, i.e. hygiene, environment, economy, socio-culture and technical func-
tion. Several tools, e.g. Microbial Risk Assessment (MRA), Substance Flow Analysis (SFA) and 
Life Cycle Assessment (LCA) have been developed for assessing these aspects. These tools 
are being used to analyse different sewage systems (varieties of conventional systems and 
source separating ones) in different physical settings. In the Urban Water programme five di f-
ferent settings, called model cities, are thoroughly analysed, namely country town, city centre, 
suburban area, new area and urban enclave.  

In three of these, country town, new area and urban enclave, source separating sewage sy s-
tems are compared to conventional ones. In the country town and in the new area, different va-
rieties of blackwater systems (systems separating between toilet waste – blackwater – and 
greywater) are being compared to conventional sewage systems.  

In the Urban Enclave, the comparison is mainly between a conventional water-flushed system 
and a system based on urine separation and dry handling of the faecal matter. Aspects being 
compared are: health and hygiene, environment, economy and socio-culture. Furthermore, for 
the urine separating, dry faecal handling system, specific functions are also being studied, e.g. 
the technical function and different methods to sanitise the faecal matter.  

The urban enclave activities and projects 

Most of the research within the Urban Enclave is performed within different proje cts. Engaged in 
these are five senior researchers and nine PhD students. The senior researchers are: Ann Al-
bihn, Head of Division, National Veterinary Institute; Nicholas Ashbolt, Assoc. Prof., University 
of New South Wales, Australia; Jan-Olof Drangert, Assoc. Prof., Linköping University; Håkan 
Jönsson, Assoc. Prof. and Dr. Björn Vinnerås, SLU - Swedish University of Agricultural Sc i-
ences. 

The PhD students are: Mattias Hjerpe and Helena Krantz, Linköping University; Annika Holm-
qvist, Jakob Ottoson and Therese Westrell, Swedish Institute for Infectious Disease Control; 
Helena Palmquist, Luleå University of Technology; Pernilla Tidåker, SLU – Swedish University 
of Agricultural Sciences; Simon Fane and Susan Pettersson, University of New South Wales.  

The projects within the urban enclave are: 

Substance flows of chemical risk substances and nutrients in greywater, faecal matter, urine 
and biodegradable waste 

In a conventional sewage system, all different wastewater fractions are mixed, forming conve n-
tional sewage. In source separating systems, however, the separate fractions are collected and 
treated separately. To analyse and compare these separating sewage systems with conve n-
tional ones, the flows and compositions of the different contributing wastewater fract ions are 
needed. Data on these flows were lacking. Therefore, the objective of this project was to mea s-
ure the flows and compositions of the fractions that can contribute to conventional household 
sewage, i.e. urine, faeces, greywater and solid organic household waste.  

In the project, the flows and compositions of urine, faeces, greywater and solid organic waste 
emanating from the 32 apartments (80 residents) of the Gebers house in Stockholm were 
measured during three consecutive one-week periods. Both nutrients and hazardous organic 
and inorganic substances were measured.  

The measurements showed that of the total flow, including solid organic waste, the largest co n-
tribution of nutrients came from urine (70% of the nitrogen, 30% of the phosphorous and 50% of 
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the potassium), while greywater contributed only 10% of the nitrogen, almost 30% of the pho s-
phorous and 20% of the potassium. For hazardous metals, it was quite the opposite. The co n-
tribution from urine was very small, less than 5%, while it was large for greywater, above ap-
proximately 40% except for mercury and zinc. For these two metals the faecal contribution was 
large, 70% for mercury and above 80% for zinc.  

The results of this study are given in full detail in Andersson & Jensen (2002). Many of the  re-
sults are also reported internationally in the paper “Urine, faeces, greywater and biodegradable 
solid waste as potential fertilisers” by Palmquist & Jönsson (2003), which is being presented at 
this symposium. The measurements have also been an important input to a proposal for new 
Swedish default values (Vinnerås et al., submitted). 

Nutrient management and environmental evaluation of different sanitation methods for faecal 
matter 

The objective of this project was to develop chemical methods to sanitise faeces. In the study 
the sanitising effect of two different chemicals, urea and peracetic acid, was investigated.  

The dose of urea corresponded to 30 g of urea nitrogen per kg of faeces. At this dose, an eff i-
cient reduction of E. coli, Enterococcus spp and Salmonella spp was achieved within 3 weeks 
and of the virus indicator phage Salmonella typhimurium 28B and Ascaris suum eggs within 50 
days. Spores of Clostridia were not reduced at all.  

At a dose of 10 g of PAA per kg of faeces, all organisms investiga ted (Ascaris suum not investi-
gated) were efficiently reduced within 12 hours.  

From the aspects of resource efficiency and environmental friendliness, sanitation with urea 
was found to be promising. Urea is a common nitrogen fertiliser and its fertilising effect is not 
lost when it is used for sanitation. Its cost in terms of money, energy and environmental effects 
can be allocated to this fertilising effect. Thus, the sanitising effect is “free”, as it is achieved by 
“borrowing” the urea fertiliser before it is applied on the field. Results are published in Vinnerås 
et al. (2003).  

Influence of sewage fertiliser products on sustainability of farming 

The objectives of this study were:  

• to assess the influence on environmental impact and resource management in a systems 
perspective when sewage fertiliser products, e.g. source separated urine and blackwater, 
replace mineral fertiliser in arable farming and 

• to develop sustainability criteria for classification of sewage fertiliser products used in agr i-
culture. 

So far one product, source separated human urine, has been compared to mineral fertiliser. The 
method used in the project was LCA and the production of the urine, i.e. the sewage system, 
was included in the study. This is the reason why the eutrophication proved to be much less 
when urine instead of mineral fertiliser was used as fertiliser. Using urine also saved energy, but 
the amount of energy saved proved very dependent on the payback time and type of the addi-
tional capital goods, e.g. storage tanks, needed when the urine is source separated. The full 
results of this study are published in the report “Life Cycle Assessment of Grain Production Us-
ing Source Separated Human Urine and Mineral Fertiliser” (Tidåker, 2003).  

The interests and preferences of farme rs have also been studied and are being presented here 
in Lübeck (Tidåker et al., 2003). 

Systems evaluation of source separating sewage systems in a small urban enclave, a large 
urban enclave and a small country town  

One objective of this project is to test the potential of source separating sewage systems in en-
claves of different sizes. Another objective is to compare different source separating sewage 
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systems with each other. The source separating sewage systems which we intend to test are: a) 
urine separation and dry faecal handling, b) urine separation and vacuum collection of wet fae-
ces, c) urine separation and collection of wet faeces via separation from flushwater using 
Aquatron separators, d) blackwater collected with a vacuum system and e) blackwat er created 
by mixing urine and faeces collected via system c).  

The evaluations carried out in this project will be based on systems simulations performed with 
the software tool URWARE (URban WAter REsearch simulation model). This is a further deve l-
opment of ORWARE (ORganic WAster REsearch simulation model) (Dalemo et al., 1997; So n-
esson et al., 1997). URWARE is based on Substance Flow Analysis (SFA), but also incorpo-
rates important aspects from Life Cycle Assessment.  

This project is planned to start in May 2003, when URWARE should be fully functional.  

Greywater, separated urine and dry faeces – hygiene and microbial risk assessment (MRA) 

The objectives of this project are: 

• to evaluate whether composted faeces will be hygienic enough to allow reuse as ferti liser on 
crops grown by the source household or by nearby farmers,  

• to measure the faecal contamination of different greywater flows (kitchen, other) and to ex-
amine the growth/reduction potential of microorganisms in greywater sediments,  

• to undertake modelling of likely infections per pathogen group within the community over the 
expected lifetime of the system, utilising the MRA tool from the SA-project and 

• to combine all the data in order to assess the health risks that this system poses in daily life, 
to whom and how often, with the purpose of estimating the sustainability of the system, i.e. 
to perform a MRA (Microbial Risk Assessment) of the system.  

So far, the faecal contamination of different greywater flows has been measured and the ass o-
ciated microbial risk estimated (Ottoson & Stenström, 2003). The growth/reduction of microo r-
ganisms in greywater sediments has also been studied and reported (Ottoson & Stenström, 
2002) and a MRA of greywater in a source separating wastewater system is being reported 
here in Lübeck (Ottosson, 2003).  

Why some take on the responsibility of sustainability  

The overall aim of the project is to enhance understanding of the willingness and ability of 
households to take on new responsibilities for improved sustainability. A study carried out in the 
Gebers house in Stockholm also aims at analysing water and sanitation arrangements as cu l-
turally and socially embedded. The residents have chosen a technical structure, with urine di-
version and dry handling of faeces, that entails some  “own-key” arrangements. The study of 
how residents/users view and perform their roles as guardians of nature is important for the 
proper design of water and sanitation systems.  

The methods used in this project include in-depth interviews and writing of diaries. The study is 
well underway and initial results are being reported by Helena Krantz (2003) at this seminar.  

Urine separation and dry handling of faeces – technical function  

The objectives of this project are  

• to document the frequency and severity of the different functional problems encountered in 
sewage systems with source separation of urine and dry handling of faeces,  

• to analyse between one and three of the most frequent or severe problems in depth, with the 
goal of eliminating these problems in the future and 

• to analyse the other problems to some extent. 
This project is planned to start May 2003. 



2nd international symposium on ecological sanitation, april 2003 

Jönsson  777 

S
es

si
o

n
 H

 

Interested – want to know more?  

Visit www.urbanwater.org! Contact Håkan Jönsson, Hakan.Jonsson@lt.slu.se 
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Abstract 

The rural latrines in China exists two issues, one is low coverage rate, and the other is that the 
latrines is too simple and the excreta is unable to achieve harmlessness. 5 kinds of sanitation 
latrines to the country of China have been recommended. These 5 kinds are: Three -
Compartment Septic Tank latrine; Triplex Biogas latrine; Double Urn Funnel-pan latrine; VIP 
latrine and Urine-Diversion Eco-san latrine. In order to know which kind of latrine is more sui t-
able in which areas,and make the latrines improvement is more effective and more economic, 
some comparison was made on above kinds of latrines used in China. These kinds of latrines 
have some different characteristics and that can be fitted different areas in China.  

 

General information of the water environmental situation in China 

China is a developing country with the most population. According to the Fifth National Census, 
the total population of the country is 1.29533 billion. Near 80 percent of the people live in rural.  

The volume of China’s water resource amounts to 280 million m3 with over 7 percent of the 
world’s water resource, which is the forth in the world and less than Canada ? Brazil and Russia 
as well as more than U.S.A and Indonesia. Although large quantity of water resource, too many 
population make the volume of water resource per capita lower. The volume per capita reached 
from 2251m3 in 1998 to 2220m3 in 2000, with only over 25 percent of the world. So United Na-
tions considers China as one of 13 water shortage countries. The distribution of China’s water 
resource is also irregular. The volume in the northern of China is only 995.4m3 which does not 
reach the international standard (1000m3).  

Water environment of China has deteriorated increasingly. In the past decade, the volume of 
sewage discharge in enterprises on an average annually amounts to 60 billion m3 out of which 
50 percent comes from industry. But the rate of sewage treatment is under 70 percent. And in 
1999, the volume of sewage discharge of daily life in urban is above 50 percent of volume of 
industries. Water pollution is mainly caused by these following reasons:  

a) Sewage of industry; 

b) The rising of sewage discharge in urban;  

c) The rising of sewage discharge in rural.  
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Present situation of latrines in urban areas of China   

In the light of WHO Global Water and Sanitation Assessment 2000 Report, the coverage rate of 
sanitation latrines was 38% in China which 68% belonged to urban areas and only 24% laid 
down in rural areas. The report indicated that more than half of Chinese were difficult in enjo y-
ing necessary sanitation facilities.  

In China city where with sewage system flushing latrine hold a dominating position, ac cordingly 
there are 80 million flushing latrine in China. The volume for water flushing adds to 14 million 
liters each day, which corresponds to the volume of 140 medium water works (100,000 ton per 
day). Investigations concerned show that the water consuming in flushing system amount to 
50% of the total family water consumption. We call the waste water which come from latrine as 
black water, that means these part of water are polluted seriously. Black water contain a lot of 
pathogen, parasite spawn, furthermore its COD as well as BOD, SS are much higher in black 
water than in grey water. Survey also manifests that total bacterial in black water reach as high 
as 104---105/ml, coliform could be more than 105/l, parasite eggs more than 100,000/100ml.  
BOD could be high to several thousand ppm,  COD even reach more than 10,000 ppm. Co m-
pare to mixed sewage, its BOD is about 200 ppm, COD is a little higher but not more than 400 
ppm before its treatment. From what are mentioned above, we can safely arrive at a conc lusion 
that both quantity and quality of black water take up the most proportions in city domestic se w-
age.  

In small towns, quite lot of  residents use three-compartment septic tank toilet, but they are no 
way to treat the excreta since no land for garden,  the tank always take black water as well as 
grey water, furthermore sewage system is not so good in these towns, waste water discharge 
without order, so water pollution is more serious in small town general speaking.  

Owing to lower treatment rate for urba n domestic sewage in China, what sewage discharges 
outcome directly results in contamination of rivers and lakes. Nowadays the trend of water poll u-
tion is worsening and affecting the sea basin nearby. Frequence of red tide in close sea increa s-
ing every year has been alerting us to the crisis facing water pollution deterioration. With eco-
nomic rapid development and the fast pace of urbanization in China, new adding city population 
attains to more than 10 million each year and floating population exceeds 100 million, all these 
factors make the increase of city sewage discharge and water pollution control will become 
more and more challenging assignment. 

