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SUMMARY 

Sweden’s richness in water resources requires carefully sustaining the surface water and 
groundwater, thus making the country sensitive to pollutants including organic 
substances and nutrients discharged into the natural water bodies. Wastewater, which 
contains high level of  these pollutants, is a main cause of  pollution in Sweden. Among 
all kind of  wastewater, municipal/domestic wastewater contains high level of  
nutrients and a large amount of  organic matters. Solviken, located in Mora, 
mid-Sweden is a municipal wastewater treatment plant that utilizes activated sludge 
process in the biological treatment process. Currently the plant is facing a problem of  
high energy consumption, which urges the company to search for a solution. 
Intermittent aeration was introduced to the plant whereas the feasibility was to be 
examined. 

The aim of  this thesis project was to determine an intermittent aeration scheme for 
the plant, both to reduce energy consumption and to maintain a treatment 
performance as satisfying as before. Experiments were conducted by analyzing several 
parameters of  the wastewater including pH value, COD, BOD, total phosphorus and 
phosphates. Various aeration schemes were adopted in the plant and eventually an 
optimum scheme was selected with a cycle of  35 minutes where aeration lasts for 20 
minutes and non-aeration lasts for 15 minutes. The energy consumption was reported 
to be reduced. 

Suggestions for future investigation were put forward, including enhancement on the 
monitoring programme at the plant and more long-term experiments on energy 
consumption and chemical use. 
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SUMMARY IN SWEDISH 

Sverige behöver noggrant upprätthålla ytvatten och grundvatten, som gör landet 
känsligt för föroreningar, inklusive organiska ämnen och näringsämnen som släpps ut 
i de naturliga vattendragen. Avloppsvatten, som innehåller höga nivåer av föroreningar 
är den huvudsakliga orsaken till föroreningen i Sverige. Mellan alla typer av 
avloppsvatten kommunalt/hushållsavloppsvatten innehåller hög nivå av näringsämnen 
och en stor mängd av organiskt material. Solviken, som ligger i Mora mitten av 
Sverige ha ett kommunalt reningsverk som utnyttjar aktivslamprocess i den biologiska 
reningsprocessen. För närvarande anläggningen står inför ett problem med hög 
energiförbrukning, som tvingar företaget att söka efter en lösning. Intermittent 
luftning infördes till anläggningen medan möjligheten skulle undersökas. 
Syftet med detta examensarbete var att bestämma en intermittent luftningssystem för 
anläggningen som kan minska energiförbrukningen vid anläggningen under tiden 
upprätthålla föregående tillfredsställande behandling prestanda. Experiment gjordes 
genom att analysera flera parametrar för avloppsvatten inklusive pH-värde, COD, 
BOD, total fosfor och fosfater. Olika luftningssystem antogs i anläggningen och 
slutligen en optimal ordning valdes med en cykel av 35 minuter där luftning varar i 20 
minuter och icke-luftning varar i 15 minuter. Energiförbrukningen rapporterades vara 
reducerad. 
Förslag för framtida utredning lades fram, bland annat förbättring på 
övervakningsprogrammet vid anläggningen och mer långsiktiga experiment på 
energiförbrukning och kemikalieanvändning. 
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ABSTRACT 

This master thesis gives an account for various aeration schemes that are utilized in 
conventional activated sludge treatment process in a wastewater treatment plant. By 
altering between different aeration schemes, the project aimed at reducing energy 
consumption along with maintaining the treatment performance at the plant. A series 
of  experiments on the treatment performance over several different aeration schemes 
thus has been conducted on site at Solviken in Mora, Sweden. 

The project is basically a case study where no parameters were manually controlled 
except for the aeration schemes at the plant. Energy consumption reduction is 
logically relative to the ratio between aeration and non-aeration intervals. Several 
criteria were tested in regards to the treatment performance, including pH value, 
organic matters, phosphorus substances and microorganisms. 

The study has come up with a superior aeration scheme for the plant, as well as 
indicated processes that can be improved at the plant. 

Keywords: Municipal wastewater treatment, Activated sludge treatment, 
Intermittent aeration 

INTRODUCTION 

Sweden is a country rich in water, where 9% of  the total area is covered 
by lakes and the average runoff  in all rivers counts to nearly 200 km3. 
(Svensktvatten, 2015) Nowadays Sweden is facing severe water 
management challenges. Half  of  the surface water bodies do not meet 
the requirement of  good water status as sources of  water supply, nor are 
they possible for people to fish or swim in. This is also a problem for 
groundwater as it is polluted and exploited. (Hellström, et al., 2013) 

Wastewater discharge is a vital source of  water pollution in Sweden. 
Wastewater is a mixture of  grey water, toilet water, industrial wastewater, 
drainage water and sometimes storm water in a combined system. 
Municipal wastewater contains grey water from dishwashing, washing 
and toilet water from bathing and toilets. (Bergström, et al., 2000) 
Ordinary pollutants in municipal wastewater include oxygen-demanding 
substances, pathogens, nutrients, inorganic and synthetic organic 
chemicals and thermal. (USEPA, 2004) 
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High content of  organic pollutants or ammonia in the wastewater will 
consume dissolved oxygen in the water. Since dissolved oxygen is a key 
element in the water to support aquatic life, the oxygen-demanding 
substances would be a parameter to measure the water quality, as they 
will affect the natural supply of  dissolved oxygen. The demand of  
oxygen by organic substances is measured as biochemical oxygen 
demand, or BOD, which is a crucial index of  the water quality of  the 
wastewater. Another critical index is COD, short for chemical oxygen 
demand. Nutrients include carbon, nitrogen and phosphorus. 
Phosphorus exists in wastewater in various forms of  phosphates 
including orthophosphate, organic phosphate and condensed phosphate. 
Over 70% of  total phosphorus in municipal wastewater is 
polyphosphate and condensed phosphate. (Sangsawat, et al., 2010) If  
there is an excess of  these nutrients in the wastewater that is discharged 
into natural water bodies, it will result in nutrient enrichment that causes 
excessive growth of  algae that blocks out sunlight and depletes oxygen at 
night thus hindering the growth of  aquatic animals and plants. This 
situation is called eutrophication, which is a severe problem in Sweden, 
both inland and along the coastline. (USEPA, 2004) 

