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Introduction 

MittSverige Vatten & Avfall AB (MSVA) operates in the three municipalities of Sundsvall, Timrå 

and Nordanstig in northern Sweden where there is an exception from the national requirement of 

nitrogen removal. 

The wastewater from Sundsvall city is currently treated at three wastewater treatment plants 

(WWTP’s): Tivoli, Fillan and Essvik WWTP. Together, they treat wastewater from just below 

80,000 people plus some industrial load. In the future, the load is expected to increase to about 

100,000 people. 

The treatment process at the WWTP’s constitutes of mechanical treatment using screens, 

primary treatment with chemical precipitation and finally a biological treatment with activated 

sludge process. The biological treatment is designed only for reduction of organic materials so 

there is no nitrification or denitrification taking place. The effluent standards are 15 mg/l for 

BOD7 (quarterly average) and 0,5 mg/l for Total P (quarterly average). 

The WWTP’s face future challenges of various kinds, implicating the need for a number of costly 

investments in the coming years. An impact analysis of discharges from the WWTP’s to the 

receiving surface waters has been conducted. The calculations shows that especially Tivoli WWTP 

has an effect on the environmental quality standard (EQS) in the receiving waterbody, which 

implies the need for nitrogen removal. All three WWTP’s need to apply for new permits, which 

most likely leads to stricter effluent standards, including nitrogen removal. 

The urban development in Sundsvall city with new residential areas, new development and the 

need for business areas in locations close to the city has highlighted a need to investigate the best 

location and structure of Sundsvall city's future wastewater treatment. 

In 2018, in-depth investigations was initiated to explore Sundsvall city’s future wastewater 

management based on three different scenarios:  

1) Centralized wastewater treatment, ie Tivoli, Fillan and Essvik WWTP are replaced by a new 

treatment plant at a new location. The new treatment plant is built to meet future treatment 

requirements and is dimensioned for approximately 100,000 person equivalents (PE). 

2) Centralized sludge treatment at Fillan WWTP, i.e. the wastewater treatment takes place at 

Tivoli, Fillan and Essvik WWTP, respectively, but the treatment of the sludge (digestion, sludge 

dewatering, etc.) takes place at a centralized facility at Fillan WWTP. Investments to meet future 

treatment requirements for water treatment need to be made at the three treatment plants, while 

investments for sludge management only is needed at one plant. 

3) Todays structure, i.e. wastewater treatment including sludge treatment, remains at Tivoli, Fillan 

and Essvik WWTP as today and investments to meet future treatment requirements need to be 

made at the three treatment plants, both for water and sludge management. 

In the three future scenarios the effluent standards are set to 8 mg/l for BOD7, 0,2 mg/l for Total 

P and 10 mg/l for Total N (yearly average), which corresponds to a treatment level of approx. 95% 

for BOD7 and Total-P and approx. 70% for Total N. 



 
 

This paper is a summary of scenario 3 in the in-depth investigations. For more details on 

investment and operating costs, see Förstudie Ny avloppsrening, Sundsvall, Huvudrapport, Umeå 

2021-03-31, chapters 12.4 and 13.4. 

Specific costs for upgrading of WWTP for nitrogen removal 

In Scenario 3, existing treatment plants are being upgraded from reduction of organic carbon and 

phosphorus to reduction of organic carbon, phosphorus and nitrogen. From the data obtained in 

the in-depth investigations indicative key figures have been generated that demonstrates the 

costs for such an upgrade. 

Tivoli, Fillan and Essvik WWTP are today oversized and therefore have large treatment volumes 

in relation to incoming load. By choosing compact treatment techniques, it has been possible with 

a few exceptions to accommodate the future treatment process within existing volumes and plant 

buildings. 

Not all investment costs generated in the in-depth investigations can be attributed to the 

upgrading for nitrogen removal. Some costs are for upgrading of the facilities necessary 

regardless of the introduction of nitrogen removal. An assessment has been made for each 

treatment plant regarding how large part of the investment that can be attributed to the 

introduction of nitrogen removal.1 

When it comes to the operating costs, the calculated operating cost from the in-depth 

investigations is compared with the actual operating cost for the year 2020. The increase in 

operating costs is assumed in this paper to be due to the introduction of nitrogen removal, 

although a minor increase also can be assumed to originate from improved phosphorus removal. 