Present condition of latrines in rural areas 

Different from city, in history peasants in China have been use d to manufacturing organic fertil-
izer by means of human and animal manure. They keep this tradition although demand of 
chemical fertilizer has been raising since 1960s all the long, dung application remains in quite a 
few village regions. As a result, most latrines in rural areas are built independently and the 
peasants dispose the manure individually by themselves. 

On account of backward economy and education, rural latrines exists two issues in China, one 
is low coverage rate and the other is that the latrines is too simple and the excreta is unable to 
achieve harmlessness. This is the key reason that the incidence of intestinal infectious disease 
and parasite sickness in rural areas is still so high.  

With respect to coverage rate of rural latrines in Chi na, the data between WHO and China au-
thorities—National Patriotic Health Campaign Committee (NPHCCO) have a great difference. 
By the end of 2000,WHO statistic data was 24% but the data of NPHCCO reaches 44.8%( Fig1 
showed 39.8% in 1999). In terms of proportion of all kinds of latrines declared by NPHCCO 
maybe we can find out the answer. NPHCCO who serve as authorities, takes in charge of la-
trine construction and improvement in rural areas in China. At present stage, it recommends 5 
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kinds of sanitation latrines to the country of China. The kinds are: Three-Compartment Septic 
Tank latrine; Triplex Biogas latrine; Double Urn Funnel-pan latrine; VIP latrine and Urine-
Diversion Eco-san latrine. The first four have applied for a long term in China. Urine -Diversion 
Eco-san latrine was only introduced from Sweden in 1997,which was listed as recommendation 
latrine in 1998 by NPHCCO. Up to now its quantity is still little so proportion graph only provide 
the first four kinds of toilet amount for   percent in whole country, even in Guangxi province (one 
of the eco-san latrine pilot project province by Sida and NPHCCO), this kind of latrine did not 
put into graph. Figure 2 show proportion of different kinds of latrines in China. From the graph 
we can see, beside four kinds of latrines which are recommended by NPHCCO, the “other’’ take 
almost 50% of the constructional graph, most of this part was shallow pit dry latrine and some of 
them even took the public latrine instead of household latrine. Shallow pit dry latrine is so  simple 
in structure and that it can’t meet the sanitation standard, it is not only smells foully but offer a 
reproduction area for fly and mosquito, even more this kind of latrine gives rise to the pollution 
of surface and ground water so which is the objective of rural latrine reform. 

 
Figure 1: Nationwide sanitary latrine coverage in rural China-1999 

 

 

 

 

 

 

 

 

 

 

Figure 2: Type of sanitary latrine currently being promoted in China 

Types of Sanitary Latrines Currently being Promoted in China
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In order to know which kind of latrine is more suitable in which areas, and make the latrines im-
provement is more effective and more economic, we made some comparisions among these 
latrines used in China rural as below. 

Comparison of sanitation latrines in rural in China 

Water- flush latrine 

This kind of latrine is introduced from the west, which requires water supply ,water outlet facil i-
ties and sewage treatment system. All these need strong financial support and it is too expe n-
sive for most developing countries. Owe to dear costs, it is hard to put into large scale practice 
in many developing countries. Another deadly shortcomings  are not be neglected, One is it 
consume a lot of clean water, another is it could cause serious water pollution.  

Three-Compartment Septic Tank latrine  

This kind of latrine is quite popular in China rural areas. It costs about 1000 RMB to build and it 
is possible to put the latrine inside the house and put the tank outside.  

The faeces are keep in the tank and it will take about 50 days to go to the third compartment, 
pathogens and parasite eggs are killed in anaerobic environment. In case of correct operation 
and following rigid construction requirement, this kind of toilet sanitation is also quite well. The 
date from different places is certificated compared with the first co mpartment, parasite spawn 
reduce by 95.5% and its mortality rate attains 80 % or so. Coliform bacteria decreases by 
99%.NN increases three times. But the price of this kind of latrine is rather expensive for a large 
farmers in rural of China now. 

Triplex biogas latrine  

On the basis of three-compartment septic latrine, marsh gas tank latrine is mapped out as a 
sustainable energy latrine. Marsh gas is produced by seal fermentation and then passed 
through a pipe into family house. Which can be used in cooking ,boiling as well as lighting . The 
fermentation tank treat not only the human faeces but the excreta from the animals as well.  

The system costs about 2000---3000RMB,compare to farmers’ income it is quite expensive, but 
the family could get money back from energy consumption and organic fertilizer, general spea k-
ing the family could get the investment back in one or two years by this way. Since the family 
use the gas as energy instead of wood so it is good for forest preservation.  

Beside the high investment the biogas system has its another problem, that is sanitization. 
Since fresh faeces is mixed with old one and it is no enough time to kill the pathogens, so the 
ending from the tank need to be treated secondly before using as fertilizer but it is not so ea sy 
when practice in large scale. 

Double Urn Funnel-pan latrine  

Double Urn Funnel-pan latrine was invented by Henan Province. Compare with three –
compartment latrine ,this kind of latrine use two urn instead of the tank, by this way, it only costs 
about 1/2 of the three compartment latrine. The principle of sanitization is same in both kinds of 
latrine. Quite lot of study indicate, if  use and manage carefully, it could be meet sanitation sta n-
dard. 

Since its urns are not so big, so the most important thing is to control the flush water after each 
visit and never put the grey water into the urn.  

Ventilated Improved Pit latrine  

According to own special climate characteristic, deep pit latrine, a uncomplicated latrine, it in-
vented by Jilin Province .the pit is deep as 1.5 m over the frozen soil. Apart from a moving ce-
ment plate(10 mm thick, served as seal material),manure store in pit naturally from two to three 
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months, which can reach fundamentally harmlessness. Adding a vent piper on the pit, it become 
a quite famous VIP latrine . 

The price of this kind of latrine is almost same as Double Urn Funnel-pan latrine and it is com-
mon in the north of China. 

Urine-Diversion Eco-san latrine  

Urine-Diversion Eco-san latrine is a creation newly out of traditional pattern and has different 
kinds of model. China introduced this kind of toilet from Sweden in 1997. Guangxi as one of 
pilot project side began its construction in 1998. Since the pilot project was so successful, 
Guangxi PHCCO promoted it in Yongning, a county belong to its capital city Nanning (the capi-
tal of Guangxi) at large scale. 

There are some obvious features of this kind of latrine but the most obvious is its flexibility, it 
could be build by no more than 200 RMB but it still works well, it also could be built more luxuri-
ous combined with bathroom and become permanent sanitation facility just like their house, in 
this case it only take about 500—800 RMB. Another obvious feature is this kind of latrine could 
be built inside the house easily, so the user enjoy it very conveniently and easy to manage it as 
well.  

In Yongning county, eco-san latrine has been developed with biogas digester and physical env i-
ronment comprehensive improvement at same time, by these ways, forming the ecosan village 
a new model for sustainable human settlements in rural areas. Ecosan village is welcomed by 
local people from its beginning and there are more than 200 ecosan villages now in Guangxi 
more than 10,000 households and about 50,000 population have benefited from this system.  

By the end of 2002, Guangxi will complete 100,000 units of ecosan dry latrine , the latrines has 
been increased at least double each year in Guangxi since its introduction in 1998.  

Because of its outstanding achievement in developing eco-san, the first international ecological 
sanitation conference was held in Nanning, Guangxi in 2001. More than 300 participants from 
domestic and abroad visited ecosan villages in Yongning. In the Conference Report which pu b-
lished latter, Guangxi was praised as jewel in the ecosan crown of the world. Guangxi is going 
to introduce ecosan system into urban areas, the pilot project will be started next year.  

Conclusion 

Because the population of China are distributed irregularly across vast areas, the condition of 
the water source, climate, economy and others are rather different. Sanitation latrine should 
conform with the standards and fulfill the requirements of safety, hygiene, affordable cost and 
service ability. These kinds of latrines above have some different characteristics in China, so 
that can be fitted different area in China: 

1. There-Compart Tank Septic latrine is good for most part of China, but mainly used in the 
south because it needs enough water and the price is not so cheap;  

2. Double Ure Funnel-pan latrine is more suitable for temperate zone where soil layer is thick 
and rainfail moderate; 

3. Triplex Biogas latrine is suitable for rural areas in the valleys of the Yellow River and the 
Huai He river ,and to the south of Qin Ling ,and the price is also not cheap;  

4. Ventilated Improved Pit latrine is suitable for areas with little rainfall or arid and areas where 
the level of underground water is low; 

5. Urine-Diversion Eco- latrine ,faeces and urine do not mix, ash are used to cover faces and 
no water needed for flushing, and the price is rather cheap, it is good for almost everywhere, 
especially for areas is scarce of water and the climate is cold.  
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Abstract 

This paper aims to describe some of the current ecosan concepts and strategies spread world-
wide in different developing countries. Based on field visits and working experiences in Afghani-
stan, Belgium, Burkina Faso, Bolivia, Botswana, Burundi, China, Cuba, Germany, Lesotho, 
Mali, South Africa, Turkey, Tunisia and the United Arab Emirates the currently applied techno l-
ogy components suitable for ecosan will be presented as a slide show, and some closed loop 
concepts operating under different framework conditions will be briefly explained. 

Introduction 

Generally speaking, there are two types of closed loop nutrient, material and energy recovering 
ecological sanitation concepts: (A) dry sanitation and (B) waterborne sanitation. As all human 
life requires water, even the so-called dry sanitation of households has to integrate the grey-
water stream produced by humans, an often neglected fact in strategic ecosan discussions. 
Often households served by dry sanitation systems need additional investments to solve their 
greywater problems.  

The first step for the introduction of waterborne ecological sanitation would be a fully mixed 
wastewater stream (including organic waste, but without rainwater), with strict water saving and 
recycling measures being introduced. As a second step, in-house-stream-separation could be 
achieved, with low charged greywater bypassing the treatment system, then urine diversion or 
liquid/solid separation could be installed.  

Analysing some of the ecosan approaches used world wide , the introduction of ecosan co n-
cepts can be divided into three groups: (1) individual household solutions (on site solution), (2) 
neighbourhood solutions (decentralised systems), (3) communal solutions (centralised systems) 
with combinations of the above mentioned two areas and three group often being found. 

Dozens of technology components are already well known and will be presented in the slide 
show during the presentation of this paper in the symposium. They could be classified in A1 (dry 
sanitation as on site solution), A2 (dry sanitation as decentralised solution), A3 (dry sanitation 
as communal solution), B1 (waterborne sanitation as on site solution), B2 (waterborne sanit a-
tion as decentralised solution), and B3 (waterborne sanitation as communal solution).  
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Examples “on the way” 

Vacuum sewer as a key technology in a waterborne ecosan concept in Botswana 

In Botswana, the first vacuum sewer system in Shaoshong (10.000 hab.) is under construction, 
with complete local financing. The vacuum system will be the first on the African continent. The 
idea is to compare a conventional gravity sewer system with a vacuum sewer in the same town 
in a flat area, gradually introducing household water saving measures later , along with simple 
treatment procedures, and to develop community based and household centred nutrient reuse 
concepts for both types of sewer system (central sludge treatment and reuse, individual gre y-
water separation and gardening, household water saving measures, household based rainwater 
harvesting, urine separation and use etc.). The final decision to compare both systems was 
supported by a Ghanaian consultant (working for a local consulting firm), who prepared the bi d-
ding procedure and supervises the construction work on behalf of the Government of Botswana. 
The contract for both systems was won by the Chinese Civil Construction Company, which is 
working with experienced workers from Botswana, Zimbabwe, Zambia and Chinese engineers. 
The material for the gravity system (uPVC pipes and concrete manholes) is locally manufa c-
tured, the vacuum sewer pipes (uPVC) are also locally manufactured in Botswana, and some 
special equipment (vacuum pumps, household connection chambers) for the vacuum system 
comes from Germany.  

First evaluations show that the investment for the vacuum system is 23% lower than for conven-
tional gravity sewers, due to less excavation, a smaller pipe diameter, much less working time, 
fewer pumping stations (flat area), and there being no need for large machinery for the excav a-
tion work. Local, unqualified workers could manually carry out the excavation work manually. As 
the vacuum system investment is cheaper than the conventional sewer, the consultant charged 
a higher planning and commission fee, as did the contractor. They therefore had a lower profit 
margin when installing the conventional sewer. 

It is expected; that there are even lower operational costs, with only one central vacuum station 
planned for one half of the (village) town, rather than between 4 and 6 pumping stations being 
needed. Moreover, there is no need for the  central water works to flush a vacuum sewer during 
the night, as the recently installed gravity systems in neighbour towns require. There, the town 
population is not consuming the amount of water planned for standard household water conne c-
tions, due to the steadily increasing water price, the high connection fees, separation and recy-
cling of greywater for gardening, low flush systems instead of conventional one gallon flushes 
etc. and therefore a flushing of the system at night time is necessary.  

Dry ecological sanitation in Botswana 

The “CBNRM - Missing Link” project endeavours to introduce a new approach to Community 
Based Natural Resource Management (CBNRM), which consists of starting at a household level 
(Household-centred Approach HCA)1 and, at a later stage, to transfer the knowledge to the 
wider community. It aims at first understanding the interactions between people and their env i-
ronment, and secondly to pilot the integrated management of all natural resources at household 
level with a long term vision of expanding results to a community level. It defines the concept of 
environmental management as “the implementation of a set of activities / measures which pur-
sue sustainable natural resource utilisation and safe environmental sanitation at household and 
community level”.  