Before the explosion of  population and the intensive development of  
industries, streams, rivers and lakes had the ability to commit natural 
attenuation of  the pollutants discharged into them. But as the discharges 
increased, the natural ability seemed inadequate, which raised the needs 
for appropriate mitigation of  the pollutants. (USEPA, 2004) 

Figure 1. Historical development of  wastewater treatment in 
Sweden, 1940-2012 (Naturvårdsverket, 2013). 

Figure 2. Discharges of  nitrogen, phosphorus and BOD from 
urban areas in Sweden (Svensktvatten, 2015). 
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The discharges of  nitrogen, phosphorus and organic matters 
significantly affect the water quality in Sweden. Sweden started using 
wastewater treatment system or the sewage treatment system from 1940s 
(Figure 1), when primary treatment with mechanical process was put into 
practice. From 1950s wastewater treatment plants started to expand their 
treatment capacity and capability by adding biological treatment 
processes to remove organic matters and nutrients including phosphorus 
and nitrogen. After then, by 1960s tertiary treatment was adopted as a 
supplementary method to further remove the pollutants in the 
wastewater. There have been massive constructions of  modern 
treatment plants that focused on the public concern of  organic matters 
and phosphorus removal. The removal of  nitrogen, however, raised the 
public attention only from late 1970s, from when plants started to use 
tertiary treatment with nitrogen removal. 

In 1960 when Sweden started to use biological treatment methods the 
organic matters started to be diminished (Figure 2); a decade later 
chemical precipitation was put on board for reducing phosphorus. The 
reduction of  nitrogen was implemented much later in 1990 when 
Sweden started the erection of  nitrogen removal plants. (Svensktvatten, 
2015) Sweden now has 60 years’ experience of  successful wastewater 
treatment; the main focus of  the government right now is then to 
increase the efficiency. 

As for Sweden, all water bodies including coastal areas are identified as 
sensitive to phosphorus discharge, which requires strict wastewater 
treatment throughout the country regarding phosphorus removal. 
(Naturvårdsverket, 2013) Regarding wastewater discharge the EU 
directive on Urban Wastewater Treatment (91/271/EEC) set the upper 
limit for nitrogen, phosphorus and BOD7 concentration in effluents. 
(Naturvårdsverket, 2013) As for a plant with load capacity greater than 
100 000 pe, the upper limit for BOD7 is 10 mg/l, for phosphorus is 0.2 
mg/l and for nitrogen is 10 mg/l. For a plant with a load capacity 
between 10 000 and 100 000 pe, the upper limit is 15 mg/l for BOD7, 
0.5 mg/l for phosphors and 20 mg/l for nitrogen. (Svensktvatten, 2015) 
The Nordic limit for phosphorus discharge, whereas is different from 
the EU limit, which is 0.2 mg/l for all types of  wastewater treatment 
plants. Speaking of  Sweden, the limit for phosphorus is 0.5 mg/l; 
nevertheless the government is seeking for a limit of  0.2 - 0.3 mg/l 
regarding some sensitive water bodies. 

SITE DESCRIPTION OF SOLVIKEN 

Solviken wastewater treatment plant is located in Mora in Dalecarlia 
Province in Sweden. The plant was first built in 1971. There were three 
renovations respectively in 1991, 1994 and 1998. One of  the renovations 
was rebuilding the chemical pre-precipitation process, which had 
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changed one sediment tank for chemical treatment purpose. The unit for 
sludge handling was built in 2003. The plant treats municipal water only, 
regardless of  any industrial wastewater. There are 4 automatic 
car-washing stations and 2 bus/truck washing stations in the area, the 
wastewater from which is connected to Solviken, though. The plant now 
is dimensioned for a load equal to 19 000 pe, with a treatment capacity 
of  7200 m3 of  wastewater per day that contains a maximum of  1800 kg 
of  BOD per day and 50 kg of  total phosphorus per day.  

Currently Solviken serves a population of  approximately 14300, which 
treats an average of  4380 m3 of  wastewater per day. There are 34 
pumping stations in the area that pump up and channel wastewater to 
Solviken. The incoming wastewater contains an average of  1029 kg of  
BOD and 31 kg of  total phosphorus per day. The wastewater treatment 
processes in the plant consists of  mechanical treatment, chemical 
treatment, biological treatment and finale polishing process. Wastewater 
first flows through the screen so that coarse solids are removed. After 
the preliminary treatment the wastewater is flowing along the ditch 
where chemical precipitation and primary sedimentation take place. The 
chemical used for precipitation is PAX 215 that contains 7.5% of  
aluminum and a maximum 0.2% of  iron. After chemical treatment the 
water flows into the biological treatment chamber where there are four 
biological tanks that are serial aeration tanks, of  which the total volume 
is 740 m3. The average SS level in the biological tanks is 1500 mg/l. Thus 
the plant represents a typical high-loaded wastewater treatment plant, 
with an F/M ratio of  higher than 0.5 kg/l BOD/kg SS/d, which is 
around 0.93 kg/l BOD/kg SS/d. The biological treatment process used 
in Solviken is the conventional activated sludge treatment method with a 
plug flow of  wastewater from Mora Municipality. Before the project 
started, the biological tanks had been continuously aerated. There are 
two blowers at Solviken that in turn blow air into the biological tanks. 
The biological process functions mainly as the biological phosphorus 
removal step, but also removes nitrogen as a side function. After going 
through the biological treatment chamber, the water is treated 
mechanically again, which is the secondary treatment processes where 
solids or coagulates are further removed. The final step in the entire 
treatment system is the shallow-bed sand filter where treated wastewater 
is polished. The application of  sand filter at Solviken is unique in 
Sweden. Treated wastewater is discharged into Lake Siljan that is 300 m 
away. The configuration of  Solviken is shown in Figure 3.  
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The plant has installed an online monitoring system that keeps detecting 
several parameters of  the wastewater throughout the entire plant. The 
monitoring programme has been continuously recording the flow rate of  
the incoming wastewater, the dissolved oxygen level, the SS level and the 
temperature in the aeration tanks, as well as the working load of  the two 
blowers. 

