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 Quran, Chapter 2 verse 269 
 
“He [Allah] grants wisdom to whom He pleases;  
and he to whom wisdom is granted indeed 
receives a benefit overflowing. But none will  
grasp the Message except men of understanding” 
 
2:269 

 

 

 

 
“And among His Signs is the creation of the  heavens 
and the earth, and the variations in your languages and 
your colours:  
verily in that are Signs for those who know” 
 
 30:22 
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ABSTRACT 

The European Union stipulated in directive 91/271/EEC of 21st May 1991 that high nitrogen 
removal is expected for wastewater effluent of coastal cities with greater than 10,000 
inhabitants. The nitrogen removal efficiency of the Luleå municipality (kommun) Uddebo 
wastewater treatment plant (WWTP) that process wastewater of 75,000 p.e was investigated. 
The wastewater effluent from the Uddebo plant which employ the trickling filter (TF) that 
operate at 13% removal efficiency was evaluated and a nitrogen mass balance on the whole 
wastewater processing was estimated yielding a nitrogen content of 874kg N/d as against the 
374kg N/d stipulated by the EU. The result showed that the nitrogen content in the effluent is 
not satisfactory, it far exceeds the discharge limit, and further treatment techniques or 
technologies were needed to help Luleå municipality fulfil the effluent quality. Biological 
nitrogen reduction by bacteria involving two processes in sequence namely nitrification and 
denitrification forms the basis for high nitrogen removal from wastewater. In theory, the 
nitrogen in the wastewater would be converted to nitrogen gas. A wide range of treatment 
processes and alternatives were discussed. After careful evaluation of all available treatment 
technologies and options, three were identified as the best suited for Luleå municipality; 
upgrading to a moving bed biofilm reactor (MBBR), using wetlands for some part of the 
municipality wastewater, and using urine diversion system for part of Luleå city wastewater. 
For a better effluent result, the options were grouped into four alternatives which include: (1) 
Upgrading the Uddebo plant to MBBR (2) Constructed wetlands for areas with 1,000 or 
fewer inhabitants plus MBBR for remaining municipal wastewater (3) Urine diversion for 
part of Luleå city plus MBBR for the remaining wastewater (4) Mixed wastewater treatment 
system with wetlands, urine diversion and MBBR process. 
 
A detailed evaluation of the alternatives was done based on efficiency, reliability and 
recycling potentials. The overall result showed that the moving bed biofilm reactor is the best 
choice for the Uddebo wastewater treatment plant in order to attain the desired 15 mg/l 
nitrogen concentration in the effluent at 70-80% removal efficiency. Further analysis showed 
that combining the MBBR with the wetlands system is the most cost effective and easily 
attainable amongst the alternatives for reducing the amount of nitrogen in Luleå municipality 
wastewater effluent.  
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1. INTRODUCTION 

1.1 Concepts of wastewater 

Definitions and concepts of wastewater are given in various reports and textbooks. In this 
study, wastewater is assumed to be essentially a combination of water supply that has been 
used for various purposes, which have been generated from both residential and non 
residential sources. Figure 1 shows the various combination of water that make up the urban 
wastewater 

 
Source: IWMI, 2004 

Figure 1: Urban wastewater components 
 
Urban wastewater contains 99% water, and other materials make up the remaining portions, it 
contains practically anything; the potential pollutants includes pathogens, oil and grease, 
metals, organic matter, solids and nutrients. The actual proportion of each constituent within 
any given wastewater varies depending on the spatial and temporal differences and sources 
(IWMI, 2004). The wastewater components of most concern are those that have the potential 
to cause diseases or detrimental environmental effects such as nutrients (nitrogen and 
phosphorus). 
As shown in figure 1, urban wastewater comprises of water from various sources and can be 
classified as residential and non residential wastewater. Residential wastewater, also known 
as domestic wastewater, is used to describe all types of wastewater generated from every 
room in a house, while non residential wastewater include water generated by diverse sources 
such as offices, business, schools, hospitals, farms and industries, as well as stormwater.  

1.1.1 Types of domestic wastewater 

There are two main types of domestic wastewater namely blackwater – which are wastewater 
generated mainly from the toilets, and greywater- which are all other domestic wastewater 
including water from bathroom, kitchens and laundries. Blackwater and greywater have 
different characteristics, but both contain pollutants and disease causing agents. 
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A typical household discharges approximately 35 litres of blackwater and 105 litres of 
greywater per day per person. The greywater contributes 65% of the volume of domestic 
wastewater; 70% of the phosphorus and 63% of BOD, while blackwater contributes about 
35% of the volume of domestic wastewater; 61% of suspended solids, 82% of nitrogen and 
37% of BOD(Coomes, 2003). 

1.1.2 Nutrients in wastewater 

National Research Council (1993) reported that urban wastewater contains high concentration 
of nutrients in addition to other pollutants. The major nutrients found in wastewater are 
nitrogen and phosphorus, which if not treated or reduced would cause quite a number of 
problems to the environment especially receiving water bodies. The most pressing problems 
in many marine systems today are those of nutrient enrichment or eutrophication. In 
moderation, nutrients can be beneficial, promoting increased production of phytoplankton 
and in turn fish and shellfish. In excess amounts however, nutrients cause overproduction of 
phytoplankton, which results in oxygen depletion thereby reducing the numbers of fish and 
shellfish, and other living organisms in a water body. The sources of the nutrients can be of 
natural origin but it is often dramatically increased by human activities. DKEPA (2007) 
stated that marine waters receive dissolved and particulate nutrients and organic matter, from 
land via river and direct discharges, from the atmosphere and from adjacent seas. But studies 
gave the most important anthropogenic sources of nutrients as: 

- agriculture 
- discharges from urban wastewater treatment plants 
- separate discharges from industries 

The first being the most important diffuse source. The effects and consequences of these 
excess nutrients to the water bodies are numerous, and result in a series of undesirable 
effects. The major impacts are changes in the structure and functioning of marine ecosystems, 
and reduction in biodiversity. 
Below are the consequences of overloading marine water with nutrients (DKEPA, 2007). 

a) Increased nutrients concentration 
b) Changes in optimal dissolved inorganic nitrogen and dissolved inorganic phosphorus 

molar ratio (N:P) from the optimal value of 16:1. 
c) Increased phytoplankton production and consequently increased sedimentation of 

organic material. 
d) Reduction in fish and shellfish population due to oxygen depletion and harmful algal 

blooms. 
e) High risk of poisoning of human by alga toxins. 

1.2 Eutrophication 

There are quite a number of definitions for the word eutrophication. EU (1991) defines 
eutrophication as the enrichment of water by nutrients, especially compounds of nitrogen and 
or phosphorus, causing accelerated growth of alga and higher forms of plant life inducing an 
undesirable disturbance to the balance of the water concerned. It can be seen basically as a 
process that results from increases in essential nutrients (particularly nitrogen and 
phosphorus) that stimulates plant growth (SWEPA, 2006b). Eutrophication can occur 
naturally, however problems arise when the eutrophication process is accelerated by the 
inputs of excess nutrients. 
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The essential nutrients causing eutrophication is nitrogen in the form of nitrates or 
ammonium, and phosphorus in the form of phosphate. In addition, inputs of bioavailable 
organic phosphorus and nitrogen cause eutrophication as bacteria can mineralize the organic 
phosphorus to phosphate and the organic nitrogen to ammonium, which is further oxidised to 
nitrates (DKEPA, 2007).  

1.2.1 The Baltic Sea and Eutrophication 

The Baltic Sea, North Sea, and the Adriatic Sea have been reported to have extensive 
eutrophication problems. Studies show that eutrophication is one of Sweden’s most 
widespread environmental problems that occurs both in freshwater and marine/coastal waters 
(EU, 2001). The EU stated that it is however widely accepted that nutrients emission from 
agriculture (amounting to 46% of anthropogenic sources of nitrogen) is the main reason why 
eutrophication has remained a serious problem in many Swedish inland and coastal waters.  
Sweden’s fist round of designation identified a large section of the Baltic Sea as eutrophic 
and related drainage areas along the coast were also designated as nitrate vulnerable zones. 
HELCOM (2003) supported that agriculture is the largest single source of nitrogen to the 
Baltic Sea, and further that even without agriculture, there would be alga bloom because of 
the complexity of the sea. At present, over 25 million people live in nine countries (Sweden, 
Finland, Russia, Estonia, Latvia, Lithuania, Poland, Germany, and Denmark) along the coast 
of the Baltic Sea, and more than 88 million people live in the entire catchments area which 
covers more than 1.3 million square kilometres of land (Archambault, 2003). Figure 2 shows 
the Baltic Sea. 
 