                                                         
1 The HCA supports a process whereby the “thinking starts at the household level.  The solution to the problem might be at any level” 

and where the conventional model of the past whereby decisions would flow from a national level down to household level by 
passing through all other intermediary levels is turned into a circle in which “t he flow of decision-making is in both directions not 
only out from the centre, but also in towards the centre”. One of HCA main aims is to encourage first Households, then commun i-
ties to look at environmental issues in an integrated way (including water, waste, sanitation, backyard and natural resources gen-
erally). HCES-The Household-centred Environmental Sanitation Approach, a new way to increase the sustainability of 
water and sanitation projects, Report on the 16th AGUASAN Workshop, June 26 to 30, 2000, Adrian Coad, SKAT. 
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The project is being implemented by IUCN (The World Conservation Union), an international 
NGO, in partnership with the Permaculture Trust of Botswana (local NGO) and with the financial 
support of the German Government.  

It focuses on household practices around:  

• Ecological Sanitation and use of by-products as fertiliser (urine) and soil conditioner (dry 
faecal matter) 

• Water conservation, rainwater harvesting, grey-water reuse 

• Use of organic and non-organic waste (reuse and recycling)  

• Gardening and agricultural product marketing  

All these aspects are combined with the aim of improving rural livelihood, including imporved 
hygiene, and thus improved economic and social conditions. One of the most innovative as-
pects implemented by the 20 families identified in three villages of Western (Kalahari area) and 
Eastern Botswana is the concept of ecological sanitation. Families have chosen the urine dive r-
sion system (dry sanitation), whereby urine is diverted into a container for collection, and faecal 
matter is kept dry and collected in a bucket or hole. This project is one of the first that is in-
cludes children under five as users of separation toilets and introducing urine diversion toilet 
pedestals with additional kiddie seats, produced in South Africa. The use of the by-products 
from the urine diverting toilets as fertiliser and soil conditioner for gardening, is combined with 
composting of organic waste, rainwater harvesting, grey-water re-use and non-organic waste 
recycling as building material, towards improving rural livelihoods in a sustainable manner.  

The ecological sanitation part of the project is facing two main problems: (1) a highly subsidised 
sanitation system in Botswana, whereby pit latrines are provided by the government with only a 
symbolic contribution by each household, and (2) the seasonal migration of households to their 
fields and livestock areas, far away from their home villages. The project addressed these pro b-
lems respectively through an intensive awareness raising on the added values of ecological 
sanitation systems and by suggesting the use of removable / transportable pedestals that can 
be transferred to the fields during the rainy season and be used in the village home during the 
rest of the year. 

People, once adequately informed, are open to new technologies. Households voluntarily ac-
cepted to invest in the construction of the superstructure of the toilets and thus move from a 
highly subsidised system to a self -help system. 

Different ecological sanitation concepts in China 

Chinese eco-sanitation experience is thousands of years old. Ecological sanitation in China is 
defined as 'sanitation systems based on preventing pollution, destroying pathogenic organisms, 
recycling human (and animal) excreta, greywater, and organic household (and farm) waste’. 
This ecosan concept was tested with strong support from Sweden in relatively small -scale pro-
jects in rural areas in Southern China, and it was even introduced more than 50 years ago 
through integrated rural biogas programmes for small pig farmer families all over China. Now it 
is ready for urban applications. It is  in urban areas where there is an urgent need for alterna-
tives to conventional sanitation. All around China, there are fast growing small and medium-
sized towns where most households have no access to a hygienic sanitation system. There are 
47,000 such townships with a total population of more than 200 million. Often, the municipal 
economy does not allow large investments in pipe networks, pumping stations and treatme nt 
plants and many towns are critically short of water. However, not only for such townships, ec o-
logical sanitation systems based upon decentralized management of human excreta, greywater 
and (organic) household refuse could be an immediate solution.  
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Eco-sanitation with urine diversion 

The use of night soil as fertilizer is far from new in China. Around 93% of agricultural hous e-
holds utilize human excreta in this way. However, what is new is the introduction of a sanitation 
facility, which allows for the diversion of urine and the treatment of faeces so that the practice 
can be safe and the facility pleasant to use. Modern-style waste and wastewater stream separa-
tion, i.e.  ‘ecosan’, began in 1999 in three provinces under a pilot project supported by Sida and 
UNICEF. In Guangxi, ecosan is promoted as a comprehensive drive for a better village env i-
ronment, including paved lanes, improved kitchens, biogas digesters, and other amenities. 
There are now 100 ‘ecosan villages’ in Guangxi; around 30.000 private tiled toilets have been 
built. Ecosan facilities have also been constructed in schools. The programme is so successful 
that rapid expansion, in Guangxi and elsewhere, is ongoing.  

„Decentralised Wastewater Treatment Systems“ - DEWATS 

The project had been co-financed by the Commission of the European Union, with a substantial 
contribution from the State Office for Development Co-operation of the Free Hanseatic City of 
Bremen from October 1994 to April 1998. The following organisations participated in the project:  
CEEIC (Chengdu) and HRIEE (Hangzhou) from China; SIITRAT (New Delhi), MDS (Kanjir a-
pally) and CSR (Auroville) from India, and GERES (Marseilles) from France. BORDA from Ge r-
many co-ordinated the project. Up to date, even after closing the development projec t, more 
than 200 such systems have been installed in densely populated urban areas of Western China. 
DEWATS is based on four treatment systems: 

• Sedimentation and primary treatment in sedimentation ponds, (biogas-)septic tanks or Im-
hoff tanks 

• Secondary anaerobic treatment in fixed bed filters or baffled septic tanks (baffled bio-
reactors) 

• Secondary and tertiary aerobic / anaerobic treatment in constructed wetlands (subsurface 
flow filters) 

• Secondary and tertiary aerobic / anaerobic treatment in ponds.  

The above four systems are combined in accordance with the wastewater influent and the re-
quired effluent quality. Hybrid systems or a combination of secondary on-site treatment and ter-
tiary co-operative treatment is also possible. Three material loops of mixed household wastewa-
ter are generally designed: water, sludge and energy. In addition, urine diversion toilets could 
be integrated into the concept. 

Reuse of wastewater: Irrigation directly from anaerobic systems overflow in urban garden areas 
is best performed with an underground network of irrigation pipes. Effluent from aerobic ponds 
or constructed wetlands is suitable for surface irrigation, even in domestic gardens. However, 
the better the treatment effect of the system, the lower is the fertilising value of the effluent. Irri-
gation of crops should therefore stop 2 weeks before harvesting in order to protect the public 
health. Treated wastewater can be used for fish farming when diluted with fresh river water or 
after extensive treatment in pond systems. Integrated fish and crop farming is possible. 

Reuse of Sludge: Each treatment system produces sludge, which must be removed in regular 
intervals, ranging from several from some days to several weeks (Imhoff tanks) or to several 
years (treatment ponds). Aerobic systems produce more sludge than anaerobic systems. 
Desludging should comply with agricultural requirements because sludge although contami-
nated by pathogens is a valuable fertiliser. Consequently, sludge requires careful handling. The 
process of composting kills most helminths, bacteria and viruses due to the high temperature 
that it generates. 

Use of biogas: The use of biogas may reduce the cost of treatment. Biogas utilisation makes 
economic sense in the case of heavily charged wastewater, and especia lly when biogas can be 



2nd international symposium on ecological sanitation, april 2003 

Mang  789 

S
es

si
o

n
 H

 

regularly and purposefully used on-site. Approximately 200 litres of biogas can be recovered 
from 1 kg of COD removed. A Western Chinese household normally requires 2 to 3 m³ of bi o-
gas per day for cooking. Thus, biogas from 20 m³ of wastewater with a COD concentration of 
not less than 1000 mg/l would be needed to serve the requirements of one household kitchen.  

“4 in 1 peri-urban agricultural ecosan-model” 

Pig – Toilet – Biogas – Vegetable, combined with greenhouse production: The so called “4 in 1 
Model”: The model, already constructed more than 160.000 times in peri urban areas of mega -
cities in Northern China, takes the ecological principles as its base, makes full use of solar e n-
ergy, takes biogas as a key linkage, combines intensive peri-urban vegetable farming, sanita-
tion and animal breeding, forms a courtyard energy ecological comprehensive application by 
linking biogas digester, pig-sty, toilet and vegetable plastic-membrane-roofed greenhouse under 
fully-closed conditions on the courtyard land through bio-energy conversion technique. It en-
ables biogas digesters to be used all year round even in cold climates. The system promotes 
pig growth, shortens the breeding cycle, saves feed and increases the efficiency of livestock 
breeding. It is on the same plot of land, to realize biogas production with organic fertiliser colle c-
tion and human faeces treatment, enriched with nutrient rich urine, to conduct at the same time 
farming and breeding. The greenhouses guarantee the temperature tha t is necessary for the 
biogas plants to produce biogas in winter and pre-hygenize the substrates, the produced biogas 
is used to raise the temperature of greenhouses and for cooking purpose. CO2 produced by 
burning biogas inside of the greenhouse promote vegetables photosynthesis. In addition, the 
digested slurry and sludge is applied as fertilise to the vegetables. The seedlings will be even 
and strong and the survival rate will be high after transplanting, so long as biogas fertiliser is 
used to raise them. Applying biogas fertilizer saves a lot of chemical fertiliser and agricultural 
chemical; the economic benefit is promoted naturally. In short, this technology can promote the 
utilisation ratio of biomass and produce vegetables without pollution, plant diseases and insect 
pests. 

Biogas septic tanks as a key technology for a water borne closed loop concept in  
Lesotho 

Lesotho is selling drinking water to South Africa, but in the capital Maseru, high quality drinking 
water is rare. Groundwater and lake water pollution in the city area was measured and Pit la-
trines and Septic tank overflow identified as contaminating source. The rocky underground is 
impermeable. At the other side, the large urban housing plots could be more efficient used for 
urban agriculture and gardening, a need in a land where the arable space is under pressure. 
The central sewer treatment system is under loaded, because only a small part of Maseru city is 
connected and even half part of this sewer-connected area could not reach the treatme nt plant, 
because since years the pumping station is out of order. Reason: high operation cost and tec h-
nical difficulties, resulting in an untreated shortcut to the border river.  

Supported by the German Embassy, the German Service for Development (DED) is realising 
some training and demonstration measures for household centred and community based closed 
loop on plot reuse of all wastewater and nutrients, driven by a market oriented sanitation ap-
proach.  

The first system, a small bore sewer grid for eight ho uses (40 persons), a biogas-septic tank 
unit, and an upflow filter based on recycled plastic bottles, a wetland, and 800 sqm. Vegetable 
and fruit garden, and two household connections for the biogas as full cooking energy source 
(for two families), has been installed and is now one year under full service conditions. More-
over, organic waste of the whole neighbourhood is composted in the garden area. The demo n-
stration effect shows, that there is a all year around gardening possible, with higher yields and 
quality than only rainwater depending agriculture and much cheaper than use of piped fresh 
water fro irrigation with additional fertilizer use. Driven by private demand and investment, an 
extension of similar systems for individual households and neighbourho od (3-10 houses) is on-
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going. Due to the German support, actually, each site is used for training of private constructors 
and engineers, even from South Africa. 

As the non-separation of streams results in a potential over-fertilisation of the garden area, and 
as first results of the pilot unit shows, that the biogas-septic tank unit could be smaller with the 
same energetic efficiency if the hydraulic charge is lowered, the next steps planned are the 
stream separation of greywater and blackwater, than later one the introduction of urine diver-
sion. However, this last step than, when the gardening and urban agricultural demand is esta b-
lished and a liquid fertiliser demand are stabilised.  

Greywater gardening through ecosan in Mali  

Koulikoro, Mali, has a central potable water supply system dating from the 1970s, but yet no 
sewage system. In an arid sub-Saharan country like Mali, where financial and water resources 
are scarce, a water-carrier sewage system resembling those used in Europe would be inappr o-
priate and too expensive. Mali is also faced with the steadily worsening problem of soil degrada-
tion, up to and including desertification, chiefly because of agricultural overuse and insufficient 
return of nutrients.  

An affordable means of proper wastewater disposal is needed. Therefore, GTZ and DED deve l-
oped on-plot household ecosan systems in which faeces, urine and greywater could be sepa-
rately collected and treated. This offers major advantages over conventional latrine based sy s-
tems, as it enables the hygienic recovery of soil amending substances from faeces and of nutr i-
ents from urine and purified greywater. These ecosan systems are also in harmony with local 
traditions.  

In 2002, the National Sewage and Solid Waste Department at the Malian Ministry of the Env i-
ronment incorporated the greywater gardens and separating toilets developed by the ecosan 
initiative into its program. Together with GTZ, the department is now examining their suitability 
for widespread introduction. Ultimately, however, the success of greywater gardens depends 
solely on the degree to which women for growing vegetables accept them, bananas and papa-
yas. 

Some ecosan technology components showed in pictures 

• Urine diversion with dry sanitation (seat toilet, squatting toilet, water saving urinals ) 
• Urine diversion with flush systems (seat toilet) 
• Liquid/solid separation in dry toilets (on site) 
• Liquid/solid separation in flush systems (on site) 
• Rainwater collection and separation (on site) 
• Rainwater reuse devices 
• Compost toilets combined with urine (on site) 
• Bucket and bag toilets (on site) 
• Vacuum sanitary equipment (on site) 
• DEWATS 
• Biogas technology (for wet and dry systems) 
• Filter technology (many kinds) 
• Vermiculture 
• Constructed Wetlands 
• Rotational disks 
• Drying techniques 
• … 
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Lessons learnt 

Often, the introduction of ecosan concepts faces several problems, such as the initial costs of 
introducing new sanitation concepts and systems, unclear institutional responsibility, social ha b-
its to use toilets as receptacles for all kinds of waste and a certain resistance to new ideas 
among those currently promoting other forms of conventional sanitation. A successfully imple-
mented pilot project in each country or region will serve to help overcome these difficulties.  