In 2013, the effluents from the plant contained total phosphorus of  0.17 
mg/l and BOD of  9 mg/l. In 2014 the values were 0.19 mg/l for total 
phosphorus and 8 mg/l for BOD. From an average data of  the flowing 
rate during 2013 and 2014, the average hydraulic retention time of  the 
plant is estimated to be around 3.3 hours. However due to unstable 
flowing rate of  the incoming water the specific retention time is not 
constant that changes with time. 

The energy consumption at Solviken mainly results from the blowers, 
heat pumps that provide heating, and the electricity used for producing 
heat in the sludge treatment building. The installation power of  the 
blowers is 21 kWh for each. 

OBJECTIVES 

Nodava is seeking an improvement of  the wastewater treatment plant 
Solviken in Mora, especially in respect to the biological treatment process. 
As Solviken has been adopting the activated sludge treatment process 
that has been continuously injecting oxygen into the biological reactors, 
which was suspected to cause high energy consumption from the two 
blowers, a hypothesis was put forward stating that there would possibly 
be a chance to alter the aeration scheme so as to cut down the energy 
consumption meanwhile to maintain currently satisfactory treatment 
performance of  the wastewater.  

The two blowers that inject air into the biological reactors were 
considered to be the major consumers of  energy in the plant with the 

Figure 3. Configuration of  Solviken in 2015. 
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continuous aeration scheme; hence the project aimed at using 
intermittent aeration instead of  continuous aeration scheme that was 
previously used to investigate the possibility to reduce energy 
consumption from the blowers. Simultaneously the project should test 
the quality of  the wastewater to ensure a satisfactory treatment 
performance under the new aeration scheme. 

METHODOLOGY 

The project consisted of  series of  experiments at Solviken. The focuses 
of  the experiments included: 

• alternate between different aeration schemes; 

• take water samples from four sampling points in the plant; 

• analyze the quality of the water samples to check the treatment 
performance under each aeration scheme; 

• determine an optimum aeration scheme and put it into practice; 

• investigate whether energy has been saved and how much if yes; 

• study the activities of the microorganisms. 

Experiments were conducted on-site at Solviken. As each plant has its 
unique treatment capacities, the treatment systems in specific processes 
have made the experimental design site-specific. The experiment 
protocol, therefore, relies on the unit design of  the plant. 

Planning of  aeration schemes 
To start with several aeration schemes were put forward. The aeration 
schemes were planned as shown in Table 1. Before the project took place, 
Solviken has been constantly using the continuous aeration scheme. 
During the first week of  the project, the experiments were conducted as 
the 0-model, which meant the aeration scheme was kept continuous as 
before. From the second week the first intermittent aeration scheme was 
adopted and set up to cycles when aeration was turned on for 10 minutes 
and off  for 10 minutes. This scheme has lasted for one day and altered 
to the second intermittent aeration scheme where aeration was turned on 
for 15 minutes and off  for 15 minutes. On the third day, the third 
intermittent aeration scheme was utilized where the blowers were set to 
the mode where they were on for 30 minutes and off  for 30 minutes. 
This scheme has lasted for weeks until the beginning of  May. However 
the staff  at Solviken decided to return to the second intermittent scheme 
with cycles of  30 minutes later. Soon after the manager of  Solviken had 
decided to adopt the fourth intermittent aeration scheme of  cycles with 
20 minutes of  aeration and 15 minutes of  non-aeration. 
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Sampling of  wastewater 
The configuration of  Solviken along with the sampling points is shown 
in Figure 4. Water samples were taken from four points respectively 
marked in the figure. Point I is merely before the first filtering screen 
where raw influent was taken. At point II, samples were taken after 
chemical precipitation and primary sedimentation. At point III samples 
were taken where water just flowed out from the biological tanks. At 
point IV the water was taken after the sand filter as the outlet water. 

Every other week water samples were taken during weekdays and were 
stored on-site. In the week next, the samples were transported to 
Hammarby Sjöstadsverk in Stockholm for laboratorial analysis. The 
sampling scheme is shown in Table 2. The time period of  each aeration 
scheme was recorded, as well as the total number of  samples under each 
aeration scheme. With the help of  the online monitoring programme, 
several relevant parameters were recorded while taking the samples, 
including the flow rate of  the influents, the DO level, SS level and the 
temperature in the biological tanks, of  which the average values of  the 
parameters for each aeration scheme were recorded in Table 2. More 
detailed information of  the sampling scheme could be found in 

Figure 4. The configuration of  Solviken and the four sampling 
points. 
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Appendix 1. 

Most of  the time water samples were taken twice or three times a day, 
with once in the morning, once after noon and sometimes another one 
in the evening. By means of  this it could be possible to have the samples 
from both the ordinary hours and rush hours where peaks of  water 
inflow would occur. This could be in more detail read from Appendix 1. 
The samples were either analyzed immediately at Solviken or stored and 
transported to Stockholm for further analysis. When samples were to be 
transported to Stockholm, they were first filtered at Solviken before 
storage. 

