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Together we improve the Baltic Seaôs 
blue environment and economy

The cooperation platform for actors and initiatives across 
the Baltic Sea Region and beyond who promote innovative approaches to the 
sustainable use of marine resources

06 November 2024 ï Efthalia Arvaniti // Maya Miltell
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Topics & Vision

Algae 
Cultivation and 

biorefining

Sustainable Fishery & 
Aquaculture

/ Circular solutions
Marine LitterMSP/MPA

Ocean
Multi-use

Mussel 
Farming and 
biorefining

Vision 2030

Ecosystem Restoration
Increase Biodiversity

A smart, resilient 
Baltic Sea Region- 

local, circular economy

Improve human 
well-being

Promote 
bio-based innovations

Contribute to decrease 
of GHG emissions



Project Cloud 2024



Join allSUBMARINER WorkingGroups!



Agenda

13:00 ï 13.10 Opening of WG, 
  Efthalia Arvaniti, SUBMARINER 

13:10 ï 13.40 Scaling-up EU cultivation of shellfish and algae 

  Philippe Bryère, ACRI-ST.

13:40 ï 13:55 Biodiversity data in seaweed farms

  Sophie Koch, Sjokovin, Seamark

13:55 ï 14:10 Algae Knowledge Base and Algaeconomist Tool, Data Scarcity and 
  Uncertainty in the Algae Domain

  Tariq Yousef and Stefania Luzzi, SDU, AlgaeProBANOS

14:10 ï 14:25 The OMICS marine observatory of EMBRC: EMO BOò  
  Mery Pina, EMBRC

14.25  AOB

14:50  Wrap-up and SUBMARINER updates
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Scaling-up EU cultivation of shellfish and algae
06 November 2024

Experts
Jonne Kotta

Brecht Stechele

https://www.linkedin.com/company/acri-st/
https://twitter.com/acri_st
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https://www.acri-st.fr/en/
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Who are we 
Independent SME of 150 people (incl. branches and subsidiaries) of the Space sector. 

ü Strongly involved in oceanographical data analysis and 
production to support national and international directives 
(MFSD, WFD, OSPAR) as well as aquaculture and fishery 
support.

ü Strong skill in operational software development.
Å engineering and development of operational and 

prototypal data processors
Å data quality check systems
Å end-to-ŜƴŘ ŀƴŘ ǎŜƴǎƻǊǎΩ ǎƛƳǳƭŀǘƛƻƴǎΣ ŎŀƭƛōǊŀǘƛƻƴ ϧ 

validation
Å data processing, archiving and distribution.

üWorks in   Ocean Colour since its origin in 1990: 
Á both on the instrumental and algorithmic aspects
Á data processing and QC
Á and on thematic exploitation (e.g. aquaculture and fisheries)

ACRI-ST is certified conform to the Quality Management System Standard ISO9001:2015.

06/11/2024

https://www.acri-st.fr/en/
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Who are we 

06/11/202406/11/2024

https://www.acteon-environment.eu/en/

https://www.acteon-environment.eu/en/
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Who are we 

06/11/202406/11/2024

https://www.bmrs.ie/

https://www.bmrs.ie/
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This study conducted by ACRI-ST was commissioned by the European Commission (EC) to support the 
European Green Deal

The general objective was :
 to produce digital raster maps of the production potential of shellfish and seaweed.
 that help plan marine aspects of the Green Deal

3 seaweed species:
 - Saccharina latissima 
 - Alaria
 - Ulva

3 shellfish species:
 - Blue mussel (M. Edulis)
 - King scallop (Pecten Maximus)
 - Pacific oyster (C. Gigas)

Algae, shellfish and nutrients ς ACRI-ST/BMRS/Cofrepeche ς 2022

This production potential was estimated through numerical 
modelling on the basis of data from the Copernicus Marine 
Service (CMEMS).
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Inputs

Outputs of reanalysis models 

For seaweed:
 - Nutrients (NO3 and NH4)
 - Currents
 - Temperature
 - Phosphate (PO4)
 - PAR  ->

For shellfish:
 - Chlorophyll-a
 - Currents
 - Temperature

Outputs
Raster maps of production potential

Production results:
 - Fresh weight

- Dry weight
- kcal equivalent
- protein equivalent

Different scales:
 - per unit area
 - per length of line
 - per farm of a given size