Afghanistan 

Urine and washing water diversion systems have been used for hundreds of years. It can be 
used for a maximum of 5-8 users per day/toilet room. The liquids are piped out of the building 
and dried in the open air. The faeces have been collected the whole year around in a half open 
chamber. When it was frozen in wintertime, the faecal matter can easily transported to the 
fields, stored in heaps and was used in summer time as dry material as agricultural soil im-
provement. The ground water table in Kabul is high and the sandy soil has almost no  biode-
grading capacity, so the separation of urine, water and faeces is/was the best environmental 
solution to prevent water pollution. Unfortunately, due to a much higher density of the actual 
population, these diversion toilets are currently overcharged.  

South Africa 

One part of the idea for urine diversion was introduced in South Africa as a result of a workshop 
in Mexico. First, Mvula Trust brought the mould from Mexico for cement toilet seats. In different 
rural areas, the seats with the original Mexican dimensions have been introduced with and wit h-
out urine diversion. Due to the different quality of the seats caused either by the manufacturers, 
the material used, or simply because of the way they were used, many of the toilet seats have 
broken. Based on this experience, a stronger cement mixture and a bigger “bowl wall thickness” 
were introduced and new moulds have been developed. For this reason in some “ecosan pr o-
ject” villages, we will find other uses for former broken Mexican dimensioned cement toilet 
bowls. 

A famous urban household in South Africa is used as demonstration site. The sanitation system 
of an old townhouse were converted from flush toilets to a dry bucket toilet with urine diversion 
and collection. The cleaning management shown to visitors is not so promoting, due to less 
working space under ground and difficulties to get the bucket in a clean way in and out the toilet 
hole.  

Urine diversion seats: Especially when children are not included in trainings how to use urine 
diversion seats, the misuse of the different sections leads to blockages, urine contamination, dirt 
etc. 

China 

In some dry sanitation rural ecosan projects, dry toilets with urine diversion have been installed. 
Due to the fact, that the farmers are pig raisers, the have alr eady a biogas plant to treat pig ma-
nure (where sometimes - as designed - even a toilet has already been connected) before apply-
ing it to their agriculture. As these biogas households are cooking on biogas, no ash will be 
available from their kitchen for the dry toilet system. Therefore, they have to burn straw to pr e-
pare “toilet ash”. 

Introducing flush toilets in some suburban areas led to the use of four toilet systems in some 
farmer households: (1) in house flush toilet for visitor and for during night, (2) transportable pot 
latrines for in-house use at night time, (3) out-house toilet with collection chamber for the pot 
collected “night-soil” and the “day-soil”, (4) urine pots for collecting urine as intensive vegetable 
fertilizer 
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Some applied ecosan introduction strategies and tools, found in different countries 

Introduction strategy step tool 

Political support available or can 
be created 

Advocacy and information workshop 

Build on what is already on-going Baseline study 

Appropriate knowledge available 
or accepted Study tour with decision makers 

Social, scientific and economic 
acceptance Feasibility study 

Spreading know-how Training workshop, health campaign, fertilizer demonstration, lecturer in vocal 
training centres and universities 

Working with clear objectives Project Cycle Management, Logical Framework 

Gender Impact Monitoring Gender Impact Matrix 

Optimise dissemination factors Regional networking, demonstration unit, demonstration field 

Right people on place Championship, Bellagio Principals 

Strength local ownership available Public Private Partnership, BOT  

 

Minimum frame conditions for successful ecosan introductions are:  

1. existing (organic) (urban) agriculture with reuse of wastewater, urine and/or faeces,  

2. existing ecological movements, awareness, and awards, 

3. comparable high costs for centralized gravity sewage piping connection,  

4. water related problems (high groundwater table, scarcity of water, pollution).  
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information management tool in process 

Susanne Kimmich, 
Christine Werner,  
Heinz-Peter Mang 

GTZ ecosan project 
Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ) 
GmbH 
Dag-Hammarskjöld-Weg 1-5, D-65726 Eschborn, Germany  
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Keywords 

Ecosan - reference projects, project data sheets, technical data sheets  

Introduction 

Ecosan ideas are currently spreading with a tremendous speed, with more and more projects 
throughout the world having been started over the last few years. This fact is to be warmly we l-
comed, however it also renders it extremely difficult to follow developments and to obtain an 
overview of current trends and practices. The available published overviews of ecosan-projects 
and technologies are incomplete and become outdated very quickly. To address this problem, 
the ecosan-project team of the GTZ (Deutsche Gesellschaft für Technische Zusammenarbeit 
GmbH) in cooperation with the SIDA (Swedish International Development Cooperation Agency) 
founded EcoSanRes-Programme of the SEI (Stockholm Environment Institute) are working on 
an overview list of the existing pilot and research projects. Additionally, information on interes t-
ing and exemplary projects will be realised in the form of data sheets. 

Project overviews and data sheets 

The following information will be included when compiling both the project overviews and the 
data sheets: 

• country and project title 
• project type (e.g. study, pilot project, research project, dissemination project) 
• project scale (type of settlement, size (habitants, area …)) 
• current phase (advocacy; baseline study; pilot -, implementation -, or going to scale 

 phase) 
• planning institution 
• supporting agency, executing agency, executing institution 
• basic and general conditions (e.g. climate, users habits, availability of water) 
• technologies applied and type of reuse, use, recycling 
• costs (in Euro with basic year, e.g. investment and operations costs per inhabitant) 
• design and technical specifications 
• practical experience 
• available documentation and publications (e.g. studies, reports, photos, films)  
• website and contact persons 

In addition to the research and pilot project data sheets, information sheets on the currently 
available ecosan technical modules will also be developed. These will provide information on 
the best available technologies and the different firms providing them. This task will be pe r-
formed in co-operation with the technical working group of the ecosan project.  
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Technical data sheets 

The technical data sheets will be developed using the following structural framework to catego-
rise the technologies: 

For the compilation of the technical data sheets the following information is to be included:  

• process description 

• basic and general conditions (e.g. application area, limits, restrictions)  

• range of application 

• design and concept (e.g. technical details, varied designs, state of dissemination)  

• function (functional characteristics, manuals, ope ration instructions etc.) 
• evaluation under ecosan-principles (pros and cons) 

• economical data  

• conclusions and further development  

• producer / manufacturer 

• references and further information 

The project and technical data sheets will be made available through the internet by GTZ-
ecosan and EcoSanRes. They will be published as pdf -files to keep download times to a mini-
mum and to ensure that the online view matches the printed version.  
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Abstract 

In developing countries, demographic and urban growth often results in severe environmental 
and social problems, including the lack of adequate water supply, environmental sanitation se r-
vices and food security. Reusing waste products in peri-urban and urban agriculture can con-
tribute to food security and reduce environmental pollution and waste management costs. A 
comprehensive method is required to assess the potential and limitations of channelling urban 
waste products to peri-urban and urban agriculture. Material Flux Analysis is a helpful tool to 
assess material fluxes in a given system. It allows to identify problems and to quantify the im-
pact of potential measures on resource recovery and environmental pollution. The present study 
analyses the material/nutrient fluxes of the city of Kumasi, Ghana. I mport and export of products 
into or from the given system are recorded. Processes are identified and material fluxes be-
tween these processes are determined. The analysis revealed that households are the key 
process for material and nutrient fluxes. The groundwater and surface waters receive large 
amounts of waste products from the households. Reusing organic waste products in peri -urban 
and urban agriculture could significantly improve the organic matter and nutrient situation of 
agricultural soils and also protect the environment. However, a treatment process (e.g. co-
composting) is required to reduce the health hazards related to the use of waste products.   

Introduction 

Demographic and urban growth is one of the major challenges of the next decade. In 19 94, 
45% of the world’s population lived in cities; by 2025 this figure will have risen to 65% (Nugent, 
1997). The most rapid change is occurring in the developing world, where urban populations are 
growing at 3.5% annually. Historically, cities have been t he driving force in the field of economic 
and social development. However, urbanisation not only provides benefits, but also creates en-
vironmental and social problems. These include a lack of adequate water supply, environmental 
sanitation services and food security. 

This challenge should be faced by a holistic approach to environmental sanitation and urban 
agriculture. Human and municipal solid waste is a cheap fertiliser as it contains significant 
amounts of nutrients for food and non-food crop production. Reuse of municipal wastewater and 
solid waste in urban agriculture is usually the most effective way to reduce waste treatment and 
disposal, provided public health is not impaired. However, it is often difficult to quantify and as-
sess the potential and limitations of nutrient recycling in environmental sanitation systems.  

A helpful tool for linking environmental sanitation with urban agricultural production is the ”Mat e-
rial Flux Analysis” (MFA). The method studies the fluxes of resources used and transfor med as 
they flow through a region, through a single process or via a combination of various processes. 
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It allows planners and decision-makers to identify key processes, and to suggest appropriate 
environmental protection and resource recovery measures in a given system. In industrialised 
countries, material flux analysis proved to be a suitable instrument for early detection and solu-
tion of environmental problems. Data from market research can be combined with those from 
urban waste management to analyse the metabolism of urban regions (Baccini and Brunner, 
1991). 

In this study, fluxes of organic material are used to describe the present system in Kumasi, 
Ghana with 982,000 inhabitants spread over 254 km2, of which 38% is open land (Kumasi Met-
ropolitan Assembly, 1996). The peri-urban districts cover an area with a radius of about 40 km 
from the city centre beyond the administrative boundaries of the city and with about 740,000 
inhabitants (Blake and Kasanga, 1997). Breweries, sawmills and poultry farms are important 
industries regarding organic material fluxes. Existing sanitation systems such as unsewered 
public toilets, pit latrines or septic tank systems are recorded. Production and supply of organic 
material (e.g. agriculture, industries), including produc tion, collection and treatment of urban 
waste, like human excreta and municipal solid waste, are quantified.  

Method 

According to Baccini and Brunner (1991), development of a regional material flux analysis starts 
with an analysis of the overall system: Goods, processes, system borders and time period have 
to be defined. The term ”materials or material mixtures” is used for chemical elements and their 
compounds such as nitrogen, nitrate, phosphorus, and phosphate. Materials and material mi x-
tures with functions valued by man are defined as “goods”. Transport, transformation or storage 
of materials and goods are called “processes”. While in most cases transport does not change 
the chemical composition of goods, it requires energy and involves other goods and ma terials. 
The same applies to storage. Through transformation, goods are converted into new products 
with new qualities and usually different chemical composition. In system analysis, goods and 
processes are linked. Each good has one origin and one destinat ion process. Consequently, 
each process is linked to other processes by means of goods. A particular good, which flows 
from process A to process B is called an output good for process A, and an input good for pro c-
ess B. An import good is defined as a good entering the system, and an export good a good 
leaving the system. The same terminology applies to material fluxes. A flux analysis of selected 
materials comprises: 

• Identification of goods and processes.  

• Determination of the mass fluxes of all the goods per unit of time.  

• Determination of the concentrations of the selected materials (elements) in these goods.  

• Calculation of the material fluxes from the mass fluxes of goods and element concentrations 
in these goods (these fluxes can either be assessed by literature data, determined by field 
measurements, calculated by mass balances over a process or process chains or through a 
combination of all these methods).  

• Interpretation and presentation of the results.  

The system of organic material fluxes in the city of Kumasi, Ghana, is characterised by 7 proc-
esses within the system border, by the fluxes between these processes and by the import and 
export fluxes to and from the system. The administrative boundary of the city of Kumasi is cho-
sen as the system border. Since peri-urban and urban agriculture have different characteristics, 
they are regarded as separate processes in the system. The environmental compartments “a t-
mosphere”, “groundwater and surface waters”, and “soil” are sinks for the residual fluxes. They 
are placed outside the system border and have not been investigated here. The processes 
themselves are viewed as black boxes. In the case of Kumasi, material fluxes were assessed 
through a combination of field measurements, calculations of mass balances  and literature data. 
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Results and discussion  

According to Leitzinger (2000), an average person in the city of Kumasi consumes about 770 kg 
of food per year. This value is estimated with an error margin of about 20% and does not in-
clude food consumed from own production. While peri-urban agriculture covers about 66% of 
the household food requirements in Kumasi, urban agriculture contributes to only 14%. About 
20% of the household food demand is met by import into the system. The local industry has a 
high turnover of organic material; i.e., sawmills, breweries and poultry farms. The raw material is 
imported into the system and an important part of the products is re-exported. Industry is re-
sponsible for a major nitrogen flux import of 3.2 kg · capita -1 · year-1 (Figure 1).  About 54% of 
the nitrogen is exported and only 9% is transported to the households from industry. The re-
maining nitrogen is either landfilled or transferred to the air, water or soil. The industrial 
contribution to the phosphorus flux is low. 

Figure 1: Estimated annual nitrogen fluxes (error margin 20 -50%) of Kumasi, Ghana in kg capita –1  

year -1. 

Households are the most significant transformation process with regard to nitrogen and pho s-
phorus. In the analysed system, about 80% of total ni trogen and about 90% of total phosphorus, 
which is transferred to air, water, soil, and landfill, flow through the households. Households are 
responsible for 87% of the nitrogen and 82% of the phosphorus emissions to groundwater and 
surface waters, as well as for 90% of the nitrogen and 97% of the phosphorus emissions to the 
soil. About 58% of the nitrogen and 34% of the phosphorus fluxes to the landfill also originate 
from the households (Leitzinger, 2000). Consequently, households can be regarded as the key 
process. Measures should be implemented at household level, as they would contribute to sa v-
ing resources and to protect the environment. 

