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Summary 
 

Eutrophication of seas, particularly near the coasts, is a topic of high current concern. It 
leads to increased primary production and a higher frequency of algal blooms. The enhanced 
primary production also increases the turbidity of the water, making it harder for ecologically 
important benthic macro algae, e.g. seaweed, to colonize bottoms on deeper waters. 
 

EU directives, as well as national law, demand decreases in nutrients, e.g. nitrogen, reaching 
the sea. Another approach to decreasing the amount of nutrients in the sea could be mussel 
farming.  
 

Mussel farming is an established, albeit small, industry on the Swedish west coast. The use 
of mussels to remove nitrogen, however, is a more recent application. Lysekil municipality 
has been granted exemption from improving the nitrogen removal in Långevik waste water 
treatment plant. Instead, mussel farms are used to remove nitrogen, which was estimated to be 
a less costly solution. 
 

This thesis investigates the advantages in money and energy in using mussel farming. The 
use of a mussel farm to remove nitrogen from sea water is compared with removing nitrogen 
in a WWTP. In addition, the production of mussel fertilizer, through a composting process, is 
compared with producing a corresponding amount of artificial fertilizers.  
 

The results show that mussel farms are neither more economic nor energy efficient in 
removing nitrogen and producing fertilizer than the conventional alternatives examined. 
 

Mussel fertilizer, however, is not the most lucrative product that the mussels from the farm 
can give. Alternatives, such as fodder or human consumption, are discussed in the report.  
 

Furthermore, the mussel fertilizer qualifies as organic fertilizer. A comparison with other 
organic fertilizers could prove mussels more economic or energy efficient, but such a 
comparison is out of the scope for this thesis. 
 

Finally, some data, e.g. the energy demand for nitrogen removal in the WWTP, were rough 
estimations. More research and investigations are needed in order to achieve more accurate 
conclusions. 
 
 
Keywords: Agro-Aqua-cycle, mussel farming, Mytilus edulis, eutrophication, fertilizer, 
nitrogen, nutrients 
 



 3 

Sammanfattning 
 

Eutrofiering i haven, speciellt kustnära vatten, är ett högaktuellt problem. Det leder till ökad 
primärproduktion och frekvens av algblomningar. Den förhöjda primärproduktionen leder 
även till ökad turbiditet, något som försvårar för ekologiskt viktiga bentiska arter, t.ex. sjögräs 
(ålgräs), att kolonisera bottnar på djupare vatten. 
 

Så väl EU-direktiv som nationell lagstiftning kräver en minskning i näringsämnen, bl.a. 
kväve, som når havet. Ett verktyg för att klara av dessa minskningar kan vara musselodlingar. 
 

Musselodling är en etablerad, men liten, industri på den svenska västkusten. Musslor som en 
kväveavskiljningsmetod är däremot en ny tillämpning. Lysekil kommun har fått undantag från 
att bygga ut kvävereningen i Långevik vattenreningsverk. I stället används musselodlingar för 
att ta bort kväve, vilket ansågs vara en billigare metod. 
 

Detta examensarbete undersöker fördelarna i pengar och energi i att använda 
musselodlingar för att få bort kväve från havsvatten, jämfört med att avskilja kväve i 
vattenreningsverk. Dessutom jämförs produktionen av musselgödning, genom att kompostera 
musslor från musselodlingen, med att producera motsvarande mängder med konstgödsel. 
 

Resultaten visar att musselodlingar vare sig är billigare eller mer energieffektiva än de 
konventionella alternativen för att ta bort kväve och producera gödsel. 
 

Musselgödning är däremot inte den mest lönsamma produkt som musslorna från 
musselodlingen kan ge. Alternativ som foder och mänsklig konsumption diskuteras i 
rapporten. 
 

Vidare kan musselgödning godkännas som KRAV-gödsel. I en jämförelse mot andra 
KRAV-gödsel kan musselgödning visa sig mer ekonomisk eller energieffektiv, men en sådan 
jämförelse ligger utanför detta arbetes tidsram. 
 

Slutligen var vissa data grova uppskattningar, t.ex. energiåtgången för kväveavskiljning i 
vattenreningsverk. Mer forskning och undersökningar behövs för att nå mer tillförlitliga 
slutsatser. 
 
Sökord: Agro-Aqua-cykel, musselodling, Mytilus edulis, eutrofiering, gödsel, kväve, 
näringsämnen 
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1 Abbreviations 
 
p.e. Population equivalents 
WWTP Waste Water Treatment Plant 
AS Active Sludge 
MK 1 Miljöklass 1 (Environmental Class 1) 
MK 3 Miljöklass 3 (Environmental Class 3) 
BAT  Best Available Technique 
BOD Biological Oxygen Demand 
JTI Institutet för Jordbruks- och Miljöteknik  

(Swedish Institute of Agricultural and Environmental Science) 
EU European Union 
KMF  Kristinebergs Marina Forskningsstation  

(Kristineberg Marine Research Station) 
KSLA Kungliga Skogs- och Lantbruksakademien 

(The Royal Swedish Academy of Agriculture and Forestry) 
KTH Kungliga Tekniska Högskolan  

(Royal Institute of Technology) 
SU Stockholms Universitet 

(University of Stockholm) 
DSP Diarrheic Shellfish Poisoning 
PSP Paralytic Shellfish Poisoning 
OSPAR Commission for the Protection of the Marine Environment of the North-East 

Atlantic 
NFA  Livsmedelsverket (National Food Administration) 
SLVFS Livsmedelsverkets föreskrifter (Regulations of the National Food 

Administration) 
HPLC High Pressure Liquid Chromatography 
DTX 1 Dendrotoxin 1 
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3 Introduction 
 

Throughout history, human activity has affected the surrounding environment. After 
agriculture became common, however, the impact increased dramatically. Farming practices 
have implicated widespread change in land use, slash-burn agriculture and erosion following 
intensive grazing by livestock. 

 
Agriculture has also been a source for the macronutrients nitrogen and phosphorous, 

especially since the use of artificial fertilization became more common in the 50s. Reflecting 
the increased population and need for food, the world consumption of artificial fertilizers 
increased approximately ten fold between the years 1950 and 1984. The consumption has 
since abated but is still increasing (Haamer, J. et al., 1999). 

 
Nutrients and pollutants originating in anthropogenic activity often follow streams and 

rivers, ending up in recipient bodies of water. Coastal sea areas have been particularly 
exposed. The nutrients cause eutrophication in seas with increased primary production and 
possibly hypoxia in the bottom sediments as results. The increased primary production also 
increases the turbidity, lowering the depth at which e.g. macro algae can grow. This can in 
turn reduce the biodiversity and fish production, thus severely disturbing the ecosystems. 
 

3.1 Nutrients in coastal waters 
 

In Sweden, estimations by the EU project Forum Skagerrak have shown that the amount of 
nitrogen reaching the sea have doubled from the 1950s to the 1980s, and the amount of 
phosphorous have quadrupled from the 1940s to the 1970s (Persson, M., 2004). 

 
These increases in anthropogenic load on the seas, and the detrimental effects thereof, have 

been observed for a long time. Apparently, awareness is awoken, but the results to date are 
not sufficient. The North Sea and OSPAR Conventions from 1992 declared a goal of a 50 % 
decrease in nitrogen and phosphorous from anthropogenic, land-based sources between 1985 
and 2005. This goal has not been achieved (Lindahl, O. et al., 2005). 

 
The Swedish government has declared 15 Environmental Objectives, one of which is Zero 

Eutrophication. This Environmental Objectives has an interim target of reducing waterborne 
anthropogenic nitrogen emissions to the sea south of the Åland Sea by 30 % compared with 
1995 years levels by 2010 (Sanchez, A. et al., 2004). 

