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Topics & Vision
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Algae Mussel Sustainable Fishery & Ocean . .
Cultivation and Farming and ‘Aquaculture MSP/MPA ) Marine Litter
biorefining biorefining / Circular solutions Multi-use

Vision 2030
4 )

& @

Contribute to decrease Ecosystem Restoration Bglzrggg’are;ég?g;_ Improve human _ Promote
of GHG emissions Increase Biodiversity local, circular economy well-being bio-based innovations
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Agenda

Opening of WG,
Efthalia Arvaniti, SUBMARINER

Scaling-up EU cultivation of shellfish and algae

Philippe Bryere, ACRI-ST.

Biodiversity data in seaweed farms
Sophie Koch, Sjokovin, Seamark

Algae Knowledﬁe Base and Algaeconomist Tool, Data Scarcity and

Uncertalnty in the Algae Domain

Tarig Yousef and Stefania Luzzi, SDU, AlgaeProBANOS

The OMICS mari ne
Mery Pina, EMBRC
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Wrap-up and SUBMARINER updates
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Scalingup EU cultivation of shellfish and algae
06 November 2024
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https://www.linkedin.com/company/acri-st/
https://twitter.com/acri_st

-----

Who are we

AACR

[ https:/iwww.acri-st.filen/  Independent SME of 150 people (incl. branches and subsidiaries) of the Space s

U Srongly involved in oceanographicaldata analysis and
production to support national and international directives
(MFSD,WFD, OSPARRs well as aquaculture and fishe
support.

U Strong skill in operational software development.
A engineering and development of operational and

A 8;C:;O;);p;iltsaétﬁer;r;g;;se?;ss U Works in Ocean Colour since its origin in 1990

AendtoSYR YR aSya2NEQ aA Yﬁzgjigtg?btgee ;?ﬁsgzir:j@a'tar}\d glqpyitumic aspects
validation

. . L A and on thematic exploitation (e.g. aquaculture and fisher
A data processing, archiving and distribution. P (e.9-aq

ACRIST is certified conform to the Quality Management System Standard 1SO9001:2015

© ACRIST 06/11/2024 9



https://www.acri-st.fr/en/

Who are we Qe

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

environment
research & consultancy

environment
research & consultancy

We are looking for a collective answer to the challenges of ecological transition.
At our level and through the many skills that make up our teams, we offer a
range of services to facilitate the link between knowledge, whether empirical,
experiential or scientific, and the politicians, decision-makers, elected
representatives and private companies working in these sectors.

- PUBLIC INSTITUTIONS PRIVATE COMPANIES ASSOCIATIONS m

© ACRIST 06/11/2024



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

Who are we
2 &\ BANTRY sl

MARINE RESERRCH STATION

SNl

A : aquacufture

5 7 licence
Awarded by the Dept of

Agriculture
\_ J

ol >
)
g 6 Hectare sea 4.6 Hectare
< site sea site
. For sea urchinand
Gt For seaweed culture in ayator culture in
o, Bantry Bay Dunmanus Bay
e /
7 e Animal
g Experimentation
x Awarded by HPRA

© ACRIST 06/11/2024 11


https://www.bmrs.ie/

COFREPECHE
4 :

@ BANTRY

MARINE RESERRCH STATION

Algae, shellfish and nutrientgs ACRIST/BMRSCofrepeche; 2022

o

This study conducted by ACRIwascommissioned by the European Commission &EC) to support the

Thegeneralobjectivewas:
==) to producedigital raster mapsof the productionpotential of shellfishand seaweed
==) that help plan marine aspectsof the

3 seaweed species: T
- Saccharindatissima of ,. : Do P
- Alaria
- Ulva

3 shellfish species: ’ g"}

Fresh Weight (kg/m?2/year)
nodata

el

N
P
iV
\fv\‘
W T

Saccharina latissima

- Blue mussel (M. Edulis) TS i Senario A

Annual fresh weight production

- King scallop (Pecten Maximus)
- Pacific oyster (C. Gigas)

This production potential was estimated through numerical| -
modelling on the basisof data from the CopernicusMarine | -
ServicgCMEMS)

© ACRIST 06/11/2024 12




COFREPECHE .'