Groundwater and surface waters receive 47% of the total nitrogen and 54% of the total pho s-
phorus from the households (Leitzinger, 2000). About 22% of the nitrogen and 29% of the 
phosphorus from the households reach the soil. About 15% of the nitrogen and 16% of the 
phosphorus from the households are landfilled. The faecal sludge treatment plant receives less 
than 2% of the nitrogen and phosphorus. The nitrogen transferred to the atmosphere is est i-
mated at 15%. 
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The total system fluxes can be calculated by multiplying the fluxes per capita and year with the 
number of inhabitants of Kumasi. Hence, the nutrient deficiencies in agriculture are obtained by 
calculating the differences between output and input fluxes. According to Leitzinger (2000), the 
annual nitrogen and phosphorus deficiencies in urban agriculture are estimated at 690 t and 
160 t, respectively. In peri-urban agriculture, the soil lacks 2700 t of nitrogen and 720 t of pho s-
phorus every year.  

About 1700 t of nitrogen and 500 t of phosphorus originating from different types of waste are 
disposed of annually in landfills. Additionally, about 3600 t of nitrogen and 690 t of phosphorus 
are discharged into surface waters, and about 1700 t of nitrogen and 310 t of phosphorus reach 
the soil (Leitzinger, 2000). From a nutrient balance perspective, part of these nitrogen and 
phosphorus fluxes could be recycled for instance by co-composting faecal sludge and municipal 
solid waste, and by using the finished compost as fertiliser and soil conditioner. This could also 
reduce soil, groundwater and surface waters pollution and save landfill space. However, techni-
cal and socio-economic aspects must be taken into consideration in order to determine the fea-
sibility of this recycling option. 

Conclusions 

Material flux analysis allows to quantify material (nutrient) fluxes moving through a defined sy s-
tem. It is a suitable tool to assess the emissions to air, water and soil and, thus, appropriate for 
early detection of possible hazards. Since it can be used to determine the impact of different 
waste management options on nutrient recycling and environmental pollution, it can assist in the  
choice of effective measures and strategies towards an integrated management of resources. 
Mass fluxes from and towards peri-urban and urban agriculture can thus be optimised.  

In the city of Kumasi, private households are the key process for nutrient fluxes. Groundwater 
and surface water receive large amounts of waste products mainly in the form of faecal sludge 
from households. Channelling these material/nutrient fluxes towards peri -urban and urban agri-
culture could significantly improve the organic matter and nutrient situation of agricultural soils 
and also protect the environment. However, a treatment process (e.g. co-composting) is neces-
sary to reduce the health hazards related to the use of waste products.   
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Abstract 

This paper compares various ways to deal with greywater (wastewater from sources others than 
the toilet: e.g. kitchens, bathrooms and laundry) especially for small-scale solutions – single 
households and small settlements. General considerations on the treatment of greywater will be 
discussed as well as the advantages and disadvantaged of various treatment technologies. F i-
nally possibilities and limitations for discharge and reuse of the end-product – treated greywater 
– will be discussed including health hazards. The investment and operational costs calculated 
for different scenarios of wastewater treatment for a single household with and without  grey-
water separation and/or treatment show a clear economic advantage of the scenarios with 
greywater separation compared to the collection and treatment of the total wastewater.  

Introduction 

The sustainability of conventional sanitation concepts (which consist of a sewerage system and 
a wastewater treatment plant – technical or natural treatment systems), compared to alternative 
solutions based on source control and separation of the wastewater's constituent parts, have 
been heavily discussed throughout the world in recent years. Major projects dealing with that 
question are e.g. Swedish Urban Water, Swiss Novaquartis, German Lambertsmühle and the 
Austrian project “Applied strategies towards sustainable sanitation” (Starkl & Haberl, 2003).  

It is commonly known that the main fraction of the volume of domestic wastewater comes from 
sources others than the toilet (e.g. kitchens, bathrooms and laundry). The water quality of this 
so called greywater is very site-specific, varying in strength and composition. Generally it can be 
said that greywater contains only low fractions of organic matter, nutrients and additionally has 
a low microbial contamination (Laber & Haberl, 1999).  

By thinking about concepts for the future a separate collection of blackwater (wastewater from 
toilets) and greywater is a logical consequence. Separation of urine and faeces leads up to a 
reduction of 90 % nitrogen as well as 80 % phosphorus in the remaining wastewater (Laber & 
Haberl, 1999). The remaining relative harmless greywater ca n be reused after an adequate 
treatment to safe valuable fresh water resources as well as to safe costs. Sustainable concepts 
and a change of the personal behaviour of the users can therefore lead to a more ecological 
sanitation.  
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Both the quantity and the quality of greywater can be controlled at the household level. Any 
strategy for managing greywater can be made easier by water conservation measures and at-
tention to the soaps, cleansers and other household chemicals used. The amount of greywater 
generated can be significantly reduced through behavioural changes, good maintenance of pipe 
and water taps, and the use of water-saving devices. About 2/3 of the total wastewater volume 
can be assumed to be greywater (Laber & Haberl, 1999; Jefferson et al., 2001). 

Compared to municipal wastewater greywater contains less nutrients. The BOD 5 : N : P ratio is 
about 100 : 20 : 5 for typical municipal wastewater and about 100 : 4 : 1 for greywater (Laber & 
Haberl, 1999). The optimal ratio for heterotrophic growth is 100 : 5 : 1. Therefore a biological 
treatment of greywater without addition of nutrients is possible. The microbiological contamina-
tion of greywater is typically about a factor 10 lower compared to municipal wastewater. Ho w-
ever the concentrations for phosphorus, heavy metals, and xenobiotic organic pollutants are 
around the same level (Ledin et al., 2001). 

Greywater treatment and reuse 

A number of technologies have been applied for greywater treatment worldwide varying in both 
complexity and performance (Jefferson et al., 2001). These technologies range from systems 
for single households (e.g. using disinfected untreated greywater for toilet flushing), to physical 
treatment systems (e.g. sand filters or membranes), biological treatment options (e.g. rotating 
biological contactors and membrane bioreactors), and natural treatment systems (e.g. co n-
structed wetlands and infiltration systems). The experience has shown that especially rotating 
biological contactors and constructed wetlands are suitable for greywater treatment including 
disinfection of the treated greywater when reuse is considered (Lange & Otterpohl, 2000).  

A mechanical pre-treatment is required when constructed wetlands are used as a main trea t-
ment stage. Using horizontal subsurface flow constructed wetlands a good removal efficiency 
for organic matter (> 90 %) and pathogens (up to a factor of 100) can be achieved. If nitrification 
is required only subsurface flow constructed wetlands with vertical flow and intermittent loading 
can be used. Compared to technical solutions (e.g. rotating biological contactor) constructed 
wetlands are relatively easy to maintain and operate resulting in low operating costs (however, 
low maintenance requirements does not mean no maintenance). In general natural treatment 
systems provide a more stable and robust than small-size technical systems. Disadvantages of 
natural treatment systems are that they require a larger area compared to technical systems 
and they can not be applied inside a house. For greywater treatment the specific area demand 
for constructed wetland is still a matter of discussion as well as the optimal design of the me-
chanical pre-treatment (Langergraber & Haberl, 2001). 

If the treated greywater is discharged the same standards are applied as fo r treated municipal 
wastewater. In rural areas in Austria one major problem is that some receivers can fall dry te m-
porarily. This fact has to be considered carefully when discharging effluents (Laber & Haberl, 
1999). 

The main risks when using greywater for groundwater recharge is contamination of the soil and 
the receiving groundwater body (Ledin et al., 2001). Using only treated greywater for recharge 
can reduce this risks. 

Often the easiest way to recycle greywater is for plant irrigation. In many parts of the world 
where water is scarce, this is done as a matter of course. Greywater irrigation can be as simple 
as pouring it on garden areas by hand. Even where there are few gardens, greywater can be 
put to use, such as in the peri-urban areas in cities, where households routinely apply it on the 
road in front of their houses to keep dust down. However, recent studies confirm that there is a 
considerable amount of gardening practised in urban and peri -urban areas, so greywater irriga-
tion is often feasible (Ersey et al., 1998). 
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For the use of treated greywater for toilet flushing only disinfected treated greywater can be 
used from a technical point of view (microbial growth in pipes and tanks) (Laber & Haberl, 
1999). 

Cost comparison of sanitation systems for a single household 

Different systems of sanitation for a single household with and without greywater separation are 
discussed and their costs are compared (BMLFUW, 2003). The costs for wastewater treatment 
can be subdivided into investment and operational costs. To include the pay-back of the in-
vestments the investment costs are transformed into yearly costs (using an economical interest 
rate; 3.5 % are used in the examples given below). In the presented examples the assumed life -
time of the treatment system (technical system, SBR (Sequencing batch reactor ) in this case, 
and constructed wetland) is 20 years, for the sewer system a life-time of 40 years is assumed.  

Table 2 compares the investment, operational, and yearly costs for different treatment scenar-
ios. The costs were calculated using data typical for Austria.  Operational costs include costs for 
energy, maintenance, sludge disposal, and analysis. However, costs depend on local circum-
stances and several, partly unquantifiable factors, thus the below given costs are different for 
different projects (c.f. Starkl et al., 2002 and Ertl et al., 2002). 
 

Scenario 1 2 3 4 5 6 7 

System SBR CW  CP  CP(BW)  CP(BW) CP US 

Disposal of cesspit waste - - WWTP AU WWTP AU  AU 

Separation Black-/Greywater no no no no yes yes yes + US 

Greywater treatment - - - - CW CW CW 

Investment costs 

Treatment unit EUR.PE -1 1'450 1'450 1'780 1'780 1'120 1'120 1'160 

Sewer EUR.PE -1 350 350 230 230 410 410 290 

Operational costs  

Treatment unit EUR.PE-1.yr-1 240 170 370 230 160 130 90 

Sewer EUR.PE -1.yr-1 5 5 5 5 5 5 5 

Yearly costs EUR.PE -1.yr-1 362 292 468 336 246 208 192 
Legend: SBR … Sequencing batch reactor WWTP … Wastewater treatment plant 
 CW … Constructed wetland AU … Agricultural use 
 CP(BW) … Cesspit (only for blackwater) US … Urine separation 

Table 2: Comparison of investment, operational, and yearly costs for treatment alternatives for a single 
household with 5 PE (BMLFUW, 2003, modified). 

Using a constructed wetland for treatment of the total wastewater (2) shows lower yearly costs 
compared to the conventional technical treatment system (1). When all the wastewater is co l-
lected in a cesspit the yearly costs of the scenario with agricultural use of the cesspit waste (4) 
are only about 75 % of the yearly costs when disposing the waste to a wastewater treatment 
plant (3). However, all scenarios with source separation (5-7) show the lowest operational and 
yearly costs. Separating toilet water from greywater leads to a tremendous reduction of the vo l-
ume that has to be collected and therefore the operational and therefore also the yearly costs 
drop drastically. Urine separation (7) shows the lowest costs and additionally closes water  and 
nutrient cycles on a local scale and is therefore a promising system towards a more ecological 
sound sanitation. The costs show a clear economic advantage of the scenarios with greywater 
separation compared to the collection and treatment of the total wastewater. 
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Conclusions 

Greywater comprises about 70 % of the volume but only 40 % of the BOD5 and less than 10 % 
of the nitrogen load of municipal wastewater. The BOD5 : N : P ratio of about 100 : 4 : 1 enables 
a biological treatment of greywater without  addition of nutrients. Rotating biological contactor 
and constructed wetlands are best suited for greywater treatment. When greywater is reused 
the hygienic aspects have to be considered.  

For small wastewater treatment plants especially the operational costs are essential. For the 
given assumptions it was shown that for single households source control solutions with separa-
tion of at least blackwater and greywater have lower costs compared to solutions where the 
different types of wastewater are mixed and therefore a large volume has to be treated. Besides 
the cost advantages these systems also close water and nutrient cycles on a local sale and are 
therefore a more ecological sound way for sanitation 
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Abstract 

This study, focuses on application of DeSaR concepts a rural. Three of the technological 
schemes of sanitation are compared to each other using the priority theory of Saaty (Lootsma, 
1980).  

Introduction 

The 97% of the total Dutch population is connected to sewerage bringing total wastewater 
stream to centralised treatment plant. From the total Dutch population of about 16 million peo-
ple, 88% live in urban areas, while 12% have their residents in the rural parts of the country. As 
in urban areas 100% of the total inhabitants are connected to a sewer system, this is only 30% 
in rural areas. This remaining part has mainly decentralised sanitation systems in the form of a 
“conventional“ 1.5 m3 septic tank. Due to new legislation (being currently revised) all these rural 
areas must have an "improved" 6 m3 septic tank or a comparable decentralised sanitation sys-
tem while connection to the centralised sewer network is often not cost -efficient.  

This study performed within Dutch governmental EET project led by Dept. of Environmental 
Technology of Wageningen University, The Netherlands on application of DeSaR concepts fo-
cuses on the rural village situated in Province of Friesland in the Netherlands as a kind of prot o-
type for a comparable existing (rural) settlements. The considered area consists mainly of dairy 
farms surrounded by grassland. There are no nature parks in the surroundings and no drinking 
water is gained in this area. There are 10 houses, 6 farms and a church, in total presently 
inhabited by 61 people. The village can be divided in two parts: a central area with clustered 
houses and disperse farms along the boundaries of the village. 

Method 

The current sanitation infrastructure of considered village was characterised. Prerequisite co n-
straints such as current treatment system, quality and quantity of waste(water) streams, specific 
organisational, economical and institutional aspects as well as social aspects were formulated 
and formed starting point for selection of different scenarios. The quantity and quality of the 

                                                         
*This paper has been peer reviewed by the symposium scientific committee 
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produced waste(water) was assessed. Because the distribution of the inhabitants over the vil-
lage house on-site (h.o.s.) as well as community on-site (c.o.s.) treatment are optional. The null 
scenario is defined as the current system used for sanitation in Swichum. It consists of a co n-
ventional flushing toilet, after which the blackwater is transported to a 1.5 m3 house on-site sep-
tic tank. The transportation takes place in a gravitational sewer system. The effluent of the se p-
tic tank is discharged into the ditches around the houses, as is the untreated greywater. Swill is 
collected separately by the municipal refuse-service. 