Laboratorial analysis of  water sample 
The laboratorial analysis of  water samples aimed at investigating the 
treatment performance of  the wastewater under different aeration 
schemes. According to the governmental rule, several parameters had 
been taken into account when analyzing the samples in laboratory, which 
included pH value, organic matters, phosphorus content and nitrogen 
content. 

With the 0-model going on, water samples were analyzed on-site in the 
laboratory at Solviken. The lab was only capable to determine the level 
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of  total phosphorus, nevertheless as the concentration of  phosphorus in 
outlet water is one of  the most vital concerns of  the plant, and it was 
adequate for us to set up a mass balance in this step. 

When the project proceeded to intermittent aeration, the samples were 
analyzed both at Solviken and at Hammarby Sjöstadsverk in Stockholm, 
as we could receive a more comprehensive picture of  the treatment 
performances regarding other parameters including pH value, COD, and 
phosphates. 

The laboratorial method to determine total phosphates was Hach Lange 
LCK 349. The laboratorial method to determine COD was Hach Lange 
LCK 614.  

Solviken has been regularly sending their water samples from inlet and 
outlet to Alcontrol Lab to test the water quality. The results include pH 
values, temperature, COD, BOD, total phosphorus and SS level, which 
were also included in the results for further comparison. 

Study of  microorganisms’ community 
The microorganisms’ community was observed in the laboratory at 
Solviken with a microscope. The water samples used for observation 
were taken from the fourth biological tank, i.e. the last tank of  the 
biological treatment processes under either aerated or un-aerated 
conditions. One drop of  water sample from well-stirred water samples 
was observed each time, in which the species of  the microorganisms and 
the counting were recorded. The existence of  species and the population 
of  each species were used for studying whether the environment was 
proper for the microorganisms to grow, thus making it possible for us to 
investigate the feasibility of  the aeration scheme. 

RESULTS AND DISCUSSIONS 

The outcomes of  the analysis included both laboratorial results and 
reported results from Alcontrol. With a pre-observation of  the 0-model 
as well as the comparative analysis with the results of  intermittent 
aeration scheme, the overall treatment performance regarding several 
parameters including pH value, phosphorus content and organic matters 
is shown in the following section. As nitrogen removal is not the 
concern of  Solviken, the results of  analysis of  nitrogen content are not 
explored in this part. Due to lowering working load on the blowers, there 
is possibility that energy consumption has been reduced, how much of  
which has been also estimated. 

Treatment performance of  0-model regarding total phosphorus 
When running the 0-model, continuous aeration was used in the 
biological tanks as Solviken has been always doing. The concentration of  
total phosphorous when running the 0-model is shown in Table 3. The 
results include data in 2015 that were retrieved from both laboratorial 
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tests at Solviken and reported results from Alcontrol Lab. 

During 2015, the level of  total phosphorus in the influents ranged from 
2.8 to 5.15 mg/l. There was a high level of  total phosphorus in the 
effluent measured on March 4th, regardless of  which the level of  total 
phosphorus ranged from below 0.1 to 0.4 mg/l, which stayed at a level 
lower than 0.5 mg/l, which according to local authorities is the permit of  
total phosphorous discharge to the recipients. 

The value of  total phosphorus on March 4th was 1 mg/l, which was one 
time higher than the permit, the reason of  which was unclear but highly 
possible due to the failure of  the treatment process as the concentration 
of  other pollutants in the effluents on March 4th was also at a high level. 
The reason for this could possibly be due to the cross-country skiing 
contest Vasaloppet being held in Mora during that week. With the high 
level of  total phosphorus the result on March 4th had lost its capability 
to represent what had happened in the effluents on that day. This also 
applied to the analysis later on regarding other parameters. 

By reading the results of  the 0-model, we could get an overall look of  an 
approximate level of  total phosphorous in the outlet water with the 
scheme of  continuous aeration, which was used for comparison to the 
quality of  the wastewater samples when we later on adopted the 
intermittent aeration schemes. With the value of  total phosphorus on 
March 13th and 15th we could state most of  the phosphorus was 
removed in the chemical precipitation process, which could mitigate 
more than 50% of  the phosphorus. However the results from only two 
samples could not provide strong evidence in regards to this question, 
which required more observations to support this guess. 
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Overall pH value 
The pH value was only measured when intermittent aeration schemes 
were applied. The pH value ranged between 7 and 8, which was the 
optimum value for the bacteria to grow and digest the nutrients. This has 
ruled out the influence of  pH value on the treatment performances. 
Detailed data can be found in Appendix 2. 

Overall treatment performance of  total phosphorus 
The statistical results of  total phosphorus is shown in Table 4, 
containing the maximum, minimum and average level within each 
aeration scheme including both continuous and intermittent aeration. 
The results contained results from both Hammarby Sjöstadsverk and 
Alcontrol Lab. A more detailed test results can be found in Appendix 3. 

The concentration of  total phosphorus in the influent has stayed in a 
stable level, except for an especially high value of  7.8 mg/l of  which the 
reason was uncertain. Regardless of  this especially high value, the level 
of  total phosphorus during the entire project stayed in a range from 1.93 
to 5.4 mg/l. 

The overall treatment performance was stable as the level of  total 
phosphorus in the effluents remained below the ruling value of  0.5 mg/l, 
ranging from below 0.1 to 0.49 mg/l regardless of  the high value on 
March 13th as discussed in the section before. Compared to the level of  
total phosphorus in the 0-model, the level of  total phosphorus did not 
change much upon the beginning of  intermittent aeration until March 25. 
The level increased from March 25 and lasted until the middle of  April. 
After that the level has dropped to the lowest level during the entire 
project. After the aeration mode was altered to that when the tanks were 
aerated for 20 minutes and un-aerated for 15 minutes, the level of  total 
phosphorus has risen again. 
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Figure 5 illustrates the average level of  total phosphorus at the four 
sampling points within each aeration scheme. All aeration schemes, on 
an average level, turned out to be sufficient enough to remove total 
phosphorus. However the number of  observations was not large enough 
for us to make a statistical analysis, which could be noted for future 
investigation. From the figure we could conclude that most of  the 
phosphorus was removed by the chemical treatment process that used 
PAX 215. Currently, no matter which aeration scheme is used, the final 
concentration of  total phosphorus in the effluents is below the national 
limit, which is a cooperative work between chemical treatment, biological 
process and the polishing step. Therefore it is worth trying to reduce the 
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dosage of  chemicals we use in the chemical treatment process. This has 
not been done in the project due to the limitation of  time, but should be 
written in the future plan. 