Environmental impacts:
 - CO2 uptake
 - Nutrient uptake

Seaweed growth 
numerical model

Shellfish growth 
numerical model

Algae, shellfish and nutrients ς ACRI-ST/BMRS/Cofrepeche ς 2022
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Algae, shellfish and nutrients ς ACRI-ST/BMRS/Cofrepeche ς 2022

Other resultsobtainedwith our models

Placement of farms for a target annual production Spatial distribution of the impact of the 
farms on nutrients
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Algae and climate ς ACRI-ST/BMRS/Cofre ς 2022

Å1. Context & Importance:

ÅAlgae Farming for Climate Goals:

Å Algae convert CO2 into biomass, contributing to the reduction of greenhouse gas emissions.

Å Underutilized production potential at the European level.

Å Study aims to assess how expanding algae farming could help Europe achieve its climate objectives.

Å2. Study Details:

ÅCommissioned by: Executive Agency for Small and Medium-sized Enterprises (EASME).

ÅConducted by: ACTeon, in collaboration with TNO, Aarhus University, and the University of Copenhagen.

ÅMethodology: Analysis based on a comprehensive literature review.

Å Focus on 10 algae species (5 microalgae, 5 macroalgae).

Å3. Key Outputs:

ÅProduction Potential: European production projection maps.

ÅEnvironmental Impact: Carbon footprint analysis.

ÅEconomic Value: Added value of algae in animal feed and broader economic impacts of algae farming.
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Summary of Algae and climate

Biomass and 
Nutritional Yields

ωMicroalgae 
production 
systems provide 
higher 
nutritional yield 
(crude protein 
per area) 
compared to 
macroalgae.

Greenhouse Gas 
Emissions

ω(Semi) Closed 
systems have 
higher CO2 
fixation 
efficiency (60%) 
vs. open systems 
(30%).
ωThe carbon 

footprint of algae 
is not fully 
comparable to 
soybean due to 
incomplete input 
consideration 
(e.g., fertilizer, 
irrigation).

Production Costs

ÅAlgae production 
costs (micro and 
macro) are 
significantly 
higher than 
conventional 
feeds.
ωCost datais 

scarce, but algae 
is not yet 
competitive in 
terms of pricing.

Competitiveness 
of Algae 

Production

ÅHigh production 
costs and limited 
benefits, even 
with carbon 
credit sales, 
mean algae farms 
are not currently 
profitable.

Potential for 
Algae Production 

in Europe

ÅMaximum algae 
production could 
sequester 5-21% 
ƻŦ 9ǳǊƻǇŜΩǎ /hн 
emissions, based 
on ideal 
conditions 
(ignoring water 
or land 
limitations).

Algae for Animal 
Feed

ÅAlgae is non-
competitive as a 
feed source.
ωHigh 

concentrations of 
minerals like 
iodine, 
cadmium, and 
mercurymake it 
unsuitable for 
animal 
consumption.

06/11/2024
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Project continuation

Two new aspects:
 Focus on the North Sea and the Baltic, more 

specifically on current and future offshore 
wind farm projects.

 Introduction of contaminants in the growth 
models, to quantify the impact on the 
viability for commercial use of the production.

Wind farm data from EMODnet

Other improvements:
 New selection of species adapted to the area.
 Replacement or refinement of numerical 

models, particularly for the shellfish.
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Scientific development of the models 

Experts
Jonne Kotta

Brecht Stechele

Seaweed (macroalgae) model

ÅMechanistic growth model based on nutrient uptake 
kinetics

Å Found to be fit for purpose by expert review (WP1)
Å Based on published model (Hadley et al., 2013)
Å Published in the paper from forerunner study (Johnson et 

al., 2024)
Å Parameter sets already implemented for Ulva, Saccharina 

and Alaria 
Å In this project we plan to extend model to Fucus and 

could implement a further additional species if required 
and if validation data are available

Å Contaminant model to be added (simple uptake model 
given water column concentrations)

Model schematic from Johnson et al., 2024

References:

Hadley S., Wild-Allen K., Johnson C., Macleod C. (2015). Modeling macroalgae 
growth and nutrient dynamics for integrated multi-trophic aquaculture. J. 
Appl. Phycol. 27, 901ς916. https://doi.org/10.1007/s10811-014-0370-y