Algae, shellfish and nutrientg ACRIST/BMRSCofrepeche; 2022

- 4
&\ BANTRY

Inputs

. »d®» Copernicus
@)?{EQJ&HE ("""—' Marine Service

Outputs of reanalysis models

For seaweed:

- Nutrients (NO3 and NH4)

- Currents

- Temperature

- Phosphate (PO4)

- PAR-> 3 OCront S0 R
Forshellfish

- ChlorophyHa

- Currents

- Temperature

© ACRIST 06/11/2024

Seaweed growth

numerical model

Shellfish growth

numerical model

MARINE RESERRCH STATION

res Y

Outputs

Raster maps of production potential

Production results:
- Fresh weight
- Dryweight
- kcalequivalent
- protein equivalent

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

Environmental impacts:
- CO2 uptake
- Nutrient uptake

13



COFREPECHE 'i(';

S ACRI
Algae, shellfish and nutrients ACRIST/BMRSCofrepecheg 2022 _ SRS ST

@BHNTRY
- MARINE RESERRCH STATION

000,

Other resultsobtained with our models

Placement of farms for a target annual production Spatial distribution of the impact of the
farms on nutrients
| _ Hi : NO3 deficit (mg N/m~3) v
3 R
Fresh Weight (kg/m2/year) ; 0 -630

L . — - .
,f.,'f'; | F
:\‘ " 0
- Alaria esculenta %
0 - 100

. Scenario A
timal farms. repartition

Total production: 10MT/year

Maximal depth: 30m
Surface of each farm: ~ 1km?2 ' :
Distance detween farms: Skm . L] R - e R e LR e TR
Number of farms: 2046 : : ' .

50

NO3 deficit after a season on growth
of Saccharina latissima for a target

production of 10Mt of fresh weight Ll :
L T
-5 0 5

© ACRIST 06/11/2024 14



2 ASTen /v cpe
TR AARHUS UNIVERSITET ¢ Sy

Algae and climate; AT ,4 v _cso G 2022 TNO [sictor LLiriii .‘?
T™NO (it oP
A 1. Context & Importance: Qp
A Algae Farming for Climate Goals ng
A Algae converCO2 into biomasscontributing to the reduction offreenhouse gas emissions m
A Underutilized production potentiakt the European level.
A Study aims to assess how expanding algae farming could help Europe achadivesits objectives m

A 2. Study Details:
A Commissioned byExecutive Agency for Small and Medisired EnterpriseEEASMIE
A Conducted byACTeonin collaboration witifTNQ Aarhus Universityand theUniversity of C%pe hagen

A Methodology: Analysis based on a comprehenditerature review. % 6?
A Focus orl0 algae speciet microalgae, 5 macroalgae).

A 3. Key Outputs:
A Production Potential Europearproduction projection maps
A Environmental ImpactCarbon footprint analysis § :

A Economic ValueAdded value of algae animal feedand broadereconomic impactof algae farmin

© ACRIST 06/11/2024 15




Summary of Algae and climate

Microalgae

Biomass and

Nutritional Yields

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

© ACRIST 06/11/2024

Greenhouse Gas
Emissions

w(Semi) Closed
systemshave
higherCO2
fixation
efficiency(60%)
vs.open systems
(30%).

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

Production Costs

AAlgae production
costs(micro and
macro) are
significantly
higherthan
conventional
feeds.

wCost datais
scarce, but algae
IS not yet
competitive in
terms of pricing.

Competitiveness
of Algae
Production

AHigh production
costsand limited
benefits, even
with carbon
credit sales,
mean algae farms
are not currently
profitable.

Saccharina latissima
Alaria esculenta
Palmaria palmata
Asparagopsis sp.
Ulva sp.

Spirulina

Chlorella sp.
Haematococcus
pluvialis
Nannochloropsis sp.
Asparagopsis sp.