In scenario 1 the greywater and the blackwater are treated separately. The greywater coming 
from the kitchen is pre-treated in a house on-site grease remover. Together with the rest of the 
greywater it is then transported by gravity in small bore sewer system to a community on-site 
sandfilter after which the effluent can be discharged. The blackwater is collected in a water -
saving toilet and is pre-treated house on-site in a UASB (Upflow Anaerobic Sludge Blanket) 
septic tank. The effluent can then be transported in a small bore sewer system, to the comm u-
nity on-site sand filter for post-treatment.  

In scenario 2, the greywater is treated in the same manner as in scenario 1. The black water is 
collected in a vacuum toilet system, and transported together with swill by a vacuum sewer sys-
tem to a community on-site pre-treatment step in an accumulation reactor (AC) and post-
treatment step for hygienisation in order to produce a safe reuse product. The product could be 
used as a fertiliser in agriculture, for example  

The evaluation of the scenarios was performed based on a methodology developed to create 
ranking between DESAR alternatives. This is an example of a multicriteria problem, an optimi-
sation problem with more than one objective to achieve. There are many mathematical methods 
developed to solve multicriteria problems. The priority theory of Saaty has been developed in 
the seventies to weigh the significant factors in a decision problem via pairwise comparison 
(Lootsma, 1980).  The first step, according to this theory, is to identify the p factors (criteria) that 
are relevant for the choice between several (m) alternatives. The criteria that were chosen to be 
relevant for DeSaR cases were effluent quality, energy consumption, noise nuisance, odour 
nuisance, investment costs, operational costs, water consumption, space requirements, de-
mands for maintenance, flexibility, reuse potential and convenience for the user.  

Next relative weights were ascribed to those criteria (wi, i = 1..p) via pairwise-comparison of the 
criteria by the decision makers in the DeSaR case. The pairwise-comparison matrix has 12 rows 
and 12 columns, and (122-12)/2 = 66 comparisons have to be made. For one person as the de-
cision-maker, it is very hard to fill in such a matrix. Moreover, the contents of the matrix will de-
pend very much on who the decision-maker is. People working in the field of environmental 
technology may fill in the matrix completely different from the inhabitants of the houses where  
the DESAR concepts will be implemented. In this case the matrix was filled in by the authors. 
The ranking and relative weights (wi , between brackets) for the different criteria that were calc u-
lated from the matrix of the pair-wise comparison are effluent quality (0.132), noise (0.132), 
odour (0.132), flexibility (0.132), investment costs (0.089), operational costs (0.089), maint e-
nance (0.083), energy consumption (0.061), water consumption (0.059), reuse potential (0.043), 
convenience (0.043), space requirement (0.017). Parallel to the calculation of the relative 
weights, the score of each alternative for every criterion (ski, k = 1..m) was determined through a 
literature research (Table 2). The final ranking of the DeSaR alternatives were made by, co m-
paring the total score for each alternative (∑ski·wi).  
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 A B C D E F G H I J K L 

A 1 3 1 1 2 2 3 6 2 1 3 6 

B 0.33 1 0.33 0.33 0.5 0.5 1 4 2 0.33 1 3 

C 1 3 1 1 2 2 3 6 2 1 3 6 

D 1 3 1 1 2 2 3 6 2 1 3 6 

E 0.5 2 0.5 0.5 1 1 2 5 1 0.5 2 5 

F 0.5 2 0.5 0.5 1 1 2 5 1 0.5 2 5 

G 0.33 1 0.33 0.33 0.5 0.5 1 4 0.5 0.33 1 4 

H 0.17 0.25 0.17 0.17 0.2 0.2 0.25 1 0.2 0.17 0.25 1 

I 0.5 0.5 0.5 0.5 1 1 2 5 1 0.5 2 5 

J 1 3 1 1 2 2 3 6 2 1 3 6 

K 0.33 1 0.33 0.33 0.5 0.5 1 4 0.5 0.33 1 0.25 

L 0.17 0.33 0.17 0.17 0.2 0.2 0.25 1 0.2 0.17 4 1 

 
With: 

A- Effluent quality  
B- Energy consumption 

C- Noise nuisance 
D- Odour nuisance 

E- Investment costs 
F- Operational costs 

G- Water consumption 
H- Space requirements 

I- Demands for mainte-
nance 

J- Flexibility  
K- Reuse potential 
L- Convenience 

Table 1: Matrix from the pair-wise comparison of the criteria  

Results and discussion 

In this paper a methodology is developed to create ranking between DESAR alternatives. The 
final ranking of the DeSaR alternatives were made by, compari ng the total score for each alter-
native (∑ski·wi). The final scores for scenario 0, scenario 1 and scenario 2 are 2.38, 2.64 and 
1.98.  Scenario 1 seems to be the best option, although the scores are relatively close to each 
other. On basis of these values it is hard to give an exact conclusion. To be able to give a more 
exact ranking the scores, per criteria, have to be sorted out into more detail. Then the ranking 
between these three alternatives will be better distinguished.   

Another point of discussion is the choice for the priority theory of Saaty. With this theory it is 
necessary to give a clear overview of what you want. It must be clear what the alternatives are, 
between which a choice has to be made. The criteria, that are important for the decisio n, have 
to be described into detail. Furthermore, the method takes into account the importance of a cr i-
terion. Choices can be made about how much detail is required for the scores. Sometimes a 
general ranking will be enough, but other times it is necessary to sort things out to the last de-
tail. 

There are also disadvantages of the theory. It is possible to subdivide a criterion into a few other 
criteria. The criterion investment costs can, for instance, be subdivided into the criteria; costs for 
sanitary facilities and costs for treatment steps. If an alternative scores well on these criteria, 
this alternative gets extra points for this subdivision. Moreover a discussed before it is very diff i-
cult to make a consistent pair-wise comparison matrix for calculation of the weight factors. 
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Literature values 

Score of sce-
nario  (ski) 

Criteria Scenario 0 Scenario 1 Scenario 2 0 1 2 
Effluent quality 
(Wiegerinck, 
2002) 

96 g COD. p -1.d-1  
12 g N. p -1.d-1 
1.7 g P. p -1.d-1 

211 g COD. p -1.d-1  
3.5 g N. p -1.d-1 

1.7 g P. p -1.d-1 

15.7 g COD. p -1.d-1 

0.1 g N. p -1.d-1 
0.3 g P. p -1.d-1 

1 2 3 

Noise  nrd nrd nrd - - - 
Odour  nrd nrd nrd - - - 
Flexibility No shock loads 

can be applied 
- No 24 hr power fail-

ure possible 
1 3 1 

Investment 
costs 

0 € 400,-  per house 
(water saving to i-
let) 

> € 4162,- per 
house  (vacuum + 
AC system) 

3 2 1 

Operational 
costs 

nrd nrd nrd - - - 

Maintenance desludging every 2 
years 

desludging every 
2 years 

desludging every 
100 days + mainte-
nance of vacuum 
system 

2 2 1 

Energy con-
sumption 

no energy con-
sumption 

no energy con-
sumption 

27 kWh p -1.y-1 (Vac-
uum system) 

3 3 1 

Water con-
sumption 

42 l. p-1.d-1 24 l. p-1.d-1 7 l. p-1.d-1 1 2 3 

Reuse poten-
tial 

no reuse potential no reuse potential All nutrients in black 
water and swill 

1 1 3 

Convenience - - more cleaning (vac-
uum toilets) 

3 3 1 

Space re-
quirement 

1.5 m3 per house 1.5 m3 per house 
(UASB) + 4.8 m3 
(Filter) per house  

22.4 m3 (AC) +4.8 
m3 (Filter) per house 

3 2 1 

Comments 1 Only effluent from treated grey water, treated black water is reused in agricul-
ture 2 combined UASB + sandfilter 

Table 2: Data with respect to criteria obtained from literature and scores (ski) of the respective scenarios 

Conclusions 

In this paper the priority theory of Saaty (Lootsma, 1980) is used to create a ranking between 
DESAR alternatives. From the results presented in this paper it can be concluded that the prio r-
ity theory of Saaty is suitable either a quick or a more precise ranking between DeSaR alterna-
tives depending on the amount of information available on the criteria invo lved. In this paper 
only a quick ranking was made between three DeSaR alternatives as the amount of information 
on the scenarios was limited. This quick ranking indicated that for the village of Swichum in the 
Netherlands the scenario in which the black water is pre-treated in a UASB-septic tank system 
is favoured. 
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Abstract 

The paper sets out to discuss the possibilities for decentralizing wastewater disposal and 
wastewater treatment from the perspective of open space and urban planning. It demonstrates 
that wastewater treatment facilities using planted soil filter beds can also be located in urba n-
ized settlement areas and that such facilities can be used to stimulate design and development 
measures for rebuilding urban landscapes.  

Initial situation and object of the study 

In Germany, the scientific debate on wastewater disposal and wastewater treatment is shaped 
largely by the widespread use of combined sewerage systems, the deployment  of large-scale 
technology and its centralization (Korrespondenz Abwasser 1998, 1999). Given this situation, 
the opportunities for implementing decentralized wastewater treatment concepts that allow a 
much more careful handling of water as a resource are extremely limited.  

In both water quality management and regional, urban and open space planning, the view is 
commonly held that decentralized wastewater solutions can – for reasons of space, among 
other things – only be implemented in rural areas. The research project “Wastewater as a Fea-
ture of Urban Landscape”, which was funded by the Lower Saxony Research Association for 
Women’s/Gender Studies in Science, Engineering and Medicine, addressed the issue of the 
extent to which decentralized wastewater solutions are also implementable in urban settlement 
areas (Beneke et al. 2001). Partners in the research project were the Institute for Open Space 
Development and Planning-Related Sociology (Dipl.-Ing. M.A. Gudrun Beneke, Prof. Dr.-Ing. 
Hille v. Seggern, Dipl.-Ing. Antje Stokman), the Institute for Water Quality and Waste Manage-
ment (Prof. Dr. Dr. Sabine Kunst, Dipl. -Biol. Ulrike Brüdern) and the Institute of Landscape 
Planning and Nature Conservation (Prof. Dr. Eva Hacker, Dipl. -Ing. Barbara v. Kügelgen), all at 
the University of Hanover/Germany. The project set out to explore, on a conceptual level, the 
potential for comprehensive decentralization of wastewater disposal and wastewater treatment 
in a city with a population of 100,000, and to develop a suitable design for this concept. 

                                                         
*This paper has been peer reviewed by the symposium scientific committee 
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Methods 

The city used for the study was Salzgitter. Salzgitter is located on the boundary between the 
mountainous region of Central Germany and the North German plains. It covers an area of 224 
sq km and has a population of 120,000. This settlement area is characterized by both farming 
and industrial activity. It comprises 31 municipal areas, Salzgitter -Lebenstedt (population: 
48,000) and Salzgitter-Bad (population: 25,000) constituting the core settlement areas.  

Salzgitter is a typical example of urban sprawl with areas of varying quality, some of them gro w-
ing, others shrinking. Nearly all the properties in the urban area are connected to centralized 
wastewater treatment facilities.  

To give a proper impression of the development potential for environmentally friendlier waste-
water solutions, our conceptual model largely abstracts from the existing drainage infrastruc-
ture. The model assumes a separation of material streams and the treatment of wastewater 
where possible at the point of generation. This means that stormwater is infiltrated or dece n-
trally retained and subsequently discharged into surface waters. In the case of domestic wast e-
water, faecal matter is collected separately and the greywater is treated in planted soil filter 
beds. Single-family dwellings are equipped with composting or vacuum toilets, multiple -family 
dwellings with vacuum sewer systems; the manure obtained from the decomposed faecal ma t-
ter is used for agricultural purposes. Industrial wastewater is treated in spe cially designed facili-
ties. 

The location of planted soil filter beds in urban areas 

From the point of view of urban and open space planning, the challenge posed by decentralized 
wastewater treatment is integrating the required space-consuming planted soil filter beds in set-
tlement areas. To keep the organization of wastewater treatment manageable, the catchment 
areas for the planted soil filter beds were modelled on those of the largest facilities already in 
operation in Germany, which are designed to serve 3,000 inhabitants. As the wastewater 
treated in the planted soil filter beds does not contain faecal matter, the required filter area is 
estimated at 1 sq m per inhabitant (Bahlo 1997, Wissing and Hofmann 2002).  

What the study showed, among other things, was that the decentralization of wastewater treat-
ment using planted soil filter beds should go hand in hand with the decentralization of stormw a-
ter management. To enable stormwater to kept out of the sewerage system as far as poss ible, 
piped streams were exposed, dried-up valleys and ditches were reactivated and new brooks 
were built. Extending surface waters in this way provides sufficient receiving streams to take up 
the outlet from the planted soil filter beds.  

It also became apparent that sections of the existing sewerage system could continue to be 
used. Depending on the terrain, it is divided up into small subsystems to enable the greywater 
from private households to be discharged into the planted soil filter beds, making use of the ex-
isting slope. 

Availability of land for water treatment facilities 

Salzgitter needs 64 planted soil filter beds to treat the greywater generated throughout the mu-
nicipal area. It is possible to integrate the facilities in existing open space.  