 

 
Source: SWEPA 2006a 
 

Figure 2 Map of the Baltic Sea and the surrounding watershed 
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The Baltic is a brackish water (conditions of seawater with a relatively low salinity due to 
high influx of freshwater from the rivers and limited amount of new seawater) inland sea with 
poor water circulation (Archambault, 2003). It has a relatively large catchments area, and 
consists of the Baltic proper, Gulf of Bothnia (the Bothnian bay and the Bothnian Sea), Gulf 
of Riga, Gulf of Finland, Kattegat   and some surrounding water. All these coastal systems 
are bidirectionally interconnected and thus have influence on each other. The lowest salinity 
is in the Bothnian bay (Gulf of Bothnia) in the north and the highest is the Baltic proper in the 
south. The Baltic Sea extends from 54oN to almost 66oN, nearly to the polar circle 
(HELCOM, 1989). It is important to consider the entire drainage basin of the Baltic, as many 
pollutants are generated away from the coastline and then carried to the sea by rivers and 
streams. The Baltic proper is the most productive of the major basins of the Baltic. 
Unfortunately, the very rivers and streams that feed the Baltic to give it a unique brackish 
quality, also bring with them pollution (Archambault, 2003). The Baltic was reported to have 
been one of the most polluted seas in the world. Changes to the ecosystem of Baltic have 
been caused by a variety of reasons; one of the most serious treats to the Baltic is unnatural 
eutrophication by nutrients pollution. SWEPA (2006b) reported that the nitrogen inputs to the 
Baltic Sea have increased four fold since the mid 19th century. And that over the past fifty 
years, the deeper waters of the Baltic have been transformed from an oxygenated 
environment with normal fauna of fish and invertebrates, to waters that are now highly 
deprived of oxygen. The symptoms of eutrophication vary widely in different parts of the 
Baltic. HELCOM (1989) reported that in most of the Baltic Sea, nitrogen is normally the 
limiting nutrient. Today, bacteria life forms are all that can be found beyond a 50 metre depth 
throughout the Baltic Sea (Archambalt, 2003). Studies suggest that eutrophication in the 
Baltic Sea has continued to worsen and has shown limited signs of improvement. Other 
trends that affect the eutrophication is the periodic and unpredictable incursions of nutrients 
from the adjacent North Sea and Gulf of Bothnia which is openly connected to  the Baltic 
proper and nutrients load there would have consequences to the Baltic proper. Due to this 
interconnectivity of the Baltic and the surrounding watershed, measures taken to reduce 
nutrients input to one can have spillover consequences to another. Because this sea is 
somewhat shallow (a mean depth of 60 metre) and almost entirely enclosed by land, it takes 
about 30 years for the Baltic to completely renew its water through a narrow opening which 
connects it to the North Sea (Archambakt, 2003). 
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2. OBJECTIVE OF THE STUDY 

The main objective of the research work was to carry out a detailed study of the nitrogen 
content in Luleå municipality (kommun) wastewater, examine the current removal rates of 
the wastewater treatment plant (WWTP), and suggest ways of achieving high nitrogen 
removal from the wastewater as stipulated by the EU directives. 
A strategy for the study was first to comply with the EU directives on wastewater effluents, 
secondly to present series of alternative methods of reducing nitrogen content in wastewater, 
and lastly to analyse whether the limits stipulated by the EU can be met based on the 
technology, finance and energy available. 
 
Having in mind the stringent legislations on the pollutants in wastewater effluents, the 
following research questions were chosen to serve as support for meeting the research 
objectives and also lay foundation for the studies and discussions in this thesis: 
 

- What are the sources of nitrogen in Luleå kommun wastewater? 
- What are the EU limits on nitrogen content of wastewater effluents? 
- How effective is the treatment process at Uddebo wastewater treatment plant 

concerning nitrogen removal. 
- What treatment technologies or management options are available for nitrogen 

removal? 
- What are the suggested alternatives to reducing nitrogen in effluents at Luleå Uddebo 

plant? 

2.1 Research methodology 

First, the Luleå Uddebo wastewater treatment plant was visited which gave a first vivid 
insight of the whole wastewater treatment processes, and plant data sheets were collected. 
Secondly, extensive literature review on nitrogen in aquatic environment and wastewater was 
done using the internet, books and sending emails to people working with wastewater issues. 
The nitrogen mass balance on the whole municipality wastewater, the wastewater treatment 
plant as well as the alternatives treatment were calculated, these values were used to estimate 
the amount of nitrogen that can  be removed. 
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3. NITROGEN IN THE AQUATIC ENVIRONMENT 

3.1 Background 

Nitrogen is a common element constituting 78% of the earth’s atmosphere and a significant 
component of soils. It is also an essential constituent of amino acids, proteins and nucleic 
acids - the building blocks of life for all living organisms (WSDH, 2005). It can exist in 
different forms because of its various oxidation states, and readily changes from one to 
another (Kurosu, 2001). The principal forms of nitrogen are organic nitrogen, ammonium ion 
/ ammonia (NH4

+/NH3), nitrite (NO2
-), nitrate (NO3

-) and nitrogen (N2).WSDH (2005) 
reported that nitrogen is a constituent of human sewage, and has become increasingly 
important because of the many effects it has on human health and the environment.  
The inorganic forms of nitrogen that are reactive and therefore, potential pollutants are likely 
to cause problems when present in high concentrations. In the context of water pollutants, 
forms of reactive nitrogen of known concern are NH3 (which dissolves to form NH4

+), NO2
-, 

and NO3
-. All these nitrogen compounds when discharged to water bodies in high 

concentration cause several deleterious effects depending on the environmental conditions. 
One most important ecological impact is eutrophication (Kurosu, 2001). 

3.2 Sources of nitrogen in wastewater 

Municipal wastewater of predominantly domestic origin contains nitrogen both in the organic 
and ammonia form, principally waste products originating from protein metabolism in the 
human body in the form of urine and faeces (Hedstrom, 2001). The predominant forms of 
nitrogen in wastewater are organic nitrogen, urea, and dissolved ammonia-nitrogen (NH4-N). 
In fresh sewerage, about 25% of the nitrogen is in the organic form and 75% in the 
ammonium form. The organic nitrogen fraction is converted almost entirely to NH4-N, and 
further converted to nitrate-N (NO3-N) via microbial oxidation (Winkler, 2000). Figure 3 
shows the different forms of nitrogen found in urban wastewater.  

 
Source: Boari et al, 1997  

Figure 3: Various forms of nitrogen in urban wastewater 
 

From the figure, it can be seen that the organic form of nitrogen is always less than the 
inorganic (ammonia) form. The most prevalent form of nitrogen in wastewater and therefore 
those that may require treatments are organic, ammonium and nitrate nitrogen. Dairy 
industries and related institutions contribute to the nitrogen concentration in raw wastewater. 

Organic Nitrogen 

Inorganic Nitrogen ~ 75% Ammonia nitrogen 

~ 3% unbiodegradable, soluble 
~ 10% unbiodegradable, particulate 
~ 12% biodegradable Total  

Nitrogen 
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The presence of nitrogen in wastewater discharge can be undesirable for several reasons; as 
free ammonia, it is toxic to fish and many aquatic organisms; as ammonium ion or ammonia 
it is an oxygen consuming compound which deplete the dissolved oxygen in receiving water; 
as nitrate ion, it is a potential public health hazard on water consumed by infants. 

3.3 Principles of nitrogen removal 

The nitrogen transformation cycle as illustrated below in figure 4 shows the interrelationship 
of the environment and nitrogen compounds/products. The transformation of nitrogen 
compounds occurs through several key mechanisms that can be seen in the nitrogen cycle 
 

 
Source: Stearns and Wheler, 2005 

Figure 4: Nitrogen transformation cycle 
 
These transformation mechanisms include: 

a) Nitrogen fixation - the conversion of nitrogen gas to nitrogen compounds that can be 
assimilated by plants such as biological, lightning and industrial fixation. 

b) Ammonification - the biochemical degradation of organic nitrogen into ammonia or 
ammonium ion by bacteria. 

c) Assimilation / Synthesis - the biochemical mechanism in which ammonium ion or 
nitrate is converted into plant proteins (organic N). 

d) Nitrification - the biological oxidation of ammonium ion to nitrate through two step 
processes by two species of bacteria called Nitrosomonas and Nitrobacter. 

e) Denitrification - Nitrates are transformed to nitrogen gas under conditions where 
dissolved oxygen is absent (called anoxic condition) by bacteria. 

