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The studies that comprise this licentiate thesis have two objectives: 1) to 
environmental aspects and the resource management of various types of waste water 
systems, to study various concepts (methodologies) for system planning a 
new or change an existing waste water objectives have been studied in a few 
projects, documented in four papers, to this report. 

introductory work was initiated as a 
to ..... U ...... U' .. ALJ .. 

case 
contain three conventional waste water sewers and treatment plants and three 
alternative systems: a waste water irrigation system, a constructed wetland and a system 
with earth closets and separated treatment of water in a with constructed 
wetland and a sand filter. The study showed that systems were mainly constructed for 
reasons of environmental protection and sanitation. criteria of nutrient recycling has 
been less considered. The existing system has potential for phosphorus recycling, but 
the residuals are not often used as fertilizers. The use of operation is In 

a waste water treatment plant than for treatment in sand filters or ponds. closets 
including a heating system and a fan were the most electricity-consuming example. 
treatment plants studied needed less land-area and had economic advantages compared with 
the small scale treatment examples. It should be noted that local conditions could impact 
on the results considerably, and the technical solutions are therefore not easily compared. 

None of the six systems studied in the initial study was constructed for nitrogen recycling. 
One strategy for this is to handle urine separately and use it as a fertilizer for agricultural 
applications. Urine is the largest contributor of nutrients to waste estimated as 500/0 
of phosphorus and 80% of nitrogen. an average values of nutrient 
concentrations were 1.0 g P/person,day and 13 g N/person/day. Studies of daily variation 
showed that most of the nutrients appear in urine produced at home between 5:00 p.m. to 
8:30 a.m. Urine separation is promising in terms of environmental protection aspects, and 
urine is also a high quality fertilizer. However a lot of research and development remain to 
be done before one could consider implementing urine separation systems. 

Studies of methodologies for system choice mainly concern the concept of Environmental 
Impact Assessment (EIA). The demand of an according to Swedish environmental 
laws, is to permit an overall assessment of the impact of a planned installation, activity or 
measure on the environment, health and conservation of natural resources. studies were 
carried out Bergsjon and the conventional waste water 
systems were compared to local treatment of mixed waste water and local treatment with 
urine separation. The urine separation system is because of the comparatively 
low use of natural resources (lowest use, largest recycling of and low 
degree of eutrophication. A deeper analysis of the energy of the in 
Bergsjon, was carried out with an analysis. The study shows that the hypothetical 
calculated exergy consumption during operation will lower in a system with local 
treatment and urine separation toilets than in a conventional alternative. 
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studier som i foreliggande licentiatuppsats har haft tva overgripande 
1) att utvardera formagan till miljo- och resurshansyn i befintliga avloppssystem, 
att studera olika utvarderingsmetoder som anvandas for att valja teknisk systemlosning 
nar ett nytt avloppssystem skall anIaggas eller ett forandras. delprojekt 
har utforts, vilka finns redovisade i fyra 'Anr\p.n,rh 

av typer av '-""""lUH •• 

av miljoskydd, studerade 
anlaggningama bestod av tre ledningsnat och reningsverk och 
tre altemativa system: ett system med av lagrat avloppsvatten, en rotzons-
anIaggning slutligen ett torr av toalettavfall och behandling av 
bad- ,disk- och tvattvatten i ett av rotzonsanlaggning och markbadd. Studierna 
visade att anlaggningarna i forsta hand ar utformade hansyn till miljoskydd och hygien. 
Mindre hansyn tas till atervinning av i avloppsvatten. fiesta befintliga 
system har trots allt en god formaga att avskilja men det ar inte sa ofta som de 
fosforrika restprodukterna anvands som godselmedel i jordbruket. Energi-anvandningen ar 
storre i storsskaliga reningsverk an i smaskaliga behandlingsanlaggningar som filterbaddar 
eller biodammar. Torra toaletter med uppvamming flakt for att avdunsta vatten ar den 
mest elforbrukande lOsningen av de studerade. innehallande avloppsreningsverk 
kraver ytor och ar mer kostnadseffektiva an de smaskaliga bor dock 
noteras att de lokala forutsattningarna i hog grad paverkar av jamforelserna. 

Ingen av de sex studerade anlaggningarna af utformad atervinning av kvave. satt att 
atervinna en stor del av naringsamnena i av!oppsvatten ar att kallseparera urin. Urin ar den 
storsta kallan till naringsamnena i av]oppsvattnet, uppskattad som 50% av fosfor- och 800/0 
av kvaveinnehallet. undersokning av insamlade i medeltal 1.0 g 
P/person,dag och 13 g N/person,dag. studerades ocksa. Resultaten visade 
att de personer som ingick i studien utsondrade av kvave och fosfor i urinen 
under den tid de var hemma pa dygnet. Urinsorterande system ar en lovande teknik, men 
mycket forskning och utveckling aterstar innan systemen kan implementeras pa bred front. 

Metodikstudierna gallande systemval var koncentrerade kring Miljokonsekvens­
beskrivningar, Enligt svenska krav ska en mojIiggora en samlad bedomning 
av en planerad anlaggnings, verksamhets eller atgards inverkan pa miljon, halsan och 
hushallningen utfordes avloppshanteringen i tva orter; 

Ar(]T1£"'" och Dagens jamordes alternativen lokal behandling 
av avloppsvattnet i filterbaddar och urinsorterande visade att de 
urinsorterande sytemen var fordelaktigast p g a lagst resursanvandning och minst bidrag till 
eutrofiering. Aven en exergianalys utfordes pa fallstudien Studien visade att 
exergianvandningen, med givna antaganden, ar lagre i ett urinsorterande alternativ an i det 
befintliga 
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The handling of waste water has been a topic for discussion in Sweden and in other 
countries, throughout the 1990th. The discussion has been focused on environmental 
aspects and the consumption of resources. The existing waste water also been 
developed during the last hundred years, as the water closet was first introduced in the early 

of the 20th reason for was on the sanitary 
conditions. The water closet improved the sanitary conditions but environmental 
problems in receIvmg waters. water driven developed and 
enlarged gradually since then. 1990, Sweden had the most advanced treatment of waste 
water of the European countries 1995), see table 1. 

1. water treatment of different European countries of the year 
1990 (extract from 1995). 

% of households Part with primary Part with second- Part with ad 
connected to a treatment l ary treatment2 vanced treatment) 
waste water sys-
tem 

Sweden 95 ] 10 I 84 

Denmark 98 8 69 21 

Finland 76 0 0 76 

Norway 57 13 1 43 

Netherlands 93 1 83 8 

Spain 53 11 38 4 

Great Britain I 97 8 65 14 

Germany 86 6 50 30 

Latvia 69 20 48 .. 
I) Mechanical treatment 
2) Biological treatment with 90% removal of organic matter or chemical treatment (phosphorus removal). 
3) Biological-chemical treatment, supplemented with nitrogen removal, etc. 

At the time when water were implemented, efforts shifted from trying 
to improve the sanitary conditions in towns to dealing with the environmental problems in 
the receiving waters. Treatment plants were built to remove organic matter and nutrients 
before discharge to a lake or the sea. The requirements regarding purification has increased 
gradually and are still increasing. Today, there are several international conventions to 
protect specific seas or sea areas. Sweden has ratified the Paris and Helsinki Conventions. 
The aims of these conventions include protection of the North and the Baltic Sea. The 
countries that have signed up these conventions, are subject to requirements concerning 



discharges of nitrogen, phosphorus and heavy metals. The large coastal waste water 
treatment plants in Sweden today have to halve the discharges of nitrogen, from the 1985 
level. Table 1 shows that a large number of the Swedish treatnlent plants, by 1990 had 
biological chemical treatment, supplemented with nitrogen relnoval, etc. One conclusion 
from these statistics is that large investments have been made lately to improve the existing 
sanitary systems. This should be borne in mind when the potential of alternative systems 
are further discussed. 

The UN environmental conference held in Rio de Janeiro in 1992 also gave input to the 
discussions of sanitary systems. declaration and Agenda 21 were formed at this 
conference. Agenda 21, an action plan for the 21 st century, aims to deal with the main 
environmental problems and to provide support for a sustainable development. 

The existing waste water systems are discussed in a sustainability perspective. The systems 
have been critizised for insufficient economization with materials and energy. It is well 
known today that phosphorus is a limited resource and Inust be recycled in the future. 
Today the phosphorus from human urine and faeces is removed from waste water in the 
treatrnent plants and will consequently be found in the sewage sludge. It is not unusual that 
the sludge is disposed at a landfill either because it is contaminated with heavy metals or 
because farmers prefer other fertilizers. Phosphorus from apatite is instead used in the 
agriculture. Apatite is taken from mines and is a limited resource. With today"s technique 
of mining and today" s consumption, there will only be enough apatite resources to last 150-
200 years (Fredrikson 1994). Phosphorus is therefore the substance from waste water that 
is the most urgent to start recirculating, but nitrogen, potassium, carbon, sulphur and micro­
nutrients are also essential to agriculture. 

The two most important topics in the waste water debate are the protection of receiving 
waters and the economization with nutrients. Below, a few examples from the debate in 
Sweden are presented. It should be noted that these are examples and not a comprehensive 
review of the debate. 

Guterstam and Ridderstolpe (1991) wrote that the present sewerage system is built without 
taking account recycling of resources. Urine with very high concentrations of nutrients is 
mixed with large volumes of waste water from bathing, dish and laundry. A large number 
of the 90 000 chemical products, used in Swedish society can be found in the mixed waste 
water from domestic and industry use. Anders Schonback, ex-head of the Environmental 
and Health Department of the municipality ofTanum says: the water closet will never serve 
as an economically or ecologically good solution (Schonback 1994). Schonback took part 
in a decision where connections to the sewerage system were no longer allowedfor new 
buildings in Tanum. Wolgast (1992) adds a hygienic aspect to the debate of the water 
driven waste water system. Approximately 99% of bacteria and viruses in waste water are 
removed in waste water treatment plants. Still 100 millions bacteria and viruses per person 
and year are discharged to the receiving waters. Lakes and rivers are therefore 
permanently virus infected, and may contribute to the increase of youth diabetes 
transmitted via bathing water. 

Lind and Peters (1993), on the other hand, say that there are no realistic alternatives today 
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to waste water treatment plants. No other solution can give the same degree of purification 
before discharge. The water closet is not a system error according to Balmer ( 1993). It is, 
in Sweden where lack of water is not a problem, not a waste of resources to use tap water 
for transportation of urine andfaeces. This would only be the case if the costs were lower 
to install a double pipe system. Balmer ( 1993) does not believe in a double pipe system,. If 
the we were eliminated, the consumption of water would only decrease from 200 to 150 
liters per person and day, and there would still be a need for advanced treatment of the 
remaining waster water, i.e. waste water from bathing, dish and laundry. So there would 
be no advantages looking at treatment aspects. Larsson ( 1996) shows that water closets 
are, in fact, the most favourable alternative for small scale systems. reasons are the 
major phosphorus recycling and the low costs. 

The examples show that the debate has become a matter of black and white, with little 
understanding of the opponent's arguments and therefore it is important to investigate the 
existing system and new systems from a sustainability perspective. 