Johnson M, Jutard Q, Jaouen M, Maltsev N, Boyer M, Guillerme C, McElligott 
D, Paolacci S, Maguire J, Mangin A and Bryère P (2024) Potential nutrient, 
carbon and fisheries impacts of large-scale seaweed and shellfish aquaculture 
in Europe evaluated using operational oceanographic model outputs. Front. 
Mar. Sci. 11:1405303. https://doi.org/10.3389/fmars.2024.1405303  

06/11/2024

https://doi.org/10.1007/s10811-014-0370-y
https://doi.org/10.3389/fmars.2024.1405303
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Scientific development of the models 

Experts
Jonne Kotta

Brecht Stechele

Shellfish model
Å ShellSIM model (Hawkins et al., 2013) implemented in forerunner 

study found to be limited by structural issues and stability
Å Therefore, we will implement a new DEB (dynamic energy budget 

model) 

Å DEB = modelling framework applicable to all living structures
ÅMass, energy, element balance
Å 3k species, 1.2k publications (species level)
Å Niche research, growth, nutrient fluxes, carbon budget
Å Bioaccumulation
Å Effect of toxicants on species and populations

Å Species selection:
Å 2 mussels: blue mussel, Mediterranean mussel
Å 2 oysters: pacific oyster, European flat oyster

References:

Hawkins A. J. S., Pascoe P. L., Parry H., Brinsley M., Black K. D., McGonigle C., et 
al. (2013). Shellsim: A generic model of growth and environmental effects 
validated across contrasting habitats in bivalve shellfish 32, 2, 237ς253. 
https://doi.org10.2983/035.032.0201 

Johnson M, Jutard Q, Jaouen M, Maltsev N, Boyer M, Guillerme C, McElligott 
D, Paolacci S, Maguire J, Mangin A and Bryère P (2024) Potential nutrient, 
carbon and fisheries impacts of large-scale seaweed and shellfish aquaculture 
in Europe evaluated using operational oceanographic model outputs. Front. 
Mar. Sci. 11:1405303. https://doi.org/10.3389/fmars.2024.1405303  

References:

Kooijman, S. A. L. M. (2010). Dynamic energy budget theory for metabolic 
organisation. Cambridge university press.

Kotta, J., Stechele, B., Barboza, F. R., Kaasik, A., & Lavaud, R. (2023). Towards 
environmentally friendly finfish farming: A potential for mussel farms to 
compensate fish farm effluents. Journal of Applied Ecology, 60(7), 1314-1326.

Vaher, A., Kotta, J., Stechele, B., Kaasik, A., Herkül, K., & Barboza, F. R. (2024). 
Modelling and mapping carbon capture potential of farmed blue mussels in 
the Baltic Sea region. Science of the Total Environment, 947, 174613.

06/11/2024

https://doi.org10.2983/035.032.0201
https://doi.org/10.3389/fmars.2024.1405303
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Scientific development of the models 

Experts
Jonne Kotta

Brecht Stechele

Contaminants approach
Å There is definitely not sufficient 

data to make interpolated 
gridded concentration fields to 
drive models. 

Å Assessment of available data is 
ongoing. It may be possible to 
derive predictive relationships 
with e.g. salinity, nitrate for 
some contaminants

Å Fallback plan is to look at 
threshold environmental 
concentrations that would lead 
to non-compliant biomass 
concentrations for food/feed

06/11/2024
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Selection of contaminants

Experts
Jonne Kotta

Brecht Stechele

Contaminant selection will depend on
Å Data availability
Å Importance (i.e. contaminants that are commonly 

over thresholds)
Å Representativeness (contaminants which are likely to 

be representative of a wider group)
Å Input from expert stakeholders

Lƴ ǿŀǘŜǊ ŎƻƭǳƳƴ κ ǎŜŘƛƳŜƴǘ κ ōƛƻǘŀΧ

Which contaminants could we consider?
Å Heavy metals (Cd, Cu, Pb, Hg)
Å Pesticides / herbicides
Å Persistent organic pollutants
Å Polyaromatic hydrocarbons
Å Polychlorinated biphenyls
Å Other organics
Å HAB toxins
ÅMicroplastics

06/11/2024
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Discussion

22

Joinour stakeholder panel, contact: philippe.bryere@acri-st.fr

06/11/2024

Open questions:
 What relevant seaweed and shellfish species 

should we focus on ?

