
Bioextraction in Practice: 
a Case Study for Shellfish Cultivation –

Experiences from Sweden

Odd Lindahl
The Royal Swedish Academy of Sciences

Kristineberg Marine Research Station
Sweden



North-West Europe and Swedish West Coast



Coastal eutrophication at a large scale



Nutrients – a resource to recycle:

Nitrogen - because the production process 
is climate forcing and energy
demanding.

Phosphorus - because it is a limited resource
on a global scale.



The natural phytoplankton community acts
as a catch croop for the nutrient discharge

and the mussels as grazing-animals



Photo; Pia & Karl Norling

Mussel farming –
Open landscape 
feeding in the sea



A mussel farm =
recycling engine

The Agro-Aqua recycling
of nutrients

Nutrients to the sea:
80% diffuse sources,
20% point sources.



A mussel farm =
recycling engine

The Agro-Aqua recycling
of nutrients

Nutrients to the sea:
80% diffuse sources,
20% point sources.

A harvested mussel
contains : 
0.8 – 1.2 % N
0.06 – 0.08 % P



A mussel farm is like an artificiell hard
bottom and a natural part of the ecosystem



When society has no management tool

Environmental
economy Market economy



Nutrient trading as a part of
coastal zone management

Environmental
economy Market economy



Co-ordinate marine biofilters with 
environmental agriculture operations



+ = +

Let the agri-environmental 
aid program go seawards!

Spring cultivation catch crops mussel farming and harvest

Farmers are paid about
$200 per ha for spring culti-
vation and catch crops.
This corresponds to $15 per
kg reduced N emission.

A payment of $15 per kg of N 
to a mussel farmer is
equivalent to a subsidy of
about 15 cent/kg of mussels.

http://www.berga.naturbruksgymn.se/jordbruket/Bilder/hostbruk/plojn2.jpg


Mussel farming as part 
of sewage treatment



European Community sewage 
treatment demand:
10 000 p.e. 70% nitrogen removal

Lysekil sewage 
treatment plant.

(70 % N removal)

39 ton N

12 ton N

Lysekil – the suggested
nitrogen treatment

Annual cost:
$330000



Mussel farming
3 500 tons

Sewage discharge 39 tons N
Musse

l harvest
 39 tons N

100 % nitrogen 
removal in Lysekil

Annual cost:
$190 000

Lysekil - the first case in Sweden 
trading a nitrogen discharge

Bonus: 2,7 ton phosphorus





Environmental mussels require many markets

Biogas
Production?

Fish feed?



Mussel meal can replace fish meal

Steamed mussel meat Standard feed



Large scale and long term
studies at Swedish Agro. Univ.



Cost-effective systems for maximum biomass

Seafood mussels
in Sweden are 
paid $1 – 2 per kg.

Feed mussels can
be produced at
around 30 cent/kg.



The value of feed
mussels are around
15 cent/kg.

The feed mussel
farmer is also paid
15 – 20 cent/kg
for nutrient harvest.

Transport and
processing of 
feed mussels
into feedstuff
is about 1 – 2 
USD per kg of 
feedstuff.

Mussel feedstuff
can be produced
at about 4 USD/kg.

To be compared
with fishmeal, 
which today costs
about 2 USD, but
the price is slowly
increasing.

Farming Processing Market

The economic principle of mussel
feedstuff production



Composting mussels with straw



Calculated marginals costs using mussel
farming for N and P harvest

Farming purpose N
$/kg

P
$/kg

Seafood 0 0

Feedstuff 5.5 55

N and P harvest 45 450

Note: based on data from Swedish west coast.
(From Gren et al., 2009)



X

XX

Mussel farming in the brackish Baltic
x = test performed

2006 - 2008
= large scale trials

2009 - 2011

One year old mussels are small
but have a high meat content
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* Pilot studies

Harvest of mussels, nitrogen 
and phosphorus per hektar

Area Harvest
of

mussels
(ton/ha)

Harvest
of N

(ton/ha)

Harvest
of P

(ton/ha)

Growth
period

(months)

Mussel
feed area

(ha/ha)

Swedish west
coast
(marine)

300 3 0.21 15 - 18 25

Baltic Sea *
(brackish)

150 1.8 0.12 18 - 24 7



Why mussel farming to 
combat eutrophication? 

– The Swedish experience:
Recirculates nutrients via phytoplankton from sea to land

Environmentally friendly

Cost effective compared to many other measures

Especially suitable for diffuse emissions

Flexible and easy to remove or reorganize

A useful tool in nutrient trading schemes

Provides jobs in coastal areas

Produces healthy seafood, organic feedstuff and fertilizer



”Mussel ranging”



Thank you for attention
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