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GLOSSARY

Aquaponics. A combination of aquaculture and hydroponic growing systems in which the outflows of
nutrients and wastes from fish culture are used as inflows for crop culture, typically horticulture, with
appropriate treatments such as sedimentation, nutrient correttidtration en route.These are usually
land-based recirculating aquaculture systems (RASs) but may in some countries involve a combination
of engineered systems and ponds or tanks.

Benthic. Related to the sea floor, in this case the footprint under fisdges or nets.

Carrageenans. a family of linear sulfated polysaccharides that are extracted from red edible
seaweeds. They are widely used in the food industry, for their gelling, thickening, and stabilizing
properties. Their main application is in daspd meat products, due to their strong binding to food
proteins

CRISPRClustered Regularly Interspaced Short Palindromic Reperatsegmens of DNA containing
short repetitions of base sequences, involved in the defence mechanisms of prokaryotic organisms to
virusesln this report, the acronym is mostly used to describe a gauiting technique, in which CRISPR
and the RNA segments and enzymé@ produces are used to identify and modify specific DNA
sequences in the genome of other organisms

Detritivores and grazers . Usually benthic organisms such as sea urchins or sea cucumbers that
have diets of particulate matter on the sea floor. Can alse organisms such as abalone or starfish,
that actively erode seaweeds and organisms such as sponges and c@aise fish are grazers and
detritivores, including carp and grey mullet.

Extractors . Organisms that absorb nutrients, such as seaweeds, afittut particulate materials such
as bivalves.

Hydrocolloids . Hydrocolloids are gums that are added to foodstuffs in order to control their functional
properties, such as thickening or gelling.

Integrated multi -trophic aquaculture (IMTA) . The practice whit combines, in the appropriate
proportions, the cultivation of fed aquaculture species (e.g. finfish/shrimp) with organic extractive
aguaculture species (e.g. shellfish/herbivorous fish) and inorganic extractive aquaculture species (e.g.
seaweed) to createbalanced systems for environmental sustainability (biomitigation), economic
stability (product diversification and risk reduction) and social acceptability (better management
practices).

Integrated aquaculture . Aquaculture systers) sharing resources, water, feeds, management, etc.,
with other activities, mainly including agricultural, agimdustrial and infrastructural (wastewaters,
power stations activities.

Microbiome. The collective microbial population living in or on objeatgatic plants and animals, and
circulating in the water. Periphyton is the microbiome on plant material that in {baded freshwater
IMTA.

Peptides. Chemical agents belonging to the protein family. A peptide is composed of a mixture of
several amino ads. Because of the nednfinite number of structure combinations of the constituent
amino acids, peptides are widely used in medicine and industry for everything frorragitig creams

to sweetening coffee.

Recirculating aquaculture systems (RASs) . Thesenecessitate treatment of outflow water so it can
be used as input water. The treatments can be physical and chemical, including sedimentation,

1 The FAOnttp://www.fao.org/faoterm/services/entryDetails.html?entryld=41410&lang=en&language=en&isWidget=true

Vi
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ozonification, pH correction and filtration, or they can be biological, using molluscs, seaweeds, plants,
settlement ponds, microbiome; or a combination for depuration.

Seston. All floating particles in water, whether organic, such as faeces, waste food, seaweed fragments
or plankton, or inorganic, such as stirregh sediment or sand they include both particulate astes
from aquaculture and naturabccurring material.

vii



FOREWORD

Di -+, 3" @PHJA< m g \'n  _ \ bmjpi ]I m \fdib ©°=g¢g
report that provided a comprehensive overview of the blue bioeconomy sector in the European Union.
=t Tadidodj i °l gp- ] dj ~ ~j ivily lagsociatedl iwithj thekusemdf o~ n

renewable aquatic biological resources to make products. Examples of theserafiggng products
include novel foods and food additives, animal feeds, nutraceuticals, pharmaceuticals, cosmetics,
materials (e.g. clothes ancbnstruction materials) and energy. Businesses that grow the raw materials
for these products, or that extract, refine, process and transform the biological compounds, as well as
those developing the required technologies and equipment all participatbérbtue bioeconomy.

The report was meant to be a oref-kind publication for EUMOFA, which traditionally deals with typical
aguaculture and fisheries, where the fish or shellfish are caught or produced for human consumption.

"

Of course, these typicalentlt™ n \ m~ nodgg Jgp J1dj ~jijht' ] po

focused on cuttingedge applications of aquatic biomass.

@QPHJA<Y%n ajm\t dioj i r o mmdojmt r\n | pdo” r°
at the kickoff event of the Blue Bioeconomy Forum in December 2018. In the wake of this success, it
was decided to make the Blue Bioeconomy Report a regular publication, to be released every other
year.

Building on the findings of the first report, EUMOFA hosted a stakeholdekshop that took place at

the European Maritime Day in Lisbon in May 2019. An open consultation ensued, with the aim of letting
stakeholders have their say on what topics the next edition, this one, would have to cover. Three topics
unequivocally emergeds the most requested:

1. Integrated MultiTrophic Aquaculture (IMTA)
2. Innovative uses for fish rest raw material (RRM)
3. Cellplant technology and cellular mariculture

Thus, this edition of the Blue Bioeconomy Report is structured in three sections: the first overviews the
past, present and future of IMTA, the second is a case study on the use of fish rest raw materials in
Demark, and the third reports on the emerginghmology of cellular mariculture.

Integrated Multi -Trophic Aquaculture

IMTA can be defined as the practice which combines, in the appropriate proportions, the cultivation of
fed aquaculture species (e.g. finfish, shrimp) with organic extractive aquaeutpecies (e.g. shellfish,
herbivorous fish) and inorganic extractive aquaculture species (e.g. seaweed) to create balanced
systems for environmental sustainability (biomitigation), economic stability (product diversification and
risk reduction) and soclacceptability (better management practicéslts basic mission goals call for:

i) environmental remediation of wastes from finfish farming, and ii) prospects of additional income
from the added biomass of the other components.

IMTA has progressed frottihe land-based ceculture of fish and rice, shown in clay models of rice
fields and aquatic life dating back R00 years to the late Han periddto holistic aquaculture introduced

in the 1970s, to the concepts of today. References to the use of diffetenphic levels in aquaculture

or polyculture for remediation of nutrient overloads or additional productivity date from the early

2 http://www.fao.org/faoterm/services/entryDetails.html?entryld=41410&lang=en&language=en&isWidget=true

3 Halwart M & Gupta MV (edq3004) Culture of fish in ricdields FAO and The WorldFish Centdtip://www.fao.org/3/a
a0823e.pdf
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1970s, and IMTA was in essence a reality in Sanggou Bay and elsewhere in China in the.1TD88s
\“op\g kcm\mut-ommg kedd m\d p\”*pgopm » r\n diomj_p~""
Shawn Robinson, Canadian IMTA champions.

The report takes a good look at the state of play of IMTA in the EU and worldwide, with an analysis of
its potential and of its challengedMTA has obtained encouraging but not commeresaiale results in

most of its work to date, and has shown promising environmental and economic benefits. But
difficulties remain in encouraging established mainstream producers, such as salmon farms and off
shore wind farms, to integrate the types of IMTA offered. Thus, it would seem that a new direction
needs to be taken away from the classic model of finfish cage at top, bivalve lines or cages reund
about or below, and seaweed on the sea bottom. The eviddac¢éhis model is excellent in research
scale andin silicomodelling but dubious or at least inconsistent and not robust enough in real life for
industry to invest and undertake the additional operational complexities that would be needed.

Movingforward in Europe, the European Parliament report of 20b8s proven to be a key starting
point for policy changes and actions that can aid aquaculture innovations, including IMTA. It specifically
calls for pilot projects on IMTA, agreeing with the Fdian the Oceans scientific report thahe only

way to obtain significantly more food and biomass from the ocean in a short period of time is to
harvest organisms at the bottom of the food chain, such as macroalgae and bivalve moflusesn
though the onditions are not yet fully in place in Europe for the wideale adoption of IMTA,
commercial and consumer interests are both growing in light of an economic and environment case for
adoption of IMTA, as well as clear policy drivers for its future deveiept'.

Case study: fish rest raw materials in Denmark

The case study on the use of fish rest raw materials in Demark follows a recommendation from the
Roadmap for the blue bioeconomy published in December 2019, which called for optidiretease

the valorisation of rest raw material from fisheries and other aquatic biom#sdRest raw material

#MMHS$' \' gdo m\g om\ing\lodji ja oc"’ I j mr bd\i (o
material that is removed in order to prepare biomass for food use. Traditional processing of finfish,

such as Atlantic cod, producesly the fillets for human consumption. In the past, everything else (the

RRM) was either used for animal feed or simply wasted. Increasingly, efforts are being madede utili

RRM, extracting as much value as possible by processiiog human consumptio®.

Denmark is a big seafood nation in the EU in terms of fishery, aquaculture, fish meal/oil production,
and trade. Based on the methodology for this report, the total available volume of RRM in Denmark in
2019 was between 530000 and 540000 tonnes. TIs included between 16000 and 175000 tonnes

of RRM from the food and aquaculture for human consumption supply chain, and §@®8onnes of

RRM Danish fishers assumedly discarded at seliscards that had potential for entering the economy

if brought ashore. Plus, aquaculture production provided almostOD8 tonnes of byproducts (fish

4 Fang J, Zhang ét al. (2016) Integrated MultiTrophic Aquaculture (IMTA) in Sanggou Bay, Chqaacult Environ Interact
8: 201-205 doi: 10.3354/aei 00179

5 Towards a sustainable and competitive European aquaculture sector P8_TA(2018)0248 European Parliament resolution of
12 June 2018https://www.europdreuropa.eu/doceo/documentfBA2018-0248 EN.pdf

6 High-Level Group of Scientific AdvisoF®od from the OceanScientific Opinion No. 3/2017 doi: 10.2777/66235

7 Beyond Fish Monoculture. Developing Integrated Miuibiphic aquaculture in Eurofenal repot of IDREEM project ETA
Florence Renewable Energies 20i#p://www.idreem.eu/cms/wp
content/uploads/2016/10/IDREEM_FINALREPORT_PRINT_710_web_2.pdf

8 Blue Bioeconomy ForumRoadmap for the Blue Bioeconomy, European Commission, December 2019. Available online at:
https://op.europa.eu/en/publicatiatetail-/publication/7e963ebbi6fc-11ea-b81b-01laar75ed71al/languageen/format
PDF/sourcd 15609569

9 Ibid.
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manure and sekldead fish) which were utilised in the Danish biogas plants, and Denmark had a net
import of 345 000 tonnes of other marine byproducts.

The case studjound that RRM is mainly used for fishmeal and fish oil, animal feed, biogas and indirect
human consumption, the latter use achieving the highest prices when utilised for food additives or
supplements, such as the oil in Ome@acapsules.

Cellular maricult ure and cell-based seafood

The emerging technology of cellular mariculture, defined as the production of marine products from
cell cultures rather than from whole plants or animals, is attracting growing interest due to its potential

to address public hedh, environmental and animal welfare challenges. For seafood from fish cell and

tissue-cultures, it represents an emerging approach to address similar challenges with industrial
aguaculture and marine capture systems.

Plant cell culture systems represemt potential renewable source of valuable compounds, flavours,
fragrances, and colorants which cannot be produced by microbial cells or chemical synthesis. The
principal advantage of this technology is that it may provide a continuous, reliable source anitpl
pharmaceuticals and could be used for the largeale culture of plant cells from which these
metabolites can be extracted.

Celtbased seafood, in contrast with animblased seafood, can combine developments in biomedical
engineering and modern aqualture techniques. Biomedical engineering developments, such as the
closed system bioreactor production of animal cells, create a basis for the lamge production of
marine animal cells. Aquaculture techniques such as genetic modification and closadnsys
aguaculture have achieved significant gains in production that can pave the way for innovations-in cell
based seafood production.

The EUMOFA team acknowledges with grateful thanks the input, feedback and expertise provided by
the wide range of represdatives from the bioeconomy sector who kindly cooperated in the compilation

of this study. A special mention goes to Meredith Lldydans, who authored the first section of the
report, and to Pierre and Nicolas Erwes, who authored the third section.
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1 INTEGRATED MULATROPHIC AQUACULTURE

*Chapter authored by Meredith Lloygvans

1.1 History and development of IMTA

advantage ofsynergistic interactions between spegie E

Integrated multitrophic aquaculture (IMTA) i&he farming, in proximity, of aquacultur
species from differentrophic levels, and with complementary ecosystem functions, in a way
that allows one species' uneaten feed and wastes, nutrients, andpimducts to be
recaptured and converted into fertilizer, feed and energy for the other crops, and to |take

Thierry ChopiniMTA researcher, Canafaers. comm2020)
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Essentially,integrated multitrophic aquaculture (IMTAJalls for bringing representatives of several
trophic (foodchain) levels into the same produoti system As shown inFigurel.1!, IMTAhas four

levels of carnivorous consumersne of grazersand filter-feeders (herbivoresyand one of absorbers
(°primary producers. Trophiclevel 1 (TL1) organisms includelants, micoalgae, phytoplankton and
macroalgae, essentially absorbers of light, nutrieiatsd carbon TL2includesgrazers detritivores,and
filter-feederssuch as bivalves, gastropods such as abalone or whelk, and sea cucumbers and grazing
fish such as carp; andL3 includescarnivores or piscivoresuch as crustacea, squid and the top

carnivoressuch as shark, dolphin, and tuna.

Figure 1.1: Aquatic trophic levels from top carnivores to absorption organisms
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Source: New Zealand Science Learning Mutw.sciencelearn.org.nz

1.1.1 History of IMTA

IMTA has progressed from larshsed ceculture of fish and rice, shown in clay models of rice fields
and aquatic life dating bck 2000 years to the late Han periddto holistic aquaculture introduced in

oc , 42+n' 0] oc  "ji~™N" kon

j a

eg mj\kcdOc\' | p\\“oppg\ogp r

introduced in 2004 by Thierry Chopin and Shawn Robinson, Canadian IMTA chamawever,
references to the use of different trophic levels in aquaculture or polyculture for remediation of nutrient

1


http://www.sciencelearn.org.nz/
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overloads or additional productivity date from the early 1970s, and IMTA was, in essence, a reality in
Sanggou Bay and elsewhere in Ghiin the 1980s.

In the 1980s, Atlantic Silver, a local producer, asked the Canadian Department of Fisheries and Oceans

(DFO) for assistance in establishing mussels as a coexistent component of salmon farming, and work

was initiated in the Bay of Fundy, i >\i\ _\V%n “\‘\no ~“j\\no) Oc  n”d ' iod
that salmon converted only about 30% of their feed on a dry weight (DW) basis, which led to a
discussion on how to access the other 70%. Recovering these lost nutrients became afdriliTA

ingenerat) >cj kdi \i _ ~jgg \ bp  n °discudsiod asmresultdbfasefiest j i _ T
of DFQOsupported projects, starting in the Bay of Fundy in 2001 and in British Columbia on the west

coast. In 2003, the European Aquacultidg ~d " ot %2n ° ="t ji _ Hjij~*pgopm » A~
interest in the concept.

Do dn dhkj molio o] i j o’ oclo >\Vi\ _\V%n ?2AJ r\n i

development of IMTA Activities in the Atlantic coast Bay of Fundy hapmovided one of the most
studied model systems for finfistorientated IMTA since 2001 and, combined with sites on its Pacific
coast, it has generated much of the initial positive data for benthic IMTA, fiafigslssels and seaweed
IMTA. These study sitesllowed for >5 years, demonstrated that on a small scale, mussels performed
appropriately as particulate extractors, kelp and other seaweeds acted as dissolved nutrient extractors
for salmon cages, and the sea cucumbdtafastichopus californiciisuccessfully browsed uneaten
food and faeces from sabldish farming on the west coast Thegreen sea urchin§trongylocentrotus
droebachiensiswas also used as a grazer in benthic IMTA to reduce the impact of salmon farming,
with some commercial interst from Cooke Aquaculture, a major multinatiohdDFO supported the
Canadian IMTA Network (CIMTAN) 20@ 7, which received more than CAD 19 million in direct and
in-kind funding from DFO, the Natural Sciences and Engineering Research Council, ards{izotrke
Aquaculture Inc., Kyuquot SEAfoods Ltd. and Marine Harvest Canada Ltd, plus eight universities, six
federal DFO laboratories and one provincial laboratory.

The Canadian Aquaculture R&D Revjemcessible oiline and published every two years, pides a
panorama of precommercial work undertaken in classic IMTA (fish, mussels, seaweeds), seaweed
focused IMTA, benthic work using detritivores and grazers, plus the interactions between IMTA and
microbiome$ which isa newer focus for investigatiori-ew if any projects seem to have resulted in
longterm industrial use. Although the Canadian Government established two major funding
programmes in 2018 the Atlantic Fisheries Fund with CAD 400 million over 7 y€am@nd the more
marketorientated Canain Fish and Seafood Opportunities Fund, with CAD 43 miitlioat this point,

there is no major programme on IMTA in Can&da

Outside Canada, a rough timeline of IMTA development dates from the 1980s.

9 1980s, 2010. The Bellona Foundation,Norwegian NGO, noted in 2013 that studies from the
1980s onwards had found that mussels grew faster or larger, or contained more onrigga
fatty acids and nutrient values, when grown adjacent to fish cages or in the water column 200
metres below. Kelp was b to remove 3Q 100% of fish-produced nitrogen and grew better
in IMTA conditions rather than monocultutésGiven the scale of salmonid production in
Norway in 2009, just over 1 mt of fish, the output of 4250 tonnes of inorganic and bound
nitrogen migh have produced 1.9 mt wet weight (WW) seaweed and0®9 tonnes of blue
mussels. Mussels alone would have had a market value of NOK 3.2 bn.

I 2004, 2016. Projects on IMTA began in Norway in 2004 through direct funding or as part of
EUfunded projects with Mrwegian partners, notably POLYCULT 2@BD6, INTEGRATE
2006, 2011, MACROBIOMASS 202012 and MAXIMTA, EXPLOIT and IDREEM, all, 2012
2016,

1 2010. The first USbhased workshop on IMTA was held in Port Angeles, Washington*State
Thierry Chopin noted that of the 96 salmon or cod mariculture sites in the Bay of Fundy area,
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8 were operating IMTA with mussels and kelp, and 8 others were in the process of establishing
it.

1 2010. Chopin put IMTA within the broader framework of IntegthCoastal Zone Management
(ICZM), and explained that ecosystem services provided by IMTA provided justifications for
investment in implementation, and establishment of nutrient and carbon trading crédits

In 2009, Barringtoret al.l” saw the necessargonsiderations for establishing and expanding IMTA as:
1 establishing the economic and environmental value of IMTA systems and thgiraducts;

1 selecting the right species and available technologies appropriate to the habitat and
environmental and oceanogphic conditions;

ensuring species are complementary in their ecosystem function;
matching growth rates and achievable biomass to needs for biomitigation;

promoting effective government legislation/regulations and incentives to facilitate the
development 6 IMTA practices and the commerciation of products of IMTA;

1 recognsing the benefits of IMTA and educating stakeholders about this practice;
1 establishing the research and development (R&D) and commercial continuum for IMTA.

Tablel.1shows the strengths, weaknesses, opportunities and threats (SWOT) responses of the 2010
Port Angeles Workshop, focusing on those wheE®% (>20/40) responderg were in agreement
(numbers shown in red).

