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s it possible to
create a sustainable
seaweed
aquaculture?

YES!

13 CLIMATE CLEAN WATER

ACTION AND SANITATION

© Seaweed Solutions AS

Keywords for success:
1) Play on team with nature!

14 s L 2) Secure efficient and knowledge-based
(¢S management, scaled to the growing

\ 4 industry
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Why spend time on environmental impacts?
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Why spend time on environmental impacts?

Global marine aquaculture (62 Mton) EUROPEAN MACROALGAE CULTIVATION 5000 TON

Fish F.ra.':.ce
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Why spend time on environmental impacts?

Because of this!
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Why spend time on environmental impacts?

.. and because of this ©
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NIV

Seaweed cultivation versus fish aquaculture

A Tareanlegg

S B CO,

worst-case fall-out

normal operations

B Fiskeoppdrettsanlegg

For (C,N, P) \/
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Fekalier, spillfér, fremmedstoffer
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Negative net release of nutrients

Hancke - Environmental impacts of kelp
cultivation

Positive net release of nutrients
Hancke et al. 2021
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KELPPRO - Kelp industrial production: Potential impacts on coastal ecosystems

Aim:
Provide an integrated assessment of positive and

negative impacts of industrial-scaled kelp farming
on the marine ecosystem

Three main questions:

1) Will large scale kelp farming impact the coastal
ecosystems - open water and sea floor habitats and
functioning?

2) Will farmed kelp detritus provide valuable bio-
resources or pose a threat to natural coastal
ecosystems?

Will kelp farming facilities provide ecosystem
functioning as ‘artificial’ forest habitats?
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Potential environmental impacts of extensive seaweed

cultivation
Open water
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Positive impacts are

Nutrient uptake, reducing eutrophication
CO, uptake, reducing ocean acidification
and climate mitigation potential

Oxygen production

Increased primary production

Stimulate biodiversity

Negative impacts are

Reduced light availability

Depletion of limited nutrients
Depositing of organic matter on the
seafloor, leading to

poor environmental conditions,

oxygen deficiency,

change in natural biodiversity
Spreading of unwanted species, genetic
material and diseases

15.03.2023 13



KELPPRO

Seaweed farming

- good or bad news to the coast
and society?
KELPPRO, an NFR funded research project {2017-2020)

investigates if novel large-scale kelp farming can be
i and

by
asking the following key questions:

normal operations worst-case fall-out

Examples of erosion

i

F @ lljlgrl\wlzv[égianUniversity of | ; ff Seaweed HAVFORSKNINGSINSTITUTTET v The Reséatch Council
Science and Technology P Solutl ons INSTITUTE OF MARINE RESEARCH A of NOTWB.y

NIVi-

Norwegian Institute for Water Research



Effects on life in the water column

Competition on nutrients between
microalgae and kelp?

* Kelp take up nutrients in early spring and growth
largely on that throughout the season

* Phytoplankton has a much faster and more

efficient nutrient uptake and kelp (>10 times)
Content of phosphor (a) and nitrogen (b) in cultivated

kelp (Saccharina latissima), through season 2018.
* No significant negative influence found of kelp
cultivation on natural phytoplankton and the
pelagic foodweb

Njastad, Olsen et al. in prep.

15.03.2023 Hancke - Environmental impacts of kelp cultivation 15



Cut2 Cutl

Export of organic matter from
fa rmed kelp (Sugar kelp) Saccharina latissima

50% of TL

TL (total length)

* Kelp farming may export significant of organic
matter to the environment

- o I
— Production after first purich-hole (18 Aprl * Farm export 8-15% of harvested biomass under
Dislodgement

Erosion normal production scenarios (Norway)
mm  Remaining production

 >50% after the summer (Fieler et al., 2021)

* In China, studies have documented >60% loss of
biomass during production (Zhang et al., 2012)

Dry weight (g)

0 37

Date 3 May 14 May 12 June 12 July 7 Aug
(%Loss of Production) (0.1%) (1.1%) (8.1%) (28.6%) (49.4%)

Hancke - Environmental impacts of kelp cultivation 16
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Sedimentation of farmed kelp on
the seafloor — modelling results

* Kelp farms spread and deposit kelp organic
matter from 1 to 100’s of kilometers

* Kelp typically speed over large areas in thin
layers depending on physical surroundings and
geography of the region

e Carbon addition to the seafloor range from
micrograms to gram per square meter per
tonnes cultivated

Exposed

=}
>

o
w

umulative fraction of mass

C
o © ©
- N

1 2 4 8 16 32 64 128 2 4 8 16 32 64 128 1 2 4 8 16 32 64 128
Distance from farm center (km

(km)
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Broch et al. 2022



Seafloor biodiversity

Kelp can provide a food source to seafloor fauna or
pose a thread to life at the seafloor

* At normal farming conditions effects on seafloor
fauna is minimal

* By ‘massive’ accumulations of kelp on the
seafloor (>8 kg m~) biodiversity decreased and a
few species increased in numbers