 
The above nitrogen transformations mechanism shows how the nitrogen reduction chemistry 
occurs in nature.  
There are several treatment methods capable of reducing nitrogen compounds. These 
processes involve exploiting the physical and biochemical interactions that occur naturally in 
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aquatic systems to remove nitrogen (Kurosu, 2001). From the transformation mechanism, it 
can be seen that nitrogen reduction can be achieved using bacteria. In theory, the nitrogen in 
wastewater will be converted to nitrogen gas and lost to the atmosphere. The three major 
mechanisms or steps are ammonification, nitrification and denitrification. These three steps / 
mechanisms are the basis for technologies used to achieve nitrogen reduction in wastewater. 
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4. LEGISLATION ON WASTEWATER DISCHARGE 

Although agriculture has been reported to be the largest single source of nutrients (total 
nitrogen and phosphorus) outlet to water bodies (HELCOM, 2003), discharges from urban 
wastewater are the second source of excess nutrients causing pollution of the water. The EU 
enacted legislations to reduce the contaminants in the wastewater at community level in order 
to improve the quality of the water in the European Union (EU, 2002). There are a lot of 
stringent European legislations governing wastewater; one of them is the urban wastewater 
treatment directive called the nitrates directive that specifies the minimum standards that 
must be applied for wastewater treatment. Because of these, the number of complex 
wastewater plants has been increasing (Kocijan et al, 2004).  

4.1 The 1991 EU nitrate directives 

The European Union adopted the directive 91/271/EEC concerning urban wastewater 
treatment on May 21st 1991; it aims to protect the water and the environment from adverse 
effects of discharges from urban wastewater and certain industrial discharges.  
Four main principles are laid down in the directive namely: planning, regulation, monitoring, 
information and reporting 
Specifically, the directive requires the following: 

- Collection and treatment of wastewater in all agglomerations greater than 2000 
population equivalent (p.e) 

- Secondary treatment of all discharges from agglomerations > 2000 p.e. and more 
advanced treatment for agglomerations >10,000 p.e in designated sensitive areas and 
their catchments. 

- A requirement for pre-authorization of all discharges of urban wastewater, discharges 
from the food processing industry and industrial discharges into urban wastewater 
collection systems. 

- Monitoring the performance of treatment plant and receiving water. 
- Control of sewerage sludge disposal 
-  Reuse of treated wastewater if it is appropriate. 

In annexe II of the directives, the council described criteria for identification of sensitive 
areas. Sensitive areas according to the EU directives refer to three groups: 

- Freshwater bodies, estuaries and coastal waters which are eutrophic or which may 
become eutrophic if protective action is not taken. 

- Surface freshwater intended for the abstraction of drinking water which contains or 
are likely to contain more than 50 mg/l of nitrates. 

- Areas where further treatment is necessary to comply with other council directives, 
such as the directives on freshwater, on bathing water, on shellfish, on the 
conservation of wild birds and natural habitats. 

If the waters body falls into any one of these groups outlined by the EU, this is enough for it 
to be designated sensitive. 
 
The Directive stipulates that in these areas, the concentrations of total nitrogen and total 
phosphorus in effluent must be extremely low: 1 mg/l < Tot-P < 2 mg/l and 10 mg/l < Tot-N 
<15 mg/L in the effluent from locations with, respectively, more than 100,000 p.e and 
between 10,000 & 100,000 p.e. Percentage reduction rates for phosphorus must be 80% and 
for nitrogen 70 to 80%. BOD and COD must not have values below 25 mg/l and a maximum 
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of 125 mg/l, with a minimum percentage reduction of 70-90% and 75% respectively. Total 
solids must be below 35 mg/L with a reduction rate of 90%. 

4.2 The 1998 EU amendments  

On Feb., 27th 1998, the EU council issued directive 98/15/EEC amending directive 
91/271/EEC to clarify the requirement of the directive in relation to discharges from urban 
wastewater treatment plants to sensitive areas. These had the effect of amending table 2 of 
annex I of the directive 91/271/EEC and replace it by the following text: 
Table 2: Requirements for discharges from urban waste water treatment plants to sensitive 
areas which are subject to eutrophication as identified in Annex II.A (a). One or both 
parameters may be applied depending on the local situation. The values for concentration or 
for the percentage of reduction shall apply. 
 
Table 1: the EU nitrate directives 

 

4.3 Swedish environmental legislation 

In addition to the EU legislations, the Swedish government has also established agencies that 
protect the environment from many stresses; one of these agencies is called Naturvårdsverket 
or the Swedish environmental protection agency which hold the greatest responsibility for 
regulating discharges to environment under the Swedish environmental codes. The agency 
work to achieve a healthy environment, ensuring that natural resources are used wisely and 
that air, water and land are kept free of pollutants. There are 15 environmental goals in 
Sweden with guiding principles of preserving natural resources, one of them is zero 
eutrophication which aim to reducing the amount of nutrients that get to the water bodies 
(Rastas, 2002) 

4.4 Implementation of the EU directives 

The appropriate designation of sensitive areas is a crucial first step in implementing the 
directive, since these designations dictates the type of wastewater treatment that should be put 
in place (EU, 2006). The EU published a document that gave fact and figures of the positions 
of members’ states concerning the implementation of the nitrate directives.  
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Sweden was among the 15 members states that identified their whole territory as a sensitive 
area (EU, 2002). In addition, the European Union council identified the North Sea, Baltic Sea 
and other inland waters as eutrophic or at risk of becoming eutrophic and thus a sensitive 
area. 
In Sweden, the EU directives were partially incorporated into its own regulatory system 
called the environmental code which is an overarching legal framework adopted   in 1999 
(SWEPA, 2006b). SWEPA (2006b) reported that there are strict requirements imposed on all 
urban WWTP for the removal of phosphorus, while requirements for nitrogen removal apply 
only to plants that serves greater than 10,000 p.e., and situated within catchments areas that 
drain into nitrogen sensitive marine waters. Nitrogen sensitive marine waters according to 
SWEPA apply to coastal waters of southern Sweden, specifically those located between the 
Norwegian border in the west and the city of Norrtälje in the east. It states further that 
nitrogen sensitive marine waters applies to coastal waters of southern Sweden, specifically 
those located between the Norwegian border in the west and the city of Norrtälje in the east 
and that discharges of nitrogen from cities in the northern part  does not contribute to 
eutrophication of coastal waters as there is sufficient natural retention of nitrogen during the 
transfer to the catchments area between the point of emission of the pollution load and the 
sea, reason being  that in the northern part of the country, rivers and lakes slow the transfer of 
nitrogen by means of natural retention. The EU in a press release argue that discharges from 
one part of the Baltic will be carried to other parts of the sea where they are likely to have an 
adverse effect on the environment. Given this situation, the commission believes that tertiary 
treatment of wastewater is essential under the directives in all agglomerations of more than 
10,000 p.e situated in the catchments areas which flows in the Baltic. Sweden was thus 
mandated that having identified all its water as sensitive should comply with the directives 
and install nitrogen removal systems in all WWTP of all its coastal cities with over 10,000 
p.e. 
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5. THE LULEÅ UDDEBO WASTEWATER TREATMENT PLANT 

The municipality of Luleå (65o35’N, 22o10’E) is a subartic town with a low population 
density (40 inhabitants/km2) and home to about 75,000 inhabitants. It covers a surface area of 
2110 km2 and situated at the mouth of the Lule River in the Baltic coast some 100 km south 
of the artic circle (Semadeni-Davies and Bengtsson, 1999). The municipality covers Luleå 
city, Södra Sunderbyn, Rutvik, Persön, Bodön, Ängesbyn, Strömsund, Råneå, and 
Gammelstad city as shown in figure 5 below. See appendix B for population distribution for 
the municipality. 

 
 

   Source: kartbolaget, 2003  
Figure 5: Map of Luleå municipality showing some of the surrounding villages 

5.1 The Uddebo WWTP 

In Luleå Kommun (municipality), there are 10 wastewater treatment plants, and Uddebo 
wastewater treatment plant is the biggest. It was constructed in 1968 and has been upgraded 
several times to its present stage of processing wastewater using mechanical, chemical and 
biological processing. Figure 6 shows the aerial view of the wastewater treatment plant at 
Uddebo. The plant was designed to process wastewater for 85,000 person equivalents, but is 
presently processing wastes for about 75,000 p.e connected users in Luleå city and 
neighbouring villages. It also processes a total of 12,000 p.e or 840 kg BOD7/d from 
industries. 
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Source: Samuelsson, 2004 

Figure 6 The Uddebo wastewater treatment plant seen from above 

5.1.1 Uddebo plant technical description 

The wastewater processing goes through several stages consisting of a mechanical, biological 
(trickling filter), and a chemical step (Lobry, 2000). Figure 7 shows the schematic of the 
treatment process at the wastewater treatment plant. 