Coastal

Land-based

Potential for

Algae Production
in Europe

AMaximum algae
production could
sequesters-21%

Rope system

Rope system

Rope system, pond/tank/raceway pond
Rope system

Rope system, ponds

Ponds

Photobioreactor

Photobioreactor

Photobioreactor
Photobioreactor

Algae for Animal

Feed

AAlgae ison-

competitive as a
feed source.

2F 9 dzNE LIS ¢High

emissions based
on ideal
conditions
(ignoring water
or land
limitations).

concentrations of
minerals like
iodine,

cadmium, and
mercurymake it
unsuitable for
animal
consumption.



Project continuation

Twonew aspects : : : i : 3
==) Focuson the North Seaand the Baltic, more L
specifically on current and future offshore - g
wind farm projects. ) e . )
==) Introduction of contaminants in the growth e |y
models,to quantifythe impact on the ||~ .  ° 3 ey | 4 0
viability for commercialuse of the production o s ~ ol } :
oot S =
= T
Other improvements - ”“égi‘v‘_f_ﬁ?aﬁ — et
==) Newselectionof speciesadaptedto the area _ e 8 Conmictn
== Replacement or refinement of numerical | i3 —
models,particularlyfor the shellfish Wind farm data frorEMODnet i )

© ACRIST 06/11/2024 17



Scientific development of the models ST

Experts

2 &\ BANTRY o

MARINE RESERRCH STATION Brecht Stechele

<3 >

Seaweed (macroalgae) model

A Mechanistic growth model based on nutrient uptake
Kinetics

A Found to bdit for purposeby expert review (WP1)

A Based on published model (Hadley et al., 2013)

A Published in the paper from forerunner study (Johnson et -
al., 2024) T

A Parameter sets already implemented fdlva, Saccharina Model schematic from Johnson et al., 2024
andAlaria

A In this project we plan to extend model Eucusand References:
could implement a further additional species if required ~ Hades s, Wikien . Joson ¢, Macead ¢, tByengmacrosgac
and if validation data are available Appl.Phycal 27, 90%916.https:/doi.org/10.1007/s10811014-0370y

A Cpntammant model to be addgd (simple uptake model goggi?gc“g“‘I\j‘;‘;ariaﬁ;:'g:nm‘;zg'r;:gy(gggg“gggﬁ;t]"lftﬁ'é'gto“
given water column concentratio ns) carbon and fisheries impacts of largeale seaweed and shellfish aquaculture

in Europe evaluated using operational oceanographic model outpubsi.
Mar. Scil1:1405303https://doi.org/10.3389/fmars.2024.1405303

© ACRIST 06/11/2024 18
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Scientific development of the models ST

Experts

BHNTRY e

LY MARINE RESERRCH STATION Brecht Stechele

References:

; . . Hawkins A. J. S., Pascoe P. L., Parry H., Brinsley M., Black K. D., McGoni
A ShellSIMnodel (HaWklnS et al-, 2013) |mp|emented In fOrerunn@.r(2013)5hellsimA generic model of growth and environmental effects

i i ili validated across contrasting habitats in bivalve shellfish 32, 2,2537
A study found to b_ellr_nlted by structural issues and s_tablllty e ol o0, 29831085 035 0201
Therefore’ we WI” Implement a new DEB (dynamlc energy bUdgﬁkon MJutardQ, JaouenM, Maltsev N, Boyer MzuillermeC,McElligott

mode|) D,Paolacct, Maguire ManginA andBryéreP (2024) Potential nutrient,
carbon and fisheries impacts of largeale seaweed and shellfish aquaculture
in Europe evaluated using operational oceanographic model outpubgi.
Mar. Scil1:1405303https:/doi.org/10.3389/fmars.2024.1405303

A DEB = modelling framework applicable to all living structures

A Mass, energy, element balance

A 3k species, 1.2k publications (species level) References:
A Niche research, growth, nutrient fluxes, carbon budget ;‘;‘;{{;gg; g-a;gfiage‘ﬁg?ggg;py‘;fg;@y budget theory for metabolic
A Bioaccumulation Kotta, J., Stechele, B., Barboza, A &asikA., &LavaudR. (2023). Towards
A Effect of toxicants on Species and pOpU'ﬂtiOﬂS environmentally friendly finfish farming: A potential for mussel farms to

compensate fish farm effluentdournal of Applied Ecolad(7), 13141326.

