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Abstract
The EU framework directive states that all water bodies within the union should achieve good ecological status 
2015. Reducing discharges from on-site wastewater systems is identified as an important means to ameliorate 
the quality of Swedish waters. This article presents a tool, VeVa River Basin, developed to assess the environ-
mental impact from sewage systems in a river basin. Three scenarios for the year 2030 were compared with the 
existing systems in a case study of Sävjaån in the municipality of Uppsala, Sweden. Modelling results indicated 
that the phosphorus discharge to Sävjaån River from existing on-site wastewater systems could be reduced by 
70 %. Consequently, existing systems in the area should be attended to, regardless of a presumptive future ex-
pansion in the area or types of wastewater systems chosen. The minimum phosphorus discharge was achieved 
in the scenario with connection to central systems, however the sensitivity analysis illustrates that the differ-
ences are marginal owing to variation in system performances. The modelling also included nutrient recycling, 
energy analysis and discharge of nitrogen, BOD7 and cadmium. The future version of VeVa River Basin, where 
a cost module is included, will be a very useful tool for selecting measures in river basin management plans.
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Introduction 
The share of the total phosphorus discharge to seawater 
from private on-site wastewater systems in Sweden is 
 approximately 20 %, but there are variations from one 
part of the country to another and variations dependent 
on what type of reference base that is chosen for the cal-
culations. The Water Authority for the North Baltic 
River Basin District assessed the share from private on-
site systems to be 7 % of the total discharges and 10 % of 
the discharges from anthropogenic activities. The total 
amount of phosphorus discharges in Sweden from pri-
vate on-site wastewater systems is 650 tonnes per year, 
while the phosphorus discharges from municipal waste-
water treatment plants is 500 tonnes (Brandt et al 2005). 
This is remarkable since the number of households with 
private systems is much smaller than the number of 

households connected to municipal wastewater treat-
ment plants. If all private on-site wastewater systems were 
upgraded to the standards recommended by the Swedish 
Environmental Protection Agency, the total phosphorus 
discharges from this category would be reduced with 
40 % (Palm 2005). The EU framework directive states 
that all waterbodies within the union should achieve 
good ecological status by 2015. Reducing the discharge 
from private sewage systems is identified as an impor-
tant means in the work of ameliorating the quality of 
Swedish surface waters. Attending to the large amount 
of private sewage systems that do not fulfil legal require-
ments of nutrient reduction will presumably make part 
of the forthcoming river basin management plans.
 In the planning process for water and sanitation in a 
specific area, there is a choice not just between different 
technologies, but also between on-site systems for single 
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households, local collective systems and connection to 
central systems. 
 The Swedish research program Sustainable Urban 
Water Management developed tools for planning of 
 sustainable urban water and sanitation (Malmqvist et al 
2006). One of the tools, URWARE, is used for environ-
mental system analysis for a given urban area (Jeppsson 
et al 2005). A follow-up project was initiated to develop 
a new tool, the VeVa model, based on knowledge from 
URWARE for selection of appropriate solutions in 
former summerhouse areas (Erlandsson, 2007). The 
model has been further developed in order to enable the 
analysis of an entire river basin divided into several sub-
areas with a mixture of sewage systems. This article 
presents the new tool, VeVa River Basin, applied in a 
case study of the river basin of Sävjaån, in the munici-
pality of Uppsala, Sweden. 

The VeVa model 
The aim of the VeVa project was to develop a simple and 
user-friendly Excel-based model to support decision-
makers when estimating the most appropriate waste-
water solution for housing areas where no central sewer 
system exists. The model has one function where the en-
vironmental impact is compared between the systems 
when used for a specific transition area (Erlandsson 
2007, Kärrman et al. 2008). The other function permits 
the user to make the comparison between complex 
 scenarios where e.g. the number of inhabitants, percent-
age of summerhouses and the mixture of used systems 
can be varied in a river basin.
 The VeVa model deals with two types of environmen-
tal issues: substance flow analysis and energy analysis. 
The substance flow analysis includes the fluxes of phos-
phorus, nitrogen, BOD7 and cadmium to water and 
 arable land. The discharge to water is divided into differ-
ent types of recipients (groundwater, surface water with-
in the studied area and surface water outside the studied 
area) according to the characteristics of each system. The 
fluxes to arable land are seen as the recycling potential of 
nitrogen and phosphorus and the thereby linked fluxes 
of cadmium. The recycling of nutrients is differentiated 
into fractions of easily available or unavailable to plants.
 For the energy analysis both construction and opera-
tion phases are included, along with eventual energy re-
covery, using the principles of life cycle assessment. The 
model focuses on wastewater systems, but since the con-
struction of pipes for drinking water often is performed 
at the same time as the construction of pipes for waste 
water when connecting households to common waste-
water treatment plants, the supply of drinking water is 
included in all calculations. Schematic flow-chart of  

the substance flow and the energy analysis is given in 
Figure 1.
 The VeVa model consists of substance flow models of 
components in wastewater systems, such as pre-treat-
ment tanks, filter beds, small wastewater treatment 
plants etc. These sub-models are linked together to form 
complete system structures for management of waste-
water. Some of the models already existed in the first 
version of VeVa (Kärrman et al. 2008) while other mod-
els are designed for the first time in VeVa River Basin. 
Modelling results are principally given in annual average 
values. 