  
The County Board of Västra Götaland has a less ambitious goal, 18 %, for the coastal 

waters of eastern Skagerrak for the same period (Haamer, J., 1996). 
 
The EU Directive 91/271 EEG states a figure of 70 % nitrogen removal in larger waste 

water treatment plants (WWTPs) (Haamer, J., 1996). In most cases, this means that the 
WWTPs have to implement coupled nitrification – denitrification. 
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3.2 Source 
 
The main source of nitrogen to the sea is agriculture and atmospheric deposition, followed 

by discharges from WWTPs and run-off from areas such as forests and pastures (Haamer, J. et 
al., 1999). 

 
An intensive agriculture removes large quantities of nutrients bound in the crops, which 

have to be replaced in the form of fertilizers. Artificial fertilizers can be tailored to ensure 
suitability in composition and bioavailability. However, manufacture of artificial fertilizers is 
very energy demanding and thus not in line with a sustainable approach to agriculture. 

 
The waterborne supply of nitrogen nutrients to the water in Skagerrak has to the main part, 

about 80 %, diffuse sources, e.g. agriculture. These nutrients seldom pass through any kind of 
treatment. The remaining 20 % originates in point sources, e.g. municipal WWTPs and 
industries, where treatment is possible (Haamer, J., 1996). 

 
The fixation of nitrogen is a naturally occurring phenomena and takes place for example in 

discharges in thunderstorms. Anthropogenic fixation of nitrogen has surpassed the natural. 
The dominant sources are artificial fertilizers, energy production and industrial processes, 
with the first being the largest (Galloway, J. N. and Cowling, E. B., 2002; van Egmond, K. et 
al., 2002). 

 

3.3 Removal 
 

Nitrogen is removed in natural or constructed dams and streams, where it is bound in 
growing matter. A similar process takes place in active sludge (AS) processes in WWTPs, 
which produces a sludge that has to be removed and disposed of. A more effective method is 
coupled nitrification – denitrification, with a removal rate reaching 60 – 75 %. This process is 
energy intensive and may need organic “fuel”, i.e. methanol or ethanol (Persson, P-O., 2005). 

 

3.4 Resource 
 
Instead of perceiving nitrogen nutrients as pollutants that must be eliminated, they can be 

seen as resources that can be recycled. Since the processes of fixating nitrogen in fertilizers 
and removing nitrogen nutrients in WWTPs are energy intensive, there should be possibilities 
for energy conservation in eliminating these processes. This can be done in an Agro-Aqua-
cycle. 
 

3.5 The Agro-Aqua-cycle 
 
The Agro-Aqua-cycle (see fig. 2) is a method of recycling the nutrients from sea to land. 

Mussels in mussel farms remove nitrogen-containing particles, e.g. phytoplankton, while 
filtering the water. At the same time, eutrophication and turbidity of the water is reduced 
locally. The mussels can after harvest be used for human consumption, as animal fodder or, 
after composting, as a fertilizer (Lindahl, O. et al., 2005). 
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Fig 2: The Agro-aqua-cycle (after Persson, M., 2004). 
 

The Agro-aqua-cycle can be combined with a nitrogen emission quota system, where 
polluters can pay for the amount of nitrogen they emit. Mussel farmers can then be paid for 
the amount of nitrogen they remove from the sea, thus strengthening the economy in the 
mussel industry. In this way, diffuse sources of nitrogen can be treated at the same time as the 
aquaculture industry is stimulated (Lindahl, O. et al., 2005). 

 
A species of mussels globally spread, and well suited for Swedish conditions, is the blue 

mussel, Mytilus edulis. 
 

3.6 Mytilus edulis 
 

Mussels collect their food by filtering the surrounding water. The main food is 
phytoplankton, but the mussels can also accumulate toxic algae, bacteria or viruses. This 
periodically makes the mussels unsuitable for consumption. 

 
In consuming phytoplankton, the mussels decrease the turbidity of the water. This improves 

growing conditions for larger plants, e.g. seaweed, to colonize bottoms at larger depths 
(Newell, R. I. E., 2004). 

 
In May or June, the mussels reproduce. The small mussels, called spat, settle on every 

possible surface. In a mussel farm, the settling density can be up towards 10 000 mussels per 
meter of mussel farming rope. The number decreases due to predation and other losses, and 
stabilizes after 12 months at about 500 - 700 mussels per meter of rope (Loo, L-O. and 
Rosenberg, R., 1983). 

 

3.7 Mussel farming 
 

The methods of mussel farming differ between countries. There is harvesting of wild, 
bottom-living mussel colonies, from which the mussels are harvested by scraping. In this 
method, the mussels may be replaced from areas where abundant settling occurs, to areas with 
less predation. In France the mussels grow on poles and in Spain there are mussel rafts 
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underneath which mussel farming rope hangs. In Canada, mussel farms take the form of long 
horizontal lines with vertical substrate. These farms are submerged, in contrast to the Swedish 
farms, which lies in the surface of the sea. 

 

3.8 Mussel farming in Sweden 
 

The Swedish long-line system consists of horizontal lines (fig. 3), approximately 200 m 
long, anchored in the ends and kept afloat by barrels. 6 m long vertical suspenders are 
attached to the horizontal lines.  
 

There are plenty of suitable farm locations 
on the west coast of Sweden. At present in 
Sweden, there are permits ready for producing 
9 000 tonnes of mussels per year. Of these 
permits, mussel farming companies annually 
uses only 1 500 tonnes. Scanfjord, in Mollö-
sund on Orust, is one of the main producers. 

 
Currently, experiments with mussel farms 

are in progress outside the municipality of 
Lysekil. These farms are supposed to remove 
the same amount of nitrogen as large 
additions and reconstructions in the WWTP 
Långevik would, but more cost-effective. 

 
 

Fig 3: One long-line in a mussel. (photography by Lindahl, O.) 

3.9 Rationale 
 

Achieving the Environmental Objectives for Sweden and the set goals for the Skagerrak 
waters will be very difficult without further measures. Mussel farms can be used as a method 
of removing nitrogen and obtaining valuable products, e.g. food, fodder or fertilizer, at the 
same time as the eutrophication and turbidity of the coastal waters are decreased. Both these 
services substitute energy intensive alternatives, and can be seen as a way of recycling the 
nitrogen nutrients. This thesis will compare the costs and energy demands of services that 
mussel farms provide. 

 

3.10 Aim 
 

The aim of this thesis is to compare the energy and financial costs in different aspects of 
mussel farming. Firstly, the amount of energy and financial costs of removing a set amount of 
nitrogen nutrients (1 000 kg of nitrogen) using a mussel farm and the waste water treatment 
plant Långevik in Lysekil are compared. Secondly, the amount of energy and financial costs 
of producing mussel fertilizer from the mussels in the mussel farm are compared with the cost 
of producing a corresponding amount and quality of artificial fertilizer. Finally, the amount of 
energy and financial costs of the two services (removing nitrogen from water and producing 
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fertilizer) for the two systems (mussel farms and composting, WWTPs and artificial 
production of fertilizer) are compared. 

 

3.11 Methodology 
 

This thesis is a comparative study of different systems. In order to achieve information 
about the systems a literature study was conducted, using the resources at Industrial Ecology, 
Kristineberg Marine Research Station (KMF), and the libraries of KTH and SU. The main 
sources of information were articles, publications and reports. 
 

A day of seminars and discussions covering mussel farming was participated at the Royal 
Swedish Academy of Agriculture and Forestry, (KSLA). 
Study visits were done to KMF and to the experimental mussel farms.  
 