The trend of  the changes of  total phosphorus content could not be 
explained perfectly without a full understanding of  the hydraulic 
retention time. The hydraulic retention time, as mentioned in Chapter 2, 
was not plausible to calculate at Solviken, which made us unknown about 
how long exactly the wastewater stayed in the plant. The problem 
brought up was that we do not know the time when the wastewater that 
flew into the plant at 8.00 on March 16th would flow out of  the plant, 
thus creating obstacles for us to calculate the precise removal rate. 

Overall treatment performance of  phosphates 
The statistical results of  the level of  total phosphates is shown in Table 5, 
containing the maximum, minimum and average level with only 
intermittent aeration. It is obvious that most of  the phosphates have 
been removed. It was impossible to test the level of  total phosphorus at 
Hammarby Sjöstadsverk, however it is assumed that the total phosphates 
tested there was considered equal the level of  total soluble phosphorus 
in the water, i.e. the same as total phosphorus. Hence it can be observed 
that with an intermittent aeration scheme the level of  total phosphorus 
could still be kept down below the national limit of  0.5 mg/l for most of  
the time. 
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Similar as the bar chart of  total phosphorus, Figure 6 revealed that 
whatever intermittent aeration scheme was used the treatment 
performance of  phosphates was quite satisfactory. However we have to 
admit that chemical precipitation process still has made the largest 
contribution rather than the biological process. This has also been 
indicated by the analysis results of  total phosphorus. 

Overall treatment performance of  organic matters (COD) 
There was a difference in the level of  COD tested between Hammarby 
Sjöstadsverk and Alcontrol Lab. The COD level tested in Hammarby 
Sjöstadsverk with the method of  Hach Lange LCK 614 was high, 
whereas the level tested in Alcontrol Lab was much lower. The reason 
for this remained unknown, but was highly possible due to different 
methods used by the two labs. In terms of  this problem, it was necessary 
to regulate the COD level so that the results from the two labs could 
collaborate. As Solviken has been delivering their samples to Alcontrol 
Lab for analysis and the analysis results have been reported to the 
Swedish EPA as the monitoring data, the COD level reported by 
Alcontrol Lab was used as the reference value for regulating. 

To do this, the laboratorial experimental results from both labs on the 
same date were used for comparison, which is shown in Table 3. An 
approximate estimation of  the difference between the tested results at 
Hammarby Sjöstadsverk and the reference level at Alcontrol Lab is 
around 100±10 mg/l, which means when reading the results of  COD 
level from Hammarby Sjöstadsverk; the tested results should be 
subtracted by around 100 mg/l. To simplify in this project, the difference 
value is set to be 100, which requires all the results of  COD level in the 
experiments done at Hammarby Sjöstadsverk will be subtracted by 100. 
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However this implicates that there are unavoidable uncertainties in telling 
the water quality by COD level, which will be discussed further in 
Chapter 6. 

Table 7 shows the level of  COD at Solviken during the entire project 
with both continuous and intermittent aeration schemes. The results 
contained regulated COD level from Hammarby Sjöstadsverk and the 
data from Alcontrol Lab. The level of  COD in the effluents ranged from 
24 to 98 mg/l, variating to a large extent. From the table it could be told 
that the treatment efficiency was the lowest with the continuous aeration 
scheme. The latest aeration scheme we adopted with a cycle of  35 
minutes was proved to be the best one to remove COD. Nevertheless 
the number of  samples was quite small so that the results were not fully 
statistically supported. 

The figure below has illustrated the average removal rate of  COD with 
different aeration schemes. From an average point of  view, all 
intermittent aeration schemes have shown satisfactory improvement in 
COD removal compared to continuous aeration. 
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Overall treatment performance of  organic matters (BOD) 
It was not available to test the level of  BOD in either laboratory; hence 
the changes of  BOD7 were retrieved from Alcontrol Lab. The results 
are shown in Table 8. 
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Intermittent aeration started from March 16th, from when the BOD7 
level started to rise. During stable intermittent aeration with a cycle of  1 
hour during which the tanks were aerated for 30 minutes and 
non-aerated for 30 minutes, the BOD7 level reached its peak value, 
which exceeded the national limits to a large extent. This has brought up 
the problem of  the cycle of  1 hour as by then the treatment system had 
already been in a steady state, which made up the operator’s mind at 
Solviken to change the aeration scheme to a cycle of  30 minutes. 
Afterwards the level of  BOD7 has dropped back below 15 mg/l, which 
is the ruling limit. The level of  BOD7 remained low after we changed 
the aeration scheme to a cycle of  35 minutes, which was proved by the 
latest results from Alcontrol Lab. This can be read from the bar chart 
below that even with a high BOD load in the influent, when using 
aeration scheme with a cycle of  35 minutes BOD can be sufficiently 
removed. 

The activities of  microorganisms and relevant effect on treatment 
performance 

The results of  the observation on the microorganisms are shown in 
Table 9. The observation was taken in the fourth biological tank. It can 
be seen that with the aeration cycle of  1 hour, the microorganisms were 
not very active of  which the population decreased quite a lot. Meanwhile 
the size and activity of  the microorganisms were not as considerable. 

