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WHY ?

 Because EU seaweed-based economy is lagging behind

* Because of the absence of homogenised governance through EU

- Differences policies

- Different authorized species

- Different procedures for licence delivery
- Different socio-economic context

* Because there was no EU document so far summarizing the current
state of seaweed aquaculture

* Because EU (DG-Mare) expressed its interest in knowing more about it

‘ Aquaculture Advisory Council May 2018




PEGASUS at the EU parliament

26 Feb 2019, invited by the SEARICA Intergroup

EUROPEAN PARLIAMENT INTERGROUP

<

Seas Rivers Islands
Coastal Areas

MEPs

DG-Mare, DG-Santé

JRC,

NGO « Sea-at-risk »
Aquaculture Stewardship Counc
Dupont Nutrition & Health

SES
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WHAT PEGASUS DOES:

PEGASUS

Phycomorph European Guidelines
for a Sustainable Aquaculture of

Summarises the current status of seaweed aquaculture

r& Identify the bottlenecks
( Q List the related challenges
) Propose recommendations
& WHAT PEGASUS DOES NOT

Provide « know-how » about seaweed aquaculture
(i.e. no cultivation protocol,

no legislation procedure to follow, etc...)
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Where can | download PEGASUS from ?

www.phycomorph.org

HOME NEWS ABOUT PHYCOMORPH ACTIVITIES WORKING GROUPS EVENTS MEMBERS CONTACT LOGIN

KEY FACTS

PEGASUS

NK PHYCOMORPH PHYCOMORPH EUROPEAN
q GUIDELINES FOR A SUSTAINABLE
Phycomorph > Activities > Joint Publications > PEGASUS - Phycomorph European Guidelines for a SUstainable Aquaculture of Seaweeds AQUACU LTURE OF SEAWEEDS

PEGASUS - Phycomorph European Guidelines for a

JOINT PUBLICATIONS SUstainable Aquaculture of Seaweeds oHYCOMORPH
PEGASUS - Phycomorph COST ACTION
E Guideli fi

CUniraris et o — FA1406
Seaweeds PEGASUS Authors: Michéle Barbier, Bénédicte Charrier, Rita Araujo, Susan L. Holdt, Bertrand Jacquemin, s

Céline Rebours S :
Michele Barbier
Bénédicte Charrier

\\ . @ et il . — ‘ .
LN 214 : - . Rita Araujo
\ ( \ : . 3 Susan L. Holdt
‘. | * PEGASUS FULL RECOMMENDATIONS - Version 9 May 2019 (200 pages) g et —— Bertrand jacquemin
_~7 * PEGASUS CONCLUDING RECOMMENDATIONS - For decision-makers (20 pages) gz - ¥ Ee » Céline Rebours
K%‘ * PEGASUS KEY FACTS (8 pages) gy A
77,

» Reference document (190 pages) : DOI :10.21411/2¢c3w-yc73
» 20 page document for Ministries, policy makers in EU : Policy
oriented document

* Brochure (8 p) : “Phycomorph Statement”

List of collaborative publications Editors: Michéle Barbier & Bénédicte Charrier
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EU : an UNUSED POTENTIAL

30 Mt.yr+

30
- :l- IE;; -:L w—— (Globd
) 8.1 BE.yr
B b 6 % Growth Rate (GR/
5 10
:
T o
i 08 JTTTTTT 0,%.Growth Rate (GR) :
: —_— EU (incl NO) <1 % of
ﬂm the worldwide
D ~ 27,000 t DW —T production

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Camia et al., Biomass production, supply, uses and flows in the European Union. First results
from an integrated assessment, EUR 28993 EN, Publications Office of the European Union,
Luxembourg, 2018, JRC109869
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EU : a HIGH potential

Trends in food consumption

* Nutritional quality

* EU Vegan/vegetarian diet + 350%

in last decade (young people)

* Rich in proteins (~ leguminous),
fibers, minerals, low in fat

* Organic food increase

Coastline ‘

« EU Maritime area > EU Land area

(largest EEZ in the world =22 M km?)

* EU coastline 68 000 km (185 000
with NO, IS and TK) = x3 USA; >9
times more coast per inhab / China.

e 1/7 EU citizen lives < 500m from the
sea (labour availability)

Importation

SW importation ~
SW EU production

Cosmetics
> 2000€ / kg

Technical
iInnovation

L)

h SECTOR

IN EXPANSION

Leadership in Seaweed
Genomics, Population
genetics, Cell biology,
Metabolomics, Transgenics
and GE

Biodiversity

> 3000 different species
of seaweeds



¢ = SIG Seaweed
h

_ INDUSTRIAL BIOTECH NETWORK NORWAY
%

SIG Seaweed 5 Conference
27-28 November 2019, Trondheim

FOCUS : How do we create a
market for seaweed products
and biomass ?
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CREATE A MARKET /5.

