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Presenter
Presentation Notes
In a normal situation, nutrient fluxes in coastal areas consist of: 1) Run-off from land; 2) Exchanges with the atmosphere; 3) Exchange with surrounding water bodies. Ideally intervention takes place at the source or as nearby as possible. But in many areas, many abatement measures have already been implemented and the next stage is expensive. PLUS internal loading constitutes a major problem in may areas, hence marine mitigation measures can be necessary.


The mussel mitigation farming tool '
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Presenter
Presentation Notes
The basic principle is simple: Nutrients lost from land is taken up by phytoplankton that is then eaten by mussels and nutrients are thus incorporated into mussel meat. Once harvested, nutrients are returned to land. BUT, a prerequisite is that there is new production. Harvest of standing stock through fisheries is not a mitigation tool.
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BLUE OYSTER MODEL

OF OYSTER AQUACULTURE NUTRIENT CREDITS

Oyster meat is distributed
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rowing population.
Oysters are harvested, With the = S G
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How Is it done?
Longlines Nets+Pipes
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Presentation Notes
Spat collectors are deployed in the spring and mussel spat settle from May-June onwards. They start filtering and grow from day 1. Harvest will depend on location but may be already Nov-Dec the same year in the Western Baltic. There are 2 different general type of systems. 


Ecosystem service:
N (& P) removal

Biomass yield per model farm (t)

Thisted

Nitrogen extraction potential (t ha')
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Presentation Notes
This is nutrient removal from 3 sites in the Limfjorden, Denmark using different production techniques. Three things to note:
Localities in Limfjorden are alike even though nutrient loading is different
Productivity can be improved even with professional long-line farmers showing that it does matter who is carrying out the experiments
Tubes + nets are the most efficient method, but here we see that there is still a learning steep curve.


Baltic perspective
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Presentation Notes
BONUS OPTIMUS can vouch for the measurements from DK, Sweden West coast and Greifswald Bight, not the other Swedish experiments.  Two things to be noted:
Yes salinity matters
Experiments in the Baltic have not been performed in full scale and with professionals taking care of it


Western Baltic removal potential

Relative Nutrient Reduction
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@ Mussels can be produced in most
Western Baltic waters

EEZ

@ Potential N removal depends on
salinity, phytoplankon, cultivation
technique, and water depth

@ Relatively broad spatial variability

@ Greatest relative removal potential
in DK waters
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Presentation Notes
We have used a model to extrapolate from the test farms to the Western Baltic scale using a combination of a DEB, model for mussel filtration and growth, salinity, temperature etc, simple hydrodynamic forcing and calibrated vs data from test lines, monitoring data etc. 


cosystem service:
ater quality improvement

- 3-7 km3 daily per farm
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Presentation Notes
Mussels clear the water at a rate of 4-7 l/t for sizes relevant from the video, resulting in 3-7 km3 pr day for a full scale farm. Video is 15m





Effect of filtration on water quality
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Presentation Notes
Here is the result from the Western part of the Limfjorden where distinct depletion is visible from satellite images
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- Chlorophyll concentration is significantly reduced around the farm and improves basin-
scale water quality
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Presentation Notes
In a model excercise from the central Limfjorden, it can be shown that mussel farming is more efficient on WFD indicators than nutrient reduction from land in relation to Chl.a concentration. Dotted line is N-reduction using land abatement, full lines are the same using mussel farming


Ecosystem service: Provisioning

kg CO, eq kg* meat
SERNR6 oS

oON S~ O

Indhoeld/100 gr

Protein 17,8 gr
Carbohydrate 4,1 gr
Lipids 2,8 gr
Water 73,7 gr
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Presentation Notes
A major ecosystem service is provisioning of sustainable high quality proteins. Mussels have high protein content for low fat content and in addition healthy fat. In fact a mussel diet can be more sustainable than a pure vegan diet. Mussels should thus end at our dinner tables – we eat way too little fish and shelllfish in the HELCOM area. In relation to mussels as a mitigation measure there is another problem: the size and the lack of uniform size. 