Table 1.1: Port Angeles Workshop: Perceived SWOT of IMTA

Social

SWOT Ecological Impacts Economic Impacts
Impacts

A new image of differentiated coastal

aquaculture 28)

Operational efficiencies with labour, None>20
operational rates, leasing2@)

Marketing advantages?(l)

Nutrient recycling32)
Top Reduced demand for feed from pelagic
Strengths fish and land cropsZ3)

Increased farm productior2(Q)

Lack of thorough understanding of
environmental impacts32)
Currently emphasises only high value

Complexity: marketing, operations,
juveniles, business planning@)
Regulatory complexity26)

Top products and thus less likely to Site-specific criteria (due to multiple Complexity
Weaknesses  contribute to world food needs (except P S u utip (26)
species): salinity, current, temperature
seaweeds)31)

(20)
Greater capital starup costs 0)

° Npno\di\31ly » dh\ b

Market: pricing, high value products,

packaging, niche opportunitie2X) None>20
Use IMTA as launching platform for

national aquaculture vision2Q)

Potentially lower profitability in the short

term compared with existing aquacultur:

systems 81)

Not enough public funding (i.e. political Social acceptance, public percepti@§

Converts more resilient food webs to
more vulnerable fod chains 21)

Top Remediation of anthropogenic
Opportunities  eutrophication 21)

Top Threats will) for developing a network of Natural threats of disease, parasites, Misinformation
P demonstration and research sites to storms @5) (30)
examine feasibility of IMTA3(L) Greater regulatory requirement2%)

Larger scaleapplications may have
greater environmental impact and thus
less social licence?2@)

Source: Bellona Reg@?013 Traditional and Integrated Aquaculture
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These responses show that there were more negatives than positives, with commercial, economic,
regulatory and sociahcceptance concerns of cost and complexity that would need to be overcome for
the positives to be achievedlhese and the points made by Barringten al. (2009)® remain valid
today.

1.1.2 China

No discussion on IMTA would be complete without considering China and its activities. China is the

ri mg_%¥n g\ mb  no k mj _ elffishamnds$eaweeds. AsiannglidingrChinaa Indiagdvietc ' nec
Nam, Thailand and Indonesia, has by far the largest workforce involved directly in aquaculture. Of the

20.5 million employed globally in aquaculture in 2018, 19.6 million were in Asia and accoumted f

34.5% of the total 59.5 million employed in fisheries and aquacultireChina is often denoted as a

model for the application of principles of IMTA. Sanggou Bay (detailed below) has been the most
important example of IMTA since the 19909sbut China tas over 50 major bay systems, many >400

kn? in area, and with 1.3 million inshore hectares suitable for mariculture of the total 10 million

hectares of coastal waterg10 m in depth.

Three types of IMTA exist in China: incidental, transitional and engidee

1 Incidental (extensive].he most common and almost accidental IMTA, it oceunsn extractive
species and fed species are farmed in the same samclosed bays, leading to naturalaste
assimilation.

i Transitional systemslntentionally optimized, these systems result when IMTA species from
multiple trophic levels are selected spécally to supplement overall farm production.

1 Engineered systemd.hese intensive systems remain mainly experimental in Chjrthough
there is an intensive programme of marine ranching involving establishment of artificial féefs

TheScottish Aquadiure Research ForunBARF) Report of 20%5noted that, though different species

are farmed in close proximity in China, with seaweed and bivalves grown together on shared structures,
the appearance of IMTA is really a coincidence of aquaculture expamBmhution from aquaculture

and from terrestrial activities including urban, industrial and agricultural runoff and sewage is a serious
problem. It has led to microalgal blooms and, starting in the late 2000s, caused seaweed blooms up to
40 000 km? in area due to Porphyra Ulva and Enteromorph#. Without the remediating effect of
extractive species, fish and shellfish aquaculture would not be possible.

SanggouBayN\ i bbj p =\t ¥%r?withman averadendepthbf.710imhktres that increases to

20 metres at its mouth. There are shrimp farms along the inner coast, finfish farmed in the inner bay,
scallops and oysters in the mibday, and bivalves farmed in combination with macroalgae in the outer
mid-bay. Sugar kelp seaweedS4ccharina japonicapgether with abalone predominate at the mouth

of the bay, covering >100 kAand providing both a food source and waste reduction, witalane
feeding on kelp, and the kelp taking up nutrients released from the abalone. In addition, seaweeds with
different growing seasons, kelp and Gracilaria lemaneiformiss are combinedso nutrients are
absorbed by the algae throughout the year, and multiple species of molluscs, other marine
invertebrates and fish are farmed or harvested.

Management practices involve manynsill servicing and harvesting boats so that seaweed, other

nk ~d n \i_ adiadnc ~\i ] ndo  _ g mt “gjh 0] b c
suspended mariculture began with seaweed in the 1950s, added scallops in the 1960s, and expdnde

to large-scale suspendefish cage culture in the 1980%. However, Sanggou Bay supports ldiges,

cages, bottomsowing of seaweed, farming in pools in the intertidal zone and tidal flat cuRur€he

=\t¥n \lp\~pgopm’ PO® doknesoof oyskels prishelly 848500 tonnes OW of

Laminaria japonical0 000 tonnes of scallop irshell, 2000 tonnes of abalone irshell, 100 tonnes of

finfish and 100 tonnes of sea cucumbers WW
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The markets for seaweeds in China have adjusted freommodity alginates, as high as 80%80% of
biomass in the early 1990s to around 60% in the mRDOOs. Since 2005, the importance of animal
feed, human food and abalone farming has increased, leading to 60986 usage of total farmed
seaweed output for foodand feed, and 30%40% for abalone and sea cucumbers, by 20:t8

Why does IMTA work in China and not in Europe?

In China, the need for production efficiency to bolster food security and meet consumer demand is a
very strong driver. In Europe, the higsue is how to find and make the markets for the additional
products from IMTA. The Chinese experience does not provide a suitable model for aguaculture
focused on marine finfish elsewhere, except in three respects: the use of local species with high
commercial valué®, the largearea approach and the application of benthic IMTA

T Kjggpodj i amjh \bmd~Apgopm\g \i _ cph\i \'~odgdo
natural overgrowths of seaweed in response to eutrophicating ofiis. Thedegree of pollution
to be remediated in Europe and the Americas hardly matches the levels in Asia, so IMTA has a
proportionally much smaller impact.

9 All produce from an integrated area such as Sanggou Bay finds a ready market, from seaweeds,
sea cucumbersnd abalone to carp, catfish and tilapia. The focus of established aguaculture
in Europe and the Americas tends to be monocultures of salmonids, sea bream and sea bass,
perhaps tuna or halibut, mussels and oysters.

1 The price differential between highalue finfish and other harvests is much wider in Europe
and the Americas than in Asia.

1 Labour is still cheap in China. This makes it easier to integrate the different harvesting cycles
and equipment needed for IMTA in, for example, Sanggou Bay, than on aNemygeegian fish
farm or off-shore wind farm. fie management and harvesting of the kefpysterabalone
finfish long-lines and cages is labour intensive. For kelp in China, many small wooden boats
are fitted out to allow moving in confined spaces. They camest 8 10 tonnes per boat at a
time. Larger boats are used only to tow multiple small boats back to reception piers, where the
kelp is extracted by tractor and transported to swinying spaces or platforms, or to pre
treatment workshops by the piers opuo 5, 8 km away?.

1 Chinese markets are not squeamish about edible food for humans being fed on excreta and
other wastes, while consumer opinion and legislation in other parts of the world may find this
idea unacceptable.

Intent on greatly expanding its a@culture output, China has already established more than 200
marine ranche®**, first in northern China and more recently, in southern, more tropical China near
Hainan Island. There are special policies to support development in southern China, a¥ plaat
outwardlooking reforms to increase the economy linked with establishing a Free Trade*Zoke
National Key Laboratory for Marine Ranching has been established at Hainan University. Along the
north-south extent of the coasts, the planned state irstment for growth in marine ranching by 2025
s~ n O6-).0 1" Aj hkmdndi bédof atificialkedfg in an akeangf e © ~ o n |
2 700 km?. The ranch sites involve establishment or-establishment of biodiversity and seaweeds
using artificial reefs and production of economically important species such as sea cucumbers, abalone
and scallops (Dalian and Hebei in the north and rekt), fish species (in Jiangsu and Shandong in the
mid-east), and fish, cephalopods and crustacea (Zhejiandgnénsoutheast).

Guangdong in the south will capitalise on marine conservation and tourism, and Shanghai will focus on
river-mouth restoration. Shandong province, home to Sanggou Bay, will have five types of marine
ranches, artificial reefs, bottomseediry, pastoral restoration in wetlands and shallow coastal waters,

large offshore net cages using heavy equipment, and angling. The minimum area envisaged for full

stage marine ranches is 1000 ha, as ranches smaller than this offer little environmental @osmomic

benefit. The average costforafuh '\ g~ m\ i ~¢c dn "~ nodh\o” _ Vo \mjpi
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state plan envisages income of almost six times this in annual revenue from leisure fishing, tourism
and edible produce. The issues with marinaches, including reliance on a single economic species,
ignoring or destroying local ecodiversity such as mangrove forests and existing wild seaweed and
bivalve beds, and building too close to the shoraiill require management and best practice.

1.1.3 The market context for IMTA

FAO data shows global aquaculture output in 2018 reached3%.5 mt worth US$264 bn to the
producer#’. Overall, inland production of food fish remained predominant, accounting for 62.5% of the
82 mt of aquatic animals(virtually all fish and shellfish). There were also almost 32.5 mt of farmed
aguatic algae (mainly seaweeds).

Table 1.2: EU trade in fish and shellfish 2018 - the top 5 source countries

Trade EU28 China USA Japan Norway Thailand
Total O.-). O0.+)4 O--)/ 0O0,0), O, ] 6,0),
Total O0-1)0 O,-)0 O6,2)0 O,.), 0,), 0. )1/
Imports
Total 00)3 O6,3)0 O/) 4 0-) + 04) 4 00) +
Exports

Source: The EU Fish Market 20&8ition EUMOFA; data rounded to 1 decimal place

H\mf "o ajm ~\non npbb no oc\o oc™ ojolg nbinajj _ \i
(US$180] i $ o jpn (@8$224bn) in the period 201820223, and will reach US$209n by 20252,

with aquaculture overtaking marine fisheries. The market will remain dominated by China, which
accounts for 75% of volume and value, is established in freshwater fish, seaweed and molluscs, and

has a projected annual growth rate of around 4% to 2022. Of the otlh@p nine producers, Norway

and the UK are European; India, Indonesia, Japan and South Korea are in Asia; and Chile and USA are

in the Americas. Indonesia and South Korea are expected to have annual growth rates L7840

2025, while the rest are projeted at 4% 9%.

Table 1.3: EU imports of fish and seafood

Country Share of imports
Norway 26%
China 7%
Ecuador 5%
Morocco 5%
Iceland 5%
Viet Nam 4%
USA 4%
India 3%
Russian Federation 3%
Argentina 2%

Source: The EU Fish Market 2019 Edition EUMOFA

The main species imported into the EU are salmon, warmwater shrimps, other shrimps, Alaskan pollock,

cod and other groundfish, tuna and swordfidBU consumption of fish and seafood was 12.45 mt in
2017*Don ~jh]l]di\V\odji ja dhkj mo' "skjmo Vi _ di o mi)
rimg_Yn g\ mb > no ndi bg  ]-gaught atd\famfed fish and®thér seaftod d o ] ~ o
is 74%:26%, and there is around a 43% setifficiency. Also in 207, withinEU production of farmed

adnc \i _ nc ggadnc m \ Mo _ ,).2 ho' ry{ moc \mjopi _

Tablel1l.4 shows the main produce by volume and value. The value and voldiffierentials between
species accounts for a large part of the reluctance of fish farming in Europe to take on IMTA involving
shellfish such as mussels, and even more the integration of seaweed production.




Table 1.4: Main species of fish and other seafood produced in the EU by volume and value 2017

Species EU output by volume EU output by value
Mussels 35% 9%
Salmon 15% 26%
Trout 14% 14%
Oysters % 10%
Gilthead seabream 7% 9%
Seabass 6% 10%
Carp 6% 4%
Clams 3% 6%
Bluefin tuna 1% 5%

Total 1.37 million tonnes O0)bnl

Source: The EU Fish Market 2019 Edition, EUMOFA
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Freshwater production accounts for about 25% of EU aquaculture output. The most important species
, trout and carp, represent 93% ofthe freshwater production volume and 86% of the value.

Global algae production, the vast majority of which is farmed seaweed, accounts for about 28% of all
aguaculture, dominated by China for microalgae, and China, Indonesia and other Asian countries for

seaweeds, see Table15. In 2018, aquaculture output reached 114.5 mt, worth US$26Br6 at

farmgate, with aquatic algae accounting for 28% of mass (32.5 mt) and 5%alue®. This differential
between mass and value definitely contributes to the poor industrial uptake of IMTA involving
seaweeds, except in China and other countries where seaweeds are valued as food irrespective of price.
From 2000 to 2018, farmed seaweed prodtion rose from 10.6 mt to 32.4 mt. The top five producers

, China, Indonesia, South and North Korea and the Philippirescounted for 97.5% of production,

with China alone contributing 57%. The established markets for marine hydrocolloids continuietd af

bmjroc di a\mh™ _ n>\r > _
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Kappaphycus alvarezind Eucheumaspp. increased from <4 mt per annum (mtpa) to >11 mtpa, driven

by the increase in demand for carrageenans.

Table 1.5: Seaweed production by country 2014 and 2018

Output by year (000s tonnes

WW)

Country
2014

China 13572
Indonesia 10 148
The Philippines 1550
RoK 1097
Japan 455
KDPR 444
Chile 430
Malaysia 245
Norway 154
Tanzania 133
EU 93
Of which

FR 59

IE 30

ES 2.2

2018
18 506
9320
1478
1711
390
553
21
174
nd
103
nd

Source Species Analyses 2052018 EditionEUMOFA and FAO SOFIA Report 2020; nd = no data; WW =

wet weight
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The main species grown are Japanese k&lpcheumaand Kappaphycugfor carrageenans)Gracilaria
(red algae)Porphyraand Undinaria(edible nori, laver and wakame), together amounting to over 30 mt
WW (se€Tablel.6).

Table 1.6: Global seaweed production by species 2018

Species Output 2018 (000s tonnes WW)
Saccharina japonicésugar kelp) 11 448
Eucheuma spjinc E denticulatum 9411
Gracilaria spp 3455
Porphyra spgnori) incP tenera(laver) 2873
Undinaria(wakame) 2320
Kappaphycus alvarez{Elkhorn sea moss) 1597
Brown seaweeds 892
Sargassum fusiforme 269
Spirulinamicroalgae 70
Unspecified seaweeds and other algae 51

Source: FAO SOFIA Report 2020

Growth of benthic IMTA is favoured due to the high value of detritus feeders, such as sea cucumbers
and sea urchins, especially in Asia. They can cope with particles of different sizes including finfish and
shellfish faeces, mussel pseudofaeces and foodbds. They can easily be introduced to finfish and
seaweed farming, given appropriate containmeigurel.2 illustrates the typical Chinese concept for
benthic IMTA.

Figure 1.2: Model format of benthic IMTA, China
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Source: Zhang and Zhang et al 2019
Hino ja @pmjk %n ~skjmon ”jh aHwojothurishNakguiremnsigan\ i _
] nj g_ aj m*“ 8bdut 00600 tobnes DRdried sea cucumbers (or about 2@fillion
individuals) are traded annually, but the majority of natural habitats have been overfished, with
considerable poaching or illegal harvesting in the rest of Europe. To overcome this, 8mhPortugal
have made farming sea cucumbers the focus of development projects and commercial activities.

1.1.4 EU support for IMTA and aquaculture

Since the 1980s, there has been widespread support of IMTA and integration of aquaculture with other
activities such as horticulture or oféhore windpower, from national R&D and EU funding sources.

8
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Although it is difficult to pinpoint specific industriaptake, commerciascale outcomes appear to have
been achieved by very few of the projects supported, though there are promising results. The following
section is not intended to be exhaustive, but it highlights notable programmes and projects that provid
a good resource for understanding the targets, progress and effects of IMTA. That said, a directory of
aguaculture and IMTA projects would be useful, but would be a separate exercise.

Pi " m Cjmduj.i -+ -+ oc  @P%Y¥n A m\rdgramnjesnéndrindtred, \ i
its interregional policy support programme, the Bbks funded manyprojects on different aspects of

IMTA. These include seaweed cultivation and valorisation, and integration of aquaculture with other
marine activities such as windfms. The Projects Annexummarises Etfunded IMTA and aquaculture
projects.

The following highlights five Efunded projects that have been, or are likely to mportant in terms
of enhancing the credentials of IMTA and exploring its practical chadieng

ASTRALE? (2020, 2024). Astral aims at Atlantic markets, with 15 partners from Norway, Spain, France,
Ireland, UK, Portugal, South Africa, Nigeria, Argentina and Brazil. It focuses on: i) creating new
sustainable value chains for IMTA outputs of fish, llaec, echinoderm, crustacea and algae production,
with revenue diversification, target profit increases of 30% and target circularity increases of 50% to
60% compared with monocultures; and ii) creating engineering and IT systems to support these
objectives. There are several industrial partners, including Viking Aquaculture, which is involved in
mariculture in South Africa, Bioceanor, which provides-teaé water monitoring and the French
cluster P6le Mer Bretagne Atlantique.

AquaVitae*(2019,2023). Wit 2+ n”~d i odnon amjh ,1 2~jpiomd n
objective is to increase sustainable aquaculture production in and around the Atlantic Ocean by growing
new and emerging low trophic species and improving the productivity of existijpgeulture, including
macroalgae production and IMTA, and production of new echinoderm species as well as of existing
shellfish and finfish speci€s. Because many of the species have been studied but have not advanced
to their commercial potential, Aquade aims to: i) create active networks of Atlantic region
researchers, industry and other aquaculture stakeholders; and ii) expand the possibilities for viable
farming of low-trophic species, on the grounds that they have virtually no input requirementsgu
growth and can provide significant environmental and economic benefits while also increasing
resilience and adaptive capacity, biodiversity and robustness in the European and Atlantic aquaculture
industries.

IMPAQT® (2018, 2021). IMPAQT is looking to develop, test, validate and establish practical monitoring,
decisionmaking and actuating systems for IMTA managementinland, coastal and offshore.
Essentially, this will mean creating a muburpose, multisensing ad multi-functional management
platform for sustainable IMTA productitih Even in countries where IMTA is already practiced (mainly
in Asia), management of largecale IMTA areas remains difficult, because there is limited knowledge
of how the separate comonents in the IMTA ecosystem interact and function as a whole, as well as
what the impact is on the environment and the broader community in regions that practiteSb
IMPAQT focuses on understanding the interactions with the environment on the scale of an ecosystem
., inaway that can be used for planning decisions by both farmers and regulators, as well as producing
an integrated management system and operatingthe scale of an IMTA farm. There are six test sites
validating the new systems:

1 seaweed and mussels on the same lotiges (UK);

1 seaweed, floating solar panels, shellfish cultivation and shelHiEnk restoration, with passive
fishery such as lobster casp (NL);

9 lobstersin stacked plastic trays, fisticurrently Salmo salay in 20-metre diameter circular
plastic pens, and seaweed across the pens and on{lamgs, with potential to change seaweed
spp fromUlvaand add lumpfish and wrasse cultivation (IE);
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1 commercial lanebased RAS with perclPérca fluviatilis)Artemiafeed production ofsite and
duckweed ltcemna)bioremediation (IE)

commercial sea bass in cages with mussels and ldtdvaand Gracilariaon longlines (TR);

commercial IMTA site in Sanggday with multiple aquaculture industries, Q3.0 km off-
shore, using seaweed and shellfish on leliges, benthic culture of sea cucumber, sea urchin,
finfish, abalone, clam and sea snails, an artificial reef and seagrass beds (CN).