One constructive way of continuing to work with the waste water problem complex is to 
formulate basic criteria a majority of involved people upon. project of this kind has 
been calTied out by the Swedish Environmental Protection Agency. An initial study, aimed 
at formulating criteria was carried out through discussions at seminars with a wide range 
of actors involved in the waste water handling process. criteria were sorted into the 
following headings 1995a): 
-Transmission of infections and sanitation 
-Environmental impact and efficient use of resources 
-Technical socio-economic 

The first heading includes the risk of transmission of diseases and other health aspects. The 
key to future waste water systems is to achieve effective recycling of resources and at the 
same time to minimize the for survival of viruses and parasites. Under the heading of 

efficient use of resources", it is that a sanitary 
system with good environmental protection is very often at a same time a system with 
effective use of resources. Subcriteria under this heading cover 1) resources in waste water 
and 2) resources needed for treatment and utilization of residuals. first category 
includes: phosphorus, nitrogen, potassium, micro-nutrients, humus, energy and water. The 
second category includes: waters land and air, resources to produce the 
system, components and resources for system operation. subcriteria under the heading 
of "Technical and socio-economic criteria" are: technical reliability, economy, suitable 
design for the users, effects on municipal planning and responsibility issues. 

Further work is ongoing at the Swedish Environmental Protection Agency to establish 
quantitative goals that should be fulfilled by the year 2021, for various aspects of the 
process found under the heading of Environmental ilnpact and efficient use of resources. 
(SNV 1997, unpublished). 
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There is also a great need to develop methodologies where systen1 alternatives can be 
evaluated according to criteria. literature review from 1994 showed that most 
comparative studies between various waste water systems only consider one specific aspect 
(KalTman 1995a). There were, however, a few studies where more than one parameter was 
quantified. Jenssen et al. (1992) c01npare various types of so called ecological treatment 
systems, with an evaluation of around 20 parameters in a three degree scale. There are also 
studies to be found where existing waste water systems have been compared concerning 
various aspects, for example treatment capacity, econ01ny, operation and maintenance 
(Fasteneau et al. 1990); environmental protection, nutrients recycling, economy, use of land 
surface and energy (Karrman 1995b~ Karrman 1996). 

A couple of studies have been carried out, during the 1990th, aimed at comparing various 
system alternatives for waste water treatment for one or two well defined areas. Gujer 
(1996) compares four concepts of sanitation strategies for the city of Zurich. 
c01nparison regards among others, use of resources (water consumption, chemicals etc.), 
energy use, possibilities for nutrient recycling and public acceptance. The 
project (Malmqvist et al. 1995) contains studies in two urban areas in Sweden; the Bergsjon 
suburb of Goteborg and the Hmnburgsund village in Tanum municipality. Two alternatives 
to the existing systems were formulated in each area. The alternatives (including the 
existing systems) were evaluated and compared with an Environmental Impact Assessment 
(EIA) (Stenberg et al. 1996) and Life Cycle Assesslnent (Tillman et al. 1996). The Bergsjon 
case has also been evaluated with an exergy analysis (Hellstrom and Karrman 1997). 
Finally, a system analysis of organic waste for the town of Uppsala (Nybrant et al. 1996) 
in Sweden has been carried out with the simulation tool ORW ARE (Nybrant et al. 1994; 
Nybrant et al. 1996). The system analysis includes 12 different system alternatives for 
handling of organic waste (including waste water). 

In the project (Malmqvist et al. 1995), the existing conventional waste water 
systems were compared to local treatment of mixed waste water and local treatment with 
urine separation. The present report has a special focus on the study, because this was 
a subproject of the ECO-GUIDE project in which the author took part. 

Environlnentallmpact Assesslnent (EIA) 
This section describes the study from the project (Stenberg et al. 1996). 
The study was carried out as an study according to Swedish environmental 
legislation. The demand of such an is to permit an overall assessment of the impact of 
a planned installation, activity or measure on the environment, health and conservation of 
natural resources. According to Canter (1993), an EIA study contains six activities after the 
issues are defined: impact identification, description of affected environment, impact 
prediction, impact assessment, decision making and communication of results. 

The impact identification was done with the support of a checklist, developed from 
(1986). The descriptions of the affected environments of Bergsjon and Hamburgsund were 
made after ocular inspection and studies of maps and documents from the municipalities. 
The impact prediction was done mainly in a qualitative way. There are a number of possible 
environmental effects of the waste water system, for example eutrophication of the sea or 
soil erosion caused by increased flow in the local watercourses in Bergsjon and there are 
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contributions from the system to these effects. Outlets of nitrogen from the system might 
cause eutrophication, or a large discharge of treated waste water might cause erosion, for 
example. Because of the difficulties of predicting the quantitatively, the silnple 
assumption of "less discharges/emissions, the better" was often used. 

The results of an are often presented in a text, discussing possible impacts, 
and also with comparative tables including quantitative results. present study the 
analysis was taken one further. The impacts were into three "-''''~'w'''''-' 

A. Nature's conditions 
Human conditions 

C. Realization aspects 

Category contains aspects that could have an impact on a sustainable development. 
Examples from category A were considered the most important, followed by Band 

A few aspects from category A were as more important than others. This was done 
according to regional environtnental goals (Miljo i vast 1995), where priority was to 
9 environmental problems. The waste water systems could contribute to three of these 
problems: 

Acidification 
Use of natural resources 
Eutrophication 

Identified emissions with a possible impact on these effects were assessed as the most 
serious. (In a normal process this kind of "valuation methodology" above is not used 
until the decision-making phase.) 

The urine separation system is favourable because of the comparatively low use of natural 
resources (lowest energy use, largest recycling of nutrients) and low of eutrophica­
tion (smallest discharges of nutrients to the recipient). In spite of these two aspects, the 
urine separation system contributes more to the acidification the alternatives. 
urine separation system includes more transports of residuals and causes greater 
emissions of sulphur oxides and nitrogen oxides. Eutrophication is, however, valued as 
more important than acidification, because of the quantities the waste water systems 
generates in relation to the total anthropogenic impact in the region. 

Exergy analysis 
One reflection from the above, is that there will always be a wide 
range of different aspects that one have to value in one or another. of studying 
the use of resources with a single parameter is to cany out an analysis. is the 
part of energy that is convertible into all forms of (Wall 1977). 

This section consists of a sumnlary of the analysis of the Bergsjon case study 
(Hellstrom and Karnnan 1997). The study includes the following calculations: 

analysis of heat transportation in sewage 
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- Analysis of the chelnical exergy of organic matter, nutrients and 
electricity needed for operation. 

of chemicals and 

The energy value of the sewage, in terms of heat, is calculated as the temperature difference 
between the sewage and the ambient air times the heat capacity of water. The is then 
calculated as the energy times the Carnot factor. It should be noted that no or 
is available if the ambient temperature is higher then the telnperature (Hellstrom 
1997). The result shows that the largest input of to a during 
operation, is attributable to heating of tap-water. 

Considering the flows to handling of organic Inatter and nutrients, it is that 
the flows of organic matter dOlninate. It is also shown that the possibilities of recovering 
some of the exergy as methane gas will have a strong influence on the total exergy 
consumption needed for operation. In comparison with the flow due to nutrients it is 
obvious that the flow due to phosphorus is almost insignificant, while the flow due to 
nitrogen has a significant impact on the results. This reflects the statement that one 
important reason to recycle nitrogen is the large amount of exergy needed to produce 
nitrogen fertilizer. 

The study of the alternatives in Bergsjon (Malmqvist et ai. 1995) shows that the 
hypothetical calculated exergy consumption during operation will be lower in a system with 
local treatment and urine separation than in a conventional alternative. 

Comparisons of different systeln studies 
contextual and Inethodological comparison was carried out between Environmental 

Impact Assessment (EIA) and Life Cycle Assessment (LCA), based on the ECO-GUIDE 
case studies (Tillman et al. 1997). This report shows that the two concepts cover slightly 
different aspects, although there are overlaps. considers local ilnpacts such as noise, 
smell and effects on local creeks where treated waste water is discharged. The also 
discusses effects of land use, an aspect that the does not cover. The on the other 
hand contains a more systematic evaluation of the use of natural resources and global 
environmental impacts than the 

There were also some differences between the system boundaries used. In the the 
analysis was delimited to the following activities: collection and transport of waste water, 
transport to storage or treatment, production and transport of resources needed for the 
operation of the system, discharge to receiving waters and improvelnent and transport of 
residuals. The building of the systems has only been analysed for energy use. 

The LCA was divided into a core system and an enlarged system. The system boundaries 
of the core system are similar to those chosen in the EIA. The enlarged system also 
considers the impact on other technical systems as an effect of the various waste water 
techniques. Affected systems include: tap water production, energy use (heating systems 
for buildings, electricity production, etc.) and the use of mineral fertilizers in agriculture. 

The comparison between alternatives in the and the EIA was done in different ways. 
The LCA was done with an argmnentative, verbal, qualitative evaluation (made by the 
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analyst). evaluations were, however, supported by formal quantitative weighting 
procedures: the method, the environmental theme valuation method and the ecological 
scarcity method. the an initial sorting of the different aspects was done. A category 
with the most important was first sorted out using socio-ecological principles 
formulated (1995). further evaluation was carried out taking into 
consideration regional environmental goals and, finally, alternatives contribution to an 
environmental effect compared with total contribution of anthropogenic activities to the 
effects in the i.e. the the contribution from the waste water system - the 
higher priority. 

the not come to the same the In 
Bergsjon and Hamburgsund, although the urine separation system was found to be 
preferable in both and Hamburgsund in both the and the 

When comparing all the systeITI studies, described in the beginning this chapter, some 
noteworthy similarities and were found. 

project (Nybrant et al. 1994; Nybrant et al. 1996) has a lot in common with 
the study of system boundaries are similar to the core system 
(see above). One difference the studies that the case study 
(Nybrant et al. 1996) attention to all organic waste produced in the society, and not only 
to waste water. is a computer based simulation tool, and can more easily 
evaluate a larger number alternatives compared with in an 

study of. Gujer (1996) is most delimited analysis of the studies mentioned in this 
chapter. It is an analysis of different waste water handling. study contains a 
comparison of the use with different of waste water handling. 

the and projects the urine separation alternative consists of 
source separated urine and a separate to storage tanks outside the buildings. 
spite of Gujer/s example, this of system is today running in several small scale 
applications. 

the criteria from (1995a), it was that main criteria should 
considered when a waste water is analysed: 1) Transmission of infection and 
sanitation, 2) Environmental impact and efficient use of resources, and and 
socio-economical criteria. all studies discussed in this Environmental Impact and 
Efficient use of resources are carefully analysed, but none of studies includes methods 

assessment of risks for transmission of infection and sanitation. of the studies 
takes account Socio-economic criteria such as technical reliability, economy, suitable 
___ .,..., .. for the users, effects on planning and responsibility 

All the studies mentioned in this chapter have a separation system included as a 
technical alternative. The studies also all show that the urine separation technique have 

potential. In The project the urine separation system was found to be 
the most advantageous in both Bergsjon and Hamburgsund. The study of 
Uppsala did not a strict answer about "the best technique", but it could be noted that 
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the urine separation alternatives had advantages in terms of nutrients recycling, but on the 
other hand they require more energy for transport and caused more air emissions than, for 
example, the conventional waste water system. 

The study by Gujer (1996) also shows a great potential for a urine separation alternative, 
but there is an important system difference cOInpared with and 
the urine is released to the existing sewer so the urine may be collected at the treatlnent 
plant. The urine is preferably released at night when the sewer only contains a low flow 
with mostly unpolluted infiltration water. The system is favourable compared with 
traditional systems, cOInpost toilets and a combined alternative. reasons for this include 
that the separation the waste water for efficient 
treatment, the lowest total electricity consumption, the lowest consumptions of lnaterials 
and chemicals for operation. 