In addition to the cost analysis, the energy demands were investigated. The motivation was 
that removal of nitrogen in WWTPs is energy intensive, as is the production of artificial 
fertilizer. This high energy demand could be highlighted in an energy analysis, but diminish 
in a cost analysis, due to low energy prices.  
 

3.12 System boundaries 
 

Some aspects of the data collection are not within the scope of a project of this size (20 p). 
For example, a full analysis of costs and energy demands in transports could have been done, 
but this would have been time consuming. Therefore, all transports are ignored. 
 

All costs and energy contained in products used in the processes, e.g. the organic coal 
needed in the WWTP, was ignored to reduce the time needed for data collection. 
 

The construction costs for the mussel farm and the WWTP are ignored, since the different 
constructions have different life spans. Additionally, the constructions provide services and 
generate products that are not fully comparable. 
 

The only use of the mussels considered is that of making them into mussel fertilizer through 
a composting process. Alternative uses are not included, in order to keep the focus of the 
project. However, the other uses are included in the discussion.  
 

Coupled nitrification-denitrification in sediment beds underneath mussel farms is not 
considered, since investigations show inconsistent results.  
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4 Descriptions 
 

In this part of the report the separate entities are described more closely, in order to facilitate 
the following comparisons. 
 

4.1 The blue mussel 
 

 
Fig 4: Blue mussel, Mytilus edulis (from http://www.vattenkikaren.gu.se/). 
 

The blue mussel, Mytilus edulis, is a marine bivalve filter feeder that takes its nutrition from 
particles in the water, such as plankton (see fig. 4). The mussels attach to surfaces with 
excreted strings called byssus-threads that harden in contact with water. The blue mussel is 
found globally, and is common in the sea off the west coast of Sweden, where sea bottoms 
can be covered by colonies of blue mussels. 
 

Phytoplankton are primary producers and are formed in the upper layer, the trophic zone, of 
water bodies. Through photosynthesis, the plankton use solar energy to incorporate carbon 
dioxide and nutrients for growth and multiplication.  

 
Fig 5: Size-preference of mussels (after Persson, M., 2004). 
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As shown in fig. 5, the blue mussels accumulate particles sized between 2 µm and 0.5 mm, 
with a preferred size larger than 7 µm, primarily algae. The assimilation efficiency is high; up 
to 80 % of the trapped particles are assimilated (Rosenberg, R. and Loo, L-O., 1983). 
 

Nevertheless, smaller particles, e.g. bacteria and viruses can also be consumed by mussels, 
making them unsuitable for human consumption. Mussels can be cleansed from bacteria by 
keeping them in clean water for 1-2 days. Viral contamination, however, takes longer time to 
depurate, and the quality of the mussels decreases with time of the depuration (Rehnstam-
Holm, A-S. and Hernroth, B., 2005). 
 

Another health hazard is toxin-containing algae. These toxins are greatly concentrated in 
mussels, and can cause e.g. Diarrheic Shellfish Poisoning (DSP) and Paralytic Shellfish 
Poisoning (PSP) in humans (Rehnstam-Holm, A-S. and Hernroth, B., 2005). 
 

1 kg of raw mussels consists of 400 g raw meat, 300 g of shell and 300 g of liquid. The shell 
is mainly composed of calcium carbonate, in the form of aragonite, and small amounts of 
protein and organic carbon. (Haamer, J., 1996) Aragonite is more bio-accessible than 
dolomite or calcite, the most ordinary sources of agriculture lime (Olrog, L. and Christensson, 
E., 2003). 
 

The nitrogen nutrients, after being digested by the mussels 
in the form of plankton, are assimilated in the tissue (40 %), 
accumulated under the farm in form of feces (pseudo-feces 
and rejected particles) (40 %) and emitted in form of 
ammonia (20 %). The emitted ammonia is bio-accessible, 
and can be the basis for new plankton production (fig. 6) 
(Sanchez, A. et al., 2004). 
 
 
 
 
 

         Fig 6: Mussel-nutrient-cycle (after Persson, M., 2004). 
 
 
 

Mussel meat contains the same amount of protein than beef, but less calories and a fraction 
of the fat, of which a large part is unsaturated. In addition, mussel meat is a good source of 
amino acids, many vitamins, iron, copper, calcium and minerals (Shumway, S. E., 2001). 
 

Zooplanktons eat phytoplankton, and the trophic chain continues with smaller and larger 
fishes, ending with top predators such as us humans.  Filter feeders, e.g. mussels, primarily 
assimilate plankton. If the mussels are consumed by humans, the energy has to pass through 
fewer trophic levels. This is positive, since there is a loss in energy between every trophic 
level, which for aquatic life is around 80 % (Haamer, J., 1977). 
 

4.2 The mussel farm 
 

Besides fishing for mussels in natural mussel banks, there are several methods of farming 
mussels. In mussel farms, the mussels are attached to hanging substrate, where they grow 
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faster and contain more meat than bottom-living mussels. The hanging mussels also develop 
thinner and lighter shells, a result of less predation. A system has developed in Spain with 
rafts, which are anchored and can move around on the surface. These rafts have suspenders 
hanging underneath on which the mussels grow.  
 

 
Fig 7: The Swedish long-line system (after Persson, M., 2004). 
 

In Sweden, long-line mussel farms (fig. 7) are used. They consist of horizontal lines, 
approximately 200 m long, which are anchored in the ends and kept afloat by barrels. 6 m 
long vertical suspenders, on which the mussels settle and grow, are attached to the horizontal 
lines. Settling normally occurs in June, and the mussels are ready for harvest 12 – 18 months 
later. The number of individuals per meter of suspender is then down to 500, from 2 500 – 10 
000 at the time of settling.  
 

November or december is the optimal time for harvest, as the meat content of the mussels is 
at a maximum (Rosenberg, R. and Loo, L-O., 1983). However, due to the presence of toxins 
in the mussels, or insufficient demand for mussels on the market, other times of harvest may 
be preferable. The contents of meat can differ considerably during the year (Petersen, J. K. 
and Loo, L-O., 2004). 
 

Consequently, the time of maximum meat content should be examined, and harvest carried 
out at that time, if the mussels are used solely as a means of removing nutrients from the 
water. 
 

The next maximum meat content occurs after the settling period of the following spring. If 
the mussels are left over a third summer, there has been observed increasing competition of 
Ciona intestinalis (Loo, L-O. and Rosenberg, R., 1983). 
 

To facilitate a more continuous production, several farms can be in operation 
simultaneously. Half of the farms can be harvested each year. After harvest, new mussels will 
settle on the clean lines during the following settling season in May or June. 
 

The nitrogen and phosphorous are mainly accumulated in the meat, with minor amounts in 
the shell. The mass percentage of nitrogen in raw mussels has been estimated to 1 %  
(Haamer, J., 1996). 
 

At times, there might be a large amount of epibiota present in the mussel farm, mainly 
Ascidians, e.g. Sea squirts (Ciona intestinalis) (Loo, L-O. and Rosenberg, R., 1983). 
However, a nitrogen content of 1 % is still adequately accurate. 
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A normal long line farm consists of 8 – 10 parallel long lines and covers a sea area of 
approximately 5 000 m2, or 0.5 ha. One such farm can give 140 – 180 tonnes of mussels every 
12 – 18 months. In this thesis, a production figure of 150 tonnes will be used. One farm filters 
the surface water of 25 ha (Pers. comm. Lars-Ove Loo). 