Whereas in the small municipal areas one or two plants located on the outskirts are sufficient to 
treat the greywater produced, in Salzgitter-Lebenstedt, for example, 15 plants have to be inte-
grated into the urban settlement structure. They are to be situated alongside either the exis ting 
flowing waters or two ditches that are to be newly constructed. In most cases, green areas bo r-
dering roads or the peripheries of public green spaces will be used for this purpose. Occasio n-
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ally, use will be made of the peripheral areas of sports facili ties or farmland. But suitable loca-
tions can also be found in the midst of residential areas. Housing developments built in the 
1950s and ‘60s, for example, usually have enough suitable spaces for this purpose.  

Wastewater as a feature of the urban landscape 

Planted soil filter beds are, however, capable of being integrated in urbanized settlement areas 
not only in terms of space requirements. They are also of relevance in terms of open space 
planning. Unlike conventional technical sewage plants, planted soi l filter beds do not cause 
odour problems or present any sort of risk; the adjoining areas can be used by the public. 
Planted soil filter beds are also flexible in terms of their form and constitute a versatile green 
planning element that, depending on the way they are planted, bordered and integrated into the 
surrounding area, can be used to different effect.  

A water planning concept coordinating the location of the planted soil filter beds and the facil i-
ties for decentralized stormwater management can integrate wastewater treatment into existing 
open space and green systems or promote their establishment. Such green spaces are of great 
interest for recreational and conservation purposes and in terms of settlement design.      

The use of planted soil filter beds in conjunction with the surface-water extensions needed for 
decentralized stormwater management offers great opportunities for the future development of 
settlement areas. As each location or settlement has different natural conditions, i.e. a unique  
terrain and hydrological structure, its respective water planning concept could be used to show 
to advantage its own specific identity. 

Conclusion 

The overall conclusion reached was that in the case of settlement structures like those in Salz-
gitter decentralizing wastewater treatment is not an insurmountable problem in terms of space. 
Locating planted soil filter beds at the functionally correct places is in most cases quite feasible.  

Naturally, this applies to implementation of the concept in the context of new developments – 
here space requirements can be taken into consideration from the start. And it also applies to 
the subsequent integration of such facilities into already developed areas. When properly de-
signed, decentralized wastewater solutions can constitute an aesthetic enrichment of an area 
and a substantial contribution to sustainable settlement development and the safeguarding of 
water as a resource. Strategically, this form of wastewater treatment can stimulate a compr e-
hensive improvement of the urban landscape. Assuming, too, that cities are shrinking (DASL 
2002), it also offers potential for a variety of reconstruction strategies.  
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Abstract 

In this paper, a sustainable concept was proposed for decentralised treatment and reuse of 
sewage and cow manure in rural-areas of Egypt. Moreover, a mathematical model was devel-
oped for anaerobic digestion of the domestic sewage and cow manure in UASB-septic tank and 
accumulation (AC) system, respectively. For the treatment of sewage (600 mgCOD/l) in a 
UASB-septic tank at 20oC, an HRT of 2 days is needed, which will lead to COD removal, biogas 
production rate and sludge wastage period of 65%, 14 litres CH4/capita/day and 6 years, re-
spectively. For the treatment of cow manure in an AC system at 20oC, the required filling period 
is 6 months, which will result in conversion of 41% of the COD to methane at a rate of 0.2-1.2 
m3CH4/cow/day. For a house having 7 capita and a cow, the annual volume of treated wastewa-
ter, sludge production and energy production, are, respectively, 307 m3, 18.5 m3 and 3428 
kW.h, which can be utilised as irrigation water, fertiliser and cooking energy, respectively.  

Nomenclature 

AC:  Accumulation system Sb: Biodegradable soluble-substrate concentration (mg 
COD/l) 

COD: chemical oxygen demand (mg/l) Si: soluble-inert concentration (mg COD/l) 
HFRF: horizontal-flow-roughing filter UASB: upflow anaerobic sludge blanket 
HRT: hydraulic retention time (h) µmax: maximum specific growth rate (1/d) 
Kd: decay of biomass (1/d) Xb: Biodegradable-particulate concentration (mg COD/l) 
Khyd: first-order hydrolysis constant (1/d) Xi: inert-particulate concentration (mg COD/l) 
Ks: half saturation concentration (mg 

COD/l) 
Xm: biomass concentration (mg COD/l) 

SBS: small bore-sewer system Y: yield of biomass on substrate (mg COD_S/mg COD_X) 

Introduction 

In Egypt, more than 95% of the Egyptian rural-areas are not provided with wastewater collection 
and treatment facilities. There are about 4000 Egyptian rural -areas with a population ranging 
from 1000 to 20000 capita. The wastewater produced from houses in these rural areas is  mainly 
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treated in septic tanks. To meet the demands for water and wastewater services in the next 
decade, Egypt will have to invest 5-7 billion US$, which is well above the available national re-
sources (USAID, 2002). Providing rural areas in Egypt with water supply (more than 98% of 
rural areas in Egypt have water supply) has resulted in an increase of wastewater production, 
which increases the urgent need for proper facilities for wastewater collection and treatment. 
Elmitwalli et al. (2002) showed that the domestic wastewater of the Egyptian rural-areas is rela-
tively concentrated with a COD as high as 1100 mg/l, mainly due to the discharge of cow ma-
nure in the served areas with gravity sewers. This results in frequent clogging of the sewers and 
overloading of the existing wastewater treatment plant.  

Separation between grey water and black water in rural areas of Egypt (for more sustainable 
collection, treatment and reuse) on the short term is very difficult, due to need for investment 
cost, existing infrastructures and poor education of Egyptian people in the rural areas. The aim 
of this paper is to develop an appropriate and sustainable concept for collection, treatment and 
reuse of domestic sewage and cow manure in rural areas of Egypt. Three concepts wi ll be pre-
sented, depending on the local situation, like the population density and the existing infrastruc-
tures.  Anaerobic digestion was chosen as the main process in this concept. Moreover, a simple 
mathematical model based on anaerobic digestion model no. 1 (IWA, 2002), is developed for 
determination the most suitable design of the proposed anaerobic systems.  

Concept description 

The concept is firstly based on separation of domestic sewage and cow manure. The separation 
of the cow manure from the wastewater will potentially reduce the pollution of the surface water, 
which represents the main source of drinking water in Egypt. The produced manure by 120 
cows is equivalent to a total COD produced by about 10000 capita, based on the assumptions 
in Table1. In the concept, a UASB-septic tank and an accumulation (AC) system will be applied 
for treatment of, respectively, domestic sewage and cow manure. The UASB-septic tank differs 
from the conventional septic tank system by upflow mode, in which the system is operated result-
ing in both improved physical removal of suspended solids and improved biological conversion of 
dissolved components. In the AC system, anaerobic-digestion and storage of waste are com-

bined in one reactor (Zeeman, 1991). For remote houses in Egyptian rural-areas, each house 
will have its own AC system and UASB-septic tank (Fig. 1.A), while for densely populated ar-
eas, several AC systems and UASB-septic tanks will be installed. An AC system and a UASB-
septic tank will serve a small community in the densely-populated areas, like an AC system and 
a UASB-septic tank for each street.  Shallow gravity sewers will collect the sewage from the 
houses to the UASB-septic tank (Fig.1.B). Also, in the densely populated areas, existing septic 
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Figure 1:  Schematic diagrams of the concept. (A) for a remote house, (B) for a densely-populated area, 
(C) for a densely-populated area with existing septic tanks. 1, domestic sewage; 2, UASB-septic 
tank; 3, HFRF; 4, treated sewage; 5, agricultural area; 6, plants; 7, food; 8, biogas; 9, cow manure; 10, AC 
system; 11, digested sludge; 12, cooking by biogas; 13, shallow gravity-sewers; 14, SBS system.  
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tanks can be easily modified to UASB-septic tanks. The tanks effluent, which contain low SS 
concentrations, will be collected by a small bore-sewer (SBS) system (low-cost technology for 
wastewater collection) to the nearby agricultural area (Fig. 1.C). Accordingly, the anaerobic ef-
fluent can be reused for irrigation after a polishing step, like a horizontal-flow-roughing filter 
(HFRF). The excess digested-sludge from the UASB-septic tanks and AC system, will be used 
as a fertiliser and the produced biogas will be utilised as a source of energy for food cooking, 
mainly making bread, like in the past, when the Egyptian people were burning dry cow manure 
for making bread.  

Mathematical modelling  

The model is mainly based on first-order and Monod kinetics for, respectively, hydrolysis of bio-
degradable particulate and conversion of dissolved organic matter (Elmitwalli et al., 2002). Ta-
ble 1 presents the values of model constants and variables. The model was carried out using 
the QBASIC programme and applying numerical integrat ion at small time interval of 7.2 and 1 
minutes for UASB septic tank and AC system, respectively.  

Parameter      References 
Concentration:- Xb Xi Xm Sb Si  
Domestic sewage, mg/l, (COD=600 mg/l, 120 
l/capita/day) 

365 18 37 117 63 Elmitwalli et al. (2002) 

Cow manure, g/l, (COD=120 g/l, 50 
l/cow/day) 

23.6 47.8 23.6 14.4 3.6 Zeeman (1991) 

Kinetic parameters:- Y Kd Ks µmax Khyd 
 Sewage (20oC) 0.1 0.02 400 0.15 0.15 

      Cow manure (20oC) 0.1 0.02 400 0.15 0.03 

IWA (2002) 

UASB-septic tank:-  HRT = 0.5, 1, 2, 3 days, Sludge concentration = 35 g/l 
                          Seed sludge = 25% of the volume,  SS removal = 75%  
                          Max. sludge volume = 70% of the reactor 

Elmitwalli et al. (2002) 

Table 1:  Values of parameters and variables applied in the model. 

Results and discussion 

The model results show that increasing the HRT of the UASB septic tank from 0.5 to 3 days 
does not significantly affect the effluent COD and methane production, which were about 205 
mg/l and 63% respectively. Such high performance is mainly due to long sludge residence time, 
which guarantees a sufficient biological activity and a stable physical performance. However,, 
increasing the HRT of the UASB-septic tank increases operational period of the reactor witho ut 
sludge wastage (Fig. 2.A) and significantly decreases the biodegradable fraction in the excess 
sludge (Fig. 2.B). At HRT of 2 days, the reactor needs to be desludged every 6 years. Accor d-
ingly, the HRT of 2 days can be considered sufficient for the treatment of domestic sewage in 
the UASB-septic tank. The model results for an AC system treating manure of a cow show that 
the performance of the system is significantly affected by the filling period, Fig. 3. Addition of 
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inoculum in the start-up of  the system slightly improves the performance (Fig. 3.B), as the influ-
ent has a sufficient amount of methanogenesis. Zeeman (1991) found that the cow manure 
could be treated in the AC system at 20oC without inoculation. The results show that the sui t-
able filling period for the system should be higher than 5 months. Therefore, the AC system can 
be operated for a period of 6 months, i.e. will be emptied twice a year. The results demonstrate 
that anaerobic digestion of cow manure in an AC system and treatment of sewage  in a UASB-
septic tank will produce, respectively, 0.2-1.2 m3CH4/cow/day and 0.014 m3CH4/person/day. 
Therefore, for treatment of cow manure and sewage of an Egyptian house in the rural areas (7 
persons and a cow), the annual biogas production will be 370 m3CH4, which can produce theo-
retical energy of 3428 kW.h/year (can be used for cooking). Moreover, each house will pr oduce 
about 307 m3 of treated wastewater (can be reused for irrigation) and 18.5 m3 of sludge (can 
utilised as a fertiliser).  

Conclusions 

•  A sustainable concept was proposed in this paper for decentralised treatment and reuse of 
sewage and cow manure in the rural-areas of Egypt. Moreover, a mathematical model was 
developed for anaerobic digestion of the domestic sewage and cow manure in UASB-septic 
tank and accumulation (AC) system, respectively. 

• The model results show that the suitable HRT and filling period for, respectively, the UASB-
septic tank and AC system are 2 days and 6 months, respectively. At these conditions, 65% 
of COD in the sewage is removed with production of 14 litres of CH4/capita/day and the ex-
cess sludge from the tank needs to be wasted every 6 years. In the AC system, 41 % of the 
COD in cow manure will be converted to methane at a rate of 0.2-1.2 m3CH4/cow/day. 
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Figure 3: Daily CH4 production (A) and accumulated total-COD and CH4 production (B) in the diges-
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2nd international symposium on ecological sanitation, april 2003 

van Moeffaert  815 

S
es

si
o

n
 H

 

Multi criteria decision aid in sustainable urban water  
management1 

Denis van Moeffaert Scandiaconsult Sweden AB 
Kapellgränd 7, P.O. Box 4205, SE-102 65 
Stockholm, Sweden 
e-mail: denis.van.moeffaert@scc.se 

Keywords 

Decision-making, Multi Criteria Decision Aid, NAIADE, public participation.  

Abstract 

The Sustainable Urban Water Programme has been developed to dec ide the course of action of 
the urban water and wastewater systems in future ‘sustainable’ Sweden. As part of the pr o-
gramme, research on decision-making tools to integrate knowledge from different areas is con-
ducted. This paper uses Multi Criteria Decision Aid (MCDA) in order to help structuring scientific 
as well as economical information as a base for decision-making. Because of the great amount 
of MCDA methods, it is important to choose an appropriate method for a given situation. Ther e-
fore, a framework is presented to select an appropriate MCDA method. The decision-making 
process in Surahammar, Sweden, is simulated to test the selected MCDA method NAIADE. 
This simulation shows that MCDA is a useful tool in a decision-making process and might lead 
to more sustainable decisions. MCDA structures the problem over different criteria and allows 
public participation to take place. However, trust and transparancy are vital aspects in a MCDA 
process. All interest groups must trust the method being used and understandable information 
must be provided. Complexity and confusion can lead to mistrust or excessive faith in the re-
sults.  