] ) Vaher, A, Kotta, J., Stechele, RaasikA.,Herkul K., & Barboza, F. R. (2024)
A SpeCleS selection: Modelling and mapping carbon capture potential of farmed blue mussels in

; the Baltic Sea regio®cience of the Total Environmged7, 174613.
A 2 musselsblue musselMediterranean mussel ?
A 2 oysters: pacific oyster, European flat oyster

© ACRIST 06/11/2024 19



https://doi.org10.2983/035.032.0201
https://doi.org/10.3389/fmars.2024.1405303

Scientific development of the models ST
2 Experts
& & BANTRY :

‘ Jonne Kotta
MARINE RESERRCH STATION Brecht Stechele
< >

gmaed / Shellfish model

- o o Seaweed mode_al inputs (nutrients, ( \ Farm yield data
A There iglefinitely not sufficient temperature, ight) oeciic |\
. — SpECIES-SpECIﬁC
data to make interpolated i ; parameter sets
. . . le inputs (h d ics, :
gridded concentration fields to farm dimensions) N
drive mOdeIS. — matter deficit
A Assessment of available data iS cyep.e  colocated proxy data \_ S/ ,
ongoing.lt may be possiblgo ~ contaminant (&3 =alni) N )/
. data
derive predictive relationships l l Downstream
with e.g. salinity, nitrate for ettty :
: Contaminant - Bi lati
some contaminants Py J Sociorn (castnd foum :
H relationships Baltic dat d
A Fallback plan ig0 look at E;gnnzf;;a}\ :
threShO|d enV|r0nmenta| l Delta-concentration of :
. Bi contaminant
concentrations that would lead Predicted contaminant J : :
. : contaminant trati I
to non-compliant biomass e il :

CcO ncentra'“O”S for food/feed 3 Impact of farms on contaminant distributions

Figure 4 : OVERALL SCIENTIFIC MODELLING APPROACH

© ACRIST 06/11/2024 20



| | ZACRI
Selection of contaminants ST
- Experts
/9\" BHNTRY Jonne Kotta
MARINE RESERRCH STRTION Brecht Stechele

A Heavy metals (Cd, Cu, Pb, Hg)
A Pesticides / herbicides
A Persistent organic pollutants
A Polyaromatic hydrocarbons
A Polychlorinated biphenyls
A Other organics
A—HABtoxins
A—Mieroplasties
A Data availability
A Importance (i.e. contaminants that are commonly
over thresholds)
A Representativeness (contaminants which are likely tc
be representative of a wider group)
A Input from expert stakeholders

© ACRIST 06/11/2024 21
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Discussion e

Joinour stakeholder panel, contact: philippe.bryere@asiir

Open questions:

==) What relevant seaweed and shellfish species
should we focus on ?

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

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

2 &\ BANTRY P 4 _ACT
‘ g eon
MARINE RESERRCH STATION if:“:\;a.ﬂ C.FS{-! eoylronment

IS >

© ACRIST 06/11/2024



SEAMARK

Seaweed-based
Market Applications &

o . Y &

. .- —— ¢ - y*

.,{ N

x *

* K

Co-funded by
the European Union

31.010.2024 BERLIN 23



Agenda / Outlook

— f

HORIZON PROJECT: 101060379 SEAMARK

A Biodiveristy in seaweed: importance to

study it

A Our data collection within Seamark
A Where we sampled: study site
A What we sampled: set -up
A How we sampled: Manual and eDNA
A Research questions
A Some results