It is, however, noted that several other criteria Inust be considered before a urine separation 
system could be chosen for a large settlement in the reality (Gujer 1996; Stenberg et al. 
I 996~ Jonsson et al. 1996 and Hellstrom and Karrman 1997). mentioned above the 
studies discussed here mainly consider environmental impact and use of resources. So it 
could be stated that the urine separation system has a great potential regarding nutrient 
recycling, minimization of discharges to receiving waters etc. Today a great deal remains 
unknown concerning urine separation systems. Research activities and further evaluations 
of existing urine separation systems are needed before more general implementation can 
be recolnmended. The next chapter discusses the present experience of urine separation 
systems in greater detail. 

state 

Today/s system design of urine separation systems is based on source separation. The 
toilets are equipped with two bowls, one for urine and one for faeces. small amount of 
water is used for flushing. Measurements in the community Understenshojden in Stockholm 
where the urine separation toilet "Dubletten II has been generally installed, have shown 0.34 
liters/person,day (Jonsson et al. 1997). For further transport, the urine is led by gravity to 
underground tanks near the houses. The urine is then transported by truck to agricultural 
areas for use as a fertilizer. Blackwater (faeces and flush water) can either be treated in 
local facilities or led to a conventional sewer system. There have been quite a bit of interest 
in implementing urine separation systems in Sweden. From a questionnaire to the 
municipalities in Sweden in 1995/96, 68 out of positive answers stated that at least one 
urine separation systeln has been implemented in the municipality (Hanceus and Johansson 
1996). Experience of these systems is, however, not very well documented. Hanceus and 
Johansson (1996) investigated the 11 largest of these systems. The experiences from this 
study showed that the systems were working well. However, a few problems have been 
identified. These problems can often be assigned to the design and the use of the toilets and 
the accuracy of the construction of the system. Most of the problems concern unpleasant 
odour indoors, tedious cleaning of the toilets, troublesome installation of the toilets, high 
volumes of flush water and seepage into the sewer system. 
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Urine is the largest contributor of nutrients to household waste water according to 
(199Sb), estimated as SO% of phosphorus and 80% of the nitrogen. A comparison between 
key values from the literature, a collection study (24-hour samples from 30 adults, one 
sample per person) and measurements in the urine separation of Understenshojden 
is presented in table 2. 

Nitrogen and phosphorus in urine and volume 
day. 

excreted person and 

values Collection Measurements 
study lTIents (Jonsson et al. 

1995b) (HellstrOlTI and (Jonsson et 1997), re-
Karrman al. 1997) calculated** 
1996) 

Nitrogen 
11 13 4.9 8.S 

(g/person/day) 

Phosphorus 
1 1.0 0.42 0.73 

(g/person/day) 

VOIUITIe urine 
1.0 1.S 1.0 (1.34*) 1.73 1 *) 

(l/person/day) 

*Volume urine solution (urine+flush water). 
**Recounted to 24-hours values. The inhabitants were at home on an average 13,9 hours per day. 

The key values presented in (199Sb) are calculated from a combination of data from 
a mixture of various studies 1939-1963, often containing a very 
narrow limited test group. and (1996) studied a wider group of people -
IS women and IS men, ages to years, and conducted that the values were 
reliable. The Swedish nutrient intake person has increased during the period 1960-1992 
(Becker and Robertsson 1994) and could possibly explain the higher value of nitrogen in 
the collection study. nutrient intake today should, affect the 
phosphorus value too, but does not. The measurements in the existing system show lower 
contents of phosphonls and nitrogen than values collection study. 
explanations are, according to Jonsson et ai. (1997): occasionally incorrect separation, 
many of the inhabitants were children, and many of the inhabitants were vegetarians 
(vegetables contains less nutrients aniITIal products). 

impOItant aspect of urine is the risk is closely connected 
to fecal contamination, owing to incorrect source separation of urine. contamination 
of urine frOITI full scale tanks was studied by analysing coprostanol (Jonsson et al. 1997). 
The results indicated that there was little fecal contamination. Olsson (199S) observed 
that fresh urine is a good substrate for survival of bacteria. Storage is therefore necessary 
for sanitation before urine is spread on farmlands. 

An important aspect concerning nutrients is the conversion of nitrogen. In undiluted fresh 
urine, most nitrogen can be found as urea, but conversion to ammonia begins quickly. 
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combination of high ammonia concentration and high leads to nitrogen losses owing 
to ammonia evaporation. Laboratory experiments with undiluted urine indicate small losses 
of nitrogen, and that the conversion to ammonia is slow (Hellstrom and Karrman 1996~ 
Hanceus et al. 1996), but lneasurements in full scale urine pipes and tanks show 8-9 and 
that 79-96% of the nitrogen is present as ammonia (Kirchmann and Pettersson 1 Olsson 
1995~ Hellstrom and Kiirrman 1996~ Hameus and Johansson 1996; Jonsson et al. 1997 and 
Hanceus et al. 1997). The conclusion is that there is a great risk of ammonia evaporation, 
when the UrIne IS on farmlands. 

handling of urine in agriculture has not yet thoroughly studied. of 
manure is another field, much remains to done. could that 
urine should be less effective as a nitrogen feItilizer than mineral nitrogen, while spreading 
urine always lead to ammonia emissions. In a field study where urine from livestock and 
lnineral fertilizers were spread, no significant differences in yield were found between 
spreading of urine from livestock or mineral fertilizers (Rodhe and Johansson 1996). 
Analysis of linear relationships between mnmonia release and yield showed that the yield 
was largely independent of the of the ammonia emission and no silnple relationship 
could be demonstrated (Rodhe and Johansson 1996). 

Fertilizer use efficiency has also been studied (Kirchmann and Pettersson 1995). Initial pot 
experilnents shows that the fertilizing effect of urine is comparable to Inineral fertilizers. 

Another aspect that has not been discussed is the fact that urine is not as nutrient­
concentrated as today" s mineral fertilizers. Energy use and emissions are therefore greater 
for spreading urine than mineral fertilizers. 
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The work presented in this thesis has two main objectives: 
1) To evaluate the environmental and the resource management of various types of 
waste water systems. 

study various (methodologies) for choice when planning a new or 
changing an existing waste water 

The work with the first issue included fonnulation of parameters, evaluating environmental 
and resource aspects quantitatively. parameters were then applied to eXIstIng 
Swedish waste water systems. specific study of the potential of nutrients recycling in 
urine sorting systems was also carried out. The included phosphorus and nitrogen 
analysis of human urine. 

The work with the second issue was mainly conducted in the project where 
two urban areas were studied: the suburb of Goteborg and the village 
Hamburgsund in the municipality of Tanum. to the existing systems were 
fonnulated in each area. (including systelns) were evaluated 
and compared with several approaches. Environmental Assessment approach 
and an analysis are presented this (the author of this thesis took part in 
these two subprojects). 

The objectives have been studied in several projects, documented in four papers, presented 
as appendices to this report. 1 describes an introductory study, initiated to examine 
existing waste water systems in with a range of technologies and to establish 
a couple of indicators, aimed to the capacity environmental protection, nutrient 
recycling and functional 2 describes a specific study made to evaluate the 
potential for nutrient recycling urine separation systems. 3 includes a description 
of the concept Environmental Impact 4 shows how the use of 
resources can be evaluated means of an analysis combined with studies of 
nutrient flows. papers 3 and 4 include case studies, originally fonnulated in the 

project (Malmqvist et al. 1995). 
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contains an introductory study, initiated as a study of existing waste water systems 
in Sweden using a wide range of technologies to establish a methodology to evaluate the 
capacity of environmental protection, nutrient and functional aspects. 
parameters were established and used for evaluation of Swedish waste water 
systems. The case studies contain three conventional waste water systems with sewers and 
treatment Ernemar and OImanas) three alternative a waste 
water irrigation system (Roma), a constructed wetland and a with earth 
closets and separated treatment of water a with constructed wetland and a 
sand filter (Toarp). 

The study showed that the systems were mainly constructed for reasons of environmental 
protection and sanitation. The criteria of nutrient has been less considered. 
existing system has great potential for phosphorus but the residuals are not often 
used as fertilizers. The use of energy for operation is greater in a waste water treatment 
plant than for treatment in sand filters or ponds. closets including a heating system 
and a fan were the most electricity-consuming example. The treatment plants studied 
needed less land-area and had economic advantages compared with the small scale 
treatment examples. 

The case studies also showed that the scale of the system does not affect the potential for 
recycling phosphorus. There is a potential for 90-1000/0 of the phosphorus in all 
case studies except for Hoja. A comparison the largest scale system, Ryaverket, 
and the smallest scale system, that there seems to be no reason to change 
from a large-scale water-based system to a small-scale dry system. The Toarp system is 
more expensive, uses a greater land surface and more than Ryaverket. there is a 
reason to abandon large-scale then it must be found outside the parameters 
presented in this method. 

It should be noted that local conditions could impact on the results considerably, and the 
technical solutions are therefore not compared. 

of the was for recycling. 
strategy for this is to handle urine and use it as a fertilizer for agricultural 
applications. An investigation was out to detelmine the contents of phosphorus and 
nitrogen in person and and to study the daily variation of the same 
substances. values of nutrient were 1.0 g P/person,day and 13 g 
N/person/day. study of daily variation showed most of the nutrients appear in urine 
produced at home between 5:00 p.m. to 8:30 a.m. nutrient recycling, it would 
therefore advantageous to priority to the construction of urine separation systems 
in residential houses, while urine separation at work may be less beneficial. opposite 
argument is, however, that more people use a toilet at a place of work. greater volume 
of urine is therefore collected, which probably also means more nutrients. investigation 
is presented in together with studies carried out by Daniel Hellstrom, Lulea 
University of Technology, of nutrient retention and transformation during storage. 
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consists of two parts; 1) A general a description of Environmental Impact 
Assessment (EIA) and 2) Case studies. Part 1 gives an overview of the concept and a 
discussion of contextual and lnethodological aspects of Part 2 contains EIA-studies 
of waste water systems (the existing system and alternatives) in two areas of Sweden: 
Bergsjon (Goteborg) and Hamburgsund (Tanum Inunicipality). Part 1 is an extract from 
Tillman et al. (1997). Part 2 is an extract from Stenberg et al. (1996). 

The demand of an according to Swedish environmental laws, is to pennit an overall 
assessment of the impact of a planned installation, activity or measure on the enviromnent, 
health and conservation of natural resources. An contains six activities after the issues 
are defined: impact identification, description of affected environnlent, iInpact prediction, 
impact assessment, decision making and cOlnlnunication of results. 

In The EIA studies Bergsjon and Hamburgsund, the existing conventional waste water 
systems were compared to local treatment of mixed waste water and local treatlnent with 
urine separation. The urine separation system is favourable because of the cOlnparatively 
low use of natural resources (lowest energy use, largest recycling of nutrients) and low 
degree of eutrophication (smallest discharges of nutrients to the recipient). In spite of these 
two aspects, the urine separation system contributes more to the acidification than the other 
alternatives. The urine separation system includes more transports of residuals and therefore 
causes greater emissions of sulphur oxides and nitrogen oxides. Eutrophication is, however, 
valued as more important than acidification, because of the quantities the waste water 
systems generates in relation to the total anthropogenic impact in the region. 

A deeper analysis of the energy aspects of the alternatives in Bergsjon, has been carried out 
in with an exergy analysis. Exergy is the part of the energy that is convertible into 
all forms of energy (Wall 1977). The exergy analysis is combined with studies of nutrient 
recycling. The study shows that the hypothetical calculated exergy consumption during 
operation will be lower in a system with local treatment and urine separation toilets than 
in a conventional alternative. The amount of phosphorus that could be recycled is the same 
for alternatives studied, but the amount of nitrogen that could be recycled is considerably 
higher for systems with urine separation. The analysis was carried out in cooperation with 
Daniel Hellstrom, Lulea University of Technology. The methodology for the exergy 
analysis of waste water systems has been developed from Hellstrom (1997). 
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Methodologies to consider the use of resources in and emissions from waste water systems 
have been successfully developed in several studies discussed in this report. Further work 
for taking into account sanitation aspects and socio-economic evaluations will be 
important, including studies of social acceptance, economy and organization. 

is also a great potential for developing simulation tools and analysis to 
concepts available for planners and engineers. is also a need to 

methodologies or indicators to existing 

case studies discussed in this show great potential for new technologies. Urine 
separation systems and vacuum with compost are two exalnples of prOlnising 
technologies. technologies however, to SOlne extent only been theoretically 
formulated. There is a great need for further research and development before systems 
can be implemented. eXaInple, the environmental impact of using residuals from these 
systems agriculture has not yet thoroughly studied. 