 
 
The influent wastewater with average flow rates of 25,000 m3/d first undergo mechanical 
separation through screens where coarse material is removed and then through grit chambers 
where finer particles are removed.  The chemical processing involves the addition of 
polymers which help in precipitating phosphorus along with particles that settles in the 
primary sedimentation basin. The wastewater then proceeds to the trickling filters where 
biological processing occur and microorganisms feed on the organic materials in the 
wastewater to produce biomass (sludge).  Effluent wastewater from the biological stage is 
sent to the secondary sedimentation basins and more polymers are added before the treated 
water is discharged to the Lule River which is the recipient. The operation of the trickling 
filters is presently disrupted due to failure and collapse of the media beds, so it is definite that 
the process will be replaced. The sludge from the primary and secondary sedimentation 
basins, and the waste received from industries are sent to the anaerobic digester where the 
organic materials are further decomposed to form biogas (methane). The sludge from the 
digester is dewatered and stored or sent to landfill. 
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 Figure 7 Sketch of the processes at Uddebo wastewater treatment plant  

External sludge 

Dosing of  
cationic 
polymer 

Dosing of  
anionic and 
cationic 
polymer 

Dosing of  
polymer 

Thickener 

Outgoing 
sludge

Centrifuge Sludge 
Pipeline

Digestion 
Chamber

Methane Gas 

Flocculation/Sec. 
Sedimentation

Flocculation/Pre 
sedimentationSand trap 

Screen 

Bioreactor Outgoing 
Wastewater Incoming 

wastewater

Outgoing coarse 
gravel 

Outgoing floating 
sludge Dosing of  

cationic polymer 



Nitrogen content reduction in Luleå kommun wastewater effluent            
 

 
Sanusi, Division of Sanitary Engineering 

15 

5.1.2 Typical concentration of influent and effluent wastewater at Uddebo plant 

The incoming wastewater to the treatment plant has an average BOD7 – (organic material that 
can be digested by bacteria) of 270 mg/l, which exclude most wastewater from dairy and 
related industries since their waste are hauled directly to the digester. Figure 8 shows the 
average influent and effluent concentration of the wastewater on a daily basis. The values for 
the different substances in the wastewater are the average of values obtained for 2003, 2004, 
2005 and 2006. 

 
 

Figure 8: Typical concentrations of Uddebo plant wastewater, averages 2003-2006. 
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Figure 9: The removal efficiency of the Uddebo WWTP, averages 2003-2006. 
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After complete processing in the plant, the contents of the individual substances in the 
effluent wastewater has been significantly reduced, except for the nitrogen content, mainly 
because the Swedish legislation does not have specific demands to reduce the amount of 
nitrogen in wastewater effluents at plants in the northern part of Sweden. Figure 9 above 
shows the removal efficiency at Uddebo of each constituent in the wastewater. 

5.2 Luleå Kommun Nitrogen Mass Balance Estimation 

All the nitrogen that eventually gets to the wastewater influent are from human excrements in 
the form of urine, faeces or from graywater. Table 2 shows the per capita content of the 
nutrients found in wastewater. 
 
 Table 2: Per capita content of nutrients in wastewater 
 Urine (g/cap.d)    [%] Faeces(g/cap.d)     [%] Graywater(g/cap.d)        [%]
P 1.0                        61 0.5                         30 0.15                                   9 
K 
TOC 

2.7                        74 
 5                          13 

0.43                       12 
17                          46 

0.5                                  14 
15                                   41 

N 11                         82 1.5                         11 1.0                                   7 
Source: Udert, 2002 
 
As the table shows, nitrogen excreted by humans is predominantly in the urine fraction; about 
10% of the excreted nitrogen is in the faeces. Mulder (2003) stated that consensus was that 
about 13.7g N/cap.d is excreted by living humans and that urine alone contributes 12.2g 
N/cap.d, while faeces have 1.5g N/cap.d. Therefore most of the nitrogen that eventually gets 
to the WWTP is a combination of these two sources. 
From table 2 above, the Nexcreted per inhabitant per day can be calculated: 
 
Nexcreted/inhabitant = N Urine + NFaeces + NGraywater 

     = 11g N/cap.d +1.5g N/cap.d + 1g N/cap.d = 13.5g N/cap.d 
 
Thus each inhabitant contributes 13.5g N/day to the wastewater, which is close to the 13.7g 
N/cap.d that Mulder (2003) called the average excretion of nitrogen per day for each person. 
The amount of nitrogen excreted by all inhabitant of Luleå kommun would be  
   = No of inhabitants X Nexcreted /inhabitant 
   = 75,000  X 13.5g N/cap.d  
   = 1,012,250g N/day. 
The whole Luleå kommun would excrete approximately 1ton N/day (1,000,000g N/day) 
 
At the Uddebo WWTP, wastewater with a flow rate of 25,000 m3 per day and an influent 
nitrogen concentration of 40 mg/l was processed to give an effluent nitrogen concentration of 
35 mg/l (average for 2003-2006). The nitrogen content of the sludge is small mainly because 
the removal efficiency of the trickling filter process is low; also little or no nitrogen gas is 
released to the atmosphere. This information was used to calculate the nitrogen mass balance 
for the plant. 
Mass of nitrogen in influent wastewater = WWflowrate X N conc. 
            = 25,000 m3/d x 40g N/m3 
            = 1ton N/d 
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Mass of nitrogen in effluent wastewater = 24,970 m3/d X 35g N/m3 
            = 873,950g  N/d ≈ 0.874ton  N/d 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: The components of the Uddebo WWTP nitrogen mass balance 
 
The nitrogen removed with the sludge was calculated to be: 
   = 1ton N/d – 0.874ton N/d = 0.126ton N/d 
 
This estimation was based solely on the influent and effluent nitrogen values. The nitrogen 
balance obtained means that more nitrogen is being released with the wastewater effluent.  

5.2.2 Meeting the  EU Nitrogen discharge limit  

As can be seen from figure 10 and in the previous section, the WWTP has no measure to 
reduce Tot-N. The removal rate of nitrogen in the wastewater is just about 13% and the 
concentration is 35 mg/l, far above the stipulated discharge standard by the European Union.  
With the same effluent flowrate and the EU limit of 15mg/l, the allowed nitrogen in the 
effluent should be 
 
 = 24970 m3/d X 15 mg/l = 374,550g N/d ≈ 0.37ton N/d 
 
According to the stipulated guidelines on nitrogen, the nitrogen in the effluent at the Uddebo 
WWTP is not sufficient and there is thus a need for specific nitrogen removal. EU (2001) 
stipulated that areas that have 10,000 p.e or more should have specific nitrogen removal and 
coupled with the fact that the Baltic is eutrophic. When the plant reaches the stipulated EU 
limits, there will be reduced discharge of nitrogen to the Baltic and consequently reduction in 
potential for eutrophication. 

Effluent Wastewater 
0.874ton N/d 

Influent Wastewater 
1ton N/d 

Nitrogen gas 
Negligible 

Nitrogen in sludge 
 0.126ton N/d 
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6. NITROGEN TREATMENT TECHNOLOGIES AND OPTIONS 

Nitrogen removal technologies fall into three basic categories: physical/chemical processes, 
biological processes and hybrids of the two. Out of the three technologies, biological nitrogen 
removal technologies are the most used for the removal of nitrogen contaminants in 
wastewater (Madramootoo et al, 1997). Bigornia-Vitale and Wu (2004) reported that the most 
cost effective method to remove nitrogen is based on the general principle of biological 
reduction using micro-organisms such as bacteria and involves two processes in sequence; 
nitrification in an aerobic environment and denitrification in the absence of oxygen. 

6.1 Conventional biological treatment processes 

The biological nitrogen removal (BNR) technologies, also termed the conventional treatment 
process, usually form the secondary or tertiary treatment step of wastewater processing, and 
mimic the natural treatment processes that occur in the environment, but allowed to take 
place under controlled conditions in a constructed environment. The conventional biological 
process can be classified into: attached growth systems, suspended growth systems, and 
hybrid systems (Bigornia-Vitale and Wu, 2004). The attached growth processes provide 
higher removal rates for organic materials and suspended solids than suspended growth 
systems (Samuelsson, 2005). 