IDREEM® (2012, 2016). The IRGAMTA IDREEM included the Newtest Europe and Mediterranean
seaweeds, finfish, mussels, oysters, scallops and detritivores in its remit. Most of its results were
neutral, mildly positive or disappointingly negative, some because of difficultteam@naging biology

(e.g. the variable growth of seaweed from season to season), some because lines were 150 to 300
metres from the finfish and thus too far to show successful nutrient remediation, others because the
generally poor nutrient availability ithe Mediterranean limited the growth of the IMTA speci&REEM
concluded that: i) instituting larger scale uptake of IMTA in Europe required standards for IMTA and
certification systems to secure market benefits; ii) a wateody approach to IMTA mightebmore
effective than a siteby-site approach; iii) a better, more coherent, more favourable regulatory
framework was essential, within a clear policy; iv), a focus on benthic IMTA is attractive fdrysiée

IMTA as it enables sebed nutrients to be sed and the immediate environment remediated; and v)
development of sustainable markets for aquaculture seaweed biomass in Europe is né€eded

Individual countries in Europe support aquaculture and have supported IMTA strongly, including
Portugal, NorwayScotland, Spain and Germarip Germany, for example, projects initiated by the
Alfred Wegener Institute for Polar and Marine Research since 2000 have largely focused omapen
multi-use/multipurpose platforms and on IMTA. Much work has been doamger the aegis of the
SUBMARINER Network and thefhtled projects in which it has been a partner, such as the Multi
Use in European Seas (MUSES§Sjoject.

1.2 IMTA today

1.2.1 Species for IMTA

In 2009, Barringtoret al*? identified species with high potentiabf IMTA systems in marine temperate
waters to be grown withprimary finfish The species included:

1 seaweeds, Laminaria, Saccharina, Sacchoriza, Undaria, Alaria, Ecklonia, Lessonia, Durvillaea,
Macrocystis, Gigartina, Sarcothalia, Chondracanthus, Callegph@racilaria, Gracilariopsis,
Porphyra, Chondrus, Palmaria, AsparagopseisUIvg

1 molluscs, Haliotis, Crassostrea, Pecten, Argopecten, Placopecten, Mytilus, Choroarydilus
Tapes

1 sea cucumbers and sea urching Strongylocentrotus, Paracentrotus, Rsaechinus,
Loxechinus, Cucumaria, Holothuria, Stichopus, Parastichopus, ApostiemopAisiyonidium

1 polychaete marine worms Nereis, Arenicola, Glyceaad Sabellg

1 crustaceans Penaeusand Homarus

9 finfish , Mugil grey mullet.

Kleitouet al>® surveyed producers involved in aquaculture and IMTA and found that, as of 2018, there
had been little progress in Europe. OAllarig, sugar kelp$accharing)mussels and scallops were being
used as extractive or filtration species in commercial aquactdtand only 6 of the 12 European
countries involved were in their survey (DK, IE, NO, PT, ES, UK). The tables Ihsinmaarise Kleitou
etal’2n adi _di bn)

The primary finfish that are the focus of aquaculture and IMTA in Europe are just a few ofdtengial
species Barringtoret al. (2009) identified. These include Atlantic salmoBa{ma, Pacific salmon
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A Ks a f has bepnidone on farming of those cephalopods [that have been considered for IMTA
finfish]. However, success in commercial implementation has been hampered by the need for exp
live food. In the UK, common octop(@ctopus vulgarisdisappeared around 196863 because of cold
winters and is now just making the first steps bat¢kowever, there are still not enough juveniles in

waters for them to be collected for growing in cages in the Channel, as was done in the past, s
Il mr nmgqg jc rm gcc uf_ ¥ kgefr ~c¢c amkkcpag |

Vladimir Laptikhovsky, Cefapdrs. comm2020)

The potential of cephalopods is an interesting topic. Of their total body weight88& is edible,
85% of their dry weight is protein, their live weight gain can be 10% or more daily with feed conversion
ratios of 2:1 or 3:1, and rather than th8 years required for salmon, a crop can be ready i
months depending on speci@sThere are buoyant cephalopod markets in Europe and Asia, especially
Spain, Italy and Japan, but hatching and breeding in quantity has not been solvedcatiling of
juveniles and fattening them to harvest are the norm for octopus, sepia and other cephalopods-Small
scale and artisanal farming are used for the European cuttlefiSkgia officinaliy the bigfin reef s
(Sepioteuthis lessonianaand the Mexican foueyed octopus @Qctopus mays which all pro
relatively large and mature benthitype hatchlings with good survivabilitDctopus vulgariss widely
captured wild as semadult and finished in cages, e.g. in the Canary Islands. IMTA has been considered
for cuttlefish or octopus with finfish. Cephalopod excreta is a mix of particulate faeces and ammonia,
so there may also be a role for IMTAing bivalves, seaweeds and detritivores. Seaweeds would also
provide substrates for egg masseBMTA involving these would need to take account of the
conditions that trigger the maturation from hatchlings to marketeight adults, as well as thepecific
behaviours of different species. Currently, in cultivation, larval crustacea, crabs or shrimps form the
main part of feed for growing cephalopods. The skeleton shrimPapfella equilibraand Caprella
scaurg, which can be grown in IMTdte potentally a feed source for a variety of higher trophic s
including finfish and cephalopods, due to their high contenpofyunsaturated fatty acidRUFA),
lipids and proteiff.

AGr gg nmgqgg jc rm cltgq_ec urenediaiondymapping rivaff.

Sometimes this might amount to IMTA, but actually the seaweed itself is enough to provide the de
ecosystem service. A problem with IMTA using seaweed is the value differential between the se
and finfish, and thencreased need for investments. However, the positive impact of seaweeds m
that this aspect can continue even if fish farming moves-gtiore to deeper water. The end effect,
there happen to be shellfish or finfish farms nearby, might be equivalentMTAs they would not be
cojma_rcb g jmle g _nnpmnpg_rc Isrpgclrd

(Oncorhynchus turbot (Scophthalmu} seabass Dicentrarchuf Atlantic cod Gadug, sablefish
(Anoplopomg halibut Hippoglossug haddock Kelanogrammuy and flounders Paralichthysand
Pseudopleuronect@sin Europe, predominantly Atlantic salmon, seabass and sea bream have been
taken up in IMTA, with grey mullet as browsers. The list is similarly short in freshwater IMTA, with carp
speciesTilapiaand, in Eastern Europe, sturgeon.

Mussel, oyster and scallop farming are wektablished in Europe, and the potential for-calture with

seaweed is high. As is pointed out elsewhere in this chapter, certainly mussels and seaweeds will co
exist on the same longlines. In IMTA, interest is extending to invertebrates besides molluscs and
crustacea, including cephalopods, sea urchins and sea cucumbers.
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Pi NyvallCollén, Scientific Director, Olmix Gropers. comm2020)

Seaweeds are regarded as the IMTA specipar excellencecapable of absorbing dissolved nu
and growing faster in season than land crops. In Europe, the classic IMTA assemblage
mussels and macroalgae was first studied for its ability to capturaste nutrients from fish farming

in Norway®. Norway has an explicit strategy for a Norwegian 4@iconomy based on cultivated
seaweeds, building on its experimental cultivation of kelps in 2005 and its first commercial permits for
seaweed farms issued in 2014. The Norwegian Institute of Technol®WTEF), the Norwegian
University of Science and Technology (NTNU) and The Research Council of Norway have
players in this, andrhe Research Council of Norwigycurrently funding projects on the remediation

trients
of salmon,

been strong
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and diversity potential of seaweedas lowtrophic marine crop8. There have been many positive
results from seaweed either in IMTA or monoculture in the broader water areas near fish farms, with
glimmerings of commercial viability, and these are shown in the Project Ahnex

Commentators can see pros and cons of seaweed IMTA and tend to view spatial IMTA as more
promising than ceocated sitespecific IMTA. The challenges come from practicalities of culture and
harvesting, especially in close proximity to fish farms, preseimatand transport, and the need to
establish and maintain economic processes, viable newpratiucts and profitable value chains.

The following identifies some activities that are or will become commerciallgcessful.

1 Seaweed Energy Solutidfisestabished in 2009 in Frgya, Norway, operates one of the largest
seaweed farms in Europe. It develops cultivation technology including its Seaweed Carrier, to
make insea farming easier, and has been or is a partner in severalfiddled projects using
this for economic largescale production, such as GENIALG&tgy Seafood Group, EWOS,
Bellonaand others are establishing the best production technology for winter production of
Alaria esculentalLaminaria digitata Porphyraand Saccharina latissimalooking at bigas,
fertiliser, restaurant food and fish feeds as engroducts.

1 Lergy Ocean Harvesa joint venture betweerLergy Seafood Groupnd the NGO, Bellona
Foundatioft*, provides a positive case study for successful integration of seaweeds into a
commercial sémon farming operatiof?. The collaborative work began using very traditional
IMTA with sugar kelpS@ccharina latissimpon lines next to the fish cages. The idea was to
capture N, P and C, sell the seaweed, and thus establish a new aquaculture speadagdpe.

To get a direct benefit,.ergyfound that the seaweed should be no more than 100 metres, but
ideally 50 metres from the cages. The main issue was with the boats servicing the fish for
feeding, grading, sedice treatments, vet care and harvestinghis led to too much complexity,

with 10°s metres of longline when seaweed was growing out. Space for operations was
ultimately the deciding factor against etocation. In discussion witBellona, it was agreed that
there was no need to capture the N, P, C from the fish themselves, as long as the biomass
could be shown to capture it from the local environment using accepted measurement
methods. This has allowed Lergy Ocean Harvest to sdpatee fish farms and the seaweed,

and choose sites with optimum growing conditions for each species instead of a compromise,
di rc\o "\ ]~ A"Ngg”_ ° “~jpkg’_ h\inn ]J\g\i~n"~
mussels but again on separate sites. It h&mund that separate sites are definitely needed to
harvest the different biomasses properly.

I There have been few problems with fouling, even when growing seaweeds alongside the cages,
as seaweed is harvested before sexual maturity. It has been working barindustrialisation
of the process, and improved harvest from 4 tonnes per day to 4 to 5 tonnes per hour. Separate
sites also allow proper conservation of seaweeds. So, it has been able to reduce the cost
considerably. Scalingp will present some chadhges, e.g. whether to set up near the coast or
further out, with the weather and wave problems of opsea farming. However, fish farmers
should be able to build on their knowledge of operating in the oceans to grow seaweed, and
new tools will make the lmlogy as efficient as possible.

I Tassa) an Australian company, has been investigating kelp IMTA as a nitrbggamediation
system for Atlantic salmon farmirf§®. Earlierresearch showed that nitrogen from fish pens
is quickly dispersed in the water eohn from 100 metres dowrcurrent, soTassal is looking
\'o idomjb i J\Vg\Vi " \"mjnn g\mb m n "\ \m \n’'
Tasmanian Government has imposed a nitrogen cap that restricts aquaculture growth. Of the
>1 000 native seaweds, three have the most potential for lorline cultivation, giant kelp
(Macrocystis pyrifera golden kelp Ecklonia radiatha and Tasmanian kombuléssonia
corrugatg , and all have existing markets. Tassal is studying these at all its fish farm sites,
with a view to harvesting for human consumption and alginat€ant kelpcan also be used
for aquaculture feeds and extraction for bioactive fucoidans. A seaweed nursery has been
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established and surplus seedlings of giant kelp are being used ttorest areas where they
had been abundant but disappeared in recent times.

IMTA may have merit when it is used for sel@ifficiency or for decentralised food production for
smaller community farms where seaweed and bivalves can be grown on the same %ines

Another potential component of IMTA, th@crobiome has only recently come under investigation. The
list below identifies some of the interesting results associated with microbiahipalation.

1 Intensive production of sturgeormA¢ipensey , the use of earth ponds with common carp
(Cyprinus carpip silver carp lypophthalmichthys molitrjxand common naseGhondrostoma
nasus)as detritivores and plant grazers, with plastic substratfes periphyton,the aquatic
attached microbiomeand methanol added as a fertilisefed to improved water quality, higher
total fish production and greater individual weights of lowgpphic fisH?®.

1 Increased lengths and weights of tilapia see harveg, in experiments using bundles of
sugarcane bagasse as substrates for periphyton microbes, which the tilapia then grdze on

1 Improved productivity of polyculture systemiavolving carp with Nile tilapiadreochromis
niloticug and sahar Tor putitora) without increasing inputs. This resulted from enhanced
periphyton growth in aquaculture ponds, which removed excess nutrients, decreased negative
environmental effects and increased the weigbains of periphyton feeders such as rohu,
catla, andcommon carp, in a project supported by the AquaFish Innovation Lab of Oregon State
University, USA

1 Use of metagenomics in aquaponi¢s investigate the microbes responsible for the plant
growth-promoting effects and antifungal activity of aquaculture effluents against the plant
fungal pathogensPythium ultimumand Fusarium oxysporumninvestigations weresupported
by the Canadian DF®

With increasing use of metagenomics and the continued expansion of effective prebiotics and
probiotics to replace antibiotics, manipulation of microbiome is likely to become more important in
aguaculture itself, and could provide an opportunity for IMTA.

1.2.2 IMTA systems

Pellegromet al. (2018Y° provide a useful summary of different aquaculture systems, including IMTA,
RAS and aquaponics (s@&ablel.7).

These systems all build on the two traditionsnarine finfish monoculture of Europe and the Americas,
and coastal polyculture of Asia. Benthic IMTA focuses on mitigating impacts of monoewn the
water column and seabed directly below, or making use of the different layers of marine habitat in an
area. Multiuse or multipurpose platforms (MUPs or MPPS) initially explore the potential for integration
of monoculture (salmon, seaweed, pdsly bivalves) into oil, gas, wind or wave energy installations,
then secondarily offer opportunities for IMTA.

Oc m’ dn \ hjq® ojr\m_n ~ji~"kon ja ° "Njgjbd~r\g
suggest that the different trophic levels aream tightly co-located but are separated in a way that

recognises prevalent hydrological characteristics such as current flow, tidal and wave dynamics
water-column mixingIn 2014 2015, the KOMBI project in Denmark establisheftifi-scale IMTA farm

using this concept, where mussels on nets were trialled for bioremediation several miles away from

rainbow trout?) G” mUt JANT NV C\mg no*¥n “~“jhh m"d\g np”"”™"n
acceptance of spatial IMTA.
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Table 1.7: Pros and Cons of different aquaculture systems

System Positive outcomes Negative aspects
Potential for increase in disease spread due
Sustainable use of nutrients 15 BIEETS ALY o SgE
IMTA o . : Not so suitable for largescale farms
Mitigation of environmental impacts L .
No consensus on feasibility and economic
outputs of upscaling
Risk of eutrophication
Open-cage  Low investment costs Escapees d_ue to_dama_ged cages
Crossbreeding with native fish through
spawning
Clashes of interest between aquaculture an
the otherindustries involved
Lower investment in infrastructure Lack of incentives for windfarm industry to
Multi -use Combined maintenance cooperate
Efficient use of space Integration of management difficult
Knowledge gaps
Highly sitespecific
Sustainable use of nutrients
RAS Mitigation of environmental impacts High energy consumption
Potentiallyinteresting in combination with Expensive systems, large investments
renewable energy sources
Sustainable source of nutrients for Little stimulus to apply due to perception
Aquaponics agr_iculture _ that incentivgs are low a_nd risks are high
Suitable for smaliscale farming Use of chemicals in agriculture may be a
Potential for urban food supply hazard for aquaculture
Useful for regions with high labour costs
Better resource efficiency
Bettermanagement of environmental Technology gaps
impacts Expensive to develop and install
Automation  Better monitoring of condition, disease, Potential economic gains do not yet justify
. performance uptake
and digital . . . .
technology Make aquaculture in lesaccessible places Labour costs in many aquaculture regions

feasible, such as MukUse, Wind Farms,
Ocean ranching

Potentially better integration with
infrastructure and logistics obther
industries

are low, reducing applicability and/or
attractiveness

Sourceadapted from Pellegrom et a(2016)

Benthic IMTABY contrast to spatial IMTA, the essential aspect of benthic IMTA is to confine the
remediation effect and additional species to the footprint of the primary production. This becomes
more manageable than area IMTA or largerale seawed cultivation, though the challenges of
harvesting and clashes with infrastructure and operational management need to be overcome. Benthic
culture also fits the diversification driver for IMTA.

Benthic IMTAeems to have reasonable prospects, thougl2017, Seas At Risk noted that there was
still a need forresearch in the EU into the technical and biological constrdin®ea cucumbersthe
favoured component of benthic IMTA conceptsiform well in association with seaweeds such@lva
lactuca,molluscs such as Pacific oystéfsand finfish such as sea breanSparus auratj*. Maintaining
them efficiently in benthic IMTA requires commercial farming, and trereevery few successful large
scale holothurian hatcheries, mainly i@hina, Madagascar and Australid.\ p _d <m\ ] d\ %n
Aquaculture GroupNAQUA grows sea cucumberHplothuria scabrpin the Red Se#&, and the
conservation grouBlue Venture¥ has been working with local communities in Madagascar and
Tanzania to encourage sea cucumber farming for over 10 years. In Tanzaniaulttoe of sea
cucumberand red seaweedHucheuma denticulatujn(a carrageenan producer) successfully increased
the rate of seaweed growth and reduced the organic matter content of sediméntst the moment,
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there is no fully commercial sea cucumber producer in Europe. MargsmolWRces Management
(MaReSMg?, based near Faro, Portugal, has worked with sea cucumbers since 2012, identifying the
local speciedHolothuria arguinensiand H. poliias the best culture candidates for the Meditarmrean
region, and investigating how to farm them in benthic IMTA MaReSMa researcher has set up the
university spirout Guatizamat® in Spain, which received a hatchery licence in 2008e hatchery will

use Holothuria arguinensiso that habitats can be replenished, benthic IMTA can be promoted,
harvesting and export can be managed sustainably, illegal fishing can be reduced and spawn can be
provided to other companies for farming.

Good results on growth and waste nutrient recgglihave been reported from more complex benthic

IMTA, including combinations thfe northern sea cucumbeCcumaria frondosathe green sea urchin
(Strongylocentrotus droebachienyiend the sea scallogRlacopecten magellaniciié Canada between

2014 and 2016%, the purple sea urchinP@racentrotus lividdswith Ulva lactucain effluents from

gilthead bream aquaculture in Isra@] and polychaetes (marine worms high in oils and protein and

usable in fish feeds) ircultivation trays under salmon cages, i Oc ° M n > \m*c >jpindg
Havbruk 2019 lowtrophic organisms programni& The skeleton shrimpsCaprella equilibraand

Caprella scauramay also be suitable as detritivores and components of benthic IMTA, and have a high

content of PUFAgolar lipids and proteiti.

It is also possible to combine herbivorous fish and detritivores with primary finfish, a good example
being flathead grey mulletlugil cephaluy a Mediterranean and warmwater fish, grown in Israel with
gilthead seabream as paof the IDREEM project, with promising positive impacts on fish growth, waste
nutrient recycling and ecoremediatiin The nutrients from the seabream also stimulated a -16ld
increase in the growth and yield d&flva lactucaseaweed seeded under the seabream cages.

Multi-use and multipurpose platformsThis concept deliberately combines aquaculture with gfbre
energy generation or oil or gas extraction. IMTA may develop from this, by establishing more than one
farmed species or because biodiversity is stimulated around an-sffore multtuse or multipurpose
platform (MUP, MPP) or wifm/lon, and the yield of saleable species may be enough to justify
deliberate harvesting.

ARfc nmrclrg_j _ pmslibdfarnisbuttBetimesecalesfar pegnits, Huikliegc d mp u
and planning are too long for IMTA. New designs of wiaman machines and layouts may
incorporate IMTA, for example as in the Netherlands and Belgium, where newfavindicences
are favourablyviewedif os asjrspc mp GKR? gq gl ajsbcp, E

Andy Wilkinson, COO of seaweextraction company, Oceaniurpgrs. comm2020)

This approach is at a much earlier stage of investigation than RAS, mariculture or benthic systems.
Indeed, even integration of fishshellfish or seaweed monoculture with effhore structures is
contentious, partly because licences for «fhore wind farms (OWFs) do not normally allow other
activities in the permit area, and the interests of OWF operators rather than aquaculture opesati

are paramount.