Today, there are plans to implement alternative waste water in several Swedish 
communities that need renovation. It will be of interest to analyse these examples in 
terms of and exergy use, nutrient flows, etc. information would be very useful 
for evaluation of the system studies discussed in this report, partly consisting hypothetically 
formulated system alternatives. 
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Five pararneters were established to evaluate various wastewater 
systerns. The evaluation concerns environfnental protection, nutrient 
recycling and functional aspects. The Jive paralneters are: losses of 
phosphorus and nitrogen to a receiving water, recycling of phospho­
rus, economy, land surface use and energy. The parameters were 
applied to six existing Swedish 'wastewater systems. These six exafn­
pIes included three systems with wastewater treallnent plants and 
three systelns ~vithout. Instead of treatment plants I these lalter three 
systems treat wastewater H'ith earth closets I constructed wetlands, 
sand Jilters and stabilization ponds. A comparison was made be­
tween large-scale small-scale systelns from a recycling perspec­
tive. There is a high potential to recycle phosphorus both systerns, 
but there are strong advantages in economy, land surface use and 
energy in the larger scale systelns. main disadvantage of the 
large-scale systelns is the poorer quality of the recycled product 
(sewage sludge). It was discovered that the losses of phosphorus and 
nitrogen to a receiving water, recycling of phosphorus and land 
surface were easily evaluated. The parameters of economy and en­
ergy were fnore complicated to evaluate and the values contain a 
large degree of uncertainty. 
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There are a nunlber of requirements that existing wastewater systems 
have to fulfill. Up to the present, the two most important requ 
ments have been sanitary aspects and environmental protection as­
pects. The sanitary aspects concern the risk for transmission of dis­
ease through the wastewater system and must be minimized. Envi­
ronmental protection is primarily concerned with the quality of the 
receiving water. In the foreseeable future, the wastewater systems will 
be expected to fulfill a third requirement. Knowledge about phos­
phorus as an exhaustible nutrient leads to the conclusion that phos­
phorus from wastewater must be reused as a fertilizer in agriculture. 
In addition to these requirements, it is important that the wastewater 
systems are functional, easily managed and convenient for the users. 

Today there is a need to develop criteria and evaluation 
methods for wastewater systems to find out if the above requirements 
are being fulfilled. Another reason for using an evaluation method is 
to choose the best available techniques when planning a new waste­
water system. 

This study was done to establish parameters that evaluate en 
vironmental protection, nutrient recycling and functional aspects of 
wastewater systems. Several studies have been done to compare envi­
ronmental protection qualities of various wastewater systems. Two 
comparison studies of removal percentages of BOD, nitrogen, phos­
phorus and settleable solids in various small-scale on-site systems 
have been done by van der Graaf et al. (1989) and Jenssen et al. 
(1992). The rernoval percentage parameter can be improved to 
evaluate both the protection of a receiving water and the recycl ing 0 f 
nutrients. In this study, two parameters concerning percentage losses 
of phosphorus and nitrogen to a receiving water and percentage re­
cycling of phosphorus have been established. 

The functional aspects that have been evaluated in this study 
are economy, land surface use and energy. Economic comparison 
studies often refer to operational costs. The operational costs for 
various sizes of wastewater plants have been studied by Balmer and 
Mattsson (1993) and the operational costs of sewage treatment for 
different methods and treatment stages by Vermes and Kutera 
(1984). In a study by Fasteneau et al. (1990), an economic compari­
son was taken one step farther. Investment, maintenance and opera­
tional costs were all taken into account. This economic parameter is 
also used in the present study. 

The energy usage for various wastewater treatment methods 
has been compared by Berry (1993) and the electricity consumption 
in various wastewater treatment plants by Balmer and Mattsson 
(1993). In the present study the energy usage for both transport and 
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as the utilization of land 
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pared the land surface 
structions. the 

land surface is not 
siders the development 
tenlS. are 

The fi ve evaluation parameters 

105 

land surface parameter is defined 
wastewater treatment construc­

were: 

et al. (1990) com­
of wastewater con­
has not been used 

This article con­
wastewater 

losses of phosphorus and nitrogen to a water (0/0) 
~ recycling of phosphorus (0/0) 

economy (SEK~erson/year) 
land surface (nl /person) 
energy (kWh/person/year) 

LOSS 
WATER 

PHOS A 

This parameter describes percentage loss phosphorus and ni-
trogen from wastewater to a water. Usually total phospho-
rus and nitrogen are analyzed and the flow is measured in incoming 
wastewater to a treatrnent facility. content of phosphorus and 
nitrogen multiplied by the gives the loading rates for phospho-
rus and nitrogen at the . The loadings phosphorus and nitro-
gen in the discharges can calculated by means of the same opera-
tion. Finally, the losses can be calculated by comparing 
loading at the inlet and 

purpose of this is to percentage recy-
of phosphorus use fanning. calculation is carried 

out a similar way to calculation of loading 
phosphorus in the . is calculated by means of the measured 

flow and the analyzed content phosphorus. of recycled 
products from wastewater are sludge, compost, wastewater for 
irrigation, sedin1ents from stabilization ponds etc. Often, the arnount 
of recycled products used agriculture and content of phospho-
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rus are both known. The quantity of phosphorus used is calculated 
by mUltiplying the quantity of the recycled product by the content 
of phosphorus. 

ECONOMY 

Annual costs for investment, operation and maintenance are summed 
up and converted to the price levels of the year 1993 according to 
the Swedish building index. The investment costs are converted into 
an annuity cost. For this, a hypothetical four percent capital interest 
has been used. The estimated technical lifetimes for various waste­
water plant constructions are: plant and parts at 30 years, except me­
chanical parts at 20 years and electronic equipment at 10 years. The 
technical lifetimes of pipes are estimated at 50 years, tunnels at 100 
years, bu ildings at 50 years, stabil ization ponds at 30 years, sand fi 1-
ters at 20 years, constructed wetlands for graywater at 20 years and 
constructed wetlands for both black- and graywater at 10 years. The 
formula used for calculating an annuity cost from investment costs 
IS: 

Annuity factor = 

L{l+L\ 
100 \ 100) 

(1 +L\ 
\ 100) 

n 

Where p is the capital interest and n the estimated technical lifetime. 

After calculating the annuity costs of investments, the costs 
of operation and maintenance during the year 1993 are added. In­
formation was found in annual reports or obtained through inter­
views with the managing director or operation engineer of the spe­
cific system. 

LAND SURFACE 

This parameter considers the utilization of land surface for wastewa­
ter treatment constructions. The use of land surface for other parts 
such as pump stations in a sewer system is not considered as a cost. 
The use of land surface was based on maps. 
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Ryaverket 

Ememar 

Olmanas 

Roma 

Hoja 

Toarp 

ECOTECHNICS FOR A SUSTAINABLE 

of with 1 

the community of 
11-6) . 

Sewer system Treatment plant, biological and 
chemical treatment, no nitrogen 
reduction. Continues flow. 
charge to the sea. 

Sewer system Treatment plant, biological and 
chemical treatment, nitrogen re-
duction. Continues flow. Dis-
charge to the sea. 

Sewer system Treatment plant, biological and 
chemical treatment, nitrogen re-
duction. Intermittent flow. 
charge to the sea. 

Sewer system Stabilization and storage ponds. 
No discharge to a receiving water. 

system Constructed wetland. Discharge to 
a flver. 

No transport Earth closets, constructed wetland 
and sand filter for graywater treat-
ment. 

con-

Sewage 
sludge 

Sewage 
sludge 

Sewage 
sludge 

Irrigation 
water, 
sediments 

Reused 
soil 

Compost, 
reused soil 
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I 1-1 wastewater system of 

Losses of phosphorus and nitrogen, recycling of phosphorus, land­
surface use, and energy are calculated as described above 
(Development of a method). Values for use of have been 
provided from annual reports of and personal messages 
from the operation at the sewer system. The 
economic parameter has divided into two annual costs for 
treatment and annual costs transport. annual costs for trans-
port were calculated as the costs for maintenance, operation and in­
vestment during one specific year (in this case the year 1992 was 
used). of the sewer system of are nearly one hundred 
years old and the investments are therefore too old to be converted 
to of 1993. 

A-IVLIJ"-'J of phosphorus , recycling of phosphorus, land 
use and use of "' .. , .. ,-. .... .,,,, calculated as The 

includes one of the use In 
of the use is sup-

treatment plant. as-
sumption use energy in sewer system of 10 
kWh/person/year has been made. This value has been taken 
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FIGURE 11-2 The wastewater system of Ememar. 

Ryaverket, which has a similar sewer system. The economic parame­
ter is divided into annual costs for treatment and annual costs for 
transport. The transport costs were not converted to the price level of 
1993, for the same reason as described for Ryaverket. The annual 
costs of the Ernemar sewer system are the sum of costs of operation, 
maintenance and investment for one specific year (in this case 
1993) . 

OLMANAs 

Losses of phosphorus and nitrogen and use q.f land surface are cal­
culated as above. The sewage sludge from Olmanas is mixed with 
sludge from another treatment plant in Kungsbacka. No separate 
~.nalysis of the content of phosphorus has been done for the 
Olmanas sludge. The recycling of phosphorus has been calculated 
by comparing the incoming quantity and the discharge quantity of 
phosphorus. The annual costs for treatment were calculated as de­
scribed in the section Developme~t of a method. No information 
about the costs specifically for the Olmanas sewer system is available. 
There is information available only about the economics of the en­
tire sewer system of the community of Kungsbacka. Neither annual 
costs transport, nor use of energy has been evaluated. No specific 
information for use the treatment plant or the sewer system is 
available. 
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FIGURE 11-4 The wastewater system of Roma. 
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FIGURE 11-5 The wastewater system of Hoja. 

Losses of phosphorus and nitrogen, economics, land surface and en­
ergy are calculated as described initially. For calculating the energy 
use, the formula from Development of a method has been used. The 
recycling of phosphorus is calculated by comparing the incoming 
loading of phosphorus and the discharge loading of phosphorus. 

TOARP 

There is no discharge to a receiving water from Toarp, which mean~ 
no losses of phosphorus and nitrogen. No discharge also means that 
the whole quantity of phosphorus stays in the system and is available 
for recycling. For the economic parameter only the annual costs of 
investment are evaluated. Operation and maintenance is expected to 
be done by the citizens of Toarps ecovillage. An economic value has 
not been assigned to their work. The land surface is calculated as 
described in Development of a method. The use of energy for 
pumping in the graywater treatment system is calculated by the for­
mula from Development of a method. The use of energy' in the earth 
closets has not been measured. Use of energy fron1 earth closets has 
been measured Solbyn ecovillage, the community of Lund 
by Biilow-Hiibe and Blomsterberg (1992). These (;ata have been 
used for estimating the use of energy in Toarp. 
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11-3 FUNCTIONAL 

treatment 

Ryaverket 320 530 0.11 62 
Ememar 350 460 0.35 130 
Olmanas 420 Not evaluated 0.62 Not evaluated 
Roma Not evaluated 380 80 1 1 
Hoja 1,280 Not evaluated 8.0 8 
Toa 3,080 3,080 25 250 

Table 11-3 shows the results from evaluating the functional parame­
ters of economics, land surface and use of energy. The economic 
parameter is divided into annual costs for treatment and annual costs 
for treatment and transport. 