6.1.1 Attached growth systems 

The concept of flowing wastewater across some media or material is the basis of attached 
growth processes (pipeline, 2004). The technology is also known as fixed film processes, and 
it works on the principle that organic matter is removed from wastewater by microorganisms 
that grow on the filter media, essentially recycling the dissolved organic material into a film 
that develops on the media. There are two basic designs of attached growth systems; those 
that hold media in place, allowing the wastewater to flow over the bed (such as trickling 
filter) and those where the media is in a motion relative to the wastewater (such as rotating 
biological contactor). 

6.1.2 Suspended growth systems 

In this system, the organism grows in a liquid phase and has to be separated from the effluent 
in clarifiers. The biomass is well mixed with the wastewater and can be operated in a smaller 
space than the fixed film systems that treat the same amount of waste (Samuelsson, 2005). 
The most common type of suspended growth system is the activated sludge systems that 
normally consists of two parts; an aeration tank and a settling tank or clarifier. Other types of 
suspended growth systems are: oxidation ditch and sequencing batch reactor. 

6.1.3 Hybrid system 

Due to tighter controls on discharge limit, more elaborate and perhaps more technologically 
advanced modifications to the systems were introduced which can be referred to as hybrid 
systems. In one of the systems, fixed film materials is added to the aeration tank of suspended 
growth systems, while in another case, there might just be slight variation to the original 
system. Some examples of hybrid systems are: moving bed biofilm reactor and membrane 
bioreactor. 
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6.2 Alternative options for nitrogen removal 

Hedström (2006) reported that alternatives for conventional wastewater systems have been 
studied and developed. These alternative methods or options include natural land based 
systems and source separation systems (urine and blackwater diversion systems). 

6.2.1 Land based systems 

The land based systems make use of the natural treatment processes which result from the 
interaction of soil, vegetation, microorganisms and wastewater pollutants (Vinnerås, 2002), 
and are capable of producing an effluent quality equal to that of the conventional treatment 
processes. Most of these systems are suitable for small communities and local systems where 
there is plenty of land available. The advantages of using the natural systems relate to their 
“low tech/no tech” nature, which means that these systems are relatively easy to construct, 
operate, and have low costs. One example is wetland systems; both constructed and natural 
wetlands. 

6.2.2 Source seperation 

As with any problem for managing waste, the most desirable tactics is to eliminate the 
production of the waste in the first place. While complete elimination of waste is obviously 
not possible in the case of wastewater, there are several approaches that can reduce the 
discharge of some constituents and decrease the volume of water discharged. One method is 
source separation systems in which the nutrients containing fractions, either urine or faces is 
collected separately and recycled to agricultural production (Vinnerås, 2002). Vinnerås 
(2002) stated that the collection of the toilet fractions can either be performed separately, 
where urine is diverted and the faeces are collected dry or by blackwater (urine + faeces) are 
collected as one fraction. In this way, between 70 to 90% of all the nutrients in wastewater 
can be collected and used (Lennartsson and Ridderstolpe, 2001). 

6.3 Description of available technologies and options 

This section briefly gives a general summary of the available options for nitrogen removal 
and reduction from wastewater effluents. 

6.3.1 Trickling filter 

Is the simplest technology for biological wastewater treatment and the biological treatment 
process installed presently at the Uddebo WWTP. It consists of a bed of highly permeable 
media in a tank on whose surface a mixed population of microorganisms is developed as a 
slime layer, and a rotating distributor (a rotating pipe with several holes across it) which 
evenly distributes the wastewater from above the media bed. The wastewater to be treated 
must have gone through earlier treatment steps to remove oil, coarse and settleable solids 
(CHE, 2005), and is later allowed to percolate downward through the circular bed of media. 
The microorganisms in the wastewater attach themselves to the bed (also known as the filter 
media) which is covered with bacteria (ETI, 1998). Continuous flow provides the needed 
contact between the microbes and the food in the wastewater (CHE 2005). The bacteria break 
down the organic waste and remove pollutants from the wastewater, and the treated water is 
removed by an underdrain system. Figure 11 shows a schematic of the trickling filter. 
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Trickling filter shows a high degree of reliability if operating conditions remains steady, and 
it is effective for removing suspended materials but less effective for removing dissolved 
particles such as nitrates (Pipeline, 2004). 

 
 

Source: Pipeline, 2004 
Figure 11: Schematic of a trickling filter 

 

6.3.2 Activated sludge process 

The activated sludge process constitutes one of the most used technologies for the secondary 
treatment of wastewater (Perez et al, 2006). In general, these systems consist of one or two 
aerated, suspended growth treatment processes followed by secondary clarifier (Nichols, 
2001). 

 
Figure 12: Schematic of an activated sludge treatment system 
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The activated sludge itself consists of a concentration of microorganisms and sludge particles 
that are naturally found in raw or settled wastewater. These organisms are cultivated in 
aeration tanks, where they are provided with dissolved oxygen and food from the wastewater. 
The term “activated” comes from the fact that the particles are teeming with bacteria, fungi 
and protozoa. As the wastewater enters the aeration basins, the activated sludge microbes 
consumes the solids in the wastewater, after the aeration basin, the wastewater solids and 
microorganisms are separated from the water through gravity settling which occur in a 
clarifier. The settled solids and microorganisms are pumped back to the front of the aeration 
basin as returned activated sludge, while the clarified water flows to the next step of the 
wastewater treatment process. 
The activated sludge treatment process can be operated in a variety of different modes. Each 
of the variations utilises the basic process of suspended growth in an aeration tank but new 
methods of operation are routinely being added to the industry. The three basic modes of 
operation for the activated sludge processes are: 

- conventional activated sludge 
- extended aeration activated sludge 
- contact stabilization activated sludge 

The primary difference between these three modes of operation has to do with the length of 
time that the microorganisms reside in the treatment system.  

6.3.3 Oxidation ditch 

This is essentially an extended aeration process. Figure 13 shows oxidation ditch with 
intermittent operation. It consists of a ring-shaped channel about 1 to 1.5m deep. An aeration 
rotor is placed across the ditch to provide aeration and recirculation (NRC, 1993). The 
screened wastewater enters the ditch, is aerated by the rotor, and circulates. The cycles 
consist of closing the inlet valve and aerating the wastewater, stopping the rotor and letting 
the content settle, and operating both the inlet and outlet valves, thereby allowing the 
incoming wastewater to displace an equal volume of clarified effluent. 
 

 
Figure 13: The oxidation ditch process. 

 
Modifications can be for continuous operation. A technical modification of the original 
oxidation ditch concept developed by Pasveer is known as the Carrousel. In this system, 
vertically mounted mechanical aerators are used to input oxygen and at the same time to 
provide sufficient horizontal velocity to the liquid to prevent solids from settling in the 
aeration channel (Boari et al, 1997). 
 

6.3.4 Membrane bioreactor 

Membrane bioreactor process consists of suspended growth basins where membranes are 
employed for suspended solids separation prior to effluent discharge (Hydromantis, 2006). 
The coupled membrane provides a physical barrier to separate particles and colloidal 
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materials from the liquid phase, resulting in the separation and retention of particulate matter 
(Nichols, 2005). The system eliminates the need for clarification as well as reduces the 
minimum reactor volume for the treatment processes. The use of membranes for solid 
separation allows for the establishment of processes with extended solids residence times 
(Hydromantis, 2006). 
 

6.3.5 Moving bed biofilm reactor 

The moving bed biofilm reactor processes (MBBR) were developed in Scandinavia in the late 
1980s by Kaldnes Miljöteknogi (KMT) (Rodgers and Zhan, 2003). It is a biofilm variation of 
the activated sludge wastewater treatment process (Hewell, 2006), where biofilm is grown on 
small carriers elements that are moving along with the liquid in the reactor. The core of the 
process is the biofilm carrier elements that are made from polyethylene with a density slightly 
below that of water (KMT-kaldnes website, 2007). The biofilm grows on the biocarrier, 
freely suspended in the mixed liquor of the reactor, and the biocarrier movement within the 
reactor is produced by an engineered aeration system. Effluents screens also referred to as 
sieves, are put in place to keep the biocarrier in the reactor. Figure 14 shows a schematic of a 
moving bed biofilm reactor. 