SchulzZehdenet al. (2018f% see mussels and seaweeds as the most promising species for
MUPs/MPPs, because these extractive species are relatively low maintenance and require less hands
on management than primary finfish itages. There have been encouraging results with these on
OWFs in Walé§ the German North Se&, and theEDULIS projettin Belgiumwhere the pilot wind

farms are 27 km and 46 km from the coast. The insurance company Lloyds Register, via its Foundation,
is looking at the risks for food safety and quality, employee health and environmental pollution of
seaweed aquacultur©®WF MultUse, to develop better assessment of insurance risk, in the SOMOS
project®, which has itself led to five further Efunded piojects.

K_I _ecb Al _Natsral IMTZincl@deRartificial reefs and marine ranching. It can be possible
in European watersObsolete oil rigshave great potential as artificial reefs, supporting fish larval
production and marine biodiversity. Th@&to-Reefs organisation estimates the cost of a single-rig
to-reef conversion is >5 times cheaper than dismantling and removing a rig entirely (S&akidenet
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move further offshore. Reefs can be built from waste materials such as oyster shells. In a study of
ocC
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heavily colonised down to 15 metres by mussels and from 25 metres by oysters, provided habitats

for invertebrates such as sea urchins and polychaetes, and gave some optimism for ecological services,
if not potential harvestingt. Repurposing of band gas structures would also enable fish farming to

n- di >cdi \%n Nc\i jib k idinpg\' oc

spedes, including sea cucumbers, bivalves and detritivores, and the finfish that fed on®fhem

Marine ranching This is aimed at deeper water mariculture and encourages species to establish
themselves, to be followed by the harvest. It may involve establishing artificial reefs or seaweed forests

n

Vi f

t \oom\ ~

to provide catchmentThe SUBMARINER programme set up a natural [WMdjéct in which plastic nets
were installed in the Rgdsand 2 OWF in the North Sea in order to harvest the biofouling organisms, in
collaboration with the E.ON energy comp&nyE.ON's boat allowed installation but was too big for

sampling and harvestingmd k n

the nets were colonised by mussels and the seawe€dsamiunsp, Polysiphoniasp, Pilayella littoralis
and Etocarpus siliculosudt was possible to harvest 15 kg mussels/of nets, with the projected total

biomass equivalent to 2.6 tonnes of sequestered N/ha. If this harvest could be maintained over a larger
\m\'" jigt -0r ja oc™ MU_n\i_ - ad g_ rjpg_ 1°

to N reduction. Altbugh this project was regarded more as an exploration of MUPs than of marine
ranching, it may help develop a blueprint for European marine ranching on the lines of those ifChina
as mentioned in Section 2.2.

Recirculating aquaculture systemRASs requé creation of a closed or virtuallglosed system by

taking outflows from the main crop tanks or ponds, passing them through a range of physical and
biological treatments to remove wastes, particles and pollutants, and then returning the improved

water ino the system.

Landbased recirculating aquaculture systems (RAS) could reduce potential impacts on the n
cltgpmlkclr _Ib rfc Isrpgclr pgaf cddjsclrtr

economic analysis currently indicates shiechnology is uncompetitive and liable to fail commercia
sljcqqg rfc npmbsar gq _ fgef t _jsc _Ib-mp |
and energy requirements [but] may offer more potential opportunity with any future teclyicéd

parine
a_ |
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advancements in energy production. (Roberts, Newtost al. 2015)®

RASs are now widely used for-dand production of marine fish, freshwater fish and freshwater stages
of marine fish, such as salmon fry and fingerlings. Establishment of RAS$bkasa driven by the need

to conserve water, the possibility of recovering nutrients from waste feed and excreta, and the chance
to avoid diseases that could emerge within extensive mariculture or earth pond freshwater production.

On the engineering side, dérification reactors, sludge thickening technologies (to >15% DM) and the
use of ozone have been highly effective. On the biological side, IMTA and aquaponics are both seen as
opportunities to make use of nitrogen, phosphorus and carbon in water outflowRASSs, the G@vels
increase by at least three orders of magnitude, and seaweeds as part of RAS IMTA could therefore act
as a carbonrcapture correctiv¥.

The Recirculating Farms Coalititérpromotes RAS as a more efficient and environmentally fdin
form of aguaculture that can be instituted for local sustainable food production in coastal, rural and

urban settings. Integration between fish production and capture of waste nutrients via plant and crop

production is seen as an integral part of this.

Landbased salmon farms, most focused on Atlantic salmon, are increasing in number throughout the

nfj oc  kmje ~o o \'h m “mpdo’  _

T cC

world. If all projects succeed, the planned output is 1.7 million tonnes by 2030 (E Junge Hess, Senior
Analyst, Kontali 2020). Atlantic Sapphire, with 3 Ofia planned in Denmark, is adding a RAS farm in

Ag
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produce 220000 tpa. Nordic Aquafarms is aiming to increase its output from500 tpa at its

Frederikstad 8afoods RAS farm in Norway by building in Maine and California, planning to produce 25
000 tpa at each sit&. Salmon RAS is also established in the United Arab Emirates. In addition to other

16

gj "

ds

gnca

k mj



Blue Bioeconomintegrated MultTrophic Aquaculture

projects from Scandinavian producers, salmon RAS farms are in progress in Poland, Russia, Iceland and
Switzerland, in a First Nation land in British Columbia, Canada (Ktemnd in Chile, Japan, China and
South Africa.

Fish other than salmon can be combined with seaweeds or halophyte plants in RASs. ALGAplus,
Portugal, has made progress in this, with its early work showing that the local seaw@geatilaria
vermiculophyt) removed nitrogen from the effluent of a landbased turbot and sole RAS, suggesting

a requirement for a 0.36 ha seaweed farm for 100% removal (Abretual. 2011)°. Food halophytes

such as sea asterT{ripolium pannonicus ' ]-horh plastain Plantago coronopysand the glasswort

or samphire $alicornia dolichostachydiave been grown in the water treatment system of an RAS for
European sea basdjfcentrarchus labraxwith positive impact on growth of fish and plants, plus
retention of 9% of he phosphorus and 10% of the nitrogen produced by the fih

Irish company Keywater Ltd, based on work in the IMPAQT EU pthjgebduces trout and perch
(Perca fluviatili} for salé?®® on a landbased windfarm site that also has egite Artemiaproduction
and a duckweed pond for bioremediation.

RASs involving abaloneéléliotis midae)and seaweeds, originalligzcklonia maximand later Ulvaand
Gracilarig have had to be instituted in SoitAfrica to keep the markets satisfied for the abalone, as it
has become impossible to sustain wild harvesting of the seaweed. By the-¢asigid 2000s, 13 farms
were producing >850 tonnes of abalone a year, requiring 80® tonnes a year of kelfy®>. RASsere

have proved successful, with seaweed as feed for abalone and removing ammonia from the outflow,
enabling partial water recirculation, saving up to 40% of water pumping costs and greatly reducing the
ecological footprint of the operatioff.

Shrimp in coastal ponds are no better than salmon at making use of their feed: up to 40% is lost due
to their nibbling behaviour, and they fail to absorb an estimated7% of the nitrogen anck89% of

the phosphorus in feed pellets, leading to eutrophicatialgal blooms, light reduction in ponds,
bacterial overgrowth and hypoxi&. A 2007 estimate that 43 billion tonnes of wastewater from shrimp
farming are released into Chinese coastal waters every year shows the scale of potential pollution. This
level d environmental challenge from feed and faecal nutrients will respond positively to IMTA, with
bivalves and seaweed proposed as feasible, using water capture from pond outflows, aeration systems,
and recycling via mussels, oysters and seaweed in tanks.

EUMDFA has just produced a specific report on RASs, and the reader is directed to that for more detail
., Recirculating Aquaculture Systetffs(ISBN 97892-76-25202-3 doi: 10.2771/66025).

AquaponicsThistakes RASs one stage further, bringing fish production and horticulture crop production
into a recirculating system, either integrated in one activity or as connected parallel production sites.

Using an aeroponic array as a water filter to maintain a gpotkan and highly oxygenated water
environment for invertebrates and fish is a good idea as long as the horticulture crop, although
usually very good quality produce, is considered as secondary and fish health is prioritised.

Jason Hawkindgow, CEO ofertical crop company, Aponic Ltd

The horticultural side is intended to benefit from the nutrients in the fish effluents and can be either

tank based or verticallThe European Parliament Research Services 2@089 named aquaponics one

ja oc %o i o "cijgjbd n rcd”?c ~“jpg_ ~c\lib> jpm ¢
the ClimateKIC 2019 competition on Urban Food from Residual Heat and the 2018 Reinventing Cities
competitiort®’.

There arecommercial landbased RAS salmon farntkat use aquaponics to recapture waste nutrients,

especially phosphorus, examples being a hatchery operated by Cooke Aquaculture in €aradh

Superior Fresh, located in Hixton, Wisconsin, USA, and stated to bgthemg _ %2n g\ mb "H.o0 \ I p\ k
This produced 72 tonnes of salmon in 2018 and is planning expansion of its crops, spinach, rocket, leaf

greens and plants capable of being packed as mixed leagasseful resource is provided by websites

that show sitesj a \ | p\ kji d~n \ "odqdod b6)establikHed)comtmercial d i A m\
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operations, 22 businesses trialling aquaponic production and 5 development and research
organisation$'’. EUwide intelligence including sites of commercial operations isyided by he EU
Aquaponics Hub'. Examples of initiatives in aquaponics are given in the Projects Annex.

1.3 The challenges for IMTA

Rfc dslb_kclr_j oscqrgml ggqg Auf _r ggq GKR? dmp=F G
carboncapture ornitrogen+nutrient capture aspect more important? Societal pressure [and

subsidies may promote use of IMTA, but this still leaves the question of whether IMTA as

cltgq_ecb _ars_jjw gq _ Akmpc qgsqr _gl _7ljc u_wE md

Dr Steven Prescott, Aqualture Consultant, AquaBio Tech Group, Magherg. comm.
2020)

ARfcpc _pc npm jckg md dmasqg dmp GKR?, Gd rfc r _pe
species does not definitely need to share the same water, but we need to demoastrat
whatever uptake of nutrients may occur at distance allows the nutrient availability from|the
primary species to be balanced. If the reason for using IMTA is the environmental potential,
the viability is still unproven at the commercial stage. Theadand numbers produced so far
bml Br gl bga_rc cl msef gkn_ar ml rfc cltlgpmlkclr* q
is much higher than the biomass of the remediation element. Reducing the environmental

load from salmon by 80% would need 80 to 100alof kelp or 1620 hectares of bivalves ir
the same water space. This is especially because salmon in cages increase cubically but

gc_uccbqg glapc_gqgc ml  _ gos_pc _pc_ - _ 4999 _q rfcw I
Professor Alejandro Buschmann Universidad de lLagos Chilegers. comm2020)

ARfc np_arga_|] cqr _ jggfkclr md GKR? g rfc _os_as

is a lack of understanding of the biology, no models for commerce to take up| no

extrapolations to scale and conflictsoverspageg ¢~ cruccl sqcpq, B

Dr Mike Allen, Dr Sophie Parsons, aquatic sustainability researchergetthk ¢omm.
2020)

The concept of IMTA has received considerable academic attention during the last two decades, but it
has not yet become a commercial rity in European mariculture. The quotes above offer some
reasons. Kleitoet al. (2018) interviewed 34 aquaculture farmers and scientists with IMTA experience
from 12 European countries (DK, NO, NL, UK, IE, GR, IT, CY, IL, FR2 Ahei3pund disirentives
included the lack of direct financial benefits for the farmer and the need for more efficient integrated
farming systems to reduce complexity and allow processing of all crops, as well as inadequate support
from policy and regulatory bodies to enable amtentivise the adoption of IMTA. As summarised in
Tablel.8 to Table1.10, mosthad attempted or used IMTA in order to achieve environmental benefits,
explore sustainable farming or increased production, while a minority3Y1had aimed for
diversification or PR purposes, or they were taking advantage of local food production policies

Table 1.8: Motivations for using IMTA

% of
Reason
respondents

Mitigation & nitrogen removal 56%
Researching species suitability 50%
Enhanced production 47%
General R&D of sustainablmariculture 24%
Examination of IMTA suitability 18%

Source: adapted from Kleitou et al. 2018
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Table 1.9: Existing bottlenecks or challenges for IMTA
Number of respondents

Type Marine Landbased Total %
Markets uncertain, unprofitable or undeveloped 10 4 41%
Legislation 9 1 29%
Systems (harvesting and processing) and expertise inadequate 6 1 21%
Multi -operations generate too much complexity or constraints 4 1 15%
Seed unavailability 3 2 15%

Source: Kleitou et al. 2018; Note: only those identified by at least 10% of respondents are included

Understandably, the existing bottlenecks or challengeere reflected by the future challenges
identified by respondentsliable1.11). Notwithstanding, 26/34 respondents believed in a high potential
for IMTA inEurope.

Table 1.10: Challenges to overcome for IMTA

Type Number of
respondents

Lack of funding or promotion by government and industry 12
Licensing and regulatory systems too complextione-consuming 11
Undeveloped and unprofitable markets and inadequate vahdagling activities 10
Insufficient operational feasibility of technology, knowledge and crassustry 10
collaboration

General lack of scientific and economic knowledg&i&D 6
Social acceptance of aquaculture and IMTA 5

Source: Kleitou et al. 2018; Note: only those identified by at least 10% of respondents are included

1.3.1 IMTA in general

The Scottish Aquaculture Research Forum (SARF) Report of'201f8red some clues as to why there

dn _jplo V]jpo DHO<%n ~\Vk\~dot oj njgq" \lp\~*pgopt
(LCASs) to provide a commentary on the potential of increasing mariculture to reduce the global footprint

of food production by 2050, in terms of greenhouse gas (GHG) emissions, and land and water use.

Five theoretical future food production scenarios were analysed: Scenario 1, business as usual (BAU),

with projections based on current meat and fish production; Scesa? and 3, in which a proportion

ja h Vo jpokpo r\'n mkg\~" _ ]t adnc6 \Vi _ ©°qgdndj i\
demand in 2050 would be provided by oysters and mussels, and 5, in which global per capita fish

supply would be in@ased to 70 kg/person for a population of 9 billion people, which would require

630 million tonnes (mt) of mariculture products.

The analysis of these scenarios suggested that increasing the proportion of food production from
mariculture would indeed coribute to an overall reduction in GHG emissions, and land and water use,
but freshwater aquaculture would also need expanding, as would sectors such as renewable energy
and feed sustainability where seaweed has a role. Crude estimates of the increasea arsa required

for the projected levels of mariculture production in 2050 ranged from 171% in BAU to 5 855% in
Scenario 5. Yet achieving even the BAU figure can be questioned, in the absence of integrated coastal
and marine zonal management. The SARForeplso acknowledged the contribution that IMTA might
make to food biomass and ecosystem services, especially to bioremediation, with a focus on lower
trophic species. However, the scale of IMTA required in the context of projected demands for
aquacultureproduction seems problematic without considerable policy and financial promotion.

A viable current view of IMTA prospects was expressed succinctly by Hughes and Black;:2016

9 increasing productivity is of no interest to a monoculture farmer who is already highly
productive, since to offset salmon impacts by seaweed would reqaiie000% increase
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in biomass (WW relative to the fish production) for only a 166% increase in pmotei
production;

9 output per hectare is 1125, 1 750 tonnes for fish, but only 76 tonnes for mussels and
1 tonne for seaweed, making it unrealistic to use available space for the production of
anything other than the primary fiffish product;

9 the value of bivdves is 30% 50% that of salmon, and seaweed is no more than 10%,
while the effort to obtain licences, through uncoordinated licensing points, is the same for
each species, thus it makes far more sense to focus efforts and investment on fish;

91 the need for pace around fish cages for the well boats (75 metres long) means mussels
or seaweed need to be in areas beyond any proven direct and consistent impact on salmon
feed and waste pollution;

91 the production of alternative proteins and oils in the EU from sead&®r mussels is
theoretically attractive, but legal and economic constraints make this unfeasible in the
foreseeable future;

1 spatial IMTAhas potential in the short term by taking over licensed but defunct sites and
using seaweed or bivalves for madsalance remediation or biosecurity buffers.

Commentary from those involved in aquaculture and IMTA supports this overall view. For example,
Longline Environment, a consultancy and project company, is currently modelling biological effects in
chains and network involving multiple species in the environment. According to company CEO, Rui
Gomes Ferreirapers. comm2020), even if IMTA seems to woik silicoand in smaliscale research,
effects are not detectable in practice, and there are too many problemshsas insufficient
information, data gaps and a lack of thinking about governance and supply chain.

Oc” ajggjrdib d_"iodad n DHO<%n h\lejm dnnp  n aj

1 Reality of benefitsNot measurable in real life, except perhaps for PR purposes, wdriemot
sufficient to overcome economic concerns.

1 Operational challenge®uestion of how to synchronise the harvesting of the different crops
and manage the infrastructures needed to deal with thefnsuch asboat manoeuvrabilit}*®.

1 Biological challengesin practice, there is a lack of control over interactions between the
multiple trophic levels”.

9 Policy and regulatiormools that support and streamline processes and drive the application of
IMTA are absent. At the moment, farms are licenced using @efibiomass criteria, which
militates against larger scale thinking.

1 Spatial IMTA managemerit Europe and the Americas, environmestiale remediation versus
specific farm remediation may be more appropriate, depending on the scale of investment and
management systems needed. Over a broader area, ecological management could use IMTA,
taking into account, e.g. water quality, currents and topography, and adopting a holistic adaptive
management approach in which IMTA is more akin to carbon offset, i.e. gtiicated but
°gn %¥c  m »

9 Differential market values of output€xisting produce, e.g. finfish, has high value compared
with the low value density of the additions, e.g. bivalves and seaweeds. However, in China,
where molluscs and seaweed are much closer in market value to firtfishhere is astrong
incentive.

1 Invedment and scale.nvestment is clearly a barrier. If an aquaculture company had £10

hdggdji oj dig no' ri{pg_ do kpo . difgodnmussels hj m"’

rc- m dodn 7606, *f b:
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1 Consumer acceptanc&he acceptability of human foodrpduced by feeding excret& ;| the
concept looks beneficial, but problems arise from food safety, market and industry
acceptability. In Europe, the prime point is whether there is consumer demand to pull the
products of IMTA through to the market.

1 SocietalacceptancelMTA could be aided by the social licence to operate (SLO), which is being
increasingly recognised. But there is probably not enough information and data, which suggests
a project is needed. Most salmon companies would have a direct interesicreasing the
SLO=.

The following sections explore these issues in more detail, providing links to important related articles
as well as personal communications received from senior aquaculture and environmental specialists in
relevant research institions, industry and organisations who were canvassed for their thoughts on
DHO<%n “~c\gg ib > n \Vi_ jkkjmopidod n)

1.3.2 Seaweed IMTA

For seaweed specifically, the Norwémased environmental NGO Bellona Foundation says it has no
doubt that IMTA represents the futerof aquaculture, and seaweed biomass is important for bioenergy
production via bioethanol or biogas, as well as acting as a carbon'®inkdowever, hurdles are still
seen.