When we changed the aeration mode to the cycle of  30 minutes in May, 
the population of  the microorganisms seems to explode and from the 
microscope it was clearly seen that the microorganisms had larger sizes 
and were more active in either the motion or the reproduction. This was 
more obvious when we altered the aeration mode to a cycle of  35 
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minutes.  

Energy saving with intermittent aeration scheme 
The energy consumption at Solviken was monitored and recorded every 
week manually, which was the total energy consumption throughout the 
whole plant. This means the recorded data of  energy use contains not 
only energy used for aeration but also energy utilized for the function of  
other devices, for ventilation and other uses, which made it difficult for 
us to get an explicit view of  how much energy use has been exactly 
reduced. Nevertheless there is one way to estimate. 

Currently used aeration scheme is a cycle of  35 minutes, during which 
aeration lasts for 20 minutes and non-aeration lasts for 15 minutes. In 
terms of  this, as the blowers work in turn, only one blower runs at a 
time for 20 minutes and rests for 15 minutes. Energy saving can be in 
this way estimated via the ratio of  time for aeration and non-aeration, 
which is approximately 43%. 
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FURTHER DISCUSSIONS AND SUGGESTIONS 

Solviken currently has a satisfactory removal efficiency of  phosphorus 
content and organic matters with an aeration scheme with a cycle of  35 
minutes. In the cycle the blowers are on for 20 minutes and off  for 15 
minutes, which means aeration is longer than non-aeration at Solviken 
now. The situation could be enhanced should we prolong the time for 
non-aeration as the longer non-aeration can yield a higher removal rate 
of  phosphorus since phosphorus is a main concern at Solviken as an 
inland wastewater treatment plant. The mechanism behind it is that 
under anaerobic or anoxic conditions, phosphates could be to the largest 
extent digested by the bacteria or microorganisms. The dilemma now 
lying in front of  Solviken is the difficulty to build the balance between 
the length of  cycle and the hydraulic retention time. As mentioned in 
Chapter 2 the average retention time calculated from data of  2013 and 
2014 was approximately 3.3 hours, which means it took around 3.3 hours 
for wastewater to flow through the entire plant. As a result, if  the length 
of  the cycle is too long, it could possibly raise a problem that the water 
will flow out of  the biological tanks without being treated sufficiently in 
time. One suggestion is that to maintain current length of  cycle but to 
change the aeration time to 15 minutes and non-aeration time to 20 
minutes. A strong asset of  this suggestion is that with a longer 
non-aeration time, the blowers would have more time off  so that energy 
consumption would be further reduced. Now the energy consumption 
for aeration, theoretically, has been reduced massively at Solviken, which 
saves 47% of  the energy. With a longer non-aeration time, the reduction 
could be more. 

Uncertainties and errors 
There were many uncertainties involved in the entire project. Most of  
them occurred in the experiments and affected the results unavoidably. 
These experiment related uncertainties result from the lack of  sufficient 
instruments in the lab at Solviken. At Solviken, only the level of  total 
phosphorus could be tested, and the testing procedure took at least 2 
hours, which was not capable for everyday testing. As a result, all the 
water samples taken at both plants were stored at Solviken in a freezer, 
waiting to be transported to Stockholm for further analysis on other 
parameters including pH value, COD, phosphates and 
ammonium-nitrogen. Upon arriving at Stockholm, the samples were kept 
and analyzed in the lab at Hammarby Sjöstadsverk. Usually there were 
around 30 samples to be analyzed regarding the four parameters, which 
required more than 1 day. As there was limited space in the lab at 
Hammarby Sjöstadsverk, the samples could not be stored in the freezer 
but instead stored in the ice bags to keep them cold. It was hardly fair to 
conclude that it definitely links to the uncertainties, but we could neither 
exclude the possibility that this would affect the results. 
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The testing results of  COD at Hammarby Sjöstadsverk were also a 
problem as the level tested there was much too high than what it should 
be, especially when compared to results from Alcontrol Lab. In this 
project, the COD level tested was regulated so that the results from two 
labs could collaborate. However since there were no adequate data the 
regulation procedure was rather rough which made most of  the COD 
level in the results estimated values rather than precise data. 
Consequently the level of  COD was not convincing enough for analysis, 
but only serves to see an inexplicit treatment performance. 

Another problem was lying in insufficient statistical analysis of  the 
results due to small number of  observations for most of  the aeration 
schemes. From current results we could say that the aeration scheme we 
determined via the experiments was acceptable, but it was barely 
convincing to support the decision when we would like some concrete 
proofs from a statistical point of  view. As a suggestion, should we want 
to investigate more on this subject it would be necessary to make a 
sound and detailed sampling plan to guarantee adequate number of  
observations so that we can build a so-called database to make 
comprehensive analysis. 

Failures of  the plant 
One big problem with both plants is that the online monitoring 
programme does not include some of  the crucial features involved in a 
wastewater treatment plant. These include the real-time SS level at 
different locations in the plant, which could be used to determine the 
sludge age. Though there lacks the real-time monitoring of  SS level, 
there is indeed a monitoring device detecting the SS level in the first 
biological tank. The problem related was that device lies in the upper 
layer of  the water. When the plant started the intermittent aeration 
scheme, the activated sludge settled down to the bottom so that the 
device would report a very low SS level. This also brings up another 
problem that there is no mixing in the biological tanks, so that during the 
non-aeration period the bacteria only stay at the bottom thus not 
digesting the pollutants in the upper layer. The hydraulic retention time, 
which is also a vital parameter, could not be retrieved as the inflow rate 
was not stable, thus hindering us from retrieving the removal rate. 

Before and during the project, severe problems took place with the sand 
filter that is the last polishing step, thus affecting the results of  the 
effluents. This has increased the difficulty to judge whether some failures 
in treatment performances were caused by the alteration of  the aeration 
schemes.  