On the other hand, the in-depth investigations have taken into account an optimization of energy 

and heat use for the future scenarios, explaining why some elements in operating costs are lower 

than in 2020. 

As limited nitrogen reduction (approx. 20%) takes place even without special nitrogen removal (by 

separation of organic material), this amount of nitrogen has not been included in the calculation of 

the specific costs for the nitrogen removal. 

However, it is important to point out that: 

- Existing treatment plants are today oversized, with an overcapacity in existing treatment 

volumes, which makes it cheaper to upgrade them for nitrogen removal, than it would 

have been if they had been fully utilized today.  

- The investigations are at pre-study level, made to be able to compare the three scenarios 

against each other. The costs are thus not taken from an actual design or an actual 

completed project 

                                                                    
1 Of the total investments in scenario 3, based on analysis of the investment items, about 45% of the total investment 

costs are related to measures for enhanced nitrogen removal for Essvik and Fillan WWTP. For Tivoli WWTP, the 
assessment is that 50% is related to nitrogen removal. 



 
 

- The incoming water temperatures to the WWTP’s are during winter and spring relatively 

low (5-7 °C for 2-3 months). This means that the nitrogen removal process needs to be 

designed to compensate for these low temperatures. 

Prerequisites for reported cost assessments 

All cost and investment figures are based on estimated cost levels as of 2020 and can be 

converted to EUR from SEK using the exchange rate 10 EUR/SEK. All costs including depreciation 

costs are based on 2020 price levels. This is done in order to enable relevant comparisons 

between the three wastewater treatment plants. 

Only depreciation costs are included in the capital costs of the investments (i.e. no financing costs 

are taken in to account). Financing costs are purposely excluded as all water companies will have 

different conditions for financing (in-house capital/grants/loans) and even with 100% loan 

financing, the interest rates would differ greatly between companies and countries. 

Tivoli WWTP 

Today, about 48,000 persons are connected to Tivoli WWTP plus some industrial load, and the 

facility is dimensioned for 85,000 PE. For the in-depth investigations future connections have 

been taken into account and the facility has been dimensioned for 57,500 persons plus the 

industrial load currently connected to the facility. 

In order to meet the future effluent standards including nitrogen removal, it is proposed that the 

existing treatment plant is rebuilt from an activated sludge process to a MBBR (Moving Bed 

Bioreactor) with nitrogen removal with pre- and post- denitrification. For sludge separation, 

flotation is proposed with disc filters as a polishing step. 

Incoming and outgoing quantities for 2020 and projections for future scenarios, are shown in the 

table below. 

 2020 Future scenarios 

 Incoming 
(t/year) 

Outgoing 
(t/year) 

Incoming 
(t/year) 

Outgoing 
(t/year) 

Reduction 
(%) 

BOD7 1165 74 1446 52 96 

Tot-P 38 3,0 45 1,6 97 

Tot-N 242 206 305 70 77 

 

At Tivoli WWTP, 174 tonnes of Total N per year are reduced through nitrogen removal. 

The investment cost for measures at Tivoli WWTP to meet future treatment requirements is 

estimated to approximately SEK 260 million. Of these, approx. SEK 130 million or 50% is 

estimated to be for upgrading the plant for nitrogen removal, which means approx. SEK 5,459,000 

per year in depreciation costs. This provides a basis for calculating the specific investment cost 

(per kg of newly removed nitrogen). 



 
 

The operating cost for today's treatment at Tivoli WWTP, excluding sludge treatment costs, is 

approximately SEK 13.4 million per year. The corresponding operating cost for Tivoli WWTP, 

after an expansion to meet the future treatment requirements, is approximately SEK 17 million 

(cost levels as of 2020), i.e. an increase of SEK 3.6 million. As the increase in operating cost is 

primarily due to the introduction of nitrogen removal, the specific operating cost for the nitrogen 

removal (per kg of newly removed nitrogen) can be calculated. 

Investment cost, per kg additional removed 
nitrogen per year: 

SEK 30 / kg Total N, year 

Increased operating cost, per kg additional 
removed nitrogen per year: 

SEK 20 / kg Total N, year.  

Fillan WWTP 

Today, about 18,000 persons are connected to Fillan WWTP, and the facility is dimensioned for 

30,000 PE. For the in-depth investigations some future connections have been taken into account 

and the facility has been dimensioned for 19 000 persons plus the industrial load currently 

connected to the facility. 