1 Message?MTA needs to find the starting messagdor seaweed IMTA, mitigating ¢éhcarbon
footprint of fish farming is the main starting point. Lines need to be 32®M00 metres from
the cages because, if they are too close, there is obstruction of maintenance vessats.aF
broader life cycle/valuehain perspectiveegardless of the carbon source, there will be many
opportunities for the carbon within seaweed to enter the atmosphere once harvested. Plus, the
economic activity required to farm, harvest and process/utilise seaweed may actually release
more CQ equivalets than seaweed can sequester. The evidence for direct transfer is poor and
kmgr md rfc a_qc(pepccqmnmP020nDr Skeveb Bresgot, IAquEBio Tech
Group, Malta)

1 Ecological impacts. There may be unforeseen ecological impacts of seaweed, such as genetic
interactions between cultivated and wild crops. Stévantal. (2017), writing for Aquaculture
International®® about future perspectives for seaweed aquaculture irorivay, proposed
addressing ecological impacts by sourcing local species, ensuring that impacts of seaweed
cultivation on surrounding ecosystems are minimal, dealing with unwanted epiphytes and
diseases, and coping with threats from climate change.

1 Investmeé o m}he Case of ocean energy and integration with seaweeds, the scale of seaweed
area needed is much larger than the R&D so far. Investment would be needed, which is a very
big risk for industry, especially as the costs of largeale production andse of seaweed are
still largely unknown. A positive note is the willingness of public organisations to provide funding
for development of seaweed energy initiativepers. comm2020: lan Ashton, researcher,
University of Exeter, UKDn the topic ofinvestments Stévantet al. (2017) determined that
working out best area utilisation would still be a challenge, which would be answered by
ensuring that seaweed aquaculture and IMTA were automatically included in marine and
coastal zonal plans.

1 Repeat hang = nRepeat hafvesting of seaweed when used in IMTA is not reliable. The
experience in practice has been that the first harvest is okay, but after that, it decreases.
Reported results need careful examination for internal inconsistengiesg. the loic gap
between promotion of seaweeds for ecemediation and then selling the produce or using it.
The development of legislation in UK and Europe calling for 10% of all plastics to be of
biological origin may be a driver for seaweed production but, thars there has been no full
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life cycle assessment (LCA) of seaweed cultupets. comm2020: Dr Mike Allen and Dr Sophie
Parsons, aquatic sustainability researchers, UK).

T =dj m adi "Thetseaggedbiorefingry cdncept does not always fit with seahiadMTA,
because the volumes needed for higlalue components are small. Bioplastics might fit, as
they demand high volumes of seaweed production. Climate change mitigation could also be a
justifying concept, especially if one could develop a way of isiglseaweed to the bottom and
keeping it there. Seaweed can also be seen as a nursery for biodiverséys. comm2020:
ProfessorAlejandro Buschmann, Universidad de Los Lagos, Chile)

T Di *m h i o\ g _ qTheoverdl deveopnkeht teverithser Jo the problems for
wave power than for wind power, but the development pathway can be incremental. The scale
neededwill haveto reflect the scale potentially required to be competitive in the plastics and
energy markets pets. comm2020: lan Ashbn University of Exeter UK)

T 1 o ~ci j o frdcticei eath piege ofthe chain needs analysing to identify
challenges and address what new technologies are needed. This includes seeding the lines,
harvesting, getting to and moving froaiockside. A method for madsandling seaweeds is also
needed because, to be economic, processing must handle at le@803onnes WW at a time
(pers. comm2020: Andy Wilkinson, Oceanium, UKhis also includes drying of algae, which
the IDREEM projeitentified as one of the main bottlenecks in algae culturiffg

T ?° h\ iWestern°Europe does not have same amount of space as China for traditional
seaweed production, and the demand for highlue food outputs is not as high.u@rent
seaweed economics dé& r  _ bldweverncurrent costs areasonable compared with how
marine wind power began, which is now of course economi@éh minimal support to
encourage maturing of markets by identifying viable products, while simultaneously supporting
producers that reduce production costs for seaweed aquaculture, the current surge in interest
for seaweed aquaculture has the potential to follow marine wind energy and develop a new
industrial sector for the UK and Europeefs. comm2020: lan Ashton Uiversity of Exeter UK)

1.3.3 Invertebrate and seaweed -mussels IMTA canvassing

For seaweednussels IMTA, concerns and challenges include the following.

T BiofoulingBiofouling of nets and cages can lead to cage breakups. Putting mussel farms even
half a mile from salmon nets and cages produces biofouling that is known to cause sinking and
collapse pers. comm2020: Rui Gomes Ferriera, CEO Longlinet?UK)

1 Biomass supplyEnsuring a reliable supply of biomass as feedstock for next stages introduces
high commercial riskspers. comm?2020: lan Ashton, University of Exeter, UK)

1 Harvest schedule and infrastructurgven if seaweed and bivalves can be grown on the same
lines, there will be problems with when and how to harvest. Current harvesters are designed to
strip mussels off the header rope, not seaweed. The boats sent to do this can manage the 8
tonne lift needed for a mussel rope, but it is not clear whether this wabdb for seaweed.
Currently, three people are needed for mussel stripping, meaning there are implications for
personnel numbers and economic efficiency, especially in unfavourable weather or water
conditions pers. comm2020: Adam Hughes, SAMS, Scotlafid)

There are also concerns and challenges for successful IMTA use of sea cucumbers, starting with the
need to establish hatcheries in Europe. But there are issues with the sea cucumbers themselves:

9 their feeding and growth cease when water temperatures fall too lpwe.g. <19°C forH.
arguinensis, which underlines the need to use local species;
1 they may lose weight, as they digest their intestines during {outrient periods;
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1 they may become overlading with nutrients if fish density is too higFf;
1 they may cause shorterm benthic fouling due to their own faec&s.

1.3.4 Aquaponics and RASs

A significant challenge with aquaponics is that at commercial scale, according to Jason HaRdims

of Aponic Ltd pers. comm2020$ ' o c varables\that are fot easily mitigated and usually demand
conditions that compromise the health and wéléing of either the plants or the fisff. Surveys in
France and the EU of people actively involvedguaponics, or intending to be, found that many had
experience of or training at academic or practical level in aquaculture, but none had horticulture
experience. So it is not surprising that balancing the needs of both components can be difficult
However, i is essential. A study in Canada found that the horticulture element of aquaponics can
account for as much as 70% of the profitability of a successful operatién

The main challenges are:

9 budgeting the cost of complex physical and biological tecbhgas needed in high
performance RASS;

managing the dynamics of nutrient rebalancing for fighop interactions;

ensuring that any disease risks from either partition do not spill over into the other or into
the environment or the human food outputs;

1 ensuing the right mix of expertise and knowledge to manage all aspects of theigzs.

T
1

Anglesey Sea Bass, formerly owned by Selonda UK, is a case study of the pitfalls of a RAS ertérprise
Initiated in Wales as the Penmon Fish Farm in 200&ith £12 millionestablishment costs covered by
grants of >£5 million in Welsh and European fundingSelonda UK intended to produce sea bass in
RAS. The farm was not completed until 2009 because of problems with the RAS technology and meeting
environmental regulations.ebonda had already been fined for discharging pollution from the RAS and
the monitoring of the support grants was criticised by the Welsh Audit Offfcéy 2012, Selonda UK

was bankrupt and the aquaculture division of Linnaeus Capital partners, TethyanQbeught the
assets for £1.2m%. Anglesey Sea Bass, under its new owners, reared sea bass from fry for the UK
supermarket Waitrose and its captive consumers, who could pay a premium. By 2015, cheap sea bass
arrived from Turkey and Greece and the compangsed, in spite of hoping to replace sea bass by
highervalue salmon, turbot or soté’. Marine Harvest (now Mowi) bought the farm in 2017 to establish

a wrasse production site starting January 2018, to provide fish for biological control of sea lice at it
salmon farms*°. It produced the first batch in 2020 and is expected to produce between 800 and

1 million fish per yeat®. In another UK instance, a group of Yorkshire pig farmers established a tilapia
group, The Fish Company, in 2010, with four farinsYorkshire and Lincolnshifé selling via UK
supermarket Tesco and the local Gurkha garrison, aiming to produce between 400 and 700 tpa using
M<N' ]Jpo oc t "jpg_i %o-fam effluents tainted tha fish, and thegGurghd ot ' o c
garrisan was closed so there were no local consumers.

1.3.5 Multi -use/Multi -purpose platforms

Specific technical and practical challenges to establishing a viable operation with MUPs and MPPs (with
or without IMTA) emerged with the MUSES préfé¢ti \ | p\ *pgopm " \i _ Vo ? ih
an OWF project that was part of the SUBMARMERoject on natural IMTA.

1 TechnologyNecessary technology readiness levels have not been reliably reached, especially
with regards to harsh environmental conidins in offshore areas. There are incompatibilities
between the technologies used for different types of aquaculture (e.g. cage vs line) and OWF
(e.g. floating vs jacket vs monopile).
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Financial incentives. There are no planning and financial incentivesargeting
aguaculture+operocean installations.

Permit processed.he permit processes for combined activities are unclear. Project finance and
maritime permits and licences given for specific technical proposals are acquired at a certain
estimated risk leel and cannot be amended past the project planning stage. Plus, co
localisation or combinations of uses have not been considered in the process of licensing
offshore wind parks and different agencies are involve@nergy, fisheries and environment.

Risk @sessment.There are unassessable risks, leading to very complicated insurance
implications.

Equipment and infrastructurd.ocal operation and maintenance equipment and routines in
OWFs are not tailored to match the needs of operating mariculture systenmsl a
sampling/harvest. There are usually no suitable situ boats for harvesting and OWF
maintenance vessels are unsuitable for aquaculture maintenance and harvesting. Mariculture
installations cannot possibly be attached to turbine foundations due to iieiemnce with the
anticorrosive equipment, cables and scour protection.

OWF vs aquacultureThe power imbalance between the two sectors does not favour
aquaculture. Operators of the already licensed or operational OWFs have priority over other
maritime uses, including aquaculture and fisheries.

Investment needslnvestment demands are very high and beyond the capacity of most
aguaculture operations, and there is insufficient preaffconcept to engage large investors.
Investment capacity for seaweed is evdower, and markets for higlvalue products remain
insufficiently developed.

Water conditionsThere is often a mismatch between optimal current, salinity and other water
conditions for windfarms and mariculture. In addition, there are unknown risks ofiagiture
biofouling offshore installations.

Weather conditionsWeather conditions can make inspection, sampling and harvesting difficult
or impossible, and the distance to shore adversely impacts th@ag freshness window for
molluscs.

TenureTenure searity is related to the requirement to remove installations completely at the
end of the licence period.

The EWfunded MERMAIDproject specifically focused on determining the legal, policy, social
environmental, technical and economic issues that stood in the way of successful implementation of
aquacultureMPP initiative¥*. Among the issues it identified:

= =4 =4 =4 -8 -8 -9

complicated bureaucracy with poor dialogue between public institutions;

difficulties identifying responsibilities for permits;

lack of codes and standards;

conflict with other nearshore and offshore users including fisheries, tourism and shipping;
social unacceptability of changes;

insurance costs and complexities;

the finandal feasibility of combining activities.

MERMAID also identified three major risks related to implementation of conventional large fish cages
within OWFs:

1

most fish cages and their mooring systems have been designed for operation at inshore
protected sites;
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9 placing fish cages with their mooring systems within the wind farm might increase collision
risks with the operation, service and large maintenance vessels;

1 conflicts can emerge between the offshore wind and aquaculture farms during te&ilation
and operation phasé®.

Efforts can be made to overcome some of these constraints. MERMAID developed a special installation
vehicle and proposed that floating wind turbine generators (WT,Gshich typically have more space
between them due tehe need for mooring lines and anchorsnight leave more space for aquaculture.

1.3.6 The realities of experience versus research

ARfc gqa_jc md pcgc_paf rf _r ggqg nmgq-gpofjc gl dgqf d
ideas, and there is widespread expredseeed in research for largecale units where the
issues of logistics, management and economics can be properly tackled. It has |been
impossible in the experimental systems studied to date to demonstrate an imprgved
environment for fishStudies so far areseen as too smalkcale and experimental to justify
industry adopting IMTA, andacommeretpla _j ¢ cvncpgkcl#¥ _j d_|pk gqg I ccbec

Professor Alejandro Buschmann, Universidad de Los Lagos,(@#rite comm2020)

ANAsppcl rjw gr lagecommiejcial subcess IstoriesunglMTA, although other

countries are testing pilescale operations. Even though the world salmon industry dpes

occasionally get affected by oversupply, the industry is still so profitable that it does not need

to adopt IMI'A practices at this time. Ofhore there is lower environmental benthic organic

loading from waste feed and excreta due to the larger dispersion area, so IMTA is not|seen

as being needed or practical. We should perhaps see IMTA as part of the ecolpgical

engineering tools available for deploying Fish Aggregating Devices, like artificial reefs ¢r the
rrp_argml md k_|Iw bgddcpclr®¥gncagcqg rm ksgqcj p_d

Shawn Robinson, Fisheries and Oceans, Cafaelzs. comm2020)

Significant work and advocacy are continuing at research and academic levels, in spite of low industrial
interest. The failure to translate research results into commercial reality in Saudi Arabia has proven to
be a typical case of thenismatch between resarch and industry. Work was carried out in a government
station, but there was no clear commercial epdint and no allowances made for the logistics of
working in 1Q 12 metre depths. There was no lortgrm plan and, without proof of commercial viability
under local conditions and given the difficulties in receiving permits and licenses, results were never
carried forward into industrially relevant usg.

Seaweed can absorb excess dissolved nutrients from fish farm cages, but doing so requires-macro
algae farms to be located near the salmon farms. The effects cannot be differentiated from
environmental nutrients beyond 3Q®00 metres, where the additional load is relatively low. This is
the case in most waters around Europe and the Americas which are déiddloceanic rather than the
sheltered bays found in China, where excess nutrients from aquaculture and coastaiffutearly
produce eutrophication.

In reviewing 10 years of IMTA research in Norway, from the project POLYCULT220®&4to IDREEM
2012, 2016, Janseret al. 2015"° noted that, after early enthusiasm, limitations and restrictions were
realised as time went on. Although seaweed productivity was I8ID% higher when cdocated with
salmon farms, this effect was seen onlyithin 100, 200 metres of the cages, because of quick dilution

of nutrients from the salmon, as shown by experience at a Marine Harvest (now Mowi) salmot$arm
The seasonality, the large areas needed for bioremediation and the growth increase were not
commercially relevant. A 22bia seaweed establishment would be needed close to a salmon farm to
remove 100% of the dissolved ammonia in the growth period. 100% removal of the nitrogen output
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ja I jmr\t¥n n\ghji ajAim20i0, wouldmeguré dpdo 247 kinad sedweed f h
with a potential biomass of around 1.4 mt WW.

The guestion of distances between fish cages and extractive species is neatly answered by a study of
bivalves, seaweed and fish, where bivalves next to 080 metres from fish cages showed significantly
highe biomass production relative to controls grown at >60 metres separation. But for better seaweed
growth, there had to be no separation at‘aH. The efficiency of bivalves such as mussels as extractors

is highly impacted by the time available to interceptaste feed particles and excreta, current speed,
tidal movements, and availability of natural suspended nutrients (seston). This means their use in open
water systems on lines or nets adjacent to fish cages is likely to remove far less nitrogen and carbon
in reality than is theoretically estimated or modellg&d

A 2020 review of mariculture and ecosystem services concluded that though harvesting of molluscs
and seaweeds can remove large amounts of carbon from the environment (e.g. in China an estimated
1.2 billion tonnes a year), whether this carbon is actually sequestered or released back into the
environment depends on the fate of the harvested prodéttOf the 56 studies identified, 44 focused

on the role of seaweeds and the remainder on oysters, othialves and detritivores, demonstrating
removal of nutrients from fish aquaculture. Many were in IMTA. But few studies looked atifeah-

sea data. Of those that did, one showed that mussels farmed in a Danish fjord were a sink of nitrogen
for their first year, but after that, they became a net source of nitrogen due to their nutrient excretion
and contribution to sediments. Otherj mf | i Nr~ _"i%n r no “j\no ajpi.
mussels Mytilus eduli$ in sheltered inner water areas but begrowth for sugar kelp $accharina
latissima) in outer water facing open ocean, and-caltivation gave no benefit of additional growth

for either specie¥*.

1.3.7 The policy environment

Much aquaculture regulation was established more than 20 years agdahénframework of finfish
monoculture and this legacy now results in regulatory and economic hurdles which need remoying if
IMTA is to be implemented as part of Integrated Coastal or Marine Zone Managéthent.

Thierry Chopin, aquaculture champion, Interoaél Aquafeed interview (2020

IMTA does have a foundation of policy support in Europe.

The European Parliament™ kj mo | a - +the sustanpbteigrowthootaquaculture needs

to be based on business investment predictability and legaitainty, which requires, notably:

simplification and acceleration of administrative procedugeless red tapes at EU, national and

pcegml j jctcjR9 gknpmtcb rp_l gn_pclaw _|I'b npmncp
procedures accompartle ~w j gkgrcb rgkcjglcg dmp _epcckclr* g
adequate public financial support at EU and national level for sustainable and responsible

aquaculture production, innovation and development; better incorporation of the aquaealhar
dggfcpgcqg ncpgncargtc g4 rfc SlgmlBg rp_bc _epcck

In addition:

1 IMTA is eligible for support from the European Maritime and Fisheries Fund as part of
sustainable production, and because it might meet the concerns of other users of coastal or
sea space (EC communication COM/2012/4%4)

1 IMTA has been included in a strategy for sustainable aquaculture in EuropeE®y
communication COM/2013/229, which additionally recommended simplification of
regulations and administrative procedures, suchlag mr \' 't 2n di omj _p~rodj i j a
point, introduction of coordinated spatial planning, financial support for business development
and coordinated RDI funding for sustainable aquaculture.
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The EU Aquaculture Advisory Coufitiind MultiAnnual Stratgic Plans for Aquaculture (MASPS)

are also seen as important in achieving sustainability in aquaculture. MASPs are produced by each EU
Member State (MS) and can be regarded as having policy commitment. Though the MASP summary
does not specifically mentio IMTA, it recognises market deficiencies and identifies challenges that
could favour or be assisted by uptake of IMTA.

1 Marine finfish
- Insufficient available space in inshore sheltered areas forces development of offshore
aquaculture (UK) or optimisationf @roductivity on existing sites (GR, IT, IE, ES), to
improve production efficiency and product costs (CY, FR, GR, IE, IT, ES).
- All MSs intended to simplify administrative procedures for national and regional
environmental laws impacting marine inshoreeas.

1 Shellfish
- Insufficient available space in inshore sheltered areas but there are opportunities for
rope-based offshore aquaculture (ES, FR, IT) and optimisation of production on existing
sites, which could favour IMTA.
- Techniques to extend shelife will encourage market growth.
- R&D is aimed at operational efficiency, and resilience to environmental hazards.

9 Bluefin tuna
- Aquaculture requires capture of juveniles for -gmowing, but is limited by lack of
understanding of the breeding cycle taina.
- Producing juveniles in aquaculture systems will eliminate the reliance on fisheries to
provide the input for fattening. However, this could be done using RASs with IMTA.

1 Seaweed farming
- This sector is poised for growth with higlalue applicationsni food, feed and
cosmetics, plus its potential for producing biofuel may also support further
development in Europe.

1 Freshwater aquaculture

- Most production originates from sma#icale farmers with limited access to credit and
low capacity to invest.

- Relatvely high costs of labour, land and other inputs in many cases put the sector at
a competitive disadvantage against cheap imports.

- Strong markets, based on higtpality local supply, have been achieved, as in FR. This
suggests that RASs and IMTA, perhagsiaponics, should have a good impact.

- HU and PL intend to strengthen fish farming in recirculation systems of species such
as eel, sturgeon, tilapia and perch.

In 2017, the NGCBeas At Risk® noted that European polieynakers were still to address key points
in making use of IMTA, including the needs for:

- clear definition of IMTA that is understood by consumers;

- clear labelling of products from IMTA production systems to create a market;

- definition of standards to develop a label,

- development of markets for seaweed cultured in the EU;

- recognition that IMTA is not zewwaste, therefore defining the environmentally acceptable
thresholds of waste outputs from IMTA.