Processing options - focus on meals é’

p \ Mussel meal
o Dry (0% shell
\ / 65-70% protein)

Mussel meal
(?% shell
40-60% protein)

CO, l |
M | oil
FreezedryJ [ekstractlon w ussel oi

- . Mussel meal

Water _ ol
[ Sieve ]—~ ] (?% shell
L~ = 50% protein)
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Presentation Notes
There is presently no ideal cost efficient way to process mussels into meal/silage due to the shells. With high shell content, mussels as feed ingredient is not valuable to most one stomach animals like fish, chicken or piglets but otherwise all results from feeding trials show that mussel meal is as valuable as fish meal. 


Challenge: Sedimentation
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Presentation Notes
One of the main challenges with mussel production in the water column is the increased sedimentation. It has been shown several times like the graph to the left. Sedimentation is however very local as seen in the graph to the right. 


Bigger picture on sedimentation
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—> Although there is increased sedimentation under a farm, it decreases on a basin scale
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Presentation Notes
A model study from Skive Fjord in the Limfjorden has shown increased sedimentation under the farm as anticipated, but decreased sedimentation on basin scale. The decreased sedimentation is due to mussel TPM uptake and is important to remember. Without increased sedimentation mussel farms can’t create basin scale increased oxygen depletion. 
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Presenter
Presentation Notes
On the panel to the right you see a reference area (top) an active mussel farm (with beggiatoa) in the center and an abbandoned farm lower panel. And increased oxygen consumption can be detected – here with a bethic lander in situ. BUT increased oxygen consumption in a few hotspots does not result in general oxygen consumption on basin scale


Effect of increased sedimentation - nitrogen
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Presentation Notes
Using benthic lander we have been able to measure in situ under a mussel farm in Horsens Fjord. Denitrification implies transforming nitrate to N2 and dissimilatory nitrate reduction implies production of ammonia. Denitrification is biggest and this scheme is also used for nutrient removal in US East coast.
In any case, the magnitude of increased processes are very much smaller than the N removal through mussel production.


Challenge: Site selection

Multi-Criteria Tool for Optimized Site Selection of Blue Mussel Mitigation Farms in the Western Baltic Sea
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Eider ducks - a special challenge

Measures:
e Harvest ti
e Protectio
e Deterren

Steber
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Challenge: Visual disturbance and social acceptance

=2 Present annual removal capacity 100-150t N
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Presentation Notes
Visual pollution is one of the major concerns in relation to social science. There can be a problem for local residents but in a greater picture, mussel farms do not take up much space.


®

Soclal acceptance - main concerns

Fish farming is coupled to
mussel farming

Space matters

Longing for undisturbed
scenery/nature

Lack of proper regulation
and management

Competition for space -

Generation of
plastic waste

Unwanted changes
of water quality

traditional fishery and sailing

e.g. greater farms or fish
farms.

13-3-2020
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Presentation Notes
Differences between Denmark and Germany: 
- Half of Danish respondents had experienced a decline in water quality over the past decades, 45 % of the German respondents had no opinion thereof.
decades of experience with aquaculture in the shape of fish farming in the Danish case area, the 1.5 years of test site was the only experience in the German case area
Danish respondents had a long-standing connection to the area and a strong attachment to it, the German respondents’ connection was not quite as strong. 

Reasons: 	- High number of (day) tourists in the German case study (75%) compared to the high number of permanent residents with strong place attachment in the Danish case. 
	- German test site was much smaller and therefore less visible than the Danish site


Sources of social acceptance

Mussel cultivation in accordance with
local values

e Sustainability
e Local identity

Stimulates local development
e Good to be frontrunner

Prevents unwanted measures
on land
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summary

@ Mussel cultivation can be an area-efficient tool that can remove 1.4-3.0 t N / ha in the top 25%
most suitable areas.

Net+pipe is the most efficient method for mitigation cultivation.

Mussel cultivation provides other ecosystem services in the form of better water quality and
sustainable protein sources that can be used for food or feed.

Ecosystem services provided will require compensation to the operator.

Implementation of the instrument requires local dialogue in relation to the use of the water
areas.

Social acceptance will depend on information on goods and services provided, dialogue with
local stakeholders and firm control with the operation

Placement of mussels as a tool will always depend on a specific assessment in the relevant
water areas and can take advantage of expert knowledge.