Introduction 

Environmental decision-making problems are often characterised by a high degree of uncer-
tainty. Estimations on environmenta l change caused by an intervention in an ecological system 
can only be incomplete and speculative. Possible benefits or harmful impacts are difficult to 
predict and therefore it is often impossible to link these impacts with clear measurements. An-
other problem is that people may value the same environmental features totally differently. For 
these reasons could monetary valuation, such as the Cost Benefit Analysis (CBA), be consi d-
ered as inappropriate for use in environmental problems. This suggests that the re is an impor-
tant role to play for Multi Criteria Decision Analysis in environmental evaluation.  

A wide variety of MCDA methods have been developed over the last years. These methods do 
not provide a unique solution, but rather help the decision-maker to arrive at a political compro-
mise. The methods investigate different alternatives and judge them on the basis of economic, 
social and environmental criteria, and by their importance to different interest groups. The aim 
of MCDA is ‘to enable us to enhance the degree of conformity and coherence between the evo-
lution of a decision-making process and the value systems and objectives of those involved in 
this process‘ (Roy, 1990).  

                                                         
1 This paper is mainly an abstract of Van Moeffaert, 2003, Multi -criteria decision aid in sustainable urban water management , De-
partment of Industrial Ecology, MSc-uppsats, TRITA-KET-IM 2002:26, Royal Technical Institute, Stockholm, Sweden. 
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Despite functioning well the water and wastewater systems in Sweden have been questioned 
on the point of view of sustainability (Urban Water, 2001). In the city of Surahammar, which 
represents a typical country town in Sweden, three different wastewater treatment systems are 
compared and a decision has to be made which system fulfils best the objectives.  

To varify the usefulness of MCDA in environmental evaluation, a simulation of the decision-
making process in Surahammar is conducted using an appropriate MCDA method.  

Multi Criteria Decision Aid (MCDA) 

The main goal of MCDA is not to discover a solution, but to construct or create something which 
is viewed as liable to help ‘an actor taking part in a decision process either to shape, and or 
transform his preferences or to make a decision in conformity with his goals (Roy; 1990). In the  
field of environmental management, the Multi Criteria Decision Aid approach can reduce co m-
plexity, help the various actors to understand their preferences and establish an open dialogue 
between them.  

There are a great number of MCDA methods, a situation that may be seen either as a strength 
or as a weakness (Bouyssou et al, 1993). The great variety of multicriteria methods makes it 
possible for the decision-maker to choose the appropriate method for a certain decision-making 
situation. The weakness however, lays in the fact that not one model is strong enough for all 
different kinds of decision-making situations.  

In practice, it is experienced to be very difficult to choose one MCDA method for a certain pro b-
lem. Many analysts and researchers are not able to clearly justify their choice for one MCDA 
method rather than another one. Very often, the choice is motivated by a sort of familiarity and 
affinity with a specific method. The result of this behaviour is that the decision-making situation 
is adapted to the MCDA method and not the opposite. This is not a productive attitude. It is im-
portant to know how a method works, and get through experience familiar with it, but one can 
not expect to solve all decision-making situations with the same method.  

Multicriteria methods differ in the way the idea of multiple criteria is operationalised. In particular 
each method shows its own properties with respect to the way of assessing criteria, the applic a-
tion and computation of weights, the mathematical algorithm utilise d, the model to describe the 
system of preferences of the individual facing decision-making, the level of uncertainty embed-
ded in the data set and the ability for stakeholders to participate in the process (Johnson et al, 
2002). By considering all the different characteristics the user has to decide about the most 
suitable method for the problem to be tackled.  

Van Moeffaert, (2003), suggests three parallel paths to choose an appropriate MCDA method 
(figure 1). The first path consists of making a comparative study of different methods, to analyse 
some typical characteristics of every method. The second path tries to find out what the applic a-
tion domains are of the different methods, according to experiences in the past. In the third 
path, some general tentative guidelines on choosing a MCDA method are reviewed based on 
Guitouni, et al, (1998). By confrontating the results of those three paths, a motivation for the 
choice of MCDA method is conducted.  

Van Moeffaert, (2003), compares the MCDA methods Promethee I and II, Electre III, Regime 
and NAIADE according to this framework. Also, the Multi Criteria Decision Making (MCDM) 
methods MAUT and SMART are evaluated, due to the high amount of applications by analysts. 
After evaluation, the MCDA method NAIADE is recommended for the decision-making process 
in Surahammar. 
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The NAIADE method integrates conflict analysis procedures to seek for defensible solutions to 
reduce the degree of conflict between decision-makers. This conflict analysis conducts the rela-
tive importance each decision-maker assesses to a certain criterion, and can be used as a base 
for further negotiation. Another special feature of the NAIADE method is that it makes use of 
fuzzy set theory. While for example PROMETHEE and ELECTRE make use of sharply defined 
borders of different preferences, NAIADE allows these zones to overlap. This means that the 
NAIADE method goes a step further in the theoretical background than the other methods. At 
last, NAIADE is the only investigated method, which can assess fuzzy information. It is neces-
sary to make use of fuzzy inputs when evaluating different environmental alternatives because it 
is possible that some alternatives do not have a real life application. In this situation it is difficult 
to make predictions with clear numbers. 

The simulation of the decision-making process in Surahammar 

Surahammar is a typical medium-sized country town in Sweden. The decision-making process 
is centralised as the responsibility of taking decisions lies with the board of politicians. There is 
little place for public participation in the current decision-making process of Surahammar. In-
volving different interest groups in the environmental decision-making process would drastically 
increase the level of public participation. Therefore, the simulation of the decision-making proc-
ess in Surahammar is conducted with the participation of different interest groups.  

The decision-making process of Surahammar was simulated during a two-day workshop with 
the help of nine Ph.D.-students working in the Urban Water Programme. Each Ph.D.-student 
acted through a role-play as one of the interest groups of the Surahammar community. The in-
terest groups invited to participate in the decision-making process in Surahammar were: the 
farmers, the households, the Environmental Group, the Agency for Fish Protection, the Munic i-
pal Company, the Urban Planner, the Environment and Health Inspector and a representative 
for the future generations.  

The first step in the NAIADE method is to construct the performance matrix. The performance 
matrix presents the scores of each alternative over each criterion. All interest groups received in 
forehand a report, which contained a preliminary performance matrix as well as the motivation 
behind the scores. During the first step, the interest groups could ask for additional information 

The motivation is based on some 
special features of the NAIADE 
method. Firtly, the NAIADE method 
does not make use of direct weighting 
to attach weights is a comman proce-
dure in different MCDA methods. By 
attaching weights, one can assess 
personal preferences to each crite-
rion. However, the attachment of 
weights to criteria is practically ex-
perienced as a weak point in the deci-
sion-making process. It is experienced 
to be difficult to give real value 
weights in environmental situations 
(Hokkanen and Salminen, 1995). Par-
ticular attention has been given in the 
NAIADE method to the different val-
ues of groups in society through con-
flict analysis procedures. 

Figure 1: A framework to choose an appropriate 
MCDA method 
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or even discuss the scores. This report would also help to assess the preference articulations 
by the different interest groups. During the preference articulations, the interest groups need to 
agree on the relative importance of the differences between the scores of the alternatives.  

A second step in the NAIADE method is to construct the equity matrix. This matrix presents the 
evaluation of each interest group for each alternative. Equity and conflicting values in the NAI-
ADE model are not introduced by weighting of the different criteria. Instead, the use of conflict 
analysis allows the decision-maker to seek for ‘defendable’ solutions. The authority in charge of 
the decision in Surahammar, the politicians, has the possibility to view the behaviour of interest 
groups, so that decisions, which have a higher probability of being accepted by certain groups, 
may be identified.  

Conclusions and recommendations 

Van Moeffaert, 2003, has shown that, in general, MCDA can be a useful tool in an environ-
mental decision-making situation. MCDA allows the involvement of interest groups in the dec i-
sion-making process. Increasing public participation might lead to more sustainable decisions. 
During the decision-making process, all interest groups learn more about the different aspects 
of planning waste and wastewater systems. By structuring the problem over different criteria, 
the transparency of the situation is increased, leading to a better consideration of all as pects 
when deciding for an alternative. On the other hand, the large amount of MCDA method, without 
a clearly superior one, makes it difficult to choose the appropriate method for a certain situation. 
Moreover, the complexity of analysis process can lead to mistrust or excessive faith in the re-
sults (Edwarts-Jones et al, 2000). 

The simulation of the decision-making situation in Surahammar has shown that the MCDA 
model NAIADE is useful on certain conditions. First of all, all interest groups have to trust the 
method used in the decision-making process. A certain disbelief by participants in the method 
could lead to incompletion of the decision-making process. To make the interest groups trust 
the method, the whole decision-making process should be outlined in forehand to the interest 
groups during information sessions. The interest groups have to come fully prepared to the ac-
tual decision-making process. However, it is not the meaning to create confusion or disbelief 
with the interest groups by going too much in detail in the theoretical background of the MCDA 
method. The analyst should provide the necessary information, avoiding overwhelming the pa r-
ticipants. The preparation of the decision-making process is crucial as it influences the quality of 
the further process.  

The information about the different alternatives distributed to the interest groups is another i m-
portant aspect for the quality of the decision-making process. Different interest groups have 
different backgrounds and thus different areas of knowledge. It is very important that all interest 
groups receive ‘understandable’ information to be able to defend their position. Too technical 
information could demoralise some groups and give advantage to the technically skilled profe s-
sionals attending the decision-making process 

The usefulness of MCDA in the decision-making situation of Surahammar is shown in figure 2. 
MCDA has the capacity to close the gap between the technical results of the system analysis 
and the actual decision-makers, namely the politicians. It also allows public participation to take 
place. As shown in figure 2, it is recommendable to collect the results of the MCDA process in a 
report, structuring the whole decision-making situation. The actual decision-makers, the politi-
cians, will be able to take a more sustainable decision based on this report.  
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Figure 2: The role of MCDA in the decision-making process of Surahammar 
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Introduction 

The hippos in the Noorderdierenpark, a ZOO in the Netherlands, live in water that is recycled 
after treatment with membrane filtration and a living machine (Figure 1). In the Netherlands, this 
high-tech hippo sanitation system is considered sustainable. Naturally, here sustaina bility has a 
different content than if one talks about sustainability of hippos living in the wilderness. The 
Noorderdierenpark uses advanced technology at high costs to make up for the fact that the hi p-
pos live in an unnaturally small habitat and thereby importing food and exporting waste. 

Similarly we find, that depending the availability of resources such as money, space, techno l-
ogy, energy, water, fertiliser, etc., people developed a wide variety of domestic water sy stems. 
Some people use simple on-site 
sanitation systems, while others 
use water flush toilets con-
nected to a complex system with 
sewers and a centralised 
wastewater treatment. The enor-
mous differences between those 
systems give raise to the 
questions: What determines the 
sustainability of domestic water 
systems? How do we compare 
such a wide variety of systems? 
And since there is world-wide a 
need for hygienic low cost water 
supply and sanitation, and an 
increasing demand for systems 
that conserve water, recycle 
nutrients, and upgrade living 
conditions in urban areas – an 
important question is: can we 
select solutions that meet these 
challenges?  

Defining sustainability 

There is no unambiguous definition of sustainability. Still, if one reviews the different indicators 
used in sustainabili ty assessments of sanitation systems one finds that some indicators are a l-
most always used, for instance: water use, energy use, nutrients, BOD, sludge, and heavy me t-
als. Naturally, the choice of indicators depends on the goal and the scope of the research. For 
instance, social-cultural indicators are important when studying small-scale systems that are 

Figure 1: The “living machine” in Noorderdierenpark, 
treating the wastewater produced by human 
activities as well as the sludge produced by 
the membrane treatment of the hippo, sea tur-
tle and penguin wastewater. 
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used in or near the household. The relative importance of the indicators depends on the local 
situation and the preferences of the decision makers. 

Comparing domestic water systems 

For the comparison of a wide variety of domestic water systems we developed a model based 
decision support tool of which the outlines are shown in Figure 2.  

The wide systems boundaries and the complete set of sustainability indicators are two important 
characteristics of this tool, as we want to be able to compare small-scale with large-scale sys-
tems. For instance, certain treatment technologies ask for keeping waste streams separated 
and different systems have differ-
ent advantage with respect to sus-
tainability. Therefore, excluding 
the household and certain sus-
tainability criteria means excluding 
possibly interesting systems a 
priori. Our tool thus uses a large 
set of sustainability indicators in-
cluding technical, economical, 
environmental, and social-cultural 
measures and supports a wide 
range of options for domestic wa-
ter systems including: different 
water sources (3), different toilets 
(10), separate transport of grey, 
black and yellowwater, on-site 
treatment, and 4 steps for black-
water treatment including 12 di f-
ferent technologies. The model 
requires three types of inputs, (1) characteristics of household and treatment, (2) the normalis a-
tion and weighting factors for the sustainability indicators, and (3) the choices contained in 32 
decision variables. As output the tool qua ntifies all the sustainability indicators. 

Selecting promising domestic water systems 

The user of the tool specifies the scenario (characteristics and weighting factors) and the tool 
computes the solutions that give the highest scores on the sustainability indicators. For such-
defined quite sizeable mixed integer nonlinear optimisation problems, we are presently evalua-
tion different solvers. Thereafter, we shall use the tool to select promising systems that meet  the 
current challenges of the water sector such as hygienic low costs systems to implement water 
for all by 2025, and systems to meet future challenges such as improving the living conditions in 
urban areas, and closing water and nutrient cycles.  
 

Figure 2: Multi-objective optimisation to design sus-
tainable domestic water systems. 