Ayear later, Seas At Risk nadtéhat Members of the European ParliameMEPs) had failed to develop

a new vision for European aquaculture. Instead, they had adhered tosthtis quo,rather than
adopting an approach to reduce the administrative burden for aquaculture producers ardgbe
coordinated spatial planning to define new areas for aquaculture farms, to increase the
competitiveness of European aquaculture and create a level playing field between domestic and
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imported aquaculture products. They also pointed out that MEPs wilfeecommending funding of
pilot projects, not moving forward to support BMde implementation of systems such as IMTA and
aquaponic®?,

In 2014, the European Commission and nine EU MSs (CY, ES, FR, GR, HR, IT, MT, PT, SI) set up the
BLUEMED Researdand Innovation Initiatv€?aj m ] gp~ ej ]l n #ijr " ijhdi\o"
growth in the Mediterranean area. TinR018 proposals include IMTA, widening aquaculture to include

low trophic levels, expanding the range of species that are farmw@thging in a circular economy to

recycle wastes and combining aquaculture with other activities on offshore Amuitpose platform&,

The EU40cean Coalitiéhwas launched in June 2020 with funding from the EU. It aims to actively
enhance ocean literacgcross all ages and societies in Europe, and increase the chances of responsible
decisioamaking. The Coalition has three components: the EU4Ocean Platform for organisations and
individuals working on and interested in ocean literacy initiatives, the Y&tdean Forum for 1630-
year-olds who want to be engaged in activities and projects, and a Network of European Blue Schools,
with award schemes for recognition of outstanding contributions. IMTA could be considered a
contributor to its Food from the Oceaand Healthy and Clean Ocean themes.

The USA is also keen to see stimulation and rationalisation of fisheries and aquaculture activities and
on 7 May 2020, an Executive Order was signetbmoting American Seafood Competitiveness and
Economic GrowtFr. The plicy points include:

- identifying and removing unnecessary regulatory barriers restricting American fishermen and
aguaculture producers;

- facilitating aquaculture projects through regulatory transparency and kbeign strategic
planning;

- nominating NOAA athe lead for all off-shore projects;

- requiring that review of coastal and etand projects be coordinated by a lead agency and
determined within two years of announcing the-giead for an environmental impact survey
(EIS); and

- requiring state and federahgencies to establish programmes by which to identify geographic
areas potentially suitable for aquaculture and undertake EISs to evaluate and confirm this.

This may well give North American advocates of IMTA a strong opportunity for progress.

1.3.8 Integrated zoning, regulation and permits

Uc I ccb _ k_hmp pcrfgligle pce_pbgle rfc dsl argml g
work only within the limits of a few buoys on the water, but should be managed using an

Integrated Coastal Area Manageme(iCAM) strategy, according to the movement of the

different elements considered. If organic particles released by the fed component settle quite

rapidly, dissolved inorganic nutrients travel longer distances. This means that different

strategies (in spacand time) will be needed to recover these different nutrients, and that

entire bays/coastal areas/regions should be the units of IMTA managéffient

Thierry Chopin, aquaculture champion, International Aquafeed interview (2020)

For sustainability, there is a need to integrate aquaculture activities with zonal planning and
management. €rtification of farms to a credible standargn p”~c \'n oc™ Bgj]\g <Ip\~
#B<<%n$ ="no <l p\~*pgopm K uoacultwedStewandship €sukcit SC) Bgj ] \ g
is important, but it needs to be combined with the zonal planning and management of entire

\'I p\~“pgopm’ kmj _p~odj i uji " n ajm apgg npno\ldi\] dc¢
management standard, there i proposed revision to the ASC standard to include area management,

and area management has been added to the benchmarking tool used by the Global Sustainable
Seafood Initiative (GSS¥F).
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Allocated Zones for Aquaculture (AZAsinarine areas where the deelopment of aquaculture has
priority over other uses and will be primarily dedicated to aquacultuneould be legally established

by the administrative bodies usually involved in licences and permits and setting policy identifying and
agreeing on specidi spatial areas within a regidff. There is a Protocol on ICZM in the Mediterranean,
two guidelines from the GFCMResolution GFCM/36/2012/1 on allocated zones for aquaculture, and
the guidelines on a harmoséd environmental monitoring programme for maé finfish cage farming

in the Mediterranean and the Black Sea updated 2Q1@nd the@P 2n H\ mdi °~ Nk\ od\ g Kg\

in 2014.

AZAs could build on these and provide strong support for IMTA, which is regarded as having
environmental, economic and setal benefits, especially if it is operated within an ICAM approach
incorporating entire bays, coastal areas or regions as the IMTA Unit. This would need enabling
regulations that recognise the ecosystem scales at which AZAs would operate.

Mariculture zoal management®® and marine spatial planning are both methods of placing aquaculture
in the marine setting. The IMTA community sees a need to embed these concepts into those of zone
management and planning, whether marine or coastal.

The 2015 SARF report saw a need fegislative and regulatory tools to encourage-tacation of
mariculture with other offshore marine sector activities, such as offshore renewables or disused oil
rigs'’®. Culture of extractive species with fed species in the same mariculture sites is engedria
aquaculture development planning and zoning exercises in the European Union and North Aferica
though this may not make the process much more rapid.

The EU MASP summary notes that most MSs acknowledge that aquaculture administrative procedures
are long and cumbersome. Administrative complexity stems from the number of ministries involved,
the different national and regional regulatory requirements impacting aquaculture activities based on
national transposition of the Water Framework Directive (\WFbe Marine Strategy Framework
Directive (MSFD), Bird and Habitat Directives, and the lack of communication between ministries and
authorities on aquaculture issue§able1.11 summarises some of the initiatives that will favour
aguaculture and, by implication, IMTA.

Table1.114 Ji fc]s cgjlip_g_hnm j |-AgnuahstrategioRlansfetr nb _ 2 O%m
Aquaculture
Initiative States involved
Simplification of access for applicants as an overarching measure Almost all
Setting up interMinistry coordination groups to review the applicable legislation, simp BG, DE, ES, FR, GB, GR, H
it, and streamline application procedures MT, RO, SK

Production of Guidelines to make the legislation and procedures more transpa AT, CY, DE, EE, GR, HR, IT
understandable and predictable

Improved involvement of stakeholders in the decisioraking proces to better inform BG, DK, IE, IT, FI, FR, GB
authorities on technical and legal issues

Strengthening or adopting a singlgoint submission process CZ, IE, IT, FR, PT
Harmonisation of devolved legislation and procedures at national level ES, UK

Achieving successful implementation of IMTA in the EU will be hampered by differing eexistent

legal frameworks for individual noronventional species and certainly forombinations and
complexity of regulatiol?. However, if there is an existing policy focus on environmental sustainability
and technological innovation, this may be an incentive for IMTA. In the EU, national frameworks seemed
permissive for experimental IMTand for pilot schemes, but regulatory reform would be needed for
commercial activity, especially in relation to the intersection between nutrient recycling and food safety.

The Centre for Environment, Fisheries and Aquaculture Science (Cefas) has predgaileline for
aguaponics activities in the UK that defines administrative procedures based on the size and purpose

of the farm and the destination of produc¢é. This has led to several educational projects and some
business activities such as BioAquark, which says it has the longest thriving commercial aquaponic

farm in the UK and the largest aquaponic trout farm in EurépeNevertheless, this does not guarantee

success: A planning application foralahdt n~ _ omj po \ i _ g b igrictjiwgs a\ mh
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opmi ~ _ _jri di -+,4 1 “\pn do °“jiom\g i n \ m\a
was also objected to by Friends of the Lake District and other local interests.

Licensing systems can be streamlined to some extent. In204orway announced a programme of

free licences, intended to stimulate investment into new technologies, primarily looking at closed sea
based cages for salmon but also submerged, floating and other technolé§idsandbased, sheltered,
exposed andpensea projects were all eligible, and IMTA would not seem to be ruled out. Scotland
provides a more typical picture. Here, there are five different authorities: planning permission from the
local planning authority; a marine licence from Marine Scotlavith a limit in 2019 of 2500 tpa

salmon per site; an environmental licence from the Scottish Environment Protection Agency (SEPA); an
Aquaculture Production Business authaorisation, also from Marine Scotland; and a lease from The Crown
Estate, paying rento install and operate the farm on the seabed, generally granted for a period of 25
years and dependent on securing planning permission.

The experience in the IDREEM project is not unusual. The Irish parther DOMMRS waited 4 years (2010
2014) to receive is requested licence to grow seaweed in an area of 6 ha, approximately, 200

metres from a salmon site in which it would put 16 longlin€. This reinforces the need to streamline
permissions and remove unnecessary bureaucratic obstacles caused by tog aggencies involved in

the decisions. Most SME partners experienced issues relating to the lack of an existing process for
licensing IMTA sites, given the novelty and early development stages of establishing the practice of
IMTA within Europé€'.

The fird commercial permits for cultivation of seaweeds were granted in Norway in 2014, when public
authorities created a specific interim licensing system for macroafgad he Ministry of Trade, Industry

and Fisheries now coordinates the processing of seawesthing applications and considers them

according to the Aquaculture Act. The evaluation of applications involves several authorities, including

the Directorate of Fisheries, Norwegian Coastal Administration, Norwegian Food Safety Authority,

County Governétn @i qdmj i h i o\l\'g ? k\moh io \Vi _ | jmr bd\i f
each one considering potential conflicts of the application within its area of responsibility. The
concerned municipal authorities are involved in determining permits fdn &sd seaweed farms in

concordance with coastal zone spatial plans.

DA g\i _%n g bdng\lodj dn k mhdnndq  aj mtvedO< ] po
DA g\Vi " Vi T\ N m | pdm  n Vi \kkgd?\ oayj i 0]
(Umhverfisstofnun), taking into account the requirements of the Nature Conservation Act and the
Icelandic Food and Veterinary Authority (Matveelastofnun). Each permit is evaluated on-bgasese

basis and usually takes 6 months to process, includamg8-week period for public consultation. It can

be modified to take account of public concerns, if neetiéd

For agquaponics, Jolgt al. 2015 noted that this has no clear legal status and no unitary regulation

in Europe. Companies have to take into amabthe differences and sometimes conflicts between
agriculture, horticulture, aquaculture and urban legislation, and apply through separate channels for
permits for different aspects of what they want to set up. This adds to the time, cost, complexity and
risks, and ultimately impacts the commercial viability of agquaponics.

1.3.9 Biosecurity, diseases and food safety

<n oc rjmg_¥n g\mb no om\ _dib ]Jgj”® ajm \I|lp\~*pgop
for approval of farms andprocessors intending to export to the EU, with quality management and
processoriented controls applied from farato-fork along the food chaiff. Before a norEU

competent authority can export to the EU, it must receive official EU certification of italyiity with

regard to food quality and safety, and to the health of the originating aquaculture establishment.
Countries supplying fishery products must be on a positive list for the relevant product, with specific
additional conditions for imports of kalve molluscs, echinoderms and marine gastropods. Areas of

concern are marine biotoxins that cause shellfish poisoniagd residues of veterinary drugs,
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pesticides, heavy metals and contaminants. The Directefaemeral for Health and Food Safety of the
European Commission (B®ANCO) considers official requests from ABW countries and determines
ifitwillbelisted.<n k\ mo | a DH O<étnutriénts frdmjwater, weste foodjand excreta)\
presumably IMTA produce will require every type of stringent testing for import.

To support IMTA, studies of transmissibility and relevance of diseases between the species chosen, and
their potential to actas reservoirs, be a food safety hazard or a source of zoonosis must be undertaken.
There are known biosafety and zoonosis hazards from shellfish farmed in coastal operations, with
pathogens such as hepatitis virus, norovirus aritriofiltered out and transmitted from contaminated

land runroff and rivers in the edible produce. In marine and land culture, aquaculture produce may be
contaminated by agricultural effluents and toxins from microalgae and other plankton blooms. IMTA in
pondbased land culture myabe particularly exposed to transmissible hazards, and the products may
need special attention with regards to biohazards. Previous studies found that workers and community
members in contact with wastéed aquaculture water were at an increased risk afcquiring diarrheal
diseases, skin diseases and livituke infections. For example, all 27 ponds in 9 villages of Jiangmen
City, China, were found to be contaminated with human and pig faeces, and exceeded the US limits for
Escherichia coltounts®.. Els&vhere,Escherichia cqlClostridium perfringensenterococci and faecal
coliforms were found at potentially hazardous levels in ponds at 5/5 freshwater tilapia fa#tns

There is reassuring evidence for the food safety of produce from IMTA, in that heinges the farms
in the Bay of Fundy, Canada, were analysed regularly, and there was no evidence of unsafe
concentration of heavy metals, environmental contaminants, fish disease treatments or microalgal

toxins in mussel$*.

The IDREEM project investigdttbod safety aspects of the IMTA pilots around Europe, on the basis
that the potential for accumulation of some contaminants might make cdltivated species unsafe or
reduce their food quality. Its final repdff noted that fish, mollusc and seaweed samag from IMTA

and control sites were collected from all the farms, and testing showed that all samples were well
below EUpermitted limits for relevant contaminants such as heavy metals, Polycyclic aromatic
hydrocarbons (PAHSs), polychlorinated biphenyB{jP&hd microbiological burden. There were a few
cases of seaweeds with levels that marginally exceeded legislated concentrations for some metals, but
this was more related to general environmental concentrations than the IMTA situation. In an IMTA
RAS stud involving halophytes for nutrient retention, the plants were harvested and tested for
microbial safety and were found to conform to acceptance standards for human %od

1.3.10 Stakeholder beliefs and Social Licence to Operate

Adam Hughes, SAMS, Scotlapdr& comm.2020)

ANGd QJ M b maegding fackomthen the public perception aspect of developing
SLO may become important for the industry. Most salmon companies would have a (
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SLO indicatethe attainment of community and stakeholder acceptance and approval for an industry's
operationsThe public perception of the aquaculture industry, especially mariculture, is that it performs
badly in terms of taking care oftte environment and respecting local communitiégork on SLO in the
EUfunded AguaSpace project showed that all finfish farms are judged by those companies and sites
reported as having the lowest operating standards at any given tffhe

SLObegan as a conceptelated to activities of the mining industry, and has come to be regarded as
part of the social sustainability of any enterprise. The ISO standardSO 26000:2010 Social

Responsibility concerns the SLO concept.

Seafish, the UK puldibody which supports the seafood industheld a workshop on SLO in 2016,
introducing the concept and helping establish it in the UK aquaculture and fisheries s&€t&wscial
licencing is a continuous activity and it requires positive action and communication to build strong
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relationships with local stakeholders, more than simple press releases, as seEigume1.3'*°. The
existence of social licence is shown by subsequent community support for aquaculture activities, a
positive reputation for companies, few or no objections to business expansion, frequent and productive
communicatiorbetween local stakeholders, and few or no issues requiring formal resolution.

One aspect of the SLO process is to bring local community and industry into discussions at an early
stage and share the expected or hopéar positive impacts on communities ihich the aquaculture
activities will take place which, in turn, helps explore and foster a shared commitrential
sustainability of aquaculture is not easy to measure, compared with environmental or economic
impacts, but SLO is seen as increasingly ortant, although without a full understanding of how to
cultivate, promote, nurture and measure it in the aquaculture coriféxt

Figure 1.3: Engagement with stakeholders as part of gaining Social Licence to Operate

To provide To obtain To work directly To partner with To place a
balanced info to feedback on with stakeholders to  substantial part
assist analysis, stakeholders identify of decision
understanding of  alternatives and/or  throughout to alternatives and making in the
problems, decisions ensure concerns/  preferred options hands of
alternatives &/or issues are stakeholders
solutions addressed

Promise to Participants

Will keep you Will keep you Will ensure Look to Will implement
informed informed, listen to concerns are stakeholders for  what stakeholders
and acknowledge addressed in direct advice in decide.
concerns and alternatives and forming solutions
provide feedback provide options and will

incorporate input
into decisions

Example of tools

Fact sheets, web Public comment, Workshops Citizen advisory Citizen juries, ballots,
sites, displays focus groups, public deliberative polling committees, delegated decisions|
meetings, open consensus building

houses.

Source: Brooks, 2016

Consumer opinion about the produce of IMTA is not, strictly speaking, part of SLO, but it will still be an
important factor for IMTA to be accepted in sociefysurvey of 649 New York seafood consumers in
August 207 found an 88% preference for integrated multitrophic aquaculture over monoculture, once
the IMTA concept was explained. Also, in tasting panels, IMTA produce performed at least as well as
monoculture producé&. In terms of the total output of Atlantica@mon in Canada, when the waste
reduction aspects of IMTA were explained to a sample of 525 Canadian consumers and their buying
preferences tested, the increase in consumption due to IMTA was estimated at CAR 380 million

a year®. Clearer labellingrd information on IMTA production were also regarded as helpful in raising
consumer awareness.
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1.3.11 Life cycle analyses

Paradoxically, an LCA of IMTA and nutrient cycling has shown that theeG@2alents and
other emissions of seaweed production do not congas favourably with finfish cultivation
when expressed according to nutrient content instead of product mass. For monoculture
versus IMTA, it cannot be safely said that emissions are lower for IMTA. Thus, the essential
question is: at which point do thieade-offs between nutrient bioremediation and emissions
of CO2equivalents tip the balance in favour of IMTA? A corollary is that the carbon footprint
per unit nutrition of seaweed rather than the C footprint per unit biomassis higher than
thatof fil d gi4.f , E

Steven Prescott, AquaBio Tech Group, Ma&aq. comm2020)

There are only a few detailed LCAs of the impacts of IMTA, partly because of the lack of full
commercialscale demonstration/experimental farms where different systems can |be
explored. All work has been done so far at a scale that does not translate into industrial
reality, so the practicalities of largecale deployment cannot be investigated, optimal mixes
of species cannot be adequately investigated and, more importantiyitheae LCA nor
economics of full IMTA can be assessed in reatdife

Hughes and Kelly (2011);
Alejandro Buschmann, Universidad de Los Lagos, Qbeles.(comm2020)

In applying the concept of LCA in aquaculture, and particularly to IMTA, it is impootaetognse that
environmental impact shifts which occur when reductions in environmental impact of one stage either
displace the impact to another stage or create an adverse impact on other environmental parameters
., may exist (Prescott 2017°). LCA hd not been fully applied to the environmental impact modelling

ofopenr \' 0" m DHO< ntno hn \o oc’ odh” ja Km n”joo¥n

acquired from Chilean salmon monoculture, the salrfered industry and salmorseaweedmussels
IMTAThe species involved wefalmo salayMacrocystis pyriferand Mytilus chilensisSeeTablel.12
for a summary of findings.

Table 1.12: Impact contributions of different species in IMTA, Chile

IMTA component IMTA aspect Impact share
Feed inputs 12%-37%
Salmon smolt production - Salt 5%-67%
land RAS Onsite diesel power 4%-29%
Electricity supply 2%-27%
Feed inputs total 71%-98%
: of which: oilseed crops  31%-87%
Salmon grow-out mariculture fish-meal & fish-oil  0.13%11%
Smolt supply 3%-18%
Infrastructure 14%-89%
] Diesel for maintenance boat 1%-89%
Seaweed mariculture Production of seeded cartridge 9%-49%
on land
Infrastructure, of which 25%-99.5%
Mussels mariculture provision of cotton mesh bags fo  37%-99%

seedingonto ropes

SourcePrescott 2017; the wide ranges are the results of different inputs and efficiencies at different sites

All aspects of the IMTA had environmental impacts, though seaweed and mussels provided benefits in
terms of nutrient or nitrogen removal. For example, harvesting 200 tonnes a year of seaweed achieved
>375 kg of phosphorus outake equivalents. There wasotential for shifting of impacts, especially
when calculated on masadjusted economic value, and it was not possible from LCA to conclude that
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IMTA was overall more sustainable than monoculture. Of the eutrophication potential of salmon
growing, 64% camdrom feed nutrients and 32% from the fish excreta, but even if adding seaweed
and mussels reduced the eutrophication potential, it did so at the expense of other parameters such as
depleting the ozone layer, because of the greater output of greenhouseegdsy seaweed, on a
nutritional content/weight basis. Using sunflower oil in salmon feed has a higher adverse impact than
using rapeseed oil, and moving from 50:50 mixes to 100% rapeseed (Canola) oil would reduce the
contribution of feed to unfavourable ipacts by 624%. However, on an equal weight basis, the
contributions of fish oil are still 1899% lower than those from rapeseed oil (an interesting finding,
given the move away from use of anchoveta oils and meals in fish feeds).