 
This thesis will investigate the costs surrounding the removal of 1 tonne of nitrogen 

nutrients from coastal water. Since the mussels contain 1 % of nitrogen, the corresponding 
amount of mussels that needs to be harvested is 100 tonnes.  One ordinary farm, 5 000 m2 in 
size, can give 150 tonnes of mussels and thus remove 1 500 kg of nitrogen. Hence, the farm 
needed to remove 1 000 kg of N would need a surface area of about 3 300 m2.  
 

An overview of a mussel farm with its nitrogen nutrient flows is presented in fig. 8. 

 
Fig 8: A description of the mussel farm, with nutrient flows (after Lindahl, O.). 
 

In order to guarantee that the nitrogen harvested is the same that was emitted, the mussel 
farms have to be within 40 km of the point sources of the WWTPs. This is an interpretation of 
the EU Directive 91/271 EEG. In order to prevent the mussels from being affected by harmful 
bacteria, e.g. E. coli, the farms have to be more than 2 km away from the point sources of the 
WWTPs (Pers. comm. Odd Lindahl). 
 

In addition, the mussel farms need to be situated in flowing water, to secure an influx of 
new nutrients, and at a certain depth. If the farms are situated in too shallow water, the 
suspenders on which the mussels grow might reach the bottom. This might lead to losses 
through grazing by sea stars, e.g. Asterias rubens or Martasterias glacialis, and crabs, e.g. 
Carcinus maenas or Hyas araneus. From above, the mussel farms are grazed by eider, 
Somateria molissima. 
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4.3 The mussel industry 
 

There is extensive trade with blue mussels in Europe. Spain is the major producer with 
roughly 250 000 tonnes, followed by Italy and Denmark with 120 000 tonnes each. The 
biological carrying capacities of shellfish production are approaching the upper limit in the 
main producing countries and consequently, an increased production has to take place in other 
countries (Sanchez, A. et al., 2004). 

 
The farming of blue mussels in Sweden was started with pilot projects in 1971. In 1979, 

full-scale farms were established and the industry grew. However, the algal blooming in the 
autumn of 1983 contained toxins which were accumulated in the mussels. Long periods 
during which the mussels could not be sold in the following years forced many mussel 
farming companies into bankruptcy. In the public opinion, mussels got associated with toxic 
algae. The demand dropped, and stayed low after the algal blooming had subsided. The 
annual amount of blue mussels produced in Sweden is still on the same level as in 1983 
(Sanchez, A. et al., 2004). 

 
Improved testing methods for the important toxins have since been developed, which 

facilitate safe consumption. The EU directive 91/492 EEG regulates food safety of mussels. 
For domestic consumption, the National Food Administration (NFA) have issued regulations 
(SLVFS 1998:26), regarding bivalve mollusks, based on the EU directive. If the mussels are 
to be exported, they need to undergo biological testing. For domestic consumption, chemical 
testing for different toxins (ocadaic acid, DTX 1 and 3) on HPLC is sufficient (Sanchez, A. et 
al., 2004; Rehnstam-Holm, A-S. and Hernroth, B., 2005). 
  

4.4 Nitrogen removal in WWTPs 
 

The main methods of nitrogen removal used in WWTPs are assimilation in biological 
cleaning methods, such as AS processes, and coupled nitrification – denitrification. The 
former method involves micro-organisms which are allowed to grow in the water, while 
feeding on organic matter and nutrients. The method is primarily used to decrease the content 
of organic compounds in the waste water stream, measured as biological oxygen demand 
(BOD), the amount of oxygen needed to break down the organic matter. Micro-organisms 
also assimilate a smaller amount of nitrogen and other nutrients during growth. The efficiency 
on nitrogen removal in AS-processes is normally around 10 – 20 %.  
 

Coupled nitrification – denitrification is more efficient with a removal of 60 – 75 %, if 
proper recirculation is allowed. It also involves micro-organisms and can take place in an 
active sludge process, but the process has to have alternating aerobic and anoxic 
compartments in which nitrification and denitrification occurs. If the nitrification step comes 
first, the process is called after-denitrification, and an organic substance, e.g. methanol, is 
needed. When denitrification comes first, the process is called pre-denitrification, and no 
additional organic source is needed (Persson, P-O., 2005). 
 

The biological cleaning methods give a bio-sludge, which has to be taken care of. In some 
cases, it is too contaminated by e.g. heavy metals to be used as fertilizer in agriculture, but 
other uses include landfill cover, construction material or as soil improvement in energy 
forests.  
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To comply with the more stringent goals of 70 % nitrogen removal, stated in the EU 
Directive 91/271 EEG, larger WWTPs with above 10 000 population equivalents (p.e.) 
connected have to implement coupled nitrification – denitrification. This is costly and might 
need substantial construction work.  
 

Lysekil municipality is an exception. The nitrogen removal is instead achieved by mussel 
farms. This was evaluated as being more cost effective than implementing sufficient nitrogen 
removal steps in Långevik WWTP. Both the equipment and the composition of the waste 
water flows differ between WWTPs, which makes it hard to present a “standard” WWTP. 
Since Långevik WWTP is involved in the attempts of using mussel farming as a water 
treatment method, this WWTP has been used for the economic comparison in this thesis. 
Since no energy data were available for Långevik WWTP, such data has been taken from 
Käppala WWTP.  
 

4.4.1 Långevik WWTP 
 

Långevik had an AS process without any coupled nitrification – denitrification. The WWTP 
is dimensioned for 74 000 p.e, but around 30 000 p.e. are connected to it. The bio-sludge has 
been used as soil improvement for energy forests (Pers. comm. David Andersson). Half of the 
load on Långevik WWTP originates from local fishing industries.  
 

4.4.2 Käppala WWTP 
 

The WWTP is dimensioned for 700 000 p.e. and receives about 520 000 p.e. The process 
eliminates nitrogen to about 75 %. This is done through a combined AS process and pre-
denitrification. Käppala uses its bio-sludge as a fertilizer, but also as cover for landfills and as 
construction material (Palmgren, T., 2004). The largest part of influx to the WWTP comes 
from households. Around 120 000 p.e. comes from industries in the covered area, the major 
being Arlanda airport, Arla Foods, Ragn-Sells Waste Treatment Plant and Solnaverket. 
 

4.5 Description of artificial fertilizer manufacturing 
 

When intensive agriculture is conducted, there is an inevitable removal of nutrients from the 
fields. These nutrients have to be replaced. The use of artificial fertilizers is a convenient way 
to do this since the amount and composition of nutrients is well known, as well as the bio 
availability. Thus it is possible to have a high precision in fertilizing. However, the production 
of artificial fertilizers is energy intensive, and some components, i.e. phosphorous, are 
available in limited supplies.  
 

The base for nitrogen fertilizers is ammonia, which is produced through the Haber-Borsch-
process. This is an energy intensive process, even though the energy demand has decreased 
through the years due to improvements in the process. 
 

Artificial fertilizers may also contain phosphorous and potassium. Phosphorous needs to be 
mined, and is in limited supply. However, the known reserves are large compared to the 
annual consumption. The phosphorous reserves contain differing amounts of cadmium, which 
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is detrimental to crops. According to Hydro Agri, this cadmium can be removed to a marginal 
cost (VäxtPRESSEN, 1998). 
 

In this report, two artificial fertilizers besides lime will be used for comparison: calcium 
nitrate and PK 13-13.  
 

Calcium nitrate contains around 15 % nitrogen (by weight), which is in two forms, 14 % as 
nitrate and 1 % as ammonium. In addition, it contains 19 % calcium.  
 

PK 13-13 contain 13 % each of phosphorous and potassium, besides calcium, sulphur and 
chlorine  (Homepage of Yara, 2005). 
 