A Reflections

A Data needs

PICTURES: SOPHIE KOCH (SJOKOVIN)

24



<=y Blodiversity In seaweed

A Habitat creation
A Shelter
A Food

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 -
wedre still |l acking dat

HORIZON PROJECT: 101060372 SEAMARK

PICTURES: JOHANNA ALBERG (OCEAN RAINFOREST) 25



5y Data collection within SeaMark

Products Time to Cost of Resource Need for Potential Skills &

O bj e Cti Ve : E :J)I':ral::)t Development  Availability = Documentation Market Value Competences
. N , " e " e
Pharmaceuticals & Pharmaceutical & 10-15+ Very High Limited Very High Very High Extensive medical &
Medical Devices P2: Bioactive  P3: Bio- P12: Bioactive melcaldeiees arker
. fuz;oidan materials oligosaccharides Cosmeceuticals 3-5+ Low - High Fair Medium High Toxicology effects
SeaMark will demonstrate how to scale up i T R T e
- - - - medicine
InNNOov atlve seawee d Cu It \V4 at| on an d E & Food 25+ Low-Medum  Good Medium- High  Medum - Hgh  Nutrion & food
p ro Ce S S 1q] g N to p 1 C e - C O m p et |t |Ve p ro d u Ct Cosmeceuticals R Feed 25+ Low- Medium  Very Good Medium - High  Medium - High Nutrit;t:ir; :.c :nimal

beta-glucan  oligosaccharides

applications making the entire supply
chain attractive for commercial
investments.

B[e]

P1: Bioactive  P9: Fucoidan P12: Bioactive

Nutraceuticals

Value

: _ _ : _
The SeaMark consortium comprises multi - E

disciplinary experts PriBoacve PTGreer  PGCo PG ‘Desgner PeFbres  Pil:Uha

beta-glucan  alginate fermented alginate protein for protein

across 12 countries including 12 industry o s
partners with expertise in multiple industry e
sectors. Together they will develop 12

innovative products ~ for market uptake. oo s

’ . Innovation product
Co-funded by

. Research product - the European Union

%’“ © Chris Shields

www.Sseamark.eu

HORIZON PROJECT: 101060379 SEAMARK


http://www.seamark.eu/

w4y Data collection

A WP9 : Ecosystem services

A Quantification of
A Bioremediation (nutrient uptake)
A Biodiveristy
A Carbon sequestration

A Valuation

A Bioremediation (nutrient uptake)

A Biodiveristy

A Carbon sequestration

HORIZON PROJECT: 101060379 SEAMARK



w4y Data collection

A WP9 : Ecosystem services

A Quantification of
A Bioremediation (nutrient uptake)
A Biodiveristy
A Carbon sequestration

A Valuation

A Bioremediation (nutrient uptake)

A Biodiveristy

A Carbon sequestration

HORIZON PROJECT: 101060379 SEAMARK



« -y \Where: the study site




«=y \Where: the study site

A North Atlantic

A Steady water temperatures (5 -11 °C)
A Multiple harvests (up to 6 over 3 years)
A => Cultivation structure stays in the water

A Near-shore but exposed

HORIZON PROJECT: 101060379 SEAMARK



« -y \Where: the study site

A North Atlantic

A Steady water temperatures (5 -11 °C)
A Multiple harvests (up to 6 over 3 years)
A => Cultivation structure stays in the water

A Near-shore but exposed

A 3-dimensional cultivation site

HORIZON PROJECT: 101060379 SEAMARK



A Two seasons (April z July)
A Exposed 7 semi-exposed

A Age of lines: first, second and
third year lines

A Sampling depths: 4m and 7m

A Manual sampling for
guantitative data

A eDNA for qualitative data inside
and outside of the cultivation
unit

A Validate (biomass samples)

A complement (water samples)

“HORIZON PROJECT: 101060379 SEAMARK
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Manual sampl

How

SEAMARK
Seaweed-based
Market Applications




=y How: eDNA

HORIZON PROJECT: 101060379 SEAMARK