 
Source: Bord na mona website, 2007 

Figure 14: Moving bed biofilm reactor schematics 
 
The MBBR can be used in aerobic, anoxic and anaerobic conditions, depending on the 
method used for mixing the suspended carriers (Rodgers and Zhan, 2003). The MBBR can 
attain a 70% nitrogen reduction in wastewater (Anoxkaldnes website, 2007), and is a good 
process for upgrading existing wastewater treatment systems, especially when space is an 
issue (Rodgers and Zhan, 2003) 

6.3.6 Wetlands 

United States Environmental Protection Agency (2004) defined wetlands as environmentally 
sensitive areas that help improve the quality of water flowing through it, and also that 
contrasted wetlands are engineered systems that differ from natural wetlands but designed to 
mimic the natural wetland treatment processes. This system consists of a bed of graded stone 
with water beneath the surface, where there are aquatic plants and microbes to improve the 
wastewater quality. The wetland cell is generally an earthen basin lined with compacted 
native clay, bentonite clay, or concrete. The bed itself is usually gravel but can be any porous 
material that resists being corroded or dissolved by wastewater. The media bed has devices to 
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distribute wastewater entering the system and to collect wastewater leaving it (Lesiker, 1999). 
Figure 15 shows a schematic of a constructed wetland system. 
 

 
Source: EPA, 2004 

Figure 15: Constructed wetland systems schematics showing the wetland plants 
 
The water to be treated flows horizontally through the bed, remaining below the gravel 
surface. The pollutants in the wastewater are removed by microbes living on the surfaces of 
the gravel and plant roots. The plants provide oxygen to the bed and remove some of the 
nutrients. The longer the water is detained in the wetland, the more pollutants are removed 
and the better the quality of water leaving the wetland. Generally, the water needs to stay in 
the wetland systems for 3 to 5 days (Lesiker, 1999). Two types of wetlands are typically 
constructed for wastewater treatment: free water surface flow and subsurface flow wetlands 
(EPA, 2004). 

6.3.7 Urine separation 

Urine separation is a promising alternative to centralised wastewater management; it involves 
separation of urine from faeces in special “no mix” toilet with in house storage of the liquid 
followed by its subsequent transport and utilization (Larsen et al, 2001). Urine contains about 
70% of the nutrients released from the human body, including 85% of the nitrogen and 65% 
of phosphorus and potassium (Lennartsson and Ridderstolpe, 2001) making up about 80% of 
the fertilizer value of waste (UNDP, 2000). This means that it is interesting to separate the 
urine at the source i.e. the toilet. This kind of toilet has two separate bowls where the smaller 
front bowl collects the urine, and in some cases is flushed with a small amount of flushwater 
(0.5-1litre), and led through a tube or pipe to a urine storage tank. There it must be stored for 
six months to ensure that all the pathogens have been killed before being used as fertilizer 
(UNDP, 2000). Investigations show that source separated human urine is a well balanced 
(contains N, P, and K) source of fertilizer and its nutrients are readily available to plants 
(Lennartsson and Ridderstople, 2001). The nitrogen was found to be close to that of chemical 
fertiliser and the heavy metal content was very low. Thus it is considered a clean fertiliser 
(Jönsson 2001). Jönsson (2001) also reported that urine separation decreased the emissions of 
nitrogen to water by 55%, and that a large fraction of the plant nutrients were recycled 
instead of being led to treatment plants. Thus urine separating systems, compared to 
conventional systems recycled 27 times more plants available nitrogen. Vinnerås (2002) 
stated that with complete urine diversion, and all of the urine is collected (UD 100%), there is 
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a potential to recover the majority of the nutrients approximately 79%, 49% and 58% of the 
N, P, and K respectively are collected. Such source separation is technologically easy to 
accomplish, and is already in place is several places. Figure 16 shows some type of urine 
diverting toilets. 
 

 
Source: Vinnerås, 2002 

Figure 16: Double flush urine diverting toilets 

6.3.8 Blackwater separation 

Blackwater which comprises of the urine and faeces are here collected together. It contains 
the majority of the resources in domestic wastewater as shown in table 2.  
 
In this system, the users are offered a system closest to the conventional water closet, since 
the toilet flush away the blackwater as a conventional water closet, but only small volume of 
flushwater is used in order to keep the volume down and the dry matter content up (Vinnerås, 
2002). Ideally, the flushwater used is between 0.4 litres and 1 litre. It is a more easily 
acceptable option by the public than some of the urine diverting toilets (Lennartsson and 
Ridderstolpe, 2001).  
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7. PREFERRED TREATMENT SYSTEM FOR HIGH NITROGEN REMOVAL 

From the nitrogen mass balance on the present treatment process (the trickling filter - 
attached growth system) employed at the Uddebo WWTP, it can be seen that the wastewater 
effluent contains far more nitrogen than stipulated by the EU as shown in figure 17. 

 
Figure 17: Nitrogen removal at Uddebo. 

 
At 13% removal efficiency, the trickling filter received wastewater with influent of 1ton N/d, 
and reduced the nitrogen content to 0.874ton N/d (874kg N/d) in the effluent. But the EU 
directive stipulates that the allowed daily nitrogen content in the effluent wastewater should 
have a concentration of 15 mg/l which amounts to 0.37ton N/d (374kg N/d). See appendix C 
for nitrogen balance calculation.  
The Uddebo plant was able to meet the discharge limit stipulated by the Swedish legislations 
which does not include specific nitrogen treatment but when the effluents is based on the 
stringent EU wastewater directives that emphasized nitrogen treatment for all agglomerate 
greater than 10,000 p.e, there is an urgent need to look for strategies for complying with the 
EU effluent limits. With the very low performance of the present process, the need for a new 
wastewater treatment technology became evident. Investigations of suitable options for Luleå 
municipality wastewater involves identifying available treatment options that could cost 
effectively fulfil the acceptable limit. A wide range of treatment processes and options were 
identified that could meet the effluent quality. Of the technologies and options, three have 
been identified as the best options suited for Luleå Kommun situation. These solutions are: 
replacing the existing trickling filter (TF) treatment process with a moving bed biofilm 
reactor (MBBR) process, urine separation for part of the Luleå city, and wetland systems for 
neighbouring villages. The solutions are grouped into four alternatives as shown in table 4 
below, but a reliable comparison of costs, energy and process stability of the different 
alternatives is not available. The alternatives are meant to meet today’s limits and future 
requirements. 
 
Table 3: Preferred nitrogen removal solutions 
Alternative Solution 

1 Upgrading the plant to MBBR process  
2 Constructed wetland for neighbouring villages in addition to MBBR for 

remaining wastewater of the Kommun 
3 Urine diversion for part of the city in addition to MBBR process for 

remaining wastewater 
4 Mixed wastewater treatment system with wetlands, urine diversion and 

MBBR process 
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In the alternatives outlined above, the first alternative is a completely end of pipe treatment 
option, while the remaining combines the end of pipe option with recycling of nutrients from 
the wastewater to arable land thereby: (a) decreasing the need for commercial fertilizers (b) 
giving simple ways to dispose the contaminant (c) decreasing the potential for eutrophication 
and other negative effects from nutrients that enter the receiving water. 
 
Detailed evaluations of the alternatives are given as follows: 
 
Alternative 1 Upgrading the treatment process to MBBR process 
The moving bed biofilm reactor process option is a proven technology that has high process 
stability even under low temperature. It is considered a very reliable and tested solution that 
has been operating in plants such as the Lillehammer wastewater treatment plant in Norway, 
which consist of series of aerobic and anoxic reactors receiving about 34.6 mg/l nitrogen in 
the wastewater influent and operating at 80% nitrogen removal to achieve 4.5 mg/l nitrogen 
in the effluent wastewater (Ødegaard, 2005). 
With a MBBR that operate at 75% removal efficiency and the same raw wastewater flowrate, 
the effluent wastewater will contain less than or equal to 250kg N/d. (See appendix C for 
calculations). Of the remaining 750kg N, 30 % (225kg N) will be in the waste sludge and the 
balance of 525kg N/d will be released as nitrogen gas to the atmosphere as represented in the 
figure below. 
 