ATTRACT CONSUMMERS it

Seaweed nutritional quality o

« g . . 7 Reasons To Eat Seaweed Regularly & Best
Seaweed are rich in fibers, pigments, polyphenols, mi- Recipes

nerals (Na, K, P, Ca, Mg, |, Fe) and vitamins (A, B1, B2, B6, PE——— Q
B12, C, D, E). They produce texturising agents: carragee- .
nan, agar-agar, alginates and some species (e.q. Porphyra)
contain 40% proteins. Seaweed have low Na/K ratio and
low lipid (50% PUFA).

Seaweed-derived
food-packaging films

Bio-plastic has 2 years of shelf Indonesian startup Evoware
life without using preservatives, ,

biodegradable, dissolve in warm
water and 100% nutritious.

Can also be customized for
different taste, color, and brand
logo.
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CREATE A MARKET 754
ATTRACT CONSUMMERS e

Seaweed nutritional quality

Seaweed are rich in fibers, pigments, polyphenols, mi-
nerals (Na, K, P, Ca, Mg, |, Fe) and vitamins (A, B1, B2, B6,
B12, C, D, E). They produce texturising agents: carragee-
nan, agar-agar, alginates and some species (e.q. Porphyra)
contain 40% proteins. Seaweed have low Na/K ratio and
low lipid (50% PUFA).

Seaweed-derived
food-packaging films

7 Reasons To Eat Seaweed Regularlv & Best,
Recipes
by Jayne Leonard June 9, 2016 = LIVING IDEAS g 5
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CREATE A MARKET

KNOW WHAT WE EAT E;
‘m?;dm"

European

Final Report - year 1

Standardisation of the product
and the production line

CEN/BT/WG 218 'Algae’
Approved by CEN/BT — February 2017

(DW / FW, methods?)

Maintenance of the quality :
post-harvesting storage, shelf-life

(drying, freezing, fermentation?)

(ProSeaFood)



Heavy metals

lodine

Arsenic

Allergens

As

CREATE A MARKET
SECURE WHAT WE EAT ASh

EU LEGISLATION

Quantification of the toxic compounds

No distinction between organic and inorganic
heavy metals (UE 2018/464)

Contaminant quantification : based on DW,
different quantification methods

Heavy metals considered only in seaweed
extracts

Post-harvesting/storage contamination
Different Organic certifications
Imported seaweeds not subject to legislation
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CREATE A MARKET
SIMPLIFY LEGISLATION

« What can we grow ? What can we eat ? »

OK, yes, but me,

| dm
o Novel am Accepted M

You're not Il | have been declared
"Not novel",

am | Accepted 7

Accepted
because
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CREATE A MARKET
SIMPLIFY LEGISLATION

« What can we grow ? What can we eat ? »

1990 (France)

1997

2019

« Not accepted » :

because no request for authorization,
or assessment not ended,

or rejected

« Accepted as food »

Extracted compounds
(Only")

«Non novel food »

-
’

—

«Novel food »

- Novel Food regulation

° i I I
| A single list !!

Novel Food list/ ) Regulaﬁion
EC catalogue of for all !!
Novel Food 2018

J
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CREATE A MARKET
SIMPLIFY THE LEGISLATION

Crganic
certification ‘u"lmmlns‘ .
EC 71042009 Food aditives

L

DIRECTIVE 2002/32/EC e

! :
. y Implementation
| Heavy mefal administrative & Scientific

|| IE-QISIIF:HIGH POTENTIALS FOOD requirement
onitoring £1881 /2005 * ekt
metals NOVEL FOOD REGULATION AUTHORIZATION

igdine in SW Labeling EC 2018/460
E 2018/4464 /B 1148901 ]

CAT ALC$ UE of Novel food

Feauirement for

Beneficial PR
UNION LIST OF application of NFR
SCIE E sli=el <€ EC 2018/460
C EC 1924/2006 NOVELFOOD . guaity
EC 2017 /2470 . g-t':ﬂmrhr
* 7 T Evaleaton
MA R K ET Advice European Food
€ Safety Agency
NUTRITION - SAFETY Commen FOOD SAFETY REGULATION
CONSUMERS : EC 176/2002

(From Michele Barbier)
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CREATE A MARKET
MAKE THE PRODUCTION COST-EFFECTIVE

Cultivation Biorefinery

Scaling up Lower tl_me
production costs

e Mechanisation/automation E‘D > Z@M

e Offshore cultivation ?

e Availability of the raw material ?
Currently Future ? y

* Registered enzymes
e Wild stock under licences

SESNO)
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CREATE A MARKET

PROPOSE NEW PRODUCTS

BIOPROSPECTING

Market value

Find new bioactivity
ee® "
. High-endsm‘éNr\g\@ts &6 cosmetics O o

resto g cado
e mg@&gﬁﬁ—ih‘WW&@i@@al,

Analyse Risk /| Benefit

* Clinical tests, duration, amount ?
* Combinatory effect with other products?
e Cost

Pharmaceuticals / Cosmetics
100 €/kg
Fine chemicals / Food

10 €/kg
Proteins (Feed)

Biomass for
energetical use

Marketslze

Up-scaling

| didn't pass
the upscaling

(
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BUT AT WHICH COST ?
AND HOW LONG FOR ?