* The documented effect was short: >90 % was
gone in three months and conditions
normalized

2l /g -
lontrl site /8 \O\

4 AVV\LI\"'

Borgersen et al. in prep.
Hancke et al. in 2022 18
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Kelp farms as artificial reef

* Kelp farms provide an ‘artificial’ ecosystem

* Length of the grow season impact the fauna
community

«Large quantities of s .
Cap,%ugmuu-ca Was * Kelp farms can be a vector for alien species

found late in the fall and spreading of genetic material

Bekkby et al. 2022 Hancke - Environmental impacts of kelp cultivation 20



Method
Fauna trap
- Sampling kelp

Kelp farms as artificial reef

Number of taxa

* Kelp farms had a lower number of taxa
than wild kelp forests

Method * Kelp farms had a lower abundance of fauna
Faunatrap
than natural kelp forests

- Sampling kelp

e SeaBee farms are known to host diseases
in Asia

Abundance

» Still, scientific documentation is still sparse
on fauna and seaweed diseases

Farmed AE
Farmed SL
Water column

Bekkby etal. 2022 Hancke - Environmental impacts of kelp cultivation



Laminaria hyperborea Saccharina latissima

Genetic variability in kelp (wild)

| Barents Sea Barents Sea
8 ® | 1 * Genetic variability in wild kelp forests along
o )~ R~ the Norwegian coast (L. hyperborea and S.
latissima)
i Mt )  Little knowledge on the local variability

\ \ ¢

" North Sea North i’ N
7 North Sea "“ i a€n & A North Sea o '.
South / \ =~ South /

Skagerrak B . < S S Skagerrak‘

Inaba etal 2022
Evenkow et al. 2019

Hancke - Environmental impacts of kelp cultivation 22



GRL

e Qegertarsuaq Malangenfjorde

«Qeqgata

NOR Genetic variability in kelp (wild)

FRO

cal North Atlantic Ocean NIR * Genetic variability in wild kelp forests along
Antrime

Galways the Norwegian coast (L. hyperborea and S.
IRL Cork latissima)

Oyragjogv, Vagoy

Ftanes, Sveymo; JRI000 km * Little knowledge on the local variability

e Genetic variability between fjords in the
Faroese Islands and across the North
Atlantic (Palmaria & Alaria)

Famijin, Suduroy *

_20km NIR + IRL Cork

Dimension 1 (arb. unit)

NIR
FR

o)
2] 8

@5 or @ ,
e catway Q)R _ * Ask Agnes for details
%) R, :

Dimension 2 (arb. unit)

@ CAN, Wallace Cove, Bay of Fundy © IRL, Gearhies, Cork
@ FRO, Famjin @ IRL, Inis Mor, Galway
@ FRO, Hvitanes @ /RL, Long Strand, Cork
© FRO, Oyragjogv @ NIR, Ballycastle, Antrim
O L, Kobbefjord, Nuuk (O NOR, Malangenfjord

L, Kodoen, Qeqgertarsuaq, Disko Bay
O GRL, Maniitsog, Qeqqata

Inaba etal 2022 Hancke - Environmental impacts of kelp cultivation 23



Kelp farm size (area/density)

«Size matters», av
tareanlegget

Todays farms:

:I! t"i‘ r ‘ \‘i‘Ly!} i ",‘;": f 7 //:}(/'r'/,’// '.’; = = e
30-300 tonn Small farm — Industrial farm KELPPRO
¢ ‘

>

Nutrient availability

Eutropic waters
% Oligotropic o
= waters
Moderate farms: = v
1.000-3.000 tonn
0

Effect on pelagic conditions

\

Eutropic waters

\

Oligotrophic waters

Water quality
/phytoplankton production
o

Shading

Hancke et al in prep.
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«Size matters», av
tareanlegget

Todays farms:
30-300 tonn

Moderate farms:
1 OOO 3 OOO tonn

Industrial-scaled farms:
10. 0007730_ 000 tonn .

Detritus exported to seafloor

Benthic diversity/productvity

Kelp farm size (area/density)

P I “‘i Y ‘"!y}_.‘ y I ,;.':'
Small farm ﬁ Industrial farm

Carbon released

Effect on benthic conditions

Anoxia

Hancke et al in prep.

KELPPRO
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Short Summery WORK PACKAGES PUBLICATIONS NEWS CONTACT

« Substantial positive effects of seaweed cultivation

(elevated production, nutrient reduction, climate KELPPRO
m Itlgat|0n) Kelp |ndust(;|r?lcgg%<t1“;cgcogs§§'éemngol |mpocts

* No larger negative impact of kelp cultivation on
phytoplankton or functioning on life in the open water
The research project KELPPRO aims to provide an integrated assessment

COl umn of positive and negative impacts of industrial-scaled kelp farming on
coastal environments, and is funded by The Research Council of Norway
(HAVBRUK?).