Another important substance in agriculture is lime. It is a sedimentary mineral which is 
mined in open-cut mines. It improves the pH of the soil, which otherwise can fall below what 
is good for the crops. Lime also makes nutrients more accessible for crops, and improves 
conditions for micro-organisms and worms. Limestone (calcium carbonate, in the form of 
calcite) and the mineral dolomite (a mix of calcium carbonate and magnesium carbonate) are 
suitable for agricultural soils (Homepage of Nordkalk, 2005). 
 

4.6 Description composting closed/open and mussel fertilization 
 

In order to utilize the nitrogen and other nutrients in mussels, they can be used as fertilizer. 
This is a practice which has been in place for around fifteen years in farms on the west coast. 
Mussels too small for consumption, or damaged, have been delivered to farmers to be spread 
over their farmland. Considering the appropriate relative amounts needed for growing plants, 
mussel fertilizer contains a surplus of lime, as a result of all the shells being included in the 
product. This means that farm lands should not be fertilized with mussel fertilizer solely for 
more than a few succeeding years. The shells constitute a large part of the weight of the 
mussel, and consist mainly of calcium carbonate, as aragonite. This high amount of lime is 
particularly suitable, since the mussel fertilizer primarily is used by local farmers near the 
west coast and the soil there generally has a low pH, which can be alleviated by added lime 
(Pers. comm. Lars Olrog). 
 

Mussels coming directly from the mussel farms are ready to be spread over the fields after 
draining to lower the amount of salty sea water. Otherwise, the high content of sodium would 
be unfavourable for some crops, e.g. potatoes, and that of chloride would have a negative 
effect on the structure of clay soils. A suitable amount of mussel fertilizer for one hectare of 
farmland is 10 tonnes per year. This amount can contain 50 - 100 kg of nitrogen, 1 kg of 
phosphorous and 1 kg of potassium, besides a number of other nutrients, such as selen (Olrog, 
L. and Christensson, E., 2003). 
 

In terms of artificial fertilizers and lime, 10 tonnes of mussels correspond to a mix of 30 – 
60 kg of calcium nitrate, 1 - 2 kg of PK 13-13 and 400 kg of agricultural lime. However, the 
content of nitrogen is not as readily bio-accessible as in the artificial fertilizer, since it is 
bound in the mussel meat (Pers. comm. Lars Olrog). 
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Fig 9: Mussel composting in progress. (photography by Olrog, L.) 
 

A problem with mussel fertilization is the smell arising in the decomposition of the mussels 
on the fields. To avoid this, the mussels can undergo a composting process before being used 
as fertilizer. If this is an open process nitrogen will be lost to the air, primarily in the form of 
ammonia, but also as nitrous oxides and nitrogen gas. Up to 50 % of the initial amount of 
nutrients may be lost in this way, but this is not yet sufficiently investigated (Pers. comm. 
Lars Olrog). 
 

5 Results 
 

The cost and energy demands in removing one tonne of nitrogen using a mussel farm and 
using a WWTP are presented here, as are the cost and energy demands in making the mussels 
into mussel fertilizer, and in producing a corresponding amount of artificial fertilizer. Finally, 
the costs and energy demands for the different systems are added up and compared.  

5.1 Nitrogen removal 
 

The costs and energy demands of removing nitrogen from water using a mussel farm are 
presented, as well as those of removing nitrogen from water in a WWTP. 
 

All energy demands are transformed into joule. Since the standard way of expressing energy 
differs between countries, a table is included (table 1) to make comparisons easier. 
 

     Table 1: A comparison between energy units 
1 kWh 3.6 MJ Vacuum cleaning for 40 minutes, or  

washing laundry, one machine. 
1 MWh 3.6 GJ Energy consumption of driving a car 15 000 km. 

15 MWh 54 GJ Heating of a 125 m2 house for one year. 
11 GWh 39.6 TJ Energy output per day of a nuclear reactor. 
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5.1.1 Cost of nitrogen removal in a mussel farm 
 

The content of nitrogen in mussels is about 1 %. In the case of large quantities of on-growth 
of other species e.g. Ascidians (Ciona intestinalis), that figure is still acceptable. A tonne of 
nitrogen thus equals 100 tonnes of mussels. According to a mussel farming company, the 
price of raw mussels is 4 SEK / kg. With this price, the cost per tonne of nitrogen removed is 
(4 * 1 000 * 100 =)  400 000 SEK (Pers. comm. Anders Granhed, SCANFJORD). 

 
However, the mussels which are used for fertilizing are discarded mussels unsuitable for 

other uses, e.g. human consumption or fodder, which approximately amounts to a third of the 
total amount. Today, SCANFJORD transports these discarded mussels to farmers, which 
makes the mussels free for the farmers.  

 

5.1.2  Energy demand of nitrogen removal in a mussel farm 
 

Calculations were based on an environmental investigation on Scanfjord.  The total energy 
costs, excluding transports between Scanfjord and the consumers, were added and divided by 
the total amount of tonnes produced (see table 3). This was done for two succeeding years, 
1999 and 2000. Results are found in table 2. 
 
Table 2: Data on energy use (Mäsak, P., SCANFJORD, 2001). 
Energy use         ( / year)   2000 1999 
Electricity in production 2 194 kWh 2 078 kWh 
Electricity for heat in boats 2 880 kWh 2 880 kWh * 
Diesel for the “Viking” 24.5 m3 = 238 194 kWh 23.3 m3 = 226 528 kWh 
Diesel for the catamaran 9.5 m3 = 92 361 kWh 10.1 m3 = 98 194 kWh 
Diesel for trucks 4 m3 = 38 900 kWh 4 m3 = 38 900 kWh 
Gasoline to Örnvik 1.65 m3 = 16 042 kWh 1.1 m3 = 10 700 kWh 
Total energy use 390 MWh ** 379 MWh ** 
* (Pers. comm. Anders Granhed, SCANFJORD). 
** Transports to wholesalers are excluded. 
 
Table 3: Data on production (Mäsak, P., SCANFJORD, 2001). 
Production      ( / year) 2000 1999 
Total produce sold as food 387.1 tonnes 436.2 tonnes 
Total, including discarded fraction *** 645.2 tonnes 727 tonnes 
*** The discarded fraction is 40 % (Pers. comm. Anders Granhed, SCANFJORD). 
 

The results were 0.60 MWh / tonne (2000) and 0.52 MWh / tonne (1999). This translates to 
2.16 GJ / tonne (2000) and 1.87 GJ/ tonne (1999).  
 

Since the produced mussels (and other species) contain 1 % of nitrogen, the removal of one 
tonne of nitrogen equals 100 tonnes of produce from the farms. That gives an energy cost of 
216 GJ (2000) and 187 GJ (1999) per tonne of nitrogen, with an average of 201.5 GJ.  
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5.1.3 Cost of nitrogen removal in a WWTP 
 

The cost of removal of nitrogen in WWTPs differs greatly depending on circumstances. For 
example, improvements and upgrading of existing steps in the water treatment facility are 
often carried out at the same time as implementation of coupled nitrification – denitrification-
steps. Both these actions improve the removal of nitrogen nutrients. If the WWTP has an 
over-capacity, for example from overly optimistic estimations on population increase, the 
marginal cost of removing more nitrogen nutrients can be small (Pers. comm. Peter Balmér). 
 

For Långevik WWTP in Lysekil, the municipal executive board have carried out 
calculations for alternatives with and without using mussel farms, to illustrate the cost 
efficiency in using mussel farming for nitrogen removal. The calculations for the alternative 
without mussel farms stated an initial upgrading cost of the WWTP of 10 000 000 SEK, 
followed by a yearly cost of 2 040 000 SEK for satisfying the nitrogen removal demands of 
70 % (Economic evaluation for the Långevik WWTP, 2004, Lysekil municipal board). 
With an annual total amount of 39 tonnes of N reaching the WWTP, the removed amount of 
N would be 27.3 tonnes (39 * 0.70) (Pers. comm. Odd Lindahl) and the price per tonne, if the 
initial costs are ignored, would be approximately 75 000 SEK per tonne of N.  