Two interesting considerations concerning wastewater systems are 
brought forward in the case studies: the consideration of environ­
mental protection and phosphorus recycling. second considera­
tion is discussed here. The parameter recycling of phosphorus is di­
vided into the actual current recycling of phosphorus and the poten­
tial for recycling phosphorus (see Table 11-2). reasons why the 
total quantity of phosphorus is not used as a fertilizer in farming 
vary. Because of an uncertainty among both farmers and the public 
about the risks of spreading pollution to foods through sewage 
sludge, only a very small part of the sewage sludge from Ryaverket is 
recycled. The problem is obvious in the case where the 
sewage sludge is polluted with a level cadmium. The farmers 
there are not allowed to use it as a fertilizer. Concerning Hoja, no 
decision has been made concerning use of soil when reconstructing 
the wetland. the soil is used as a soil amendment in farming, then 
recycling of about 45% of the phosphorus is possible. For the ex­
ample Toarp, there is currently no transport of compost from earth 
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The aims of the experiments in this study were: 
To estimate the content of phosphorus and nitrogen in whole samples of urine, and to study 
the daily variation of the same substances. 
To study the losses of nitrogen as well as changes in and ammonia concentration under 
different storage conditions. 
To study the effect of urine handling on ammonia and nitrogen concentration. 
To compare the urine quality after storage of undiluted with quality of stored urine from 
houses with systems for urine separation. 

content of phosphorus 
are phosphorus 
with results 
in quantity phosphorus nf'TW~t,,;n 
lower body weight of females. a biological handbook, phosphorus in to 
weight [6]. from a person with a body weight of 70 is usually in the 130-300 mg 
N/day,kg and 10-15 mg P/day, kg. Recalculated to a value per with a body weight of 70 
gives 9-21 gN/pd and 0,7-1,1 gP/pd, which are values close to table 1. 
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conditions were investigated. A design allo\vs a preliminary of factors that 
might quality without unrlec~!SScm A 
32 samples. Two levels of exposure were 

• Storage time. urine was 
Temperature. The samples were stored at room temperature (about °C) or in a 
refrigerator (about 6°C). 
Acidifiedlunacidified. A dosage /l 00 ml urine was used to achieve an 
initial storage 3 in 16 of the 
Type of urine. 

Only two different 
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experiment 1, it was found factorial design, that the changes in concentration 
only depend on length of storage No other significant effects were observed. The average 
concentration of nitrogen stored for 64 d was about g tot-Nil and urine stored for only 9 d had 
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nitrogen in domestic wastewater and urine, which nonnally is 0.8. 
of combined a that is a 
evaporation during handling stored urine. Thus, the problem with nitrogen losses 
human urine needs to be further investigated. 

to ammonia 
stored 

Wastewater systems with urine separation have advantages compared to systems where nutrients are 
recycled from sewage sludge. Urine contains less quantities of heavy metals and toxic organic 
substances, but includes almost the whole quantity of nitrogen from food intake. There is still one 
aspect of urine separation to consider; the whole quantity of phosphorus from food intake will not 
be found in the urine. From a study of food habits in Sweden [7], the daily intake of phosphorus was 
detennined as 1,3 g/p,d for adult females and 1,5-1,8 g/p,d for adult males. A comparison to the 
present study of fresh in table 1, shows that 30-40% of phosphorus from intake will not 
found in There is also a content of phosphorus in [8]. An example a study of 
metabolic balance in adult males [8], shows that for two the include 40% and 
50% of phosphorus from intake, respectively. Recycling of phosphorus from faeces and maybe even 
greywater should be taken into consideration, while constructing a wastewater with urine 
separation. Phosphorus is a non-renewable resource and the phosphorus from wastewater should 
therefore be recycled. 

The results of the studies of daily variations of phosphorus and n1"·r.cr<~n in urine show that the urine 
separation system should on the hand be applied to houses people live. morning, 
evening, night urine 75% of phosphorus and 68% from the test groups 
one-day sample of urine. 
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essay consists of two 1) A general description of Environmental Impact 
Assessment and studies. Part 1 gives an overview of the concept and a 
discussion of contextual and methodological aspects of 2 contains EIA-studies 
of waste water systems (the existing systems and alternatives) in two areas of Sweden; 

(Goteborg) and Hamburgsund (Tanum municipality). The framework of part 1, 
influenced by Smet et al. (1996), is formulated to be used for comparative studies of 
various evaluation concepts. 



can be described as a process for identifying the likely consequences for the 
biogeophysical environment and for man's health and welfare of implementing 
particular activities and for conveying this information, at a stage when it can materially 
affect their decision, to these responsible for sanctioning the proposals" (Munn 1979). 

points out, airns to serve as decision support. supports decisions on 
different levels. The two most common applications of are proposed projects 
(construction of roads and bridges, localisation's of industries and landfills, changes in 
waste water systeills etc .. ) and municipal planning. In recent years, Strategic 
EnviroI1111ental Assessment (SEA) has been introduced, meaning EIA applications for 
strategic decisions (policies, plans and programmes). 

There is a close connection between and legislation. The history of begins in 
the USA, with the National Environmental Policy Act (NEPA) of 1969 (US Congress 
1969). In Sweden, EIA was first included in the Road Act in 1987, followed by an 
inclusion in approximately twenty laws in 1991. In Sweden, the term or 
"Miljokonsekvensbeskrivning", has the double meaning of doing the assessment and the 
meaning of the final document. In the USA the process of doing an is called 
whereas the final document is called Environmental Impact Statement (EIS). some 
cases only a simpler investigation is carried out. This sort of document is called an 
Environmental Assessment (EA). The British, however, have adopted the term 
EnviroI1111ental Assessment (EA) to describe the process and use Environmental 
Statement (ES) for the developer's EIA document. In this report, will be used as the 
only term, l11eaning both the process and the document (Jorissen and Coenen 1990). 

Nations which have introduced in their law, have their own requirements regarding 
an There is, however, an international agreement about the procedure. In 
figure 1 the procedure is summarised as a flow diagrmll. 

shown in figure 1 the procedure contains several actIvItIes. The proposed 
activity for the study is first defined. After that, an initial environmental evaluation is 
carried out. Usually the initial study is not enough to serve as decision support. these 
cases the process continue with an analysis. The analysis starts with a scoping 
part. Scoping is an open process designed to determine the scope of issues to be 
addressed in the document. When the issues for the study are defined, the analysis 
continues with identification, prediction and assessment of impacts. The need for 
monitoring and nlitigation are also identified and described. The analysis will result in 
an document, which will support the decision-makers in approving or rejecting the 
proposed project. If the decision makers approve, the project can be implemented. After 
implementation, the identified monitoring program, described in the document, 
begins. Finally the results of measurement are compared with predicted impacts in the 
EIA (auditing). 

2 
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mentioned above, there is an agreement about what activities should be included in 
the EIA procedure. On the other hand, from one to another, there is a free choice 
for the analyst and other persons involved in the process to choose Inethods and 
techniques, convenient for the specific application. Since was founded in the early 
1970s, methods and techniques for carrying out the various activities in have been 
developed. These methods and techniques are reviewed in several papers and reports, 
e.g. Coleman (1977), Rosenberg et al. (1981), (1978, 1980, 1988), Skutsch and 
Flowerdew (1976) and Nichols and Hyman (1982). 

When the term is further used, the is the concept according to the 
Swedish Environmental Protection Act. The aim of such an is to provide an 
enviromnental impact assessment of the impact of a planned installation, activity or 
measure on the environment, health and conservation of natural resources (Swedish 
Ministry of the Envil;onment and Natural Resources 1993). 

is to support a decision. The results of an 
se, only in relation to a specific purpose. 

is not interesting per 

The Swedish Environmental Protection Agency (1995) defines the affected parties and 
their roles in the EIA process (formulation of according to the Enviromnental 
Protection Act and Nature Conservation Act). The affected parties are: the Applicant, 
the County Administrative Board, the Municipality and the Authority. The applicant is 
responsible for carrying out the or for commissioning an analyst or investigator to 
do so, for being in consultation with affected authorities, for consulting with other 
affected parties and the public and for paying the costs of the EIA. The County 
Administrative Board supports the applicant with advice about Inethodology, gives 
information about plans and policies and available background data, at least concerning 
the "no action" alternative. It is obvious that the applicant must be in consultation with 
the municipality, concerning the physical planning of the studied area. The authority is 
the examiner of the The County Administrative Board is often also in the role of 
the "authority", and therefore plays a double role in the process, as adviser and 
exammer. 

The is a compulsory support in decision-making for permit applications according 
to several laws. But the is one of several such supports. The decision-maker for a 
permit application is the regional or national authority, i.e. the Country Administrative 
Board or the National Franchise Board for Enviromnental Protection. 

There are principally two types of decision-making in which EIA is used: 
1) in permit applications for proposed projects, 
2) to support town planning and comprehensive municipal planning. 
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Proposed projects with applications have SOlne characteristics in common: the 
projects are located to specific sites and the projects are expected to cause considerable 
environmental impact. Construction of roads and bridges, localisation of landfills and 
industries, changes in waste water systems and exploitation of natural resources are 
examples of projects where is applied. The use of in municipal planning also 
deals with proposed projects, but with more comprehensive description of projects and a 
more cOlnprehensive analysis of environmental impacts. 

The history of in the with the National Environmental Policy Act of 
1969 (NEPA). In Sweden, was first included in the Road Act in 1987, followed by 
approximately twenty other acts in 1991. 

The Swedish Environmental Protection Act and other environmental acts declares that a 
permit application shall contain an The is one of several supports for a 
decision. law says only that an shall enable an overall assessment of the 
environmental impact of a planned installation, activity or measure on the environment, 
health and conservation of natural resources (Swedish of the and 
Natural Resources 1993). 

n'ltlr'"",,,,,,n,,,,,.-''It .. ,,.ro./ 

is always carried out to support decisions looking forward (prospective). 
An is however also used after ilnplementation of the project, for 
monitoring and auditing (retrospective). 

In the word method has a highly specific Ineaning. A distinction is made between 
methods and techniques. techniques are concerned with predicting future states of 
specific environmental parameters such as noise levels. methods are concerned 
with collating, arranging, presenting and sometimes interpreting data. These data has 
often been provided by means of a technique 1988). Various methods are needed 
to carry out all the activities included in an Some methods can be used for lnore 
than one activity, but no single method can deal with all activities. 

Several methods were in the case study (part 2 of this essay). 
Canter (1993) has formulated a table where methods are categorised in relationship to 
which activities in the procedure they support. table 1 the methods used in the 
case study of have been categorised according to Canter (1993). 
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Table 1. 

EIA Define Impact Describe Impact Impact Decision Commun-
methods Issues Identi- affected Prediction Assess- making ication of 

(Scoping) fication enVIron- ment results 
ment 

Analogs x x 
(look-
alikes) 

ecklists x 

Flow x x 
Charts 
Maps x 

Socio- x 

Ecological 
principles 
Literature x x x 
Reviews 
Tables x 

Regional x 

enVIron-
mental 

i goals 

as a concept does not point out the issues that should be studied. This should be 
decided in the scoping phase for every new case. However, an analysis of impacts on the 
outer environmental is always included. Examples of other issues sometimes covered by 

are effects on urban quality, effects on historical and cultural quality and socio­
economic and market effects. Direct effects, indirect effects and cumulative effects are 
predicted in Direct effects are caused by the action and occur at same time and 
place. Indirect effects are caused by the action but are later in time or further removed 
distance from the direct effects and yet are reasonably foreseeable. Cumulative effects 
result from the incremental impact of the proposed action when added to other past, 
present, and reasonably foreseeable future actions, regardless of which agency or person 
undertakes them (Bass and Herson 1993). Since EIAs are site specific, local 
environmental impact may be studied in detail, whereas global issues are less well dealt 
with. 