As the objective of  this project was to figure out whether the alteration 
of  aeration schemes would result in a reduction of  energy consumption, 
the results failed to draw a conclusion because the energy consumption 
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was only recorded every week covering the whole plant. What we wanted 
to know is whether energy use by the blowers for aeration was decreased. 
But as we could not get a specific value of  energy consumption of  the 
blowers we are not able to conclude that energy is saved. 

CONCLUSIONS 

In conclusion the results of  the project had met the objective, which 
proved that energy consumption was reduced meanwhile sustaining the 
treatment performance of  the pollutants.  The energy consumption 
caused by aeration can be possibly reduced by 43% once we adopt the 
intermittent aeration with a cycle of  35 minutes. However there were 
many uncertainties involved in the whole research processes, which 
might affect the experimental results. Therefore if  we want to have a 
guaranteed conclusion on how much energy is actually saved further 
investigation should be carried out. The suggestion is to prolong the 
monitoring period so that it covers at least one year for us to compare 
the energy consumption in the same months in two different years.  

Regarding the operation of  the plant, there are some suggestions. One is 
that the online monitoring programme could be enhanced so that more 
parameters could be recorded in the system. This especially concerns the 
SS level that is used for estimating the sludge age. The biological process 
could be improved by introducing mixing device so that the water in the 
tanks can be well mixed in the non-aeration phase for the bacteria to 
digest pollutants at all depths. The non-aeration time can be prolonged 
in the biological processes, the results of  which is the reduction of  
energy consumption by the blowers as well as the potential of  less usage 
of  chemicals for precipitation, for a longer non-aeration time can help 
mitigate phosphorus in the water. 

Lastly all the suggestions are based on the research results, whereas in 
practical cases the situation may be more complex with massive 
considerations including economic factors, social and political 
participation. It is then necessary to taken all the factors into account to 
make the optimal decision. 
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APPENDIX I. DETAILED SAMPLING PROTOCOL WITH ALL RELEVANT 
PARAMETERS 

Date Time 
Aeration 

scheme 

Aeration 

status 

Inflow 

rate 

[m3/h] 

T [°C] 

MLSS 

level 

[mg/l] 

DO 

level 

[mg/l] 

03-13 14.00 
0 

A - 5.0 1775 5.93 

03-15 14.00 A - 5.0 - 6.88 

03-16 
8.00 

1 
A - 5.0 1533 5.40 

14.00 A - 5.0 1401 4.0 

03-17 
8.00 

2 

A - 5.0 1835 6.6 

14.00 NA - 5.0 1965 3.6 

03-18 
8.00 NA - 5.0 2053 5.6 

14.00 

3 

NA - 5.0 - 3.6 

03-19 

9.20 A 268.74 5.0 2103 4.6 

10.55 NA 267.87 5.0 1699 7.8 

14.25 A 378.66 5.0 2033 1.2 

03-20 
10.00 NA 313.66 5.0 1965 8.2 

13.30 A 299.42 5.0 1803 1.6 

03-23 10.40 A 377.70 5.0 1910 8.3 

03-24 

9.20 NA 264.19 5.0 1210 5.6 

11.50 A 289.54 5.0 1891 7.9 

15.30 A 278.20 5.0 1182 1.1 

03-25 

8.30 A 230.34 5.0 1720 5.3 

11.20 NA 244.40 5.0 1120 1.5 

14.10 NA 255.94 5.0 1192 1.5 

04-02 13.20 NA 415.00 5.0 1489 0.2 

04-16 9.20 NA 262.63 5.6 1373 1.93 

04-17 

9.30 NA 232.07 6.1 1406 0.37 

12.40 A 230.25 6.1 1822 0.29 

16.10 NA 357.21 6.1 1629 2.17 

04-20 

9.30 NA 252.10 6.9 1171 2.3 

13.50 A 251.65 6.5 1598 1.67 

17.35 A 220.24 7.3 1257 0.15 

05-04 15.00 

2 

A 289.40 10.0 2063 1.52 

05-05 
9.00 A 333.08 10.3 1824 4.96 

14.50 A 276.66 10.8 1856 1.45 

05-06 11.45 4 NA 356.30 10.1 1591 3.68 
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05-07 
9.10 NA 406.35 9.8 1699 5.86 

15.25 A 422.74 10.5 1905 3.34 
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APPENDIX II. LEVEL OF PH VALUE AT FOUR SAMPLING POINTS 
(UNIT: MG/L) 

Aeration 

scheme 
Date Time pH, I pH, II pH, III pH, IV 

0 

01-14 

Alcontrol 

- - - 7.3 

02-04 7.6 - - 7.5 

02-18 - - - 7.2 

03-09 7.6 - - 7.5 

03-13 - - - 7.1 

3 

03-19 14.25 7.0 - - 7.8 

03-20 
10.00 7.3 - - 7.3 

13.30 7.0 - - 7.1 

03-23 10.40 7.3 7.2 7.6 7.7 

03-24 

Alcontrol - - - 7.4 

9.20 7.7 7.2 7.6 7.4 

11.50 7.3 7.3 7.3 7.4 

15.30 7.2 7.3 7.5 7.3 

03-25 

8.30 7.7 7.7 7.4 7.5 

11.20 7.3 7.3 7.4 7.3 

14.10 7.3 7.4 7.3 7.4 

04-02 13.20 6.9 7.1 - 7.1 

04-08 
Alcontrol 

- - - 7.3 

04-14 7.6 - - 7.5 

04-16 9.20 7.3 7.6 7.7 7.7 

04-17 

9.30 7.5 7.5 7.8 7.8 

12.40 7.2 7.7 7.8 7.7 

16.10 7.2 7.3 7.8 7.7 

04-20 

9.30 7.4 7.5 7.7 7.6 

13.50 7.2 7.3 7.8 7.6 

17.35 7.3 7.2 7.5 7.6 

2 

05-04 15.00 7.2 - - 7.0 

05-05 
9.00 7.4 - - 6.9 

14.50 7.4 - - 7.1 

4 

05-06 
Alcontrol - - - 7.5 

11.45 7.4 - - 7.4 

05-07 
9.10 7.5 - - 7.1 

15.25 7.5 - - 7.4 
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APPENDIX III. LEVEL OF TOTAL PHOSPHORUS (TP) AT FOUR 
SAMPLING POINTS (UNIT: MG/L) 