The IDREENroject noted that IMTA production created additional environmental impacts due to the
add-on infrastructure required, such as ropes, buoys, extra diesel for boats and new offshore
infrastructure for ceculturing, all with associated LCA implications irthg disposaf’.

1.3.12 Economic efficiencies

ARfc k_hmp af _jjclec dmp GKR? ggqg caml mkK
outside Asia is not willing to take up a diversion from the main business of finfish produc
IMTA has not been adopted liie Norwegian (salmon) industry to a large extent, mai
because the salmon industry does not want additional waxkd spacedemanding activities|
nearby the fish farms, and they do not need it. The profits in the salmon industry are |
and any other bsiness must compete with their salmemevenue. (This position i
corroborated by almost all interviewed contacts.) As long as the list of contras are lo
than the list of pros, IMTA will not develop unless the industry is regulated to adopt it. T|
few that are having kelp or mussel farms close to their sites argue mainly in terms
glapc_qcb qgsqgr _gl _ "~ gjgrw® I b rfcpc’ w qn
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Kjell Emil Naas, Special Advisor Research Council of Nofpens. comm2020)

One of the mosimportant parameters for uptake and establishment of new approaches in an industry
is the economic efficiency of the changes, innovations, new procedures and adaptations that need to

B

has no real economic driver and the concept clashes too much with the monoculture model, which
predominates in the industry. Although RAS and IMTA may seem more attractive, the changing
opportunity costs of land and water have ammediate impact on viability and investmé'fit. In Atlantic
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(Mowi 2018). This militates against trying something new and potentially more costly and risky, such
as IMTA. Nevertheless, there are tantalising glimpsiesconomic benefit to be had from IMTA at scale,

if industry can be persuaded to invest enough either in fediale demonstration sites or jump to
commercial implementation.

Given labour costs and the type of marine aquaculture already in place in Euaogeghe Americas,

the goal is less labour intensiveness, more automation, and easing of maintenance, monitoring and
harvesting. Although CTAQUA from Andalucia has tegied scaleIMTA of gilthead bream, oysters in
mesh bags on londines with floats, and seaweeddlvaand Gracilariaon long lines or in floating net
cages in saltwater tidal channels in Spain, the system is relatively labour intensive, which will prevent
easy uptakeof the approach. In Portugal, as part of the HEuhded project GENIALG, the ALGAplus
combination of macroalgae and IMTA in tidal channels and saltwater ponds is also manual, although it
will be possible to automate it. The organic certification and higkemd ~ ©  aj m
(Sparus aurath and sea bassiicentrarchus labrgxwhich started with juveniles in September 2018,
will help offset the production cost®. There also may be addedalue in the higher protein content of
the macroalgae as aesult of additional nutrient absorption and improved growth rates, if there is
sufficient light°?,
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Discounted cash flow analysis using 10 years of production data from a salmussetkelp IMTA

farm in the Bay of Fundy, Canada, found that the IMTA operatvas more profitable than standard
monoculture expectations and, if a 10% price premium could be obtained for the product, IMTA would
produce a substantial increase in net present v&feNevertheless, due to risks and uncertainties,
IMTA would have t@enerate substantially greater profits than salmon monoculture to stimulate
investment.

The IDREEM project showed that the footprint of an average salmon farm is enough to support benthic
IMTA involving finfish, shellfish, the sea cucumbPaxastichopusalifornicug and kelg®. There is
closer to a 1:1 ratio of biomass needed for bottom feeders compared tQ 1@0:1 for watercolumn
feeder like mussels. Results usiig silicomodelling suggested a possible sixfold increase in yield of
deposit feeders bawfinfish and 150% if below shéfilsh, reductions in total load of particulate organic
carbon of up to 86% forfinfish culture and 99% for shdilsh culture, and a 22%. contribution to
additional kelp production. There are large biological amgjineering challenges with putting this in
place, as it would take £23 million and a willing salmon company to do a study and, for commercial
application, availability of spawn might be a probléth

The Efunded MERMAID project concerned aquaculiuvirad energy multiuse platforms with salmon
seaweedmussels IMTA in an array of 100 10MW wind turbine ufiftsThe annual electricity production

was estimated to be 3300 GWh at an annual average wind speed of 9.2 m/s with the annual salmon
production predigd to be 60000 to 70 000 tonnes. The calculation of annual financial yield from

integrating salmon productionwithofi c j m> rdi _ kjr " m r\n O-/+ oj O-3+
equivalentto 73%30r ja oc  \iip\g ° g ~ooudiftgdretvalu¢ ofthg  # O+)
mussels and seaweed biomass.

The economic efficiency of nutrient density is an important aspect of attractiveness of candidate IMTA
species, just as much as the market price. One disincentive for investing in seaweed spatiat @A i
area that would need to be planted to achieve economic impact. The chance to replaceriiggh
components of salmon feed with seaweadtigin oils and proteins is one driver for increasing seaweed
farming activities. Table 1.13 shows some published data for protein content of 13 types of
seaweed®®?’, Brown seaweeds, the fastest growing for Northern Hemisphere cooler waters, have the
lowest ranges of protein, fron8-20%. The usual protein content of fishmeal is approximately 65%
(63, 68%), which means that 510 kg DW of brown algae would be needed to replace 1 kg of fishmeal,
not taking into account differences in protein digestibility and amiacid composition. Wat content

is 70%, 90%, so each 10 kg DW is equivalent to about,3®0 kg WW.

Table 1.13: Ranges of protein content of seaweeds
Protein content

Seaweed (dry mass
basis)

PorphyridiunRed alga 56%
Porphyra sppLaver 29%-47%
Pyropia sppNori 28%-44%
Palmaria palmataDulse 8%-35%
Ulva pertusaSea lettuce 20%-26%
Saccharina latissim&ugar kelp 6%-26%
Undaria pinnatifidaWakame 12%-23%
Ulva lactucaSea lettuce 10%-21%
Gracilariatikvahiae 11%-20%
Alaria esculent&elp 9%-20%
Laminaria digitataKelp 8%-15%
Ascophyllum nodosurkKnotted wrack 3%-15%
Fucus spBladder wrack 3%-11%

Sources: Fleurence 1999, Wells et al. 2017

Each year around 5 million tonnes (mt) of fishmeal and 1 mt of fish oil are produced from about 20
mt of raw materials, 75% from anchoveta and other pelagic fisheries and 25% from-jpyoducts of
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the processing of wild and farmed figf. By-products from processing may account for as much as
35% in some regions. In 2017, 70% of global production of fisteal and fish oil was used in the
aguaculture sector. Given that the usage of fishmeal for its protein content in aquaculture has been
abaut 3.5, 4 million tpa in the recent past (IFFO, EUMOFA), the amount of seaweed needed to replace
this could be estimated at as much as 35800 mt WW. Global production of seaweed in 2015 was
about 30 million tonnes (FAO data), including just over 1 mt wiltvested. Farmed seaweed is
predominantly used for human food, so if seaweed were to be used for feeding animals, then there
would need to be significant technical, management and logistics innovations to succeed. The World
Bank has provided a conservagiestimate of 1000 tonnes DW yield/kfAocean, implying the need for
another 35000, 40 000 km? of farming to achieve this volunt®. In addition, there are variations in
nutritional and functional composition according to seasons and different environmegaatlitions.

This means that neither consistent, reliable and reproducible yields nor consistenpremilict
characteristics and performance can be guaranteedanother disincentive for commercial IMTA
activities.

Nobreet al. 2010**° noted that adopting anMTA configuration on a South African abalone farm raised
farm profits by 1.4 to 5%. The overall gain from using IMTA in the case study was several times larger
than the net gain in profit, and was estimated at US$1310 million a year.

Using IMTA for lbremediation requires careful calculation of all elements of costtr&otion

efficiencies and estimated costs have been analysed for mussels versus seaweeds as bioremediators

in IMTA for fish farm&?) Oc > ~nodh\ o _ 2 j n®.n+ *afjbm ihdponmmj by ni rm nhj
Ajhk\ m> _ -6t B ¢ * PlaMidaaig digitatal i _ 013/KNR forAlaria esculenta \ i - O, +

O. 3 * F ISktcharjnaratissimérom other sources.

Linking potential markets with emomic justification for IMTA will also be difficult. As far as algae
based biofuels and bioplastics are concerned, the main industrial issue is what surface area would be
needed for which economick silicomodelling of economic benefits by institutionis very often too
optimistic and scenarios from some companies seeking money are exaggétated

The economic viability of aquaponics has recently been examined in the context of therieldd
Inagro project. In this, a demonstration sap of catfish andtomatoes in Germany produced 24 tonnes
of fish and 11 tonnes of tomatoes a year in a 540 frarea of separate but linked growing systems.
Though this was not profitable, it yielded enough data for modelling to show that scgl¢o at least

2 000 m? would ke needed for the economics to justify the cost of investment in the systém

1.3.13 Investment

Factors involved in lack of crodsU investment in IMTA, or in aquaculture innovation in general, include
the bureaucracy and time for the application procesdated to licencing, lack of incentives to build
scale and a focus on diversification rather than specialisation and scalaBflity

The lack of dedicated and harmaeid legislation for aquaponics in general, and urban aguaponics in
specific, makes it diftult for entrepreneurs to formulate a business plan and address banks and
investors in this particular IMTA sectbr

Turnseket al. 20207® noted that the small average size of aquaponics farms is due to the high initial
investment required coupled witthé novelty of the technology. The fact that only smaltale facilities

can be afforded, but are expected to provide technological and commercial validation, leads into a
°cArcd”Mf i Vi _  -bchlefarmsage ndt built Becayde imbestors requeemprehensive
proof of concept, and the smalcale farms are not able to provide this, because they are simply too
small. In addition, as aquaponics includes both aquaculture and horticulture, most investments are
double the cost of competing enterpriséisat engage only in aquaculture or horticulture.

To date, these comments apply to all IMTA activities, as validation is hardly possible at small scale and
double or more investment may well be required when dealing with two or more types of biorass.
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uncertainty of the longterm robustness of IMTA means that investment is rather scarce. However,
there is funding available Agriloops, in Rennes, France, was successful in an initial funding round of
O+) 0 hd g g'ttg start wilding am agBaponickrm for saltwater prawns, cherry tomatoes and
h>n~rgpi #hds™ _ n\lg\ _ g \'q n$) Do \gnj m> A" dq’
Développement and business angels in 2@*9to build the pilot farm, supported technically by CNRS
Roscoff.

As with any innovation, particularly at small scale, failures occur. A relevant example is GrowUp Urban
Farms in UR®. It had the social, nutritional and sustainable aims of producing tilapia and salad crops

di "~jh]ldi\V\Vodji di G j lacal and regstaurant stipply. jt was setlup im 20d3‘aod aj m
began producing in 2016, with the aim of harvesting 4 tonnes of fish and 20 tonnes of crops per year

and using it as a turnkey module for 9 farms, each 10 times the size. By 2018, however, the umit ha
Agijn®_'" \'nm °do r\ni %o h\ f d#¥° bndthe gnterprise wagsbldtotheo] " j q°
Vescor Group, which invests in ecologicatiferesting opportunitied®. It has been renamed GrowUp
Farms and briefly flared back to life in September 2020 post on its Facebook padé, though there
has been no subsequent action.

1.4 Prospects for IMTA

Accordingo Beyond Fish Monoculture. Developing Integrated Miuibiphic Aquaculture in Europine
final report prepared by the IDREEM project in 2016, ¢beditions were not yet fully in place in Europe

forthewiden~\ g~ \ _j kodj i ja DHO<) T o oc"’ m>kj mo \gnj
interest, consumer interest, an economic and environment case for adoption of IMTA, as well as clear
policyddg™  mn ajm don Epopm _"q gjkh io)»

1.4.1 IMTA value chains: ecosystem services and product opportunities

Endpoints for IMTA include ecosystem services and definable commercial products. In a 2020 interview

with International Aquafeed, aquaculture championérty Chopin called for the value of ecosystem

services to be recogeéd, accounted for and used as financial and regulatory incentive tools, such as

in the development of nutrient trading credits. Explaining that he prefers to identify credits instead of

ol's " n ajm ocjn" dhkg  h i odlnthecoastal envirdiment, igjis nottomhA ~ o d » °
a carbon story; consequently, we have to enlarge the debate from carbon tax to nitrogen and
phosphorus taxes»

No real system forrecognising and rewarding ecosystem services is yet in widespread and robust
practice. Establishment of nutrient and carberading credits has been strongly suggestéd Although
carbontrading is the closest in concept, it could easily be extended irothdo cover other nutrients

that are potentially damaging to the environment and their sequestering or even harvesting would be
beneficial. Phosphorus and nitrogen come into the latter category: phosphorus because of widespread
world shortage of this essgtial nutrient and nitrogen because of nitrification and eutrophication of
waters. For example, in the mi2000s, the town of Lysekil in Sweden valorised ecosystem services by
paying around US$10 for each kg nitrogen removed to the farm Nordic Shell PtiotdukB, which was
usingMytilus edulis(the common or blue mussel) as the remedigtér

Production of seaweeds for other uses, such as bioremediation or biofuel production via anaerobic
digestion, is at the development sta¢fé. An interesting analysis dhe potential for seaweed to provide
phenols for bioplastics production has suggested that in the period 2@1%0, when it is estimated

that about 1 billion tonnes of bioplastics will be needed globally, using aboun3@a WW of seaweed

a year as raw méerial input could provide a 25% reduction in the total estimated Gnissions®.
Though this is in the context of the coastline of Sabah, Malaysia, the analysis could usefully be applied
to other sites in Europe and the Americas.
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Theenvironmental services provided by RA®Ilusc farming have been estimated using data from a
South African abalone farm producing 240 tpa, grazing on wild kelp as the food substrate. Monoculture
in flow-through, and RAS replacing seaweed with 10% or 20%rfagrown kelp were modelled and
compared. O+farm kelp production reduced nitrogen discharges by, 8.0 tpa, conserved 2,5.6 ha

of natural kelp beds a year and reduced greenhouse gas emissions byZ3Dtpa CQ equivalentg®.

In the context of usingutrient trading credits, Nitrogen (NTC), Phosphorus (PTC), Carbon (GEC)

incentives for establishing IMTA as a bioremediation tool, Thierry Chopin (20b@}ed that the cost

of removing 1 kg of nitrogen ranged from US$3 to US$38 at sewage treatment facilities, depending

on the technology used and the labour costs in different countries. It has been possible to derive
estimates of the value of nutrient remyal | nutrient eutrophication reduction services, NERSH)at

DHO< hdbco kmjgqgd_ " d |26 bilpon/ygear wf NERS$ pravided bygspellfishj a O,
VI p\2*pgopm di oc ~j\ no\ g,14 bilbon/year inijtha Batiic Sean@p mj k = \ i
the annual harvesting of kelps from the Bay of Fundy area, Canada, would represent an NTC of
US$0.36 1.1 million and a PTC of about US$D680. The 1 million tonnes obllva proliferaremoved

from the bays near Qingdao, China, to allow the sailing d¢gen the 2008 Olympic Games were

equivalent to removing 00, 5 000 tonnes of nitrogen, 400 tonnes of phosphorus and B00 tonnes

of carbon, with an NTC value of US$350 million, PTC of US$1.6 million and CTC of US$0.9 million.

Seaweeds are likely toéthe largest volume biomass type produced by either cldsdish IMTA or
spatial IMTA. Both the 2013 Bellona Repg#rand the 2015 SARF Rep8ttidentified a number of well
recognised engproducts from growing seaweed (either in IMTA or monoculture) tioatd be justified
from an economic poinbf-view. The Bellona Report includes cuvie/tangknfinaria hyperboreaand
Norwegian kelpAscophyllum nodosujras sources of petroleunneplacement products, carbon sinks

or biofuels. This is on the basis thahe sequestration rate for carbon is around 9 tonnes/ha, which
could then produce&? 500 litres of bioethanol, even without the greater growth produced by exposure
to fish nutrient effluents. The maximum carbon capture of seaweed is 2 Kfyfear, 2 3 times more

than sugarcane, which is considered one of the best bioenergy crops. Half the energy demand in the
EU could be met with around 200 kn¥ of kelp, according to SINTEF Norway. Seaweed can also be
harvested to produce biogas or processed for dietary dapgents, food components and bioactives.

Capuzzo and McKie (20F6) noted that multiple products can be obtained from seaweeds, ranging

from food to chemicals and bioenergy. For the UK, a total of 27 seaweasdted businesses were

identified, based on webearches, 16 of them use seaweeds harvested in the UK. The majority of UK
seaweedm™ g\ o~ _ ] pndi "nn - n kmj _p”"° n“\'r> " _n ajm ajj _
cosmetics. Other products, based on seaweeds and produced in the UK, include apauahrid
supplements, chemicals (e.g. hydrocolloids), fedib and nutraceuticals (e.g. nutrients and dietary
supplements).

The Bellona report also noted that bioplastics derived totally from algae are environmentally benign
degrading within 180 daysvithout leaving any harmful chemical residues behind. Combining seaweed
origin biopolymers with petroleusbased materials such as polyurethane and polyethylene reduces the
guantity of petroleum and speeds up biodegradation. Green algae from the ordébdbphoralesare
particularly suitable for the production of hybrid plastiavhile they are not grown in IMTA, the potential
is there.

The following list identifies some of the current commercial activities and opportunitiepéroleun
sparing bioplastics.
1 Cereplast, a US company, manufactures several products that are 50% algae and 50%
petroleum, with an ambition to use 100% algae in the future.

1 Algal cellulose can be used to make plastic, and nuisance microalgae have bedmugenice
and France for paper. It is also possible to make cellulose batteries from seaweeds and fibres
for textiles.
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1 Algopack*, a French company founded in 2016, uses brown algae grown in and harvested
from the Atlantic Ocean witlG-weed Aquaculturé® as a partner to make 100% macroalgal
origin granules that can be turned into bimased packaging. ALGOPACK is entirety bi
compostable and biodegrades withir?2 weeksin soil and5 hoursin water. When its packaging
life is over, it becomes a seofkrtiliser as it breaks down. A hybrid materi®dl GOBLENDB a
50:50 mix with petroleurrbased polymers. The company promotes tinaterial as process
efficient, as it can be dropped into standard industrial plant, produci@$% energy saving as
it is processed at lower temperatures. Algopack has now beaquiredby Corely of the Lyreco
Group, with the expectation that its outputill increase dramatically from 100 tonnes per year
to 10 000 tonnes per year in the next 5 years.

1 Skipping Rocks Lab, a young stat from Imperial College UK, utilises marine hydrocolloids
from brown seaweeds and plant celluloses to make Notpldts major product is the material
Ooha®®, which has been used to encapsulate sports rehydration drinks made by the Lucozade
company.