In order to meet the future effluent standards including nitrogen removal, it is proposed that the 

existing treatment plant is rebuilt from an activated sludge process to a MBBR (Moving Bed 

Bioreactor) with nitrogen removal with pre- and post- denitrification. For sludge separation, 

flotation is proposed with disc filters as a polishing step. 

Incoming and outgoing quantities for 2020 and projections for future scenarios, are shown in the 

table below. 

 2020 Future scenarios 

 Incoming 
(t/year) 

Outgoing 
(t/year) 

Incoming 
(t/year) 

Outgoing 
(t/year) 

Reduction 
(%) 

BOD7 444 31 451 25 95 

Tot-P 14 1,2 15 0,74 95 

Tot-N 92 87 94 33 65 

 

At Fillan WWTP, 42 tonnes of Total N per year is reduced through nitrogen removal.  

The investment cost for measures at Fillan WWTP to meet future treatment requirements is 

estimated to approximately SEK 150 million. Of these, approx. SEK 68 million or 45% is estimated 

to be for upgrading the plant for nitrogen removal, which means approx. SEK 3,303,000 per year 

in depreciation costs. This provides a basis for calculating the specific investment cost (per kg of 

newly removed nitrogen). 

The operating cost for today's treatment at Fillan WWTP, excluding sludge treatment costs, 

amounts to approximately SEK 7,7 million per year. The corresponding operating cost for Fillan 

WWTP, after an expansion to meet the future treatment requirements, is approximately SEK 11 



 
 

million (cost levels as of 2020), i.e. an increase of SEK 3,3 million. As the increase in operating cost 

is primarily due to the introduction of nitrogen removal, the specific operating cost for the 

nitrogen removal (per kg of newly removed nitrogen) can be calculated. 

Investment cost, per kg additional removed 
nitrogen per year: 

SEK 80 / kg Total N, year 

Increased operating cost, per kg additional 
removed nitrogen per year: 

SEK 80 / kg Total N, year.  

Essvik WWTP 

Today, about 11,000 persons are connected to Essvik WWTP, and the facility is dimensioned for 

18,000 PE. For the in-depth investigations future connections have been taken into account and 

the facility has been dimensioned for 14 500 persons plus the industrial load currently connected 

to the facility 

In order to meet the future effluent standards including nitrogen removal, it is proposed that the 

existing treatment plant is rebuilt from an activated sludge process to a MBBR (Moving Bed 

Bioreactor) with nitrogen removal with pre- and post- denitrification. For sludge separation, 

flotation and sand filters as a polishing step are proposed. 

Incoming and outgoing quantities for 2020 and projections for future scenarios, are shown in the 

table below. 

 2020 Future scenarios 

 Incoming 
(t/year) 

Outgoing 
(t/year) 

Incoming 
(t/year) 

Outgoing 
(t/year) 

Reduction 
(%) 

BOD7 267 17 344 15 96 

Tot-P 8,6 0,88 11 0,44 96 

Tot-N 56 39 72 19 73 

 

At Essvik WWTP, 38 tonnes of Total N per year are reduced through nitrogen removal.  

The investment cost for measures at Essvik WWTP to meet future treatment requirements is 

estimated to approximately SEK 95 million. Of these, approx. SEK 43 million or 45% is estimated 

to be for upgrading the plant for nitrogen removal, which means approx. SEK 2,142,000 per year 

in depreciation costs. This provides a basis for calculation the specific investment cost (per kg of 

newly removed nitrogen). 

 The operating cost for today's treatment at Essvik WWTP, excluding sludge treatment costs, 

amounts to approximately SEK 5 million per year. The corresponding operating cost for Essvik 

WWTP, after an expansion to meet the future treatment requirements, is approximately SEK 7,6 

million (cost levels as of 2020), i.e. an increase of SEK 2,6 million. As the increase in operating cost 

is primarily due to the introduction of nitrogen removal, the specific operating cost for the 

nitrogen removal (per kg of newly removed nitrogen) can be calculated. 



 
 

 

Investment cost, per kg additional removed 
nitrogen per year: 

SEK 60 / kg Total N, year 

Increased operating cost, per kg additional 
removed nitrogen per year: 

SEK 70 / kg Total N, year.  

 
 