Aeration 

scheme 
Date Time TP, I TP, II TP, III TP, IV 

0 

01-14 

Alcontrol 

- - - 0.36 

02-04 4.90 - - 0.31 

02-18 - - - 0.40 

03-04 5.15 - - 1.00 

03-09 2.80 - - <0.10 

03-13 
Alcontrol - - - 0.26 

14.00 3.24 0.80 0.46 0.22 

03-15 14.00 3.47 1.50 0.75 0.20 

1 
03-16 

8.00 2.58 1.91 1.00 0.16 

 14.00 3.96 3.27 1.14 0.24 

2 
03-17 

8.00 2.87 1.76 0.68 0.26 

14.00 7.80 3.13 0.19 0.25 

03-18 8.00 1.93 1.21 0.83 0.27 

3 

03-18 14.00 2.86 0.94 0.51 0.15 

03-19 
9.30 3.82 1.09 0.25 0.25 

11.00 3.87 0.72 0.28 0.26 

03-24 

Alcontrol 

- - - 0.37 

03-25 - - - 0.37 

04-08 - - - 0.28 

04-14 2.00 - - 0.49 

04-16 9.20 4.31 0.21 0.05 0.11 

04-17 12.40 4.09 0.50 0.06 0.02 

04-20 9.30 2.65 0.30 - 0.05 

4 05-06 Alcontrol - - - 0.21 
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APPENDIX IV. LEVEL OF PHOSPHATES (PHOS) AT FOUR SAMPLING 
POINTS (UNIT: MG/L) 

Aeration 

scheme 
Date Time Phos, I Phos, II Phos, III Phos, IV 

3 

03-19 14.25 7.39 - - 0.74 

03-20 
10.00 7.27 - - 0.20 

13.30 7.44 - - 0.42 

03-23 10.40 9.00 0.63 0.16 0.14 

03-24 

9.20 6.08 1.21 0.13 <0.05 

11.50 5.60 0.76 0.12 <0.05 

15.30 7.16 0.47 0.23 0.13 

03-25 

8.30 4.32 0.66 0.14 <0.05 

11.20 9.08 0.67 0.33 0.08 

14.10 5.92 0.29 0.24 0.14 

04-02 13.20 7.19 0.66 <0.05 0.35 

04-16 9.20 7.74 <0.05 <0.05 <0.05 

04-17 

9.30 6.56 0.05 <0.05 <0.05 

12.40 8.13 1.11 <0.05 <0.05 

16.10 5.71 0.75 <0.05 <0.05 

04-20 

9.30 6.43 0.58 <0.05 <0.05 

13.50 7.98 0.65 0.10 <0.05 

17.35 7.30 1.58 0.47 0.19 

2 

05-04 15.00 8.01 - - 0.47 

05-05 
9.00 4.80 - - 0.29 

14.50 5.90 - - 0.15 

4 

05-06 11.45 4.49 - - 0.10 

05-07 
9.10 4.08 - - 0.11 

15.25 5.06 - - 0.23 

 

 

 

 

 

 

 



Wen Li                       TRITA LWR Degree Project xx:xx 

VI 
 

APPENDIX V. LEVEL OF COD AT FOUR SAMPLING POINTS (UNIT: 
MG/L) 

Aeration 

scheme 
Date Time COD, I COD, II COD, III COD, IV 

0 

01-14 

Alcontrol 

- - - 78 

02-04 - - - 67 

02-18 - - - 80 

03-04 - - - 98 

03-09 - - - 39 

03-10 - - - 39 

03-13 - - - 42 

2 03-17 Alcontrol - - - 42 

3 

03-19 14.25 115 - - 53 

03-20 
10.00 93 - - 53 

13.30 138 - - 51 

03-23 10.40 171 133 110 65 

03-24 

Alcontrol - - - 58 

9.20 101 74 51 59 

11.50 129 109 51 48 

15.30 146 82 58 44 

03-25 

Alcontrol - - - 58 

8.30 70 56 50 68 

11.20 213 106 64 63 

14.10 133 90 81 65 

04-02 13.20 159 85 273 53 

04-08 

04-14 
Alcontrol 

- - - 56 

- - - 67 

04-16 9.20 110 73 59 43 

04-17 

9.30 80 63 66 56 

12.40 219 168 39 38 

16.10 146 120 70 64 

04-20 

9.30 75 65 60 44 

13.50 123 105 65 41 

17.35 114 114 80 65 

2 

05-04 15.00 271 - - 68 

05-05 
9.00 98 - - 59 

14.50 186 - - 53 

4 05-06 Alcontrol - - - 55 
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VII 
 

11.45 100 - - 54 

05-07 
9.10 82 - - 53 

15.25 161 - - 54 
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VIII 
 

APPENDIX VI. LEVEL OF BOD AT FOUR SAMPLING POINTS (UNIT: 
MG/L) 

Aeration 

scheme 
Date Time BOD, I BOD, IV 

0 

01-14 

Alcontrol 

- 25 

02-04 140 20 

02-18 - 24 

03-04 200 35 

03-09 74 8 

03-10 159 8 

03-13 - 13 

2 03-17 - 13 

3 

03-24 - 16 

03-25 - 16 

04-08 - 16 

04-14 37 24 

4 05-06 - 12 
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