 
This gives a price per kilo nitrogen removed of 75 SEK, which correlates well with figures 

from other WWTPs (Pers. comm. Peter Balmér). 
 

When a WWTP is upgraded to include a nitrification-denitrification step, other upgrades 
and repairs are often taken care of at the same time. Even in the alternative with mussel 
farming in the Långevik calculations, the WWTP needed upgrading to a cost of 4 000 000 
SEK (Pers. comm. Bob Christiansson, Långevik WWTP). 
 

5.1.4 Energy demand of nitrogen removal in a WWTP 
 

A WWTP consists of numerous sub-steps. Nitrogen can be removed in more than one, and 
some steps might remove other compounds in addition to nitrogen. This makes it hard to 
produce figures for the nitrogen removal cost solely.  
 

Långevik WWTP is under re-construction and David Andersson at Långevik could 
therefore not estimate an energy cost of removing nitrogen. Torsten Palmgren, Technical 
Director of Käppala WWTP, on Lidingö in Stockholm, could provide a rough figure of 6000 
MWh as the annual energy demand of nitrogen removal in the bio-step. This is where most of 
the nitrogen removal occurs. According to the latest environmental report of Käppala, the 
WWTP removes 1495 tonnes of nitrogen annually (Palmgren, T., 2004). 
 

This gives a figure of (6 000 / 1 495 =) 4.0 MWh / tonne, or 14.5 GJ / tonne of nitrogen 
removed.  

5.2 Fertilizing 
 

The costs and energy demands of composting the mussels from the mussel farm are 
presented, as well as those of producing artificial fertilizer with an equivalent fertilizer effect. 
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5.2.1 Cost of manufacturing mussel fertilizer 
 

The mussels have to undergo a composting process to eliminate the problem of bad smell 
from decomposing mussels on the fields. This process consists of mixing the mussels with 
straw and turning them over repeatedly with a tractor. To calculate the cost of the mussel 
fertilizer, the price of the straw and the diesel needed for the tractor is added to the price of 
mussels. The diesel needed for turning the mussel-straw mixture amounts to 10 L / h, and the 
total time needed for 100 tonnes of mussels is about 20 hours.  
 

Shell Sweden states a price of diesel (MK1) of 11.33 SEK / L (Shell Sweden, 2005). 
 

The cost for the diesel then adds up to about (20 * 10 * 11.33 =) 2 300 SEK. 
 

Comparable analysises on composting of house hold waste suggest a ratio of 1:1 on a 
weight basis. This would mean that 100 tonnes of straw are needed for the 100 tonnes of 
mussels, which will be used in this report (Ohlsson, 2002). However, investigations 
specifically on composting of mussels suggest a lower demand for straw, for example a 1:5 
ratio (Pers. comm. Lars Olrog). 
 

The total amount will be lower than 200 tonnes, due to decomposition of e.g. cellulose in 
the straw. The mussel-straw-mixture from 100 tonnes of mussels is sufficient for 
approximately 10 hectares every year. The price of straw is 400 SEK per tonne (Pers. comm. 
Lars Olrog). 
 
Table 4: The price, quantity and cost for making mussel fertilizer. 
 Price Quantity needed Cost 
Production of mussels 4 SEK / kg 100 000 kg 400 000 SEK
Diesel 11.33 SEK / L 200 L 2 300 SEK
Straw 400 SEK / tonne 100 tonnes 40 000 SEK
    ∑              442 300 SEK 
 

A total cost of the mussel fertilizer would be about 442 300 SEK, and that of the 
composting process on its own would thus be about 42 300 SEK (see table 4). 

 
The use of mussels as fertilizer primarily applies to mussels discarded in the process of 

preparing mussels for human consumption. Around a third of the total amount is discarded in 
this way, and these mussels have to date been delivered to farmers for free. If, for example, 
the farmers pay for the discarded mussels by paying for the transportation, the calculations in 
table 4 would change. The cost of producing mussels would be eliminated, and if transport 
costs are set to 10 000 SEK, a new cost of mussel fertilizer would be 52 300 SEK. 

5.2.2 Energy demand of manufacturing mussel fertilizer 
 

The density of diesel MK1 is 0.815, and the energy content is 42.7 MJ/kg. (OkQ8, 2005)  
This gives an energy content per liter of (42.7 * 0.815 =) 34.8 MJ/L. 
 

The composition process of 100 tonnes of mussels uses 200 L of diesel, corresponding to a 
consumed energy of 7 GJ. To this figure, the energy demand of producing the mussels, 201.5 
GJ, is added. This gives a total energy cost of approximately 208.5 GJ for mussel fertilizer.  
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The energy content of diesel is 34.8 MJ/L. This value is slightly lower than those from 
Refsgaard et.al. (35.9 MJ/L), and Brentrup (36.12 MJ/L), which can be explained by that 
diesel (MK1), which is standard in Sweden, has a lower energy content. 
 

There are two kinds of diesel in Sweden, MK1 and MK3. Diesel MK1 is the cleaner kind, 
and the most commonly used diesel in Sweden, 90 %. Diesel MK3 accounts for the remaining 
10 %, but is more common in the rest of Europe.  

 
Analogous to 5.2.1, the energy demand of manufacturing mussel fertilizer could be regarded 

as being 7 GJ, since the mussels are discarded mussels which are delivered free to the 
farmers. 
 

5.2.3 Cost of manufacturing artificial fertilizer  
 

The composition of artificial fertilizers corresponding to 100 tonnes of mussel fertilizer 
(before any composition process) is 3 000 – 6 000 kg of calcium nitrate, 100 – 200 kg of PK 
13 – 13 and 40 tonnes of lime (Pers. comm. Lars Olrog). 

 
The prices according to Lantmännen Direkt are as follows: PK 13-13 2.25 SEK/kg, 

kalksalpeter 1.74 SEK/kg and agricultural lime 212 SEK/tonne (Lantmännen Direkt, 2005). 
The total cost is thus about 16 650 SEK (table 5). 
 
Table 5: The amount, price and cost for the corresponding artificial fertilizers. 
Artificial fertilizer Amount corresponding 

to 100 tonnes of 
mussels (Average) 

Price Cost 

Calcium nitrate 4 500 kg 1.74 SEK / kg 7 830 SEK
PK 13-13 150 kg 2.25 SEK / kg 337.5 SEK
Lime 40 tonnes 212 SEK / tonne 8 480 SEK
   ∑         16 647.5 SEK 
 

5.2.4 Energy demand of manufacturing artificial fertilizer 
 

The corresponding composition of fertilizers includes lime. The energy cost of preparing 
this amounts to 0.21 MJ/kg (Refsgaard, K. et al., 1998), which correlates with that of 
Brentrup of 0.2 MJ/kg (Brentrup, F., 2003). 
 

The production of calcium nitrate uses between 0.8 MJ / kg (BAT) and 1.0 MJ / kg 
(european average) (Brentrup, F., 2003). The european average value will be used in this 
report.  
 

The energy demand for producing PK 13 - 13 is 232.4 kWh / tonne, which corresponds to 
0.84 MJ / kg of PK 13 – 13 (Pers. comm. Kees Langeveld, Amsterdam Fertilizers BV). 
 