In the case studies the considered aspects were delimited by the formulation of 
from the Swedish Environmental Protection Act; influence of the environment, health 
and conservation of natural resources (Swedish Ministry of the Environment and 
Natural Resources 1993). 

Prospective studies, aimed at gIvmg support for choice of action, do so through 
comparing different alternative actions. When doing comparisons, something must be 
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kept constant In all compared alternatives. This IS what here lS called "basis for 
comparison" . 

The basis for comparison in can either be the proposed actIvIty or the area of 
exploitation. localisation applications, the comparison of alternatives is made on the 
basis of a constant activity and with the localisation as variable. The of alternative 
waste water systems in Hamburgsund (one of the cases) is an example where the 
exploited area is constant and the technical solution of the activity (waste water 
treatment) varies among the alternatives. 

type of system boundaries required for an varies from one case to another. 
System boundaries must be defined early in the process. Usually, the system 
boundaries concerns, what changes that should studied, effected by a proposed 
activity, boundaries in time and space, choose of alternatives and choose of methods for 
the EIA-study (Swedish Environmental Protection 1995). 

The proposed activity must however defined technically. It is impossible to define, 
general terms, the system boundaries of the proposed activity in relation to the natural 
system. Normally, there is no point in delimiting the geographical area of the study. a 
Swedish the conservation of natural resources must be taken into consideration. 
For this aspect the time boundaries are of great importance. case study, it must 
be established whether the whole life cycle of the studied is studied or whether 
the conservation of natural resources only concerns the operation of the system. 

Different concepts require different types of data, and also produce different of 
data. One sub-division is the one between data on the physical system and data on the 
social system. Examples of the first are data on flows of energy and matter in the 
technological systeITI and data on processes in the natural system. of the 
second are monetary data and data on held by humans. Another subdivision is the 
one between quantitative and qualitative data. 

prepare an various data is required for the following activities: 
-description of the proposed project and alternatives, 
-description of the affected area, 
-identification and prediction of possible impacts. 

The impacts of the proposed activity and alternatives rTIust described quantitatively, 
e.g. emissions to land, water and air. affected area is described both quantitatively 
and qualitatively. The localisation of the project is described in relations to dwellings, 
agriculture, receiving waters etc.. and the condition of affected land and water is 
described, i.e. ecological, geological, hydrological and climatological aspects are 
considered. 

The data of the technical systelTIS and the affected area are handled with methods for 
identification, prediction and assessment of impacts. In these activities, values of 
involved persons are added. The output from the process is therefore assessed 
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environmental impacts. The impacts are usually presented in a disaggregated form. 
There are also examples of developed nlethods for aggregating impacts, for exmnple the 
Batelle system et af. 1973) and A comprehensive methodology for Assessing 
Environmental Impacts (Sondheim 1978). In these methods a the total environmental 
impact is aggregated into a one-dimensional measure. 

As mentioned before, the results from an analysis is usually presented in a 
disaggregated Inanner. , Swedish legislative documents clearly state that the 

document shall contain applicant's conclusions Enviromnental 
Protection Agency 1995). The applicants n1ust therefore find a Ineans to aggregate all 
information of the various alternatives, to carry out a comparison. There are existing 
EIA-methods where aggregation of parameters is included, e.g. Dee et al.. (1973) and 
Sondheim (1978). The main evaluation of results will however be conducted by the 
decision makers. 

An can be useful as a support for decision-making only if the various aspects are 
valued. Valuation steps can be included any time in the process. The applicant has a 
responsibility to involve the public in the EIA-process (Swedish Environmental 
Protection Agency (SEPA) 1995). Consultation is a keyword in SEPA's description of 
Swedish The applicant should be in consultation with the public, societies, 
organisations, other companies etc .. The public should be able to influence the 
during the process. The public can, on the first hand, influence the phase of 
identification of possible ilnpacts, where they can participate in choosing relevant 
impacts to study. 

There are also EIA-tools, which include valuation. of the Inost well-known tool is 
the Leopold matrix (Leopold et al. 1971). The Leopold matrix contains enviromnental 
parmneters on one axis and characteristics on the other. The magnitude and the 
importance of the possible impacts are placed in the boxes of the matrix. The user of the 
matrix must be able to value the magnitude and importance on the basis of his/her 
knowledge. Another tool that include a weighting system (values) is overlay technique, 
described by Wathern (1988) among others. There are also methods based on value 
functions, for example the Environmental Evaluation System (EES), where 
environmental quality is expressed on single scale et al.. 1973). Another method, 
developed by Sondheim (1978) uses expert and weighting panels to reduce all 
information from an into one single "score" for each evaluated alternative. 
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One of the objects chosen for the study was Bergsjon, which is a suburb of Goteborg 
with 12 600 inhabitants, living mostly in rented apartment houses. There are no large 
industries Bergsjon, only an area with a number of small industries and offices. 
Stormwater runoff is not to the waste water in the area. 

The other area of the study is Hamburgsund, a coastal village with normally 900 
inhabitants, which is increased to 1700 during the smnmer. Half of the population live 
in single family houses, the other half in apartment houses. There is no industry in 
Hamburgsund. 

technical descriptions of the scenanos studied been published in 
elsewhere (Malmqvist et al. 1995), some in Tillman et al. (1996a) 
and Stenberg et al. (1996). summary is given in the following. An important 
delimitation in the study as a whole is that industrial waste water and storm water runoff 
is not considered, the study is limited to from households and similar objects 
(schools etc .. ). 

Figure 2. A schematic flow chart of alternative 0 of Bergsjon 

In both and Hamburgsund, there are existing waste water systems with 
conventional handling of waste water, i.e. collection and transport of household waste 
water in sewers and treatment in a waste water treatment plant. Bergsjon is today 
connected to the regional plant; Ryaverket, which serves around 550 000 persons. A 
schematic picture of alternative 0 in Bergsjon is given in figure 3. Hamburgsund, on the 
other hand, has a local treatment plant which is situated in the fishing port, in the central 
parts of Hamburgsund. both cases the waste water is treated mechanically, 
biologically and chemically. The sludge from Ryaverket is partly recycled to agriculture 
and partly deposited. sludge in Hamburgsund is transported by truck to a larger 
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waste water treatrnent plant (in Tanumshede) for dewatering, before being deposited on 
a landfill. 

The objectives of the alternatives to the existing system were to formulate local systems, 
carrying out all the treatment in the area of Bergsjon (see Figures 3 and 4). The main 
difference between alternative I and 2, is that there is no need for changes of 
installations inside the buildings in alternative 1, and the sewer within the area can still 
be used. Alternative 2, on the other hand, means a totally new system, including new 
toilets with urine separation, three different pipe systems for urine, blackwater and 
greywater and a totally new transport system outside the buildings. 

Figure 3. A schematic flow chart of the alternative J of Bergs Jon 

In alternative 1, the treatment of sewage contains a series of processes, starting with pre­
treatment (removal of solids in septic tanks) followed by filter beds. The filter beds are 
expected to remove phosphorus, organic matter, and even parts of the nitrogen via 
nitrification/denitrification. In the Bergsjon case, the treated water will then be 
discharged to local creeks. Sludge from the pre-treatment tanks are transported by truck 
to a biogas production facility, also sited in Bergsjon. The residual product from the 
digester and the filter sand, saturated with phosphorus, are transported to farmland and 
used as a soil improver. In the Hamburgsund case, the treated water will be discharged 
to the sea, via a ditch and two darns. During the summer it is suggested that the water is 
used for a hay cultivation. Sludge from the pre-treatment tanks will be transported by 
truck to a sludge drying bed. After six months the sludge is considered to be of good 
hygienic quality, and is by then ready for use on farmlands. 

In alternative the household sewage is handled in three fractions; urine, blackwater 
(faeces, flush water and toilet paper) and greywater. Urine and blackwater are separated 
by means of source-separation toilets. Small amounts of flush water are used for both 
the toilet fractions, around 0,2 I per flush. For further transportation, the urine is led by 
gravity to underground tanks nearby the houses. The urine is then transported with 
trucks to agriculture for use as a fertiliser. In the Bergsjon case, the blackwater is led in 
a low-flush vacuum system to storage tanks nearby the buildings, this is also the 
suggested systerTI for parts of Hamburgsund with apartment buildings. In the Bergsjon 
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case the blackwater is transported to fermentation and in the Hamburgsund case to 
drying beds. In single family houses with basements, in Hamburgsund, the faeces is 
suggested to be composted in the basements. single family houses without basements 
it is flushed to a pre-treatment tank, from which the liquid phase is led to the grey water 
system, whereas the solids are transported by trucks. Greywater is treated in the same 
kind of filter bed system, as the one chosen in alternative 1 both for Bergsjon and 
Hamburgsund. 

Figure 4. A schematic flow chart of altenlative 2 of Bergsjon 
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The case studies of Bergsjon and Hamburgsund were focused on the question: Is it more 
advantageous to keep the existing waste water systenl with planned re-constructions, or 
to change the system into alternative 1 or 27 

The system boundaries of the waste water system has been defined as; collection and 
transport of waste water, transport to storage or treatlnent, storage and treatment, 
production transportation resources needed for the operation of the system, 
discharge to receiving waters and improvement and transport of residuals. The study 
considers mainly the operation of the system. From the building of systems and 
production of components, only the use has been analysed. 

The study was carried out as an study according to Swedish environmental laws. 
The deInand of such an is to permit an overall assessment of the impact of a 
planned installation, activity or measure on the environment, health and conservation of 
natural resources. 

According to Canter (1993), an EIA study contains six actIVItIes after the issues are 
defined; ilnpact identification, description of affected environment, impact prediction, 
ilnpact assessment, decision making and communication of results. 

The impact identification was done with support of a checklist, developed from 
(1986). The headlines from the checklist, chosen as relevant for the present study were: 

Land use 
Effects on flora 
Effects on fauna 
Effects on landscape 
Discharges to land 
Discharges to air 
Discharges to water 
Noise 
Smell 
Health and security 
Recreation values 
Cultural values 
Use of natural resources 
Use of energy 

The description of the affected environments of Bergsjon and Hamburgsund has been 
done by ocular inspection and studies of maps and documents from the municipalities. 

The impact prediction was done mainly in a qualitative way. There are a number of 
possible environmental effects of the waste water system, for example eutrophication of 
the sea and soil erosion caused by increased flow in the local watercourses in Bergsjon 
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and there are contributions from the systen1S to these effects~ outlets of nitrogen from 
the system might cause eutrophication and a large discharge of treated waste water 
might cause erosion. Because of the difficulties of predicting the effects quantitatively, 
the simple assumption "the less discharges/emissions, the better" was often used. 

The results of the is often presented in a discussing assessed possible impacts, 
and also with comparative tables including quantitative results. In the present study the 
analysis has been put one step further. The impacts have been sorted in three categories: 

nature's condition, 
human condition, 

C. realisation aspects. 

Category A contains aspects that possibly could have an impact on sustainable 
development. Examples from category A are eutrophication and use of energy and other 
natural resources. The aspects covered by category B are effects that could possibly have 
an impact of the human life, e.g. health aspects, noise, smell etc .. Category C contains 
realisation aspects. In the present study it is only the use of land that is sorted under this 
category. 