Further research and development is primarily necessary for optimization of farming practice in
the central Baltic.
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Economic value of mussel farming for
nutrient removal

* Principle for value calculation

 Value of mussel farming for reaching HELCOM
targets in the Baltic Sea Action Plan (BSAP)

 Local scale; nitrogen reductions in Limfjorden in

Denmark

o Alternative policies




Principles for calculating value of mussel farming for
nutrient removal

Euro Minimum cost without mussel farming

Minimum cost with mussel farming

_ Nalue of mussel farming at Target

Target Nutrient reduction
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Value of mussel farming for BSAP

e Costs and impacts on the Baltic Sea from:

- agriculture (livestock and fertilizers reductions, catch crops,
Increased grassland, construction of wetlands)

- Improved cleaning at sewage treatment plants and industry

- Reductions in air born nitrogen emissions

e Targets
- BSAP country targets
- Overall nitrogen and phosphorus reductions by 13 % and 48 %




Value of mussel farming in the BSAP under two
target regimes, billion Euro

Cost without mussel Cost with mussel Value of mussel

Billlonn euro

O R, N W &+ 01 OO N

m Country targets Overall targets




Allocation of values of mussel farming among
mussel farmers and land based measures under
two target regimes, billion Euro

1
0.8
0.6
0.4
0.2

0

Billion euro

Profits for mussel farmers Profits for land based
measures

= Country targets Overall reductions
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Local scale: nitrogen reductions in Limfjorden,
Denmark, Euro/kg nitrogen removal

Location 1 with |Location 2 with
long line nets+pipe

Cost of mussel

farming 12.64 6.4
Cost of land based
measures 16.75 23.85

Value of mussel
farming 4.11 17.45



Policies for mussel farming: principle issues

e Payments for nutrient removals, mussel farming as an offset:
-gives incentives for technological development
- stacking (i.e. payment for both N and P reductions)
- additionality
- uncertainty in predicting nutrient removal

e Payment for costs of mussel farming;
- no incentives for technology development
- simple to measure (but, risk of misreporting costs)

e Transaction costs from implementation, monitoring and verification




Policies for mussel farming: examples from
practice

» Mussel farming as an offset for increased cleaning at
sewage treatment in Lysekil at the Swedish West coast
(2007-2010). 3900 ton biomass to compensate for 39 ton
N load from the plant.

» Oyster as an offset for point sources in Virginia and
Maryland with caps on emissions of N and P (2020 - )




Conclusions

* The potential economic value of mussel farming
for nutrient removal is positive and can be high

* More focus needed on how to implement mussel
farming (payment mode, additionality, stacking,

monitoring and verification)




0.600
0.500
@
= 0.400
D
< 0.300
9
m 0.200
0.100
0.000

SWE = DEN - POL
= Country targets

EST LAT LIT
Overall reduction

GER

Profits for mussel farmers in a offset system for
BSAP under two target regimes, billion euro

RUS






	Mussel Mitigation Farming �Transforming eutrophication to high quality protein
	Nutrient sources
	The mussel mitigation farming tool
	Historical context
	How is it done?
	Ecosystem service: �N (& P) removal
	Baltic perspective
	Western Baltic removal potential
	Ecosystem service: �Water quality improvement
	Effect of filtration on water quality
	Effect of filtration on water quality
	Ecosystem service: Provisioning
	Processing options – focus on meals
	Challenge: Sedimentation
	Bigger picture on sedimentation
	Effect of sedimentation - oxygen
	Effect of increased sedimentation - nitrogen
	Challenge: Site selection
	Eider ducks – a special challenge
	Challenge: Visual disturbance and social acceptance
	Social acceptance - main concerns
	Sources of social acceptance
	Summary
	Economic value of mussel farming for nutrient removal
	����Principles for calculating value of mussel farming for nutrient removal�
	Value of mussel farming for BSAP
	Value of mussel farming in the BSAP under two target regimes, billion Euro
	Allocation of values of mussel farming among mussel farmers and land based measures under two target regimes, billion Euro
	Local scale: nitrogen reductions in Limfjorden, Denmark, Euro/kg nitrogen removal
	Policies for mussel farming: principle issues
	Policies for mussel farming: examples from practice
	Conclusions
	Profits for mussel farmers in a offset system for BSAP under two target regimes, billion euro
	Questions