 
 
 
 
 
 
 
 
 
Alternative 2 The wetland system for part of the wastewater 
This type of non mechanised addition to the wastewater treatment using constructed wetland 
system for part of the community can actually provide adequate treatment but large areas are 
required to provide sufficient retention time to allow for a high degree of contaminant 
removal. It will actually reduce the amount of wastewater and consequently the nitrogen 
level. Constructed wetlands systems are better suited to small communities and rural areas 
than to cities, because of the high cost of urban land. A total of 14 communities or villages 
with 1000 or less inhabitants may be installed with the constructed wetland systems and thus 
the wastewater from these villages are excluded from the eventual wastewater that gets to the 
WWTP. 
The 14 communities namely; Antnäs, Alvik, Rutvik, Måttsund, Ersnäs, Persön, Jämtön, 
Bensbyn, Bodön, Ängesbyn, Ale, Böle, Sundom, and Södra Prästholm having a total 
population of 7,650 (see table B1 in appendix B) 
They all contribute a total nitrogen balance of 103,275g N/d or 103kg N/d (see appendix C 
for calculations). A wetland can actually achieve about 60% removal for nitrogen and 
phosphorus, more than 90% removal for BOD, suspended solids and coliform bacteria. 

Influent Wastewater 
1ton N/d 

Nitrogen gas 525 kgN 
Effluent Wastewater 
250kg N/d 

Waste sludge 
225kg N/d 

MBBR 
75 % removal efficiency 
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With the same MBBR operating at 75% removal efficiency and the same flowrate, since the 
influent concentration of nitrogen has been reduced by the inclusion of the wetland system, 
the effluent concentration would be lower than that obtain from using only the MBBR.  
Mass of N in influent to the Uddebo WWTP would be: 1ton N/d – 103kg N/d = 897kg N/d 
 
Table 4 Results of the nitrogen mass balance obtained for alternative 2 

Input N 
Kg N/d 

Output N 
Kg N/d 

Mi 897 Me 224 
Ma 471 
Mw 202 

Where Me = mass nitrogen in effluent, Mw = mass of nitrogen in waste sludge and Ma = 
mass of nitrogen released as nitrogen gas to the atmosphere. 
The wetland systems work by digesting organic matter in the wastewater, and the plant 
species reduces the nitrogen level. Of the 103kg N/d that is processed using these system, 
62kg N/d was removed from the wastewater while the remaining 41kg N/d also an effluent 
find its way to the receiving water through the groundwater and eventually discharged to the 
Sea. 
 Alternative 3 Urine separation option for part of the wastewater 
The main aim of this option is the reduction of nitrogen that eventually enters the wastewater 
system. Part of the Luleå city (population 45,036) would use urine diversion systems, so that 
the nitrogen from these inhabitants would be collected, stored and can be utilised directly 
without passing through the treatment plant. 
Urine separation toilets would be installed in households in the student flats area in Porsön 
with total inhabitants of 5,000 amounting to 67,500g N/d or 67.5kg N/d. With this amount 
removed from the wastewater system, the influent wastewater would have 932.5kg N/d. 
Table 6 shows the estimate for the urine diversion option 
 
Table 5: Results obtained for alternative 3 (only for the MBBR process) 

Input N 
Kg N/d 

Output N 
Kg N/d 

Mi 933 
 

Me 233 
Ma 490 
Mw 210 

 
Studies have shown that between 50% and 80% of the excreted urine is collected, an 
important factor regarding the percentage collected is how informed the users are (Vinnerås, 
2001). It is possible to collect more than 80% if the users are well informed and thus use the 
toilet correctly. The chosen area for this type of system contain individuals that are mostly 
like to use the system correctly and thus 100% urine separation and collection can be 
achieved. Approximately 68kg N/d is collected from this system and used as fertilizers in 
forest plantation for the production of energy. Schönning (2001) reported that during the 
storage of the collected urine, the ventilation of the system should be kept at a minimum to 
prevent losses of nitrogen in the form of ammonia and odour problem. Udert (2002) stated 
that a method of stabilizing the urine is the addition of acid which bring down the pH of the 
solution and prevent the hydrolysis of urea, thereby preventing the loss of ammonia and 
odour. 
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Alternative 4 Mixed wastewater treatment with wetland, urine diversion and MBBR  
With the combination of the three options, the influent wastewater to the MBBR process at 
the plant would be 829.2kg N/d 
 
Table 6: Results obtained for alternative 4 (only for the MBBR process) 

Input N 
Kg N/d 

Output N 
Kg N/d 

Mi 829 Me 207 
Ma 435 
Mw 187 

7.1 Analysis of the preferred treatment options 

From the four alternatives described above, the urine diversion for some part of the city 
would require construction of special space below the house, and changing the water closet 
(WC) and this is a somewhat complicated issue. The MBBR is a simpler system, although 
with high investment costs, but can effectively meet the EU discharge limit. But a 
combination of the MBBR and the other options would improve the quality of the effluent 
and be a good choice for future requirements 
 
Helmer and Hespanhol (1997) outlined the general criteria for selecting the best of the 
alternative or options for nutrient removal which comprises of the following: 
Efficiency and performance: These look at the possibility that the alternative might remove 
other contaminants than those which were the primary target. Also the pathway and fate of 
the removed pollutants after the treatment are analysed, especially with regards to the 
disposal options for the sludge. 
Reliability: These involve processes that are preferably stable; resilient against shock loading 
(i.e. should be able to continue operation and to produce an acceptable effluent under unusual 
conditions).  
Financial sustainability: The more attractive of the options would be the one with the lower 
costs. These costs include investment, operation and maintenance costs. 
Recycling: The possibility of recycling the nutrients is also another important criterion for 
choosing the best amongst alternatives. Resource recovery contributes to environmental as 
well as to financial sustainability. Table 8 shows the analysis of the four suggested treatment 
alternatives. 
Table 7:  Analysis of the four treatment alternatives 
 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Efficiency ++++ + ++ +++ 
Reliability ++++ +++ + ++ 
Financial cost ++++ +++ ++ + 
Recycling + ++ ++++ +++ 
Conclusion High investment 

cost, High 
reduction in N 

Lowest 
investment cost, 
recycling of 
nitrogen 
possible and 
high reduction 
in N 

High 
investment, & 
maintenance 
cost, recycling 
on nitrogen, 
Very high 
reduction in N 

Highest 
investment cost, 
recycling of 
nitrogen, Very 
high reduction 
in N 
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With the aim of reducing the nitrogen content of the wastewater effluent at reduced cost, the 
best options from the alternatives presented are alternative 1 and 2, which are respectively: 
upgrading the plant to a moving bed biological reactor (MBBR), and using constructed 
wetlands treatments for villages that have population of 1,000 or less inhabitant. 
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8. DISCUSSION 

High nitrogen removal from wastewater is of great importance for water pollution control 
especially in the case of the Baltic Sea that is considered eutrophic and thus designated a 
sensitive area by the Swedish authority. The nitrogen mass balance estimation on the Luleå 
municipality (kommun) wastewater shows that presently the 13 % removal efficiency of the 
trickling filter (TF) process at the WWTP is not satisfactory. It releases about 874kg N/d in 
the effluent as against the 374kg N/d that was stipulated by the European Union directive for 
urban wastewater effluent. With the already eutrophic Baltic Sea, further increase in the input 
of nitrogen that originate from human excrements in Luleå kommun would definitely 
increase the risk of eutrophication, which is a process where excessive growth of bacteria  
and alga contributes to the reduction of oxygen level in water. 
At present, the trickling filter process has broken down and therefore there is an urgent need 
for changing the processing of the wastewater in order to achieve a high nitrogen removal 
and meet the EU discharge limit. A wide range of treatment processes have been presented 
that will adequately meet the target effluent quality. However, all of the proposed processes 
would require site specific design and operation. The most promising of them all is the 
replacement of the TF with the moving bed biofilm reactor (MBBR) process that requires 
small space because of its compactness and no need for sludge recirculation. Employing the 
MBBR technology will enable the municipality improve the treatment capability of the 
Uddebo wastewater treatment plant. 
Alternately, nutrients from the wastewater can be recycled by using wetlands and urine 
diversion systems for some part of the municipality’s wastewater. This option aims to close 
the loop of nutrient flow and send it back to arable land for fertilising crops and Forrest, thus 
providing a simple way to dispose off some of the produced wastewater thereby reducing the 
stress on the treatment plant. 
Because it will take several years before the benefits of reduction of nitrogen outflow is 
shown, the kommun would benefit in the long run from the introduction of a new process 
technology and nutrient recycling in implementing the EU directive 91/271/EEC on 
wastewater effluent. 
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9. CONCLUSIONS AND RECOMMENDATIONS  

9.1 Conclusions 

 Nitrogen content of Luleå Kommun wastewater comes predominantly from urine and 
faeces (human excreta), with 11g N/cap.d and 1.5g N/cap.d respectively. 