System structures
Seven system structures for wastewater and three systems 
for drinking water were studied for the river basin of 
Sävjaån. The wastewater systems were sorted in three 
categories, each goes with its specific system for drinking 
water: 1) On-site systems for single households (private 
wells), 2) Local systems (local water works) 3) Connec-
tion to a central system (central water works). The seven 
wastewater systems are given in Table 1. More details 
about them are given by Erlandsson (2007) and Holm 
(2008). 
 The central systems are designed for over 100 000  
p.e. (person equivalents), whereas the local system can 
be chosen for different dimensions; 75 p.e., 150 p.e., 
400 p.e. and 1 000 p.e.

Connection to central large scale  
wastewater treatment plants

“Central wastewater treatment plant” should be inter-
preted as a treatment plant located outside the river 
 basin in point, hence charging another recipient with 
nutrients and pollutions. The connection demands pipes 

Figure 1. Flow-chart for analysis with the VeVa model.
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to be built long distances. The treatment process has 
been chosen to correspond to a modern, Swedish, large-
scaled treatment plant, with chemical reduction of phos-
phorus and an activated sludge reactor designed to re-
duce nitrogen. In this study properties might be 
connected to two different treatment plants outside the 
river basin. The reductions in those two plants are the 
same for nitrogen (71 %), phosphorus (99 %) and BOD7 
(98 %), but differs for cadmium 80 % (Uppsala munici-
pality 2003, 2004, 2005 and 2006) and 91 % (Lundh, 
P., pers. com.). The sewage sludge produced is assumed 
to be used as a fertiliser in agriculture. 

Local collective wastewater treatment plant
The local treatment plant is a Sequencing Batch Reactor 
(SBR) including mechanical, biological and chemical 
treatment. The reduction is independent of the scaling. 
Figures for reduction may differ (Bengtsson et al. 1997). 
In this study typical reduction figures for a Biovac plant 
is used, which give 93 % for phosphorus, 40 % for nitro-
gen and 95 % for BOD7 (Bengtsson et al. 1997). The 
reduction of cadmium is assumed to be the same as in 
the central wastewater treatment plant; 80 %. The sludge 
is transported to a central wastewater treatment plant 
where the sludge is mixed with municipal sludge and 
used as a fertiliser in agriculture.

On-site wastewater treatment plant
The system dimensioned for single households is a 
 Sequencing Batch Reactor (SBR) including mechanical, 
biological and chemical treatment. Used figures for the 
reduction (Hellström & Jonsson, 2003) are 90 % for 
phosphorus and BOD7, and 40 % for nitrogen. The re-
duction of cadmium is assumed to be the same as in the 
central wastewater treatment plant; 80 %. The sludge is 
transported to a central wastewater treatment plant 
where it is mixed with municipal sludge and used as a 
fertiliser in agriculture.

Pre-treatment tank
In the pre-treatment tanks particulate matter is separated 
from the water. This process involves a minor reduction 
of pollutants. In this study reduction figures are chosen 
in between the most extreme values found in the litera-
ture, which gives 7 % of phosphorus, 15 % of nitrogen 
and BOD7 (Swedish Environmental Protection Agency, 
1985 and 1990) and 25 % of cadmium (Wittgren et al. 
2003).

Closed collection tank
Blackwater is conducted to a closed collection tank, 
which is emptied once a year. Blackwater is then trans-
ported to a central treatment plant where it is treated in 
the same way as incoming wastewater. The tanks are 
 assumed to be completely tight, thus the local recipient 
is not charged with any pollution.
 Greywater is lead to a pre-treatment tank and further 
to a filter bed after which the water reaches the local re-
cipient. The reduction is accomplished by biological, 
chemical and physical processes when water is in contact 
with the filter material. The system is considered to be 
moderate in reducing nitrogen, phosphorus and cadmi-
um but excellent in reducing organic matter. The per-
formance of a filter bed is affected by age and the com-
posing material, therefore figures for reduction found in 
literature varies considerably (Palm et al. 2002, Nilsson 
et al. 1998, Wittgren et al. 2003). Typical reduction fig-
ures are chosen, which give 50 % removal of nitrogen 
and phosphorus (Palm et al. 2002; Nilsson et. al 1998), 
90 % for BOD7 (Palm et al. 2002) and 30 % for cad-
mium (Wittgren et al. 2003) for the combined system 
pre-treatment tank and filter bed. Sludge from pre-treat-
ment tanks is transported to a central wastewater treat-
ment plant to be mixed with the municipal sludge and 
utilised as soil improver on farmlands, which is true for 
all systems with pre-treatment tanks. When the sand 
 filter is saturated, the filter sand is assumed to be used as 
a technical soil in ground constructions.

Table 1. Studied systems.

System Category (wastewater treatment and drinking water)

Connection to large scale wastewater treatment plant 1 Central system
Connection to large scale wastewater treatment plant 2 Central system
Local collective wastewater treatment plant Local system
On-site treatment plant Single system
Closed collection tank Single system
Filter bed system (expanded clay) Single system
Infiltration Single system