Seaweed fields in China

- Impact on the environment

- Sustainability

- Anticipation

120°32'E 120°34°E

Low production cost
Disease
High Environmental impact
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ENVIRONMENTAL IMPACT
Biodiversity

Seaweed cultivation




ENVIRONMENTAL IMPACT
Biodiversity E

How far do they propagate/travel ?
How efficiently do they reproduce ?

How much do they settle ? "_':
Do they mix together ?

Laminaria digitata

i Laminaria hyperborea
_F("\ ' Laminaria ochroleuca
// - § @ Laminaria rodriguezii
¥ Jb
| e @
2 /) @ 5

http://www.ukmarinesac.org.uk/communities/infralittoral/ik1_2_2.htm
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SUSTAINABILITY

Conservation of the genetic diversity

Explore the breadth of
the local diversity and
avoid in-breeding and out- ’ %
breeding depressions ﬁ

Sourcing

Domestication / breeding

~ 10.000 a Dissemination
control ?

PEGASUS recommendations

In land-based systems, non-native species/non-local populations can be cultivated

but within a cell-defined framework.
Cultivation sustems must ensure optimal treatment of discharged water in order to avoid

any dispersion in the wild marine ecosystem.

In at-sea systems, only local populations from native species or cultivars/strains
selected from crosses between local genetic variants should be cultivated until the
population dynamics and population genetics are better understood for each cultivated
species. However, the definitiation of a local population is a relative concept based on
genetic diversity [...]. Data are still missing to be able to assess it for most seaweeds.
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SUSTAINABILITY

Conservation of the genetic diversity

Sourcing

Domestication / breeding

Alien and non-indegenous
species

Genetically modified species

Pests and diseases

Explore the breadth of
the local diversity and
avoid in-breeding and out- ’

breeding depressions ﬁ

~ 10.000 a Dissemination
control ?

Establish the list of Seaweed alien species
& update regulations (last : Aug 2019 : still no SW!)

Court of Justice of the EU (July 2018) :
Genome-edited (CRISPR-Cas9) = GMOs

More research



SUSTAINABILITY

Impact of climate change

Prediction of Laminaria digitata occurence

a 1982-2009 (reference period) b 2010-2019 (projection) c 2050-2059 (projection) d 2090-2099 (projection)
- - - — . — :

60" N

45 N

45" N

Raybaud et al. (2013) Decline in Kelp in West Europe and Climate. PLoS ONE 8(6): e66044
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SUSTAINABILITY

Management of the biodiversity
from the local to the EU levels

Especially now, that major changes in the species structure will happen at the short term

Regional Technical and

Certification Centres to CERTIFY

1) control the origin of

the cultivated strains

and 2) train and supply EDUCATE

the farmers

STORE
MAPPING “local
Reliable storage sourcing”
of local strains
(Seed banks, Jocal Wild, local species

and EU-level)
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SUSTAINABILITY

Sharing Management of the biodiversity
from the local to the EU levels

CERTIFY
EDUCATE
STORE

SHARE

‘ Wild, .'Iocal spemes
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SUMMARY

Middle-term Short-term
- Datareporting - Legislation
Standardisation Food safety, Novel food, Alien
Know-how sharing |

REGULATION CONSTRAINTS

T
@é INNOVATION &
BIOPROSPECTION AUTOMATION

< . . SCALE-UP
o
*
&

SEED BANKS

© Michéle Barbier, institute for Science & Ethics \ ENVIRONMENTAL CONSTRA'NTS

| Economic models
Up-scaling
Long-term Ecological hasard
Genetics control
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Coordinators

M. Barbier B. Charrier R. Araujo S. Holdt B. Jacquemin  C. Rebours
PhD PhD = PhD PhD PhD -
EU expert in COST Action ¢ JRC Ispra, Secretary ISA, CEVA project SE? ISAP + Academ ICS,
Ethics, Chair Biomass CENIJCT 454, leader

monitoring, Chair Danish
(EV) - Standard Committee

" . DTUR h
Legislation sseZzir OY

B |
Food & Standard

: function and task at the EU level \ ,

PEGASUS
>1000 reads

\\\( (i\ Botanica Marina (Open access) : in press

ISAP Newsletter (in progress)