 Which contaminants are important to track for 
these species in this area ?

 Do you have/know of data on these species and 
contaminants in this area ?



Biodiversity assessment 
around the Faroe Islands

SOPHIE KOCH  - RESEARCHER AND DOCTORAL CANDIDATE (SJOKOVIN)
COLLABORATION WITH: WAGENINGEN UNIVERSITY AND RESEARCH, OCEAN 

RAINFOREST, FIRUM

31.010.2024 BERLIN 23



24HORIZON PROJECT: 101060379 Ɂ SEAMARK

Agenda / Outlook
ÅBiodiveristy in seaweed: importance to 

study it

ÅOur data collection within Seamark
ÅWhere we sampled: study site

ÅWhat we sampled: set -up

ÅHow we sampled: Manual and eDNA

ÅResearch questions

ÅSome results

ÅReflections

ÅData needs

PICTURES: SOPHIE KOCH (SJÓKOVIN)



ÅHabitat creation 

ÅShelter

ÅFood 

For small invertebrates (jellyfish, 
shellfish, worms, sponges, shrimp, 
lobster, crabs, snails, etc), different 
species of fish, even mammals and 
birds.

Many claims have been made, but 
weɄre still lacking data to prove it!

25

Biodiversity in seaweed

HORIZON PROJECT: 101060379 Ɂ SEAMARK PICTURES: JÓHANNA ALBERG (OCEAN RAINFOREST)



Data collection within SeaMark
Objective:

SeaMark will demonstrate how to scale up 
innovative seaweed cultivation and 
processing into price -competitive product 
applications making the entire supply 
chain attractive for commercial 
investments. 

The SeaMark consortium comprises multi -
disciplinary experts 
across 12 countries including 12 industry 
partners with expertise in multiple industry 
sectors. Together they will develop 12 
innovative products for market uptake. 

www.seamark.eu 
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http://www.seamark.eu/


Data collection

27HORIZON PROJECT: 101060379 Ɂ SEAMARK

ÅWP9 : Ecosystem services

ÅQuantification of 

ÅBioremediation (nutrient uptake)

ÅBiodiveristy

ÅCarbon sequestration 

ÅValuation 

ÅBioremediation (nutrient uptake)

ÅBiodiveristy

ÅCarbon sequestration



Data collection
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ÅWP9 : Ecosystem services

ÅQuantification of 

ÅBioremediation (nutrient uptake)

ÅBiodiveristy

ÅCarbon sequestration 

ÅValuation 

ÅBioremediation (nutrient uptake)

ÅBiodiveristy

ÅCarbon sequestration
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Where: the study site

HORIZON PROJECT: 101060379 Ɂ SEAMARK
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Where: the study site

HORIZON PROJECT: 101060379 Ɂ SEAMARK

ÅNorth Atlantic

ÅSteady water temperatures (5 -11 °C)

ÅMultiple harvests (up to 6 over 3 years)

Å=> Cultivation structure stays in the water

ÅNear-shore but exposed

ÅMultiple harvests (up to 6 over 3 years)

ÅNear-shore but exposed 
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Where: the study site

HORIZON PROJECT: 101060379 Ɂ SEAMARK

ÅNorth Atlantic

ÅSteady water temperatures (5 -11 °C)

ÅMultiple harvests (up to 6 over 3 years)

Å=> Cultivation structure stays in the water

ÅNear-shore but exposed 

Å3-dimensional cultivation site
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What: 
Experimental set -up 

HORIZON PROJECT: 101060379 Ɂ SEAMARK

ÅTwo seasons (April ɀJuly)

ÅExposed ɀsemi-exposed

ÅAge of lines: first, second and 
third year lines

ÅSampling depths: 4m and 7m 

ÅManual sampling for 
quantitative data

ÅeDNA for qualitative data inside 
and outside of the cultivation 
unit

ÅValidate (biomass samples) 

Åcomplement (water samples)
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eDNA: 

Åin the middle of thecultivation unit, 

Åedge of the cultivation unit,

Å500 m away

ÅNatural kelp bed in the same Fjord 
and in another Fjord

What: 
Experimental set -up 



34HORIZON PROJECT: 101060379 Ɂ SEAMARK

How: Manual sampling
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How: eDNA