The total energy cost, as seen in table 6, is approximately 13 GJ. 
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Table 6: The amount, energy price and energy cost for the corresponding artificial fertilizers. 
Artificial fertilizer Amount corresponding 

to 100 tonnes of 
mussels (Average) 

Energy price Energy cost 

Calcium nitrate 4 500 kg 1.0 MJ / kg 4 500 MJ
PK 13 - 13 150 kg 0.84 MJ / kg 126 MJ
Lime 40 000 kg 0.21 MJ / kg 8 400 MJ
   ∑              13 026 MJ 
 

5.3 Economic comparison / evaluation 
 

The total costs and energy demands for removing 1 tonne of nitrogen from water through 
mussel farming, and making a mussel fertilizer from the harvested mussels are calculated. 
These results (table 7) are compared with similar calculations on the total costs and energy 
demands of removing 1 tonne of nitrogen from water in a WWTP, and producing an 
equivalent amount of nutrition as the mussel fertilizer would contain (table 8). 
 
Table 7: The total cost and energy demand for removal of nitrogen with mussel farming, and production of  
                  mussel fertilizer of the harvested mussels. 
 Cost Energy demand 
Production of mussels 400 000 SEK 201.5 GJ
Diesel 2 300 SEK 7 GJ
Straw 40 000 SEK ignored
 ∑       442 300 SEK ∑     208.5 GJ

 
Table 8: The total cost and energy demand for removal of nitrogen in a WWTP, and production of artificial  
               fertilizer corresponding to the fertilizing effect of the mussel fertilizer. 
 Cost Energy demand 
Removal of nitrogen in a WWTP 75 000 SEK 14.5 GJ 
Production of artificial fertilizer 16 650 SEK 13 GJ 
 ∑      91 650 SEK ∑     27.5 GJ 

 
As mentioned in the calculations of cost and energy demand for the production of mussel 

fertilizer, the production of the mussels can be disregarded since the discarded mussels are 
delivered to farmers free of charge. In table 9, the production of mussels is disregarded, and 
the costs and energy demands in making fertilizer from mussels and artificially are compared. 
 
Table 9: The total cost and energy demand for production of mussel fertilizer of discarded mussels and  
               production of artificial fertilizer corresponding to the fertilizing effect of the mussel fertilizer. 
 Cost Energy demand 
Diesel 2 300 SEK 7 GJ 
Straw 40 000 SEK ignored 
 ∑       42 300 SEK ∑        7 GJ 
  
Production of artificial fertilizer 16 650 SEK 13 GJ 
 ∑     16 650 SEK ∑     13 GJ 
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5.3.1 Nitrogen removal, mussel farms vs. WWTPs 
 

As seen above, the removal of 1 tonne of nitrogen using a mussel farm amounts to 400 000 
SEK. The corresponding cost for the removal of 1 tonne of nitrogen in a WWTP is estimated, 
described above, to 75 000 SEK per tonne of N. The mussel farm method is more than five 
times more expensive than the WWTP in removing nitrogen. 
 

Regarding energy costs, the farming and harvest of 100 tonnes of mussels, containing 1 
tonne of nitrogen, is estimated to be 208.5 GJ. In Käppala WWTP, the energy demand is 14.5 
GJ / tonne of nitrogen removed. The mussel farm method is more than 14 times more energy 
demanding than the WWTP in removing nitrogen. 
 

In both the above comparisons, however, the mussels are a potentially valuable product, 
which has not yet been utilized. In the WWTP, the nitrogen are transferred to nitrogen gas 
which is emitted to air, or to a bio-sludge which has to be disposed of. 

5.3.2 Fertilizers, mussel fertilizer vs. artificial fertilizer 
 

In order to calculate the cost of producing mussel fertilizer, the costs involved in the 
composting process are added to those of farming and harvesting the mussels. In order to 
make a comparison, the costs of nitrogen removal in the WWTP have to be added to the costs 
involved in producing artificial fertilizer.  
 

The total cost of manufacturing mussel fertilizer is (400 000 + 42 300 =) 442 300 SEK. The 
cost of the artificial fertilizers corresponding to 100 tonnes of mussels is 16 650 SEK, to what 
has to be added 75 000 SEK from the cost of removing nitrogen in the WWTP. This adds up 
to 91 650 SEK. The mussel farm method is almost five times more expensive than the WWTP 
in removing nitrogen. 
 

The energy demand of removing a tonne of nitrogen from water using a mussel farm, and 
subsequently turning the harvested mussels into mussel fertilizer is (201.5 + 7 =) 208.5 GJ.  
The energy involved in the removal of nitrogen in the WWTP, and production of artificial 
fertilizer is (14.5 + 13 =) 27.5 GJ. The mussel farm method is more than 7 times more energy 
demanding than the WWTP in removing nitrogen. 
  

If the cost and energy demand of mussel production are disregarded, as in table 9, the 
mussel fertilizer is still 2.5 times more expensive than the artificial fertilizers. Regarding 
energy demands, however, the artificial fertilizer is almost twice as energy intensive as mussel 
fertilizer.  
 

6 Discussion 
 

The discussion is divided into subparts, for example the data, parts of the systems and 
alternative uses of mussels. The concluding subpart covers suggestions for future studies. 

6.1 The data 
 

In a comparative report such as this, the data differ in availability and reliability.  
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Different WWTPs of differing sizes were involved in the calculations. It is important to 

emphasize that WWTPs have rather varying efficiency, depending on their equipment, size 
and inputs. A comparison of costs and energy demands involving different WWTPs, such as 
have been done in this report, consequently has errors. 
 

The energy data from Käppala WWTP was a very rough estimation. It would have been 
better to use energy data from Långevik WWTP, or carry out more thorough calculations (e.g. 
energy demand of pumps, compressors efficiency of the process and amount of oxygen 
needed but that was out of the time scope of this project. 
 

6.2 Economic and energy comparisons 
 

The results for the whole process (mussel farming, harvesting and production of mussel 
fertilizer) show that mussels are a more costly and energy intensive method of cleaning water 
from nitrogen and recycling the nitrogen in the form of mussel fertilizer. This shows that the 
mussels must be used in other, more lucrative ways (see 6.6) to make it economically feasible. 
In addition, it shows the need for environmental economic instruments, e.g. a nitrogen 
emission quota system as presented by Lindahl et al. (2005). With such a system, polluters 
can pay nitrogen emission rights, and the mussel farmers get subsidies for removing nitrogen.   
 

6.3 Mussel farms 
 

The mussel farms can function as habitats for smaller fish. Environmental effects of the 
increased sedimentation on the bottom underneath are insufficiently investigated, but there is 
a possibility that coupled nitrification – denitrification might occur there. That would remove 
additional nitrogen as nitrogen gas (Newell, R. I. E., 2004). 

 
The increased sedimentation might also cause oxygen deficiency. This can lead to formation 
of hydrogen sulphide, which is toxic and cause “dead bottoms”, as seen in the Baltic Sea. 
However, the results of investigations on benthic communities underneath mussel farms are 
inconsistent (Chamberlain, J.  et al., 2001; Christensen, P. B. et al., 2003). 
 

Coupled nitrification-denitrification might occur in the sediment bed underneath mussel 
farms. This can improve the overall nitrogen-removing effect of the farms. The occurrence of 
coupled nitrification-denitrification needs an anoxic and an anaerobic layer in the sediment 
bed, which only to some extent can be controlled by how the farm is handled. Burrowing 
sediment infauna can increase the oxic condition in the surface sediments, thus increasing the 
potential for coupled nitrification-denitrification (Christensen, P. B. et al., 2003).  
 

In addition to the removal of nitrogen by coupled nitrification-denitrification, nitrogen- and 
phosphorous-containing particles can be buried in the accumulating sediments (Newell, R. I. 
E., 2004). 
 