HOMOGENISE ’

Directives & Regulations

International Science | |CNRS Researcher |
Officer CIESM

Asociate editor
(FR) [ B2

Dissemination Research

(FR)

Project leader |
y [rake ‘- NGO,

(NO) Private sector

Population
Genetics

Production

Aquaculture guidelines
Reference document

1) Revision and development of the aquaculture guidelines :
— list of seaweed species used as food in Europe
- hational and EU level regulation on aquaculture
2) Brief on algae biomass production by the Knowledge Centre for Bioeconomy
Brief on fisheries and aquaculture contribution to food security by the Knowledge Centre for
Global Food and Nutrition Security
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Coordinators

M. Barbier B. Charrier R. Araujo S. Holdt B. Jacquemin  C. Rebours

PhD PhD = PhD PhD . PhD H

EU expert in COST Action | IRC Ispra, | |Secretary ISA, CEVA project el + Academics,

Ethics, i Chair iomass CENJCT 454, leader : /

International Science | |CNRS Researcher | |monitoring, - Chair Danish (FR) ] I\pdrgg:grlsf ek - N G O y

Officer CIESM Asociate editor (EV) Standard Committee -

(FR) - (FR) - - - DTU Researcher (DK) Population ) Pl‘lvate SectOI‘
_ — Legislation | pula

Dissemination ~Research A” Genetics

Production
Food & Standard

: function and task at the EU level \ ,

PEGASUS

\ = >1000 reads
(\ Botanica Marina (Open access) : in press
) ISAP Newsletter (in progress)

HOMOGENISE ’ \ HELPS SOLVE BOTTLENECKS

Directives & Regulations Inventory

Aquaculture guidelines
Reference document

W@y  centraLporta | IRC:Algae portal in EMOdnet inventorying algae production in Europe.
EMoDnet | e e Ple@se answer the survey to update the portal with new data !
EU needs the companies to reply !!!
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Coordinators

M. Barbier B. Charrier R. Araujo S. Holdt B. Jacquemin  C. Rebours

PhD BhD = PhD PhD PhD i

EU expert in COST Action | JRC Ispra, | |Secretary ISA, CEVA project EE? ISAP + Academlcs’

Ethics, Chair | |Biomass CEN/CT 454, leader Project leader | NGO

International Science CNRS Researcher monitoring, - Chair Danish (FR) Moreforsk )

Officer CIESM Asociate editor (EV) Standard Committee i

(FR) [ Ea ialafi DTU Researcher 0K | panyylation . Private sector
_ — Legislation o pula _

Dissemination Research =0 Genetics Production

Food & Standard

: function and task at the EU level \ ,

PEGASUS

>1000 reads
\ (f\ Botanica Marina (Open access) : in press
X ISAP Newsletter (in progress)

HOMOGENISE ’ \ HELPS SOLVE BOTTLENECKS

Directives & Regulations Inventory
Call (research, innovation)

Aquaculture guidelines
Reference document



~ European
Commission

Mission areas

5 mission areas have been identified, each with a dedicated mission board and

help specify, design and implement specific missions in Horizon Europe.

::HORIZON FUROPE
#EUBudget #HorizonEU

Mission area: Adaptation to climate change including societal transformation

Mission area: Cancer

EU FUNDING FOR Mission area: Climate-neutral and smart cities
RESEARCH AND INNOVATION 2021-2027 € Mission area: Healthy oceans, seas, coastal and inland waters >
Investing in research and innovation is investing in Europe’s future. It helps us to compete globally and preserve our Mission area: Soil health and food

unique social model. It improves the daily lives of millions of people here in Europe and around the world, helping to
solve some of our biggest societal challenges.

Building on the achievements and success of the EU's past flagship research and innovation programmes, the

Commission proposes a budget of €100 billion for 2021-2027 for Horizon Europe and the Euratom Research and
Training Programme.

Aims of missions in this area

A mission in the area of healthy oceans, seas, coastal and inland waters will be a powerful tool to raise
awareness of theirimportance among citizens and help develop solutions on a range of issues.

These include
» systemic solutions for the prevention, reduction, mitigation and removal of marine pollution including

plastics
¢ fransition to a circular and blue economy

adaption to and mitigation of pollution and climate change in the ocean

sustainable use and management of ocean resources

+ development of new materials including biodegradable plastic substitutes, new feed and food
* urban, coastal and maritime spatial planning

* pcean governance

s ocean economics applied to maritime activities



ccosE

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY
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Phycomorph European Guidelines
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On its way to the further
development of Seaweed
Aquaculture in Europe .........

ﬂ\

THANK YOU
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