The aspects covered by category was considered the most important followed by B 
and finally C. 

few aspects from category have been assessed as more important than others. This 
is done according to regional environmental goals (Miljofaktaboken 1995) In this 
document, priority has been given to 9 environmental problems. The waste water 
systems possibly effects three of them: 

acidification 
use of natural resources 
eutrophication. 

Identified emissions with a possible impact on these effects has been valued as the most 
serious. (in a normal process "valuation-methodology", as the one described above, 
is used first in the decision making-phase) 

Bergsjon 
The two alternatives would both have greater impact than the existing system, with a 
periodically considerable increase of flow in the local watercourses, caused by 
discharges from filter beds. More transports by trucks within the Bergsjon area would 
also be required, generating noise and emissions to air, caused by the collection of 
sludge, urine, filter sand etc .. Alternative 2 contains the largest number of transports. 
Both the alternatives will also use large areas for filter beds. In alternative the urine 
tanks and filter beds would be situated near the housing. This would mean a reduction of 
areas for playgrounds. Because of the location of the waste water facilities near the 
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housing, there would probably also be unpleasant odours periodically, if alternative 2 
were implemented. 

Regarding regional effects, the waste water systems will contribute to eutrophication of 
the sea, because of discharges of nitrogen and phosphorus. The main difference between 
ths alternatives would be in terms of the nitrogen discharges. Urine contains around 
80% of nitrogen from household waste water. Alternative 2 is therefore the most 
advantageous alternative when looking at outlets of nutrients. Another more or less 
regional effect is acidification. Alternative 2 contributes most because of the largest 
number of truck transports and therefore largest emissions of sulphur- and nitrogen 
oxides. 

Regarding the use of natural resources, alternative 2 is advantageous, with the greatest 
recycling of nutrients and the lowest use of electricity. One exception is the use of fossil 
fuels, which is greater than in alternative 1. For this aspect, the no action alternative, is 
the most favourable. 

Table 2 describes a number of aspects with major influences on the effects in category 
A. 

Table 2 
No Action Alternative 1 Alternative 2 

Nitrogen to recipient (tonnes/yr) 29 45 2 
-recycled (tonnes/yr) 7 7 62 
Phosphorus to recipient (tonnes/yr) 1,4 3,6 1,6 
-recycled (tonnes/yr) 13 13 15 

to 
S02 (kg/yr) 13 60 110 
NOx (kg/yr) 190 550 1050 

resources 
Electricity (MWh/yr)* 800 400 130 
Fossil energy (MWh/yr)* 200 300 450 

350 
590 490 1020 

*) Estilnations of energy use for building the systems, are included 

According to the described valuation, alternative urine separation, is the most 
favourable alternative in Bergsjon. The reasons for this are the comparatively good 
results of the use of natural resources and eutrophication. The reason eutrophication is 
valued as more important than acidification, is the quantities that the waste water 
systems generates in relation to the total anthropogenic impact in the region. Today the 
waste water system contributes with around 0,01 %c to the emissions of nitrogen 
dioxides from the municipality of Goteborg. The corresponding comparison for nitrogen 
discharges to water is 2%. Therefore the nitrogen discharges to water has been 
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considered as the most important aspect. Alternative 2 is most favourable looking at the 
use of energy (l kWh electricty is here valued as equal to 1 fossil energy). 

H amburgsund 
Hamburgsund has a local system today, and the alternatives are also situated in the area 
of Hamburgsund. sea is the receiving water for all three systems. Alternative 2 will 
cause the largest number of transports within the residential area, and therefore cause 
most noise, but the existing system contains the overall amount of 
transportation, because of the transports of sludge between treatment 
plant and Tanumshede treatment landfill 
disposal. The no action alternative does therefore cause the largest emissions of nitrogen 
and sulphur oxides of the three alternatives. 

The existing system does not contain nitrogen reduction, so both alternative 1 and 2 are 
more advantageous concerning the eutrophication aspect. There is no recycling of 
sewage sludge in the system. 

Alternative 1 uses less energy and includes less transportation with trucks than 
alternative 2. 

Table 3 describes a number of aspects with major influences on the 
A. 

Table 3. 

in category 

Action Alternati ve 1 Alternati ve 2 

Nitrogen to recipient (kg/yr) 4500 2600 840 
-recycled (kg/yr) 0 1100 4300 
Phosphorus to recipient (kg/yr) 200 140 60 
-recycled (kg/yr) 0 880 930 

to 
S02 (kg/yr) 7 7 9 
NOx (kg/yr) 

resources 
Electricity (MWh/yr)* 160 64 60 
Fossil ener (MWh/ r)* 96 35 64 
*) Estimations of energy use for building the systems, are included 

According to the described valuation, alternative 2, will be the most favourable 
alternative in Hamburgsund, closely followed by alternative 1. The reason for this is that 
the highest priority has been given to nitrogen discharge. Alternative 1 is, in fact, the 
most favourable alternative both in tern1S of energy use (1 kWh electricity is here valued 
equal as 1 kWh fossil energy) and emissions to air. 
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There is an increasing demand for more sustainable sewerage systems. An important 
tool in the analysis of the sustainability of a systen1 is analysis. It is 
possible, by using an analysis, to estimate the consumption of physical resources. 
In the present study, the den1and of resources in the sewerage system of Bergsjon, a 
district of Goteborg, Sweden, was evaluated through analysis. The case study 
included the existing system and two system alternatives. One important 
aspect of a sustainable sanitary systeln is nutrients recycling frOln to agriculture. 
The exergy analysis has therefore been complemented with an analysis of the mass­
flows of phosphorus and nitrogen. study shows that the hypothetical calculated 

consumption during operation will be lower in a system with local treatment and 
urine separation toilets compared with a conventional alternative. amount of 
phosphorus that could recycled is the same for the studied alternatives, but the 
amount of nitrogen that could be recycled is considerable higher for systems with urine 
separation techniques. 

Sustainability, exergy, phosphorus, nitrogen, urine separation 

There is an increasing demand for more sustainable sewerage systems, but the criteria 
needed to characterize such a system are not fully developed. Firstly, there is a need to 
define the term sustainable definition of sustainable development is that it 
is a development that "meets the needs of the present generations without cOlnpromising 
the ability of future generations to meet their own needs" 1987). However, 
such a definition is unquantifiable and unverifiable 1996). Thus, different 
quantifiable criteria have been suggested (Ayres, 1996; et al., 1996; Holmberg, 
1995) as well as a sustainable process index (Narodoslawsky and Krotscheck, 1995; 
Moser 1996). The suggested criteria show that several aspects should be taken into 
consideration in order to achieve a sustainable development. However, central criteria 



for a sustainable developlnent are efficient use of physical resources and limiting the use 
of non-renewable resources. the study of how efficiently physical resources are 
used in system is of ilnportance when discussing the sustainability of such a 

,.H'-'U.',-"J of physical resources used in systems have been focused on 
t::>."=>rO'·,, demand for different ,..,. .. ",£,0.(' 198I~ 1995). 

on the concept of provide little information about how 
efficiently physical resources are utilized. This is due to the indestructibility of 
which means that energy is conserved in process. can only converted 
into different forms. The conversion of energy in a process occurs by the consumption 
of the quality of the Thus, energy could be regarded as a carrier of quality, and it 
is this quality that is consumed during the conversion of energy (Wall, 1977). The 
quality of a flow of energy could be defined as the useful part of the i.e. that part 
that can perform Inechanical work. The term for this part of the energy is exergy, which 
is strictly defined as that part of the energy that is convertible into all other forms of 
energy (Wall, 1977). 

The concept of exergy could be illustrated by using an example from Hohnberg (1995) 
discussing the turnover of energy in a waterfall. In a waterfall the particles are moving 
in the same direction and a turbine could be used to extract mechanical work. this is 
not done, when the water reaches the bottom of the waterfall, its kinetic energy is 
converted into heat. The particles are then no longer moving in the same direction but 
they move individually in different directions. The energy is conserved, but the energy 
in the heat is not available for work like the kinetic energy of the falling water; i.e. its 
exergy is lower. 

In the present study, analysis is combined with a study of the mass-flows of 
phosphorus and nitrogen. One of four socio-ecological principles for a sustainable 
society from Holmberg (1995) says: Substance from the lithosphere must not 
systematically accumulate in the ecosphere. This principle motivates studies of the 
mass-flows of phosphorus. Phosphorus is a non-renewable resource, which 
advantageously should recycled to the agriculture. Concerning nitrogen, one could 
say that the nitrogen itself is not a limited resource. However, significant quantities of 
energy are needed to produce nitrogen fertilizer (B0ckman et al. 1980). In addition, it 
should also be remembered that to achieve removal of nitrogen from sewage by 
biological lnethods, an extra input of energy and other physical resources are needed. 
the other hand, a discharge of nitrogen into the recipient could result in eutrophication. 

The ailn of the study is to cornpare three different sewerage systems by using exergy 
analysis and an analysis of the potential to utilise the nutrients from those systems in 
agriculture. This is done in order to achieve a measurement that, together with other 
parameters, could be used to estimate the sustainability of the systems. 
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The settlement Bergsjon in Goteborg, Sweden, was selected for a case study. Bergsjon 
has been used in a previous study; the "Eco-Guide" project (Mahnqvist et al., 1995), 
where the existing sewerage system and two alternatives have been evaluated by Ineans 
of Life Cycle Assessment (Tillman et al., 1996) and an Environmental Impact 
Assessment approach (Stenberg et al., 1996). the study, the system 
alternatives and data from the project have been used. 

Bergsjon has 14000 inhabitants, where the main part of the people live in high-rise 
buildings. The existing system (alternative 0) contains a sewer system, where the 
sewage is transported to the treatment plant; serves a large 
part of the Gothenburg region, including 000 connected persons, industries and 
stormwater from parts of Gothenburg with combined sewers. A schematic picture of the 
existing system is shown in 1. 1 also contains mass-flows of phosphorus 
and nitrogen. The mass-flows are based on data from Malmqvist et al. (1995). 

Figure I. Schematic picture qf alternative 0 with nutrientflows 

objectives of the alternatives to the existing were to formulate local systems, 
carrying out all the treatment in the area of 2 and 3). The main 
difference between alternative 1 and is that there is no need for changes of 
installations inside the buildings in alternative 1, and the sewer within the Bergsjon area 
can still be used. Alternative 2, on the other hand, means a totally new system, including 
new toilets with urine separation, three different pipe systems for urine, blackwater and 
greywater and a totally new transport system outside the buildings. 
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In alternative 1, the treatlnent of sewage contains a of starting with pre-
treatment (removal of solids in septic tanks) followed by filter beds. filter beds are 
expected to remove phosphorus, organic matter, and even parts of the nitrogen 
nitrification/denitrification. treated water will then be discharged to local creeks in 
Bergsjon. Sludge from the pre-treatn1ent tanks is transported by truck to a biogas 
production facility, also sited in Bergsjon. residual product frmn the digester and 
the filter sand, saturated with phosphorus, are transported to farmland and used as a soil 
improver. In Figure 2, a schelnatic picture of alternative 1 is shown including mass-
flows of phosphorus and based on data frmn Maln1qvist et al. (1995). 