* No significant impacts of present-day kelp cultivation

were documented on seafloor fauna (business as usual) bt
f . . . '
« Large scale cultivation and deposition of kelp on the -
. seafloor might negatively impact seafloor biodiversity 3
s
» Kelp farms may act as a vector for alien species and <
genetic dispursal S T 2
normal operations worst-case fall-out E
g
X

NI V"l-' SlNTEF B Eg‘rl\\lrv%gian University of Akvaplan

Science and Technology > nlva é

f"' Seaweed %HAVFORSKNINGS[NSTITUTTET (v) The Reseasch Council
v"w Solutions

INSTITUTE OF MARINE RESEARCH A of Norway
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Industri skala:
10.000-30. OOO tonn

Moderate anlegg:
1.000-3.000 tonn

Dagens anlegg:

Anbefalinger til S0

forvaltningen og forslag
til utvikling av

overvakingsprogram

N/l/',- Akvaplan
SN B SINTEF

Miljopévvrkninger av tar

edyrkin
og forslag til Utvikling as

overvaklngsprogram

01.05.2023

Tabell 3. Oversikt over mulig overveielser og anbefalinger knyttet til overvakingsstrategi. Se Tabell 1 for mer

informasjon vedrgrende anleggstdrrelsene.

Sma anlegg

30— 300 tonn per ar

Mellomstore anlegg

1000 — 3 000 tonn per ar

Store anlegg

10 000 — 30 000 tonn per ar

Forundersgkelse: Strem, eventuell
kartlegging av naturlige
tareforekomster i omradet.

Overvakingsprogram: Enkel
registrering av fremmede arter i
tareanlegget. Ved stor tetthet av
sma anlegg kan det vaere aktuelt 3
anvende strategien til mellomstore

anlegg.

Spesialovervaking: Ved tap av
stgrre mengder tare kan

overvaking av bunnpavirkning
settes inn der taren akkumulerer.

Forundersgkelse: Strém,

registrering av naturlige
tareforekomster og andre
habitater/bunntyper i omradet,
registrering av fremmede arter i
omliggende tareforekomster.

Overvakingsprogram: Overvaking

av fremmede arter i tareanlegget,
bade under drift og etter hgsting
av tare, og i omliggende
tareforekomster. Ved stor tetthet
av mellomstore anlegg kan det
vare aktuelt & anvende strategien
til store anlegg.

Spesialovervaking: Ved tap av
st@rre mengder tare kan
overvaking av organisk
bunnpavirkning settes inn der
taren akkumulerer.

Forundersgkelse: Stréem,

registrering av naturlige
tareforekomster og andre
habitater/bunntyper i omradet,
registrering av fremmede arter i
omliggende tareforekomster,

Overvakingsprogram: Overvaking

av fremmede arter i tareanlegget,
bade under drift og etter hgsting
av tare, og i omliggende
tareforekomster. Eventuell
overvaking av bunnforhold og av
vannmassene.

Spesialovervaking: Ved tap av
stgrre mengder tare kan

overvaking av organisk
bunnpavirkning settes inn der
taren akkumulerer.
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normal operations worst-case fall-out

Summarizing report Website

PUBLICATIONS

CONTACT

WORK PACKAGES NEWS
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Lo Miljgpavirkninger av taredyrking " v KELPPRO

og forslag til utvikling av Kelp industrial preduction: Potential impacts
overvakingsprogram on coastal ecosystems

The research project KELPPRO aims to provide an integrated assessment
of positive and negative impacts of industrial-scaled kelp farming on
coastal environments, and is funded by The Research Council of Norway
(HAVBRUK?2).

Kelp are large seaweeds growing several meters tall in a growth season.
The KELPPRO project will assess the complex ecological impacts and
system feedbacks using dedicated field and laboratory studies, mesocosms
experiments, and numerical modelling. The potential for CO2 uptake and
climate mitigation will be assessed. A matrix of production scenarios
combined with relevant environment information will be analyzed,
evaluating consequences of kelp farming on local and regional scales for
present and near future times. Guidelines for decision makers and
managing agencies will be provided based on project results.

The project runs from 2017 to 2020 and is led by Norwegian Institute for
Water Research (NIVA) with partners at SINTEF, Norwegian University of
Science and Technology, Akvaplan-niva, Institute of Marine Research,
University of Southern Denmark (SDU), and leading actors within the
Norwegian kelp farming industry.

Project leader: Dr. Kasper Hancke, NIVA Oslo: (kasperhancke@niva.no)

lef Hancke - Environmental impacts of kelp 15.03.2023
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= Publications from KELPPRO — www.kelppro.net

Scientific and
popular publications
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Thank you for your attention! Acknowledgments to the:
- Researchers

- Technicians
- Students

- Industry members

- e e - Advisory board
Please findimore information on ‘ - 3 i - Stakeholders
. www.kelppro.net . 7 - The Research Council of

Norway for funding!
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