 The European Union stipulated that nitrogen in wastewater effluent of sensitive areas 
must not exceed 15 mg/l for cities with between 10,000 and 100,000 p.e , and 10 mg/l 
for cities with greater than 100,000 p.e 

 The process of the Uddebo WWTP removes 13% of the nitrogen content, from 
average influent concentration of 40mg/l to 35 mg/l (average for four years) which far 
exceed the  EU discharge limit. 

 Biological removal technologies are mostly used for nitrogen removal in wastewater, 
it is based on reduction using microorganisms involving two processes in sequence: 
aerobic nitrification and anoxic denitrification. 

 The moving bed biofilm reactor (MBBR) process which can operate at about 75% 
removal efficiency; urine diversion systems that removes the nitrogen from 
wastewater and make it readily available to plants; and wetlands systems that can 
operate at 60% efficiency were considered the best options for high nitrogen removal 
in Luleå Kommun wastewater effluent. 

 
 

9.2 Recommendations 

 
In as much as it is good to invest in new more sophisticated technologies, it is also preferrable 
to investigate whether the pollutants can be minimized or utilized. Wastewater should be stop 
being seen as a poorly valued resource but seen as something that can be beneficial.  
Out of the nitrogen removal technologies presented, three were found to be viable options for 
the Luleå kommun. These treatment options: 
 
- upgrading the biological treatment processes to the moving bed biofilm reactor (MBBR) 
- using wetland systems for villages with 1,000 or less inhabitants namely: Antnäs, Alvik, 
Rutvik, Måttsund, Ersnäs, Persön, Jämtön, Bensbyn, Bodön, Ängesbyn, Ale, Böle, Sundom, 
Sodra Prästholm. 
- Urine diversion systems in the student flat area of Porsön which would amount to about 
5,000 inhabitants. 
 
Moving bed biofilm reactor appears to be the most cost-effective method of nitrogen removal 
at this time. But the whole process of nitrogen removal might be improved if part of the 
wastewater of the municipality is treated with wetland system so as to reduce the nitrogen in 
the wastewater that eventually gets to the treatment plant. 
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APPENDICES 

Appendix A Uddebo WWTP environmental reports 
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Appendix B Map of Luleå municipality and population distribution 

 

 
   

 

S/N City Population 
1 Luleå city 45,046 
2 Gammelstad   4,900 
3 S. Sunderbyn   2,800 
4 Bergnäset    3,735 
5 Råneå    2,054 
6 Antnäs       806 
7 Alvik       770 
8 Rutvik       695 
9 Måttsund       592 
10 Ersnäs       462 
11 Persön       500 
12 Jämtön       500 
13 Bensbyn       425 
14 Bodön       500 
15 Ängesbyn       500 
16 Ale       400 
17 Böle       400 
18 Sundom       400 
19 S. Prästholm       400  
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Appendix C Nitrogen mass balance estimation 

The nitrogen mass balance of the Luleå kommun provides useful information regarding the 
state of nitrogen in the wastewater system. 

 
With an estimated human excretion of nutrient in the form of nitrogen to be 13.5g N/cap.day 
The amount contributed per person per day for the whole Luleå kommun inhabitants of 
75,000 will be:  75, 000 X 13.5g N/day  
  = 1,012,250g N/day or 1,012kg N/day (1ton N/d) 
 
Consequently, at the Uddebo WWTP which process wastewater at 25,000 m3 containing an 
average of 40 mg/l N (40 g/m3). 
The mass of nitrogen in the wastewater influent can thus be calculated: 
Flowrate of wastewater X concentration of N  
= 25,000 m3/d X 40g N/m3   
= 1,000,000g N/d ≈1,000kg N/d (1ton N/d)  
 
In the initial plant setup, the trickling filter (TF) was employed for the biological nitrogen 
removal. The removal efficiency was 12.6% to achieve a nitrogen concentration of 35 mg/l in 
the wastewater that has a flow of 24,970 m3. 
Using this information, the mass of nitrogen in the wastewater efficient was estimated having 
considered that there were no nitrogen in the waste sludge and nitrogen released as gas, and 
thus the removal efficiency was based solely on the influent and effluent concentration of the 
wastewater. 
Mass of nitrogen in the wastewater effluent: 24,970 m3/d X 35 g/m3 
=   893,950g N/d ≈ 874kg N/d (0.874ton N/d) 
The nitrogen surplus is the nitrogen in the influent – nitrogen in the effluent and that would 
be the amount of nitrogen in the waste sludge for the trickling filter process. 0.126ton N/d 

With the MBBR process with a nitrogen removal efficiency of 75% it should be possible to 
produce an effluent wastewater that has nitrogen concentration of 15 mg/l or less in order to 
meet the EU limit. 

Nitrogen In  
Wastewater 
Influent

Nitrogen In  
Wastewater 
Effluent

Nitrogen In  
Waste 
Sludge 

Nitrogen 
released as 
gas 

Nitrogen  
Input 
 

Nitrogen  
Output 
 

WWTP / treatment options 
Nitrogen  
Surplus 
 



Nitrogen content reduction in Luleå kommun wastewater effluent            
 

 
Sanusi, Division of Sanitary Engineering 

47 

The mass of nitrogen in the effluent wastewater would thus be: 

=  24,970 m3/d X 10 g/m3 

= 249,970g N/d ≈ 250kg N/d (0.25ton N/d) 

The waste sludge from the MBBR will contain 30% of the nitrogen surplus and the remaining 
70% will be released as nitrogen gas to the atmosphere. 

 

Mass of nitrogen in the waste sludge = 30% X 750kg N/d = 225kg N/d 

Mass of nitrogen released as gas       = 70% X 750kg N/d = 525kg N/d 

 

The constructed wetland system put in place in villages with less than 1,000 or fewer 
inhabitants, in addition to the MBBR process would reduce the amount of nitrogen in the 
wastewater that eventually gets to the treatment plant. From table B1 in appendix B, the 
villages are: Rutvik, Antnäs, Persön, Jämtön, Ängesbyn, Reveln, Sundom, Bodön, Böle, 
S.Prästholm, Strömsund, Alvik, Måttsund and Ersnäs, and have a total population of 7,650 
inhabitants 
The total amount of nitrogen excreted by the inhabitants will be 

= 7,650 X 13.5g N/d 
= 103,275g N/d ≈ 103kg N/d (0.103ton N/d) 

With wetland systems in place in some parts of the kommun, the nitrogen in the wastewater 
influent to the WWTP will be: 1ton - 0.103ton = 0.897ton N/d 
 
The mass of nitrogen in the raw wastewater to the treatment plant will be 987kg N/d, and 
with the MBBR still operating at 75% removal efficiency, the effluent nitrogen content would 
be 224.25kg N/d ≈ 0.224ton N/d. 
The mass of nitrogen in the waste sludge = 30% X 672.75 = 201.83kg N/d 
The mass of nitrogen released as gas         = 70% X 672.75 = 470.92kg N/d  
 
When urine diversion system is used for collecting urine from part of the Luleå city 
household making up about 5,000 inhabitants, that amount to about 67,500g N/d. The 
influent mass of nitrogen to the plant will be 932.5kg N/d. Operating at 75% removal 
efficiency; the MBBR will have 233.13kg N/d in the effluent. And the nitrogen in the waste 
sludge will be 209.81kg N/d and mass of nitrogen eventually released into the atmosphere as 
gas would be 489.56kg N/d.  
 
When the two alternatives (urine diversion and wetland) are combined with the MBBR for 
removing nitrogen from the wastewater. The mass of nitrogen in the influent wastewater will 
be 829.2kg N/d. And with the MBBR removing 75% of the nitrogen to give an effluent with 
nitrogen mass of 207.3kg N/d. The waste sludge will have 186.57kg N/d while 435.33kg N/d 
is released as gas to the atmosphere. 
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Appendix D Nitrogen mass balance schematics 

 
 
Figure D1: Nitrogen mass balance on the trickling filter 

 
 
Figure D2: Nitrogen mass balance on the MBBR (alternative 1) 
 

 
Figure D3: Nitrogen mass balance on MBBR with reduced nitrogen in influent using the 
wetlands systems for part of the Kommun (alternative 2) 
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Figure D4: Nitrogen mass balance on the MBBR with a reduced nitrogen in influent using the 
urine diversion system (alternative 3) 

 
Figure D5: Nitrogen mass balance on a mixed treatment system with MBBR, wetlands and 
urine diversion (alternative 4) 
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