Figure 2. Schematic picture of alternative J with nutrientflows 

In alternative 2, the household sewage is handled in three fractions; urine, blackwater 
(faeces, flush water and toilet paper) and greywater. Urine and blackwater are separated 
by Ineans of source-separation toilets. Small amounts of flush water are used for both 
the toilet fractions, around 0,2 I per flush. For further transportation, the urine is led by 
gravity to underground tanks nearby the houses. The urine is then transported with 
trucks to agriculture for use as a fertilizer. Blackwater is led in a low-flush vacumn 
system to storage tanks nearby the buildings, for further transport by trucks to a biogas 
production facility. Greywater is treated in the same kind of filter bed system, as the one 
chosen in alternative 1. In 3, a schematic picture of alternative 2 is shown 
including Inass-flows of phosphorus and nitrogen, based on data from Malmqvist et al. 
(1995). The distribution of phosphorus and nitrogen in urine, blackwater and greywater 
is based on Swedish Environmental Protection Agency (1995). It is also assumed that 
there is no loss of nitrogen via ammonia gas from the urine handling. 
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Figure 3. Schematic picture of alternative 2 with nutrient flows 

The study includes the following calculations: 
analysis of heat transportation in sewage 

Analysis of the chemical of organic matter, nutrients and of chemicals 
and electricity, needed for operation 

The activities, in the sewerage system, considered in this study is: heating of tap water, 
collection and transport of transport to storage or treatment, storage and 
treatment, addition of resources needed for the operation of the system, discharge to 
receiving waters and improvement and transport of residuals. study considers only 
the operation of the sewerage system, and not the building and maintenance of the 
system or the production of resources needed (chemicals, electricity etc .. ). Further, the 

due to labour is assumed to be negligible compared with other flows. 

The flow due to heat is treated separately because it is not directly related to the 
transport and treatment of organic matter and nutrients. Further, it is assumed that the 
amount of warm water that is used is relatively independent of which system is used and 
hence calculations have been performed only for one system. However, the results for an 
exergy analysis of heat in water is dependent on the tel11perature outside the systeIl1 
(Hellstrom, 1997). Thus, the calculations are made for two different l110nths to illustrate 
the difference between summer and winter. 
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The energy value of the sewage, due to the heat, is calculated as the temperature 
difference between the sewage and the ambient air times the heat capacity of water. The 

is then calculated as the energy times the Carnot factor, i.e. the difference 
between the water ternperature and the ambient temperature divided by the water 
tenlperature. It should be noted that no energy or is available if the ambient 
temperature is higher than the temperature (Hellstrom, 1997). 

The exergy content in water due to heat is consumed by cooling of water, i.e. heat is 
transported frol11 the water to the surrounding ground or into the air. significant 
amount of is also consU111ed only by mixing warm and cool water. To emphasise 
this and to show that it is the quality of energy that is consumed, it is assumed that the 
loss of energy to the surroundings due to cooling of water will be zero. Further, the 
energy effect of the equipment for heating of tap water is assunled to be 100 % and it is 
also assumed that only electricity is used to heat tap water (including water used in 
laundries). Based on data from Bengtsson et al. (1981), it has been assumed that 30 % 
of the tap water had been heated to a temperature of 60°C. It is also assumed that the 
temperature of the water leakage into the system will have a teI11perature equal to the air 
temperature of that month. By using the assumptions above and the data in Table 1, the 
temperature and the exergy of the sewage could be calculated. 

Table 1: Data used to calculate the exe rgy content of sewa e due to heat. 

water consumption, 195 
lipe,d 
leakage, lipe,d 320 

air temperature, °C 2.5 
tap water tel11perature, 2.4 
°C 

195 

320 

18.2 
17.9 

61oJr,['!"<-l>lrllJ£' matter 

Reference 
Malmqvist et al. 
(1995) 
Malmqvist et al. 
(1995) 
SMHI (1990-94) 
Data provided by the 
Gothenburg Water 
Works 

A model for the calculations of the exergy of organic matter and nutrients is shown in 
Figure 4. 

In the model, in Figure 4, the input to the sewerage system consists of the exergy of the 
substances in the sewage from the households and the exergy of additional inflows, 
necessary for the operation of the system and transport of sewage and residuals. The 
output consists of the discharge to the receiving water, named losses in Figure 4, and 
useful residuals like sludge, biogas etc .. It should be noted that it is only the exergy in 
the flows theI11selves that is considered. 
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SEWERAGE SYSTEM 
(including treatment and 
transport of residuals) 

IUis;CflEtrge to 

etc 

Figure 4. The model usedfor the exergy analysis of sewage treatment and handling of 
residuals 

The flows considered in this analysis are those that are related to management and 
treatment of organic matter, nitrogen and phosphorus. Other nutrients, presence of 
hazardous compounds as well as other influencing the water quality are not 
considered in this parameters are important for sustainability but will be 
almost negligible in an exergy analysis. effect of, for example presence of heavy 
metals in sludge, is probably not well estimated by using the exergy analysis (Hellstrom, 
1997), e.g. the toxicity could not be measured using only exergy analysis. 

Organic matter, nutrients as well as chemicals used in the treatment process are regarded 
as different chemical compounds. The of a chemical compound is the amount of 
energy that will be released when the compounds react and the products go to 
equilibrium with the surroundings. This means that the exergy for a chemical compound 
is determined in the same way as Gibb's free energy, with the difference that the exergy 
is related to ambient conditions and Gibb's energy is related to standard conditions 
(Hellstrom, 1997). 

Tai et al. (1986) have shown that the standard chemical exergy for organic matter 
corresponds to the theoretical oxygen demand (13.6 kJ/g ThaD). Both and 
are related to the Theoretical Oxygen Demand (ThaD) and could be used to estimate the 
total exergy flow due to organic matter. not all organic matter is easily 
biodegradable and will give an estimation of the amount of technically available 
exergy (Hellstrom, 1997). has hence been used in this study. 

To simplify the calculation of the exergy of nutrients, it is assumed that all nitrogen 
exists as amnlonium and all phosphorus as (HPO/-). standard chemical exergy for 
ammonmm IS I kliinole and for (HPO/-) 134.1 kllmole (Szargut et al., 1988). The 
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standard cheI11ical exergy for other compounds, such as precipitants, has also been 
collected fr0111 Szargut et al. (1988). 

Concerning electricity, fossil fuel and methane it should be mentioned that for those 
flows the input of and energy will be equal because of the high quality of the 
used energy (Holmberg, 1995). 

Figure 5 shows that a large amount of is consumed when heating water with 
electricity. However, the losses of due to mixing of wan11 and cool water are 
significant compared with the exergy flows related to the handling and treatment of 
organic l11atter and nutrients (see Figure 6). 

16000 

14000 

8000 

6000 

4000 

2000 

electricity tap water 
(60°C) 

wastewater wastewater 
+ leakage 

Figure 5. The calculated amount of exergy needed to heat tap-water with 
electricity and the exergy content in the heated water after different degrees 
of dilution with cold water. It should be noted that it has been assumed that 
energy losses are zero. Calculations based on data from Bergsjon. 

The results of the exergy analysis of organic matter and nutrients are presented in Figure 
6. 
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2 
Sewerage system 
(including treatment and 
transport of residuals) 

Figure 6. Exergv (kJlperson, cia_v) of sewage treatment and handling rd residuals 

There are several ways to compare the system efficiency of the various alternatives, 

using the results from Figure 6. In Figure 7 the parameters Operation and Total 
consumption are presented. 
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Operation deals with the consumption of resources for operation and transport and is 
calculated as the sum of the of operational resources and exergy needed for the 
transport of residuals to agriculture. In Total consumption, all exergy use has seen 
as consumption, except for the useful residuals produced. Total consUlnption is 
calculated as the sum of exergy in: incoming sewage, operational resources and 
transport of residuals to agriculture minus the exergy in the residuals. 

1200 +--~~-~-----~~-----~----~--------~---

1000 +-----------------------

800 -1--------

600 +----------

400 

200 

Alternative 0 Alternative 1 Alternative 2 

Figure 7. The total exergy consumption and the exergy of operational resources 

Alternative 2 is the most advantageous system, looking at the exergy of operational 
resources. The main reason for this is the lower use of electricity. Alternative 2 has also 
the lowest total consumption of exergy. The main reasons for much higher total 
consumption in the two other systems, is the large electricity consumption in alternative 
o and the relatively ineffective utilization of organic matter in alternative 1. 

As mentioned before, one of the most important aspects of the sewerage systems 
concerns nutrients recycling. The system efficiency of nutrients recycling can be further 
discussed, when the exergy parameters are compared with the degree of phosphorus and 
nitrogen recycling, (Figure 8). 
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Figure 8. The potential for phosphorus and nitrogen recycling for the various systems 

Figure 8 shows a great potential for phosphonls recycling for all the but this is 
just the ideal image. sludge is not used to a degree today, despite the 
high content of phosphorus. is concern over quality of, health related 
to, the use of sewage sludge. In the sewer system, urine and faeces are mixed with 
greywater, stormwater and industrial discharges, and will inevitably be polluted by 
heavy metals and toxic organic substances. quality of the residuals may probably be 
improved if either alternative 1 or 2 is implemented. there are still a lot of unknown 
aspects about the systems in alternative 1 and 2. knowledge about the health risks 
of, for example, the use of human urine as a fertilizer is today insufficient. 

When comparing exergy parameters and nutrients recycling, one can see that alternative 
2 is effective. Alternative 2 is the only alternative where nitrogen is seen as a resource. 
The effort in alternative 0 and I is to protect the receiving water from nitrogen 
discharge. The strategy has been to denitrify the nitrogen. 

combination of analysis in order to estimate the use of physical resources and 
an analysis of the potential to utilise the nutrients from a sewerage system in agriculture 
could be helpful tools when discussing the sustainability for different systems. 
it should be emphasised that a low consumption of physical resources and a high degree 
of circulation ,of nutrients are not the only criteria that should met in order to achieve 
a sustainable sanitary system. 
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The use of limited resources, such as phosphorus ores, needs special attention when 
discussing sustainability. , an analysis little information about the 
management of phosphorus within a system. Thus, a special study of phosphorus flows 
is necessary. By comparing the results froIn material balances and analysis, a 
more detailed picture of the sustainability can be achieved. 

The analysis shows that the largest input of to a sewerage system, during 
operation, is due to the heating of tap-water. It should be noted that the calculated 

is underestimated because the to the surrounding air and ground 
are not included. considerably amount of heating 
tap water could be reduced if an energy source with a lower quality, such as district 
heating, is used instead of electricity. 

Considering the flows related to the handling of organic matter and nutrients It IS 

obvious that the flows due to organic matter dominate. It is also shown that the 
possibilities to recover SOlne of the exergy as Inethane gas will have a strong influence 
on the total exergy consumption needed for operation. Comparing the flow due to 
nutrients it is obvious that the flow due to phosphorus is ahnost insignificant, but the 
flow due to nitrogen has a significant impact on the result. This reflects the statelnent 
that one important reason to recycle nitrogen is the amount of exergy needed to produce 
nitrogen fertilizer. 

In this study only the direct inflow of exergy due to electricity and chemicals has been 
considered. If the total amount of exergy needed to operate a sewerage system should be 
estimated, the production of electricity and chemicals should also be analysed. However, 
the result of such analyses will be very dependent on how those products are produced. 

The present study shows that local treatment of sewage, within a settlement of a town, 
could be an interesting alternative to large-scale sewerage systelTIs. Especially a systeln 
with separate handling of three fractions of sewage; urine, blackwater and greywater is a 
comparatively good concept. The system is exergy effective and there is a great potential 
of phosphorus and nitrogen recycling. The separation systems are however not yet fully 
evaluated. The system has only yet been tested in small-scale systems, and the effects of 
the use of human urine as a fertilizer is not yet fully evaluated. 

The study shows that the hypothetical calculated exergy consumption during operation 
will be lower in a system with local treatment and urine separation toilets compared 
with a conventional alternative. The amount of phosphorus that could be recycled is the 
same for the studied alternatives, but the amount of nitrogen that could be recycled is 
considerably higher for systems with urine separation techniques. 
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