 
 



 27

6.4 Mussel fertilizer 
 

Mussel composting is not yet sufficiently investigated, and the results of ongoing projects in 
the field are much needed. One project, carried out by the Hushållningssällskapet Väst, is due 
to be finished in 2007 (Pers. comm. Lars Olrog). 
 

The 1:1 ratio between straw and mussels is probably not accurate. The current project 
suggests that a 1:5 ratio is more suitable. This would lower the cost of straw significantly, 
from 40 000 to 8 000 SEK, for the amount of mussels investigated in this report.  
 

The straw contains nutrients, which has not been covered in this report. This could increase 
the value of the finished mussel fertilizer. 
 

The mussel composting process could be closed to retain the nitrogen. The technique on 
how to best utilize this nitrogen, however, is not yet tested.  
 

One potential problem with mussel fertilizer is the simultaneous deposition of nitrogen, in 
the mussel meat, and lime, in the shells. In agriculture, lime is spread on the fields at other 
times as the other fertilizers, since lime inhibits the uptake of nitrogen in plants. However, the 
mussel shells decompose slower than the mussel meat. Therefore, there is a delay in 
deposition and consequently no problem with inhibiting effects (Pers. comm. Lars Olrog). 
 

Artificial fertilizers are designed for being bio-accessible and convenient for use in 
agriculture. Mussel fertilizer can never be as bio-accessible or convenient. It is, however, 
approved as a KRAV-fertilizer and is therefore of interest to organic farms. The price of 
KRAV-fertilizer (Biofer NPK 2.90 SEK/kg) is above those of ordinary fertilizers, 1.74 
SEK/kg for kalksalpeter and 2.25 SEK/kg for PK 13-13 (Lantmännen Direkt, 2005). 
 

6.5 Mussel farming as a water treatment method 
 

The farming practices of SCANFJORD may, in comparison with other farms, prove more 
energy demanding. SCANFJORD carry out harvest on many occasions per farm, and have 
their farms spread out over a large area. This increases the energy needed for harvest and 
inspection. If mussel farming were conducted on a larger scale, procedures could be made 
more effective. 
 

WWTPs can only treat water connected to the sewage system. However, the major part 
(80 %) of the nitrogen nutrients that reach the sea originates from diffuse sources and does not 
pass through any treatment besides natural assimilation in e.g. reed. Mussel farms can be seen 
as an effective way to reach a stream of nutrients otherwise neglected (Lindahl, O. et al., 
2005). 
 

Smaller WWTPs (below 10 000 p.e.) does not have as high demands to remove nitrogen as 
larger WWTPs do. In smaller plants, the cost of necessary additional equipment for 
facilitating coupled nitrification - denitrification is high. In these cases, mussel farms might be 
a more cost-friendly way of removing nutrients from the sea.  The farms are also easily up-
scaleable if an increased removal of nutrients is desired. 
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Normally in sea water, nitrogen is the limiting nutrient for growing plants, e.g. reed and 
algae. In some sea areas, phosphorous, rather than nitrogen, is limiting. Thus, investments in 
an effective nitrogen removal in WWTPs might allow the phosphorous to migrate further out 
at sea, instead of being bound in plants. This has been observed in e.g. the WWTP of 
Haapsalu, Estonia (Gröndahl, F. and Brandt, N., 1995). 
 

Mussel farms, on the other hand, removes nitrogen and phosphorous in a natural ratio, 
eliminating the risk of aforementioned effect. 
 

6.6 Alternate uses of mussels 
 

Two alternatives which bring more income than mussel fertilizer are using mussels for 
human consumption and using the mussels as fodder by drying them in order to produce 
mussel meal.  
 

In comparison with fisheries, mussel farms should demand much less energy, since the 
fishing ships have to search for the schools of fish. Mussels also are in a lower trophic level, 
which makes consumption of mussel meat more energy-efficient than that of fish meat. If an 
increase in mussel consumption could lower the demand of fish, problems with over-fishing 
might be alleviated. Mussels for human consumption are currently sold in stores for 30-40 
SEK / kg (Pers. comm. Odd Lindahl). 
 

After 2006, a higher percentage of the fodder for hens producing organic eggs in the EU 
will have to be organic. Mussel meal is organic fodder, and can therefore be of interest for 
organic egg producers. This mussel meal can replace fish meal, thus also decreasing the 
demand of fish (Sanchez, A. et al., 2004). 
 

The shells could also be used as remediation treatment of acidified water systems. 
Experiments in the county of Västra Götaland indicate that the shells have to be ground 
finely. Otherwise, the shells might not dissolve enough for the calcium carbonate to have 
sufficient effect (Holmberg, L. et al., 1999). 
 

6.7 Future studies 
 

Organic farmers use discarded mussels today, and the idea of using mussels as fertilizers 
might be more economic and in other ways suitable for organic farming. An analysis of 
organic fertilizers, e.g. KRAV-labelled, would be of interest. 
 

The Baltic Sea is heavily eutrophied and remediative action is needed. One obvious way to 
lower the amount of nutrients is to improve the WWTPs whose effluents reach the Baltic Sea. 
However, both the initial and the running costs are generally high and many of the countries 
surrounding the Baltic Sea do not have such funds.  
 

An alternative, simple and cost-effective method of battling the eutrophication may be to 
use large-scale mussel farms in suitable locations in the Baltic Sea. More research is needed 
in this direction. The salinity might pose a problem. The speed of growth for mussels is fastest 
in the salinity of ordinary salt water, 30 – 35 ‰, and drops with decreasing salinity. In the 
brackish water of the Baltic Sea, the growth might be too slow for mussel farming to be an 
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effective way of removing nitrogen. One thesis project is currently examining the possibilities 
and impediments with mussel farming in the Baltic Sea. 
 

The potential for nitrogen removal through coupled nitrification-denitrification in the 
sediments underneath mussel farms needs to be further studied, as do the factors affecting it. 
This is also investigated in a thesis project at present. 
 

In the composting process some nitrogen may be lost by evaporization. Closed composting, 
however, should be more effective in retaining the nitrogen. In this method, the outflowing air 
passes through a water scrubber. This technique has not yet been tested sufficiently to give 
any reliable data on efficiency (Pers. comm. Odd Lindahl). Consequently, this thesis focus 
only on open composting.  
 

The mussel fertilizer includes the shells, giving the fertilizer high lime content. This might 
be detrimental for some crops and favourable for others. In order to best utilize the mussel 
fertilizer, this could be investigated. 
 

7 Conclusions 
 
This reports possible conclusions are presented here. The conclusions are based on the 
acquired data according to the system boundaries described in 3.12. Projects with other time 
frames could include much-needed investigations not covered in this report. 

7.1 Water treatment 
 

It appears that removing nitrogen with mussel farming is more expensive and consumes 
more energy than removing the same amount of nitrogen in a WWTP. However, the data for 
the energy consumption needed for nitrogen removal in the WWTP is not reliable and could 
be different in a more thorough investigation. 

7.2 Fertilizing 
 

The use of mussels as fertilizer is one way of re-using nutrients lost to the sea. It is, 
however, not the most economically rewarding method, since equivalent amounts of artificial 
fertilizers can be manufactured to a lower cost and with less energy. Also, the artificial 
fertilizers are more bio-accessible, and more knowledge and technology exists for artificial 
fertilizers. 

 
The mussels needed for producing mussel fertilizer are discarded mussels, which are 

delivered free to farmers today. If the costs and energy demands involved in producing the 
mussels are disregarded, the mussel fertilizer is still more expensive but less energy intensive, 
than the artificial alternatives. 
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