Human food and animal feed are clear markets for establishing value chains for seaweed biomass. In
Scotland and Norway, IDREEEM ¢ \ mAlaria esculerjtaand Saccharina latissimavere used for
human food (dried and milled) and animal feed ingredients. Lergy Ocean Harvest, in its spatial salmon
seaweed IMTA operation, has two value chains in place: one a niche market for seaweed preparations
as speciality foods, e.g. dried seawefakes and toppings for human consumption, made in Denmark;
the other is fermented seaweed as a feed ingredient for cows and $tgghe animal feed product is
prebiotic and alters the ruminal and gastrointestinal flora favourably, e.g. it reduces pigbetatity by

3%, a significant economic benefit for pig farmers. Currently, the company can produce abol@d®0

kg WW of sugar kelp a season, planted in autumn and harvested afted ®ionths. The economic
balance is interesting. The price differentialaslisincentive, e.g. for farming seaweed for bioenergy or
bioplastic, as well as scalap. But it takes>3 years to take a salmon from egg to market weight, and
there can be three seaweed harvests in that time. According to Lergy Ocean Harvest, the &egchal
market is enormous, so there is no need to think of bioenergy or bioplastics.

The potential of seaweed for correcting methane emissions in ruminant livestock is also being explored

]t Nt h] mj nd\ di CAspakagbpsis taxiformigirdwa on gorawntank @fflubnt and

returning the cleaneeup water to the prawn tankd®) G* mUt J~ "\ | C\'mg non¥»n \i
chains are built on a wide range of research, including findings in beef cattle in Australia, where 0.1%

and 0.2% of Asparagopsign the diet for 90 days reduced methane production by 40% and 98%
respectivelyand increased weight gain by around 480%?**. Bromoform, the active ingredient in
Asparagopsisalters ruminal flora and fauna. Symbrosia plans to sell tAsparagopsido dairy feed

producers, in the first instance, ftdS$2.5 3.0/kg, and the prawns intthe US mainland organic market

for around US$40/k§?) Oc ™ rjmf api _° _ ]t <pnom\gd\¥n i\odji
Livestock Australia at James Cook University has led to a new company, Futuféf-eedhe back of

A$13 million (US$9.34 millin) from CSIRO, supermarket chain Woolworths, commodities handler
GrainCorp, agrifood group Harvest Road, and an agtech accelerator. CSIRO estimates that if 10% of

oc rjmg_¥n ~\oog jk m\odjin di~gp_" _coldbe h\ o’ md
cut by as much as 120 megatonnes a year. However, supplying enough of the additive for just 30% of

the around 2.5 million beef and dairy cattle in Australia would mean processin@@5btonnes DW a

year of Asparagopsisind, with average saweed poduction of 3Q 50 DM tonnes per ha, it would need

around 2000 hectares of seaweed farms (compared with around 900 ha of prawn farms in Australia).

Sheep also respond to seaweed in the diet with a reduction in methane emission and better weight

gain, as bund inshoregrazing sheep in the Orkneys, Scotl&td

Harvesting the nutritional content of seaweeds for human food and animal feed is somewhat
problematic, because of the dilution effect of water content, the large quantities, the logistics of
ensuringfreshness between harvest and processing, and the costs of drying and valorising the biomass.
Certainly, it is attractive to use seaweed nutrients as a replacement for-bsigin and landcrop-origin
proteins and oils, which would serve to add value te thse of seaweeds in IMTA and make finfish
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production more sustainable. A driver for this would be the total volume of fish feeds produced, 1.1 bn
tonnes in 2018, with 28% for carp, 18% for shrimp, 13% for tilapia, 10% for salmonids &id&6 for
other fishincluding freshwater (Mowi 207%). Trends to planbrigin materials are most clearly seen

in salmonid feedsTable1.14 shows how the proportions of sources for raw materials have changed
over the past 20 or so years.

Table 1.14: Development of raw materials in sal mon feed in Norway 2000 -2018

Ingredient 2000 2010 2018
Fish meal 34% 25% 13%
Fish oil 31% 17% 10%
Plant-origin materials 36% 59% 7%

Source: MOWI, 2019

Value chains for seaweed that can be strongly developed are illustrated by the ways in whath

scale seaweed outputs from Efiinded projects have been used. In IDREEMhe 2013 and 2015
seaweed harvests at DOMMRS, were sent to an Irish horse feed company to use as a health supplement
Vi \gnj pn° _ rdocdi o ¢ = fedd saadrchins. N @01% th¢ sudankelp r i al\
harvest was sent to University College Cork for use in biogas research. The Scottish partners in the
IDREEM project (Scottish Salmon Company, Loch Fyne Oysters and SAMS) harvested a total of 2.5
tonnes WW ofA. esalentain May 2013 and 2015, and 1.0 tonne WW & latissimain May 2015,

selling them to a Scottish company that dried, diced and milled the seaweed for use as a food
condiment. GIFAS in Norway gré&wesculentawith salmon, initially harvesting and ugirthe seaweed

in animal feed, but also identifying markets in human food, bioactives, addition to insect meal and as

a fertiliser.

With respect to markets for seaweed, its use as nutritional ingredients for pet food has very good
prospects. Oneommentator who was previously with a commaodities crop producer confirmed that the

pet food industry is always asking for new ingredietfts \ i = G" mUt vn \'gm \ _t n gg
livestock animal feed market and sees an exponential growth possitiiere?*.

In a more focused biomedical way, there is work on seaweed alginates and chitin nanofibers as
biomaterials for medical us&®. This would assist management of chitin from crustacea grown in IMTA
as well. A possible new and exciting use for seads is to produce sulphated polysaccharides that
interfere with SARE 02 entry into cells, in this cas8accharina japonicfucoidang®.

AKsqggcjqg amsjb gl rfecmpw “c¢c dcb =~ _ai rm dglgf _q

without processig them, and IMTA is not needed to do this anyway. In the EU it is technically illegal to

feed one animal off the waste products of anothgithe animalderived protein issue, and faeces and

pseudofaeces are definitely rather dubious for marketing. The anmsi& also not yet clear on food

safety?>!. With seaweed things are a bit more positive and Norway has done a good job with) Wva
Rui Gomes Ferriera, CEO LongLine,dgks( comm. 202D

The mussel industry in Chile might be a suitable candidate for IMAtA,an output of around 30M00
tonnes a year, but it would still be necessary to manage harvests and maintain retotesarket for
the outputs and eneproductgs2,

Alejandro Buschmann, Professor U de Los Lagos Qblies(comm2020)

Mussels and other bivalves are likely to be secondary in terms of IMTA biomass, though commercial
activities already exist. For exampleanish Seaweed Seed Supply, bought by the Norwegian company
Seaweed Energy Solutions (SES) in 2013, has been groBéngharina latissimaand blue mussels
together at three locations in Denmark (Knebel Vig, Hou, Limmorden) for over 10 years, using long
lines with droppersThe same lines are used for mussels/seaweedcttture, so in the UK, it is more
likely that it will be musselseaweed IMTA rather than fiskeaweed IMTA®.

A problem with making much greater use of molluscs and crustacea as components in IMTA is what to
do with the shells. Although some value chains already existg. crushed mussel shells in vineyards,
or crustacean chitin as an antifungal and precursor to chitosamine and glucosamine as health
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supplements, the volume available would indicate that there is a need to develop new-pratiucts

or build easy access tgrowing value chains. Bivalve shells are exploited in China as the building
materials for artificial reefs for marine ranching. Mussels, mussel flesh and residual flesh in clean
shells can be used to provide accessible food and feed proteins as well dsolyged proteins and
amino-acids for foods and specialised nutrition. It has also been envisaged thatstabdard bivalves

can be fed as they are to higher trophic levels in IMTA, thus reducing feed inputs and improving
economic efficiency.

ThelDREEM project also generated ®00 kg of mussels as spat, which were then deployed at other
locations around Scotland for egrowing, and >25®00 queen scallops, which were harvested and
individually quick frozen as a highalue human fooé“. Once pernts are received, IDREEM partner
AQUA Srl in Italy plans to scalg the sea bass, sea bream and pacific oyster IMTA to commercial
scale, supplying oysters to local retailers and restaurants. In Scotland, FIA Aquaculture Ltd and SAMS
grew Ulva sea lettuce mshoré®®, in raceways of nutrient rich water coming from turboP<getta
maxima), cod Gadus morhupand sea basgDicentrarchus labrgxtanks. TheJlvawas then used to

feed amphipods for fish fry feeding and edible sea urchiatacentrotus lividys FlAplans to produce
enoughUlvato grow 100, 200 sea urchins/mto commercial size.

There are also plentiful examples of successful aquaponics enterpridgs.” " i %2n K> A~ f\ n Oj |
(Peckas Tomater och Regite) uses rainbow trout and tomatoes in gravel beittsgreenhouse®®.
=~ gbdph¥%»n <Ilp\/”~ kmj_p~ " n -++ o0jii > n ja e\ _~ k™ m’

rainwater collected by the adjacent horticulture enterprise Tomato Masters, and returns ndtrient
enriched water for tomato growth, via redaeds>’. The Recirculating Farms Coalition has established

a programme called Better Fish Farmi¥g including an aquaponics farm in New Orleans of around

4 050 m? (1 acre), growing catfish, koi, goldfish, herbs, tomatoes, peppers, lettuces, greens, ogstalo
and flowers in recirculated water, plus potatoes, broccoli, cauliflower, onions, carrots, watermelon,
eggplants, tomatoes, cucumbers and flowers in soil watered and fertilised by fish effluents.

The choice of grey mullet as a detritovore in benthic M3 regarded by van Beijnen and Yan (2020)

\ n éxcelleht sustainable fish choice because they are primarily herbivorous, efficiently convert food

to body mass and can handle a wide variety of culture conditions; a big plus is bottarga, the salted and
dried roe of gravid females, which is a pricey and sougfier delicacy across the Mediterraneans Do d n
an example of an existing value chain into which an IMTA species can immediately be plugged.

Once famers are using IMTA, the question arises of hdwyt organise their biomass into the
appropriate routes to market, given the likelihood that the amounts and timings may be inconsistent.
In this context, ofline platforms or mobilephonebased apps that match supplies with demand might
be useful. These atady exist for small farmers in Asia and Africae.g. GeoFarmer, TruTrade and apps
developed in FAQunded projects such as AgriMarketPl&eAn attempt was made in Iceland to set
up an online platformResource Square/Audlindatofgr aquaculture andisheries. It was orgased

as an online sales house for nofiood marine biomass so that producers and users could easily be
put together, especially when the volume of biomass was insufficient to justify a contract for supply
with large industries. Unfonnately, none of the original suppliers or buyers who had expressed early
interest followed through when the platform was being developed further, so this initiative has
stopped®:. The concept could however be revived for edible and-fomu biomass fromIMTA.

1.4.2 Taking opportunities for the future

IMTA has obtained encouraging but not commersiedle results in most of its work to date, and shown
promising environmental and economic benefits. But difficulties remain in encouraging established
mainstream pralucers, such as ofshore wind farms, to integrate the types of IMTA offered. A new
direction needs to be taken away from the classic model of finfish cage at top, bivalve lines or cages
round-about or below, and seaweed on the sea bottom. The evidewocedlis model is excellent in
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research scale anth silicomodelling but dubious or at least inconsistent and not robust enough in real
life for industry to invest and undertake the additional operational complexities that would be needed.

Among the viableptions for IMTA are those in which each of the elements has a specific market value
that makes it feasible to bring them together from the product value chain point of view:

ortland fish production integrated via RASs with suitable crops or macroalgaeaiuaponics);

marine benthic IMTA, where detritivores with a reasonable or high market value (holothurians,
sea urchins) clean up the footprint of finfish farms, whether or not bivalves and/or seaweed
are grown nearby;

1 fish-seaweed operations where thseaweed is harvested, and partially or completely
processed into inputs of fish feed and, if in sufficient quantity, for industrial uses.

There are other viable options in which the main benefit is in less measurable outputs, such as disease
management, ecosystem services, employment or social licence to operate:

9 spatial or ecological IMTA, where the different trophic levels are nolocated, but are
encouraged or deliberately placed around fish farms in the wider aguasphereseseral

fdgjh om n _dnol\i~>" _“nAmd] > _ ]t ji > ~jhh"

1 freshwater fish production, where ponds are supplemented by edible orspatdible water
plants that improve the aquatic microbiome and assist fish health and glgw

1 use of filter-feeders, such as bivalves or sponges, where there is evidence that they might be
able to trap disease organisms that are damaging to fish (such as salmon lice) or to food safety
(such asEscherichia cobr Vibriofischery.

Perhaps the rost promising early opportunity for IMTA biomass is usesebweeds as petfoods,
livestock feeds and fish feeds once the most economically efficient harvesting and processing

conditions can be establishe@he French company Olmix has created value chaina mj h  ° bm~™ °

seaweed,which are processed and formulated into products for farm animals that increase the
immunity of the animals they feed, and decrease fungal toxin production in feedstuffsough
seaweeds are not currently farmed, the fact thialue chain existanakes it possible to see how
seaweed farming mighprovide a more reliable and standardised source of raw material and fitso

into the broader ecosystems concept of IMTA. Seaweeds could thus be farmed in areas of nutrient run
off from the land, crop and livestock agriculture, provided food and feed safety is not compromised.

Itis important to note the potential of freshwater aquaculture, inland aguaculture with enclosed waters,
integrated multitrophic aquaculture and recirculation sgsts or aquaponics in urban zones for the
improvement of food security and the development of rural areas

European Parliament, 2018

Moving forward in Europe, the European Parliament report of 26/1i8 a key starting point for policy
changes and actions that would aid aquaculture innovations, including IMTA. It specifically calls for pilot
projects on IMTA, agreeing with the Food from the Oceans scientific reporttibainly way to obtain
significantly more food and biomass from the ocean in a short period of time is to harvest organisms
at the bottom of the food chain, such as macroalgae and bivalve mollgc¥ery important points

are:

I a onestop shopto be created as soon as possible, which wbudke on and exercise all
responsibilities, allowing relevant documents to be submitted to a single administrative body;

i a fast-track licensing system, whereby the competent administration grants a provisional
certificate permitting those operators who meé predefined criteria to commence their
activities;
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9 spatial planning mapso be elaborated by the Commission and the Member States in order to
identify possible areas where aquaculture and other activities may coexist.

These points all recogse that spatial planning and licensing conditions are the most likely reasons for
the unwillingness of other important or powerful sectors to share space.

Certification and promotion by international bodies is a wedtognised route to international takep

of products produced in a sustainable, green or environmentadigeficial way. The Sustainable Trade
Initiative (IDH) works with the private sector to make business better and has an active Aquaculture
Progran®®. It has cedeveloped, with the Global Sustainable Seafood Initiative, the Seafood Measuring
and Acceleratigp Performance of the global seafood supply (Seafood MBR)nd the Partnership
Assurance Model (PA¥Y) The Aquaculture Program concerns shrimp, tilapia Badgasiugcatfish,

]\ n\ adnc$’ oc ocm bmj pkn hjno cdioi mnédo-d]jiVd
monoculture as the most common system of productidine Seafood MAP, due to be finalised in late
2020, and PAM may well include considerations of IMTA, because they are designed to complement
certification by giving farmers, investors argroducers an explicit framework that gives confidence
that the producer is making a sound transition to sustainable aquaculture, translate global
sustainability standards into local conditions and encourage all stakeholders to work together.

The issue of ertification is certainly part of market context, and presents a strong way of letting the

market and consumers know about the benefits of products. The aquaculture 1auftual strategic

plans of the EU MSs consider aquaculture certification to be impurtar market growth (supported

strongly by MSs BG, EE, FI, GR, IE, IT, RO,ESp&fHpps in the form of an appellation or certificate

of origin (AT, CZ) or through a scheme in collaboration with established international certification bodies

for spedes which are not being certified at present (NL). If these initiatives take place, it would be

dhkj mol\io ajm DHO< dio m non oegmdiji]]dgt »ajm mddad "0\
in broader aquaculture certification developments.

Onthe other hand, Turnseét al. 202078 noted that, although aquaponics in the USA can be certified

\'n jmb\idn"' VIl pVkjid~An kmj _p”» mn di @p mj k-~ AN Yo
suggest that produce from IMTA may command a premium asigeinvironmentallybeneficial, but

the reality is that this is not a decision consumers make; it is one that food retailers make. Lergy Ocean
Harvest, for one, has discovered that neither its salmon nor the seaweed product can automatically
gainapriceprhdph di nkdo™ | a oc  *%Q@ohesiyeolobyirgwihbe requike®.< ] \ » f
Existing organisations that could move IMTA forward include those concerned with aquaculture, marine
sustainability and seaweeds.

1 The Aquaculture Advisory Council G¥2& focuses on finfish and shellfish producers, but offers
seats on the Executive Committee to organisations such as Seas at Risk and the Good Fish
Foundation. AAC members face many of the same challenges and difficylteeg. onerous or
unintegrated regultions, licensing and controls that IMTA activities would face. From this
kjdio ja qgqd r' < grrthé irutume” Strgtegid Guideline® fdr jthe 8ustainable
Development of EU Aquacultidféare relevant for IMTA. These incluthat EU MSs shouldes
up aquaenvironment schemes to support the delivery of the ecosystem services of pond fish,
shellfish and algae farming, and promote short consumption chains of locally produced fish by
integrating aquaculture into local economies.

1 Industry and sustainkility associationssuch as the Aquaculture Stewardship Council, will have
a role in assessment, agreement and decision on whether IMTA is something to be strongly
taken up or not. They will be developing, establishing or lobbying for certification systeat
might favour IMTA, with the acceptance of premium prices implied and thus an economic driver
for uptake.

1 In terms of the remediation of finfish aquaculture and seafood production and sustainable
intensification of aquaculture productipmrganisatims such as the Global Salmon Initiative
(GSI), Aquaculture Stewardship Council (which already operates an ASC certification scheme),

43



Blue Bioeconomintegrated MultTrophic Aquaculture

Global Sustainable Seafood initiative (GSSI), Sustainable Fisheries PartA€rahip Seafood
Business for Ocean StewardphiSeaBOS) seem relevant on the international scale.

IMTA, as an ecologicallyand economicalhsustainable farming activity, could be applied to local
management of aquaculture in marine protected areas. In doing so, it would provide local food and

nutrition security, reduce poverty and contribute to the seeimonomic resilience of local communities,

and at the same time, increase biodiversity and the potential for aquaculture ecotourism as part of the

public good?. For example,BLUEMED, a consortium afoastal EU MS interests, proposés
"nol\]gdncdi b diijg\lodqg" i " orjmfn ja h\mdi~ kmj o
api f~odjidib»' oc\o o\ f"~ di o] \ANMjppio oc”  MNjidi Mo
benefits of an ecosystenbased management approach, as well as promoting IMTA.

Grassroots and context activities are also very important, and incentives for IMTA could be provided via
innovation prizes, similar to the UKased Aquaculture Award$, which focus on the industry, resezn

inputs and services. For context, especially to encourage others, a very useful activity would be to create
andkeepupo- \' o> h\kn' np”?”c \'n ocjn" "no\l]lgdnc@ ajm \|
and the EU Aquaponics Hiih that show, inone place, all the IMTFRelated activities in Europe,

including the fully commercial operations, those under consideration, investors interested in the
opportunities, and institutions offering training and research facilities.

In sum, more work is needefl IMTA is to become a commercial reality, despite the large amount of
research and field pilot work carried out to date and summarised hefEirere are specific associations

or policy organisations devoted to individual aspects of IMTA, such as aquaponics and RASs, but none
that can lobby for the broad extent of IMTA possibilities across all relevant sectors or include
stakeholders from the spawof supply and valuechains such as crop agriculture, human and animal
foods and health, environmental poliapakers and oceaipower industries. Othensiay be supporting
aguaculture projects that could lead to IMTA but, for example, the Sustainable ksheartnership

has confirmed that none of its partners are working on IMTA or even discussing it, because its retailer
and supply chain partners are focused on improvement in commaodity species such as salmon, trout
and seabass/bream in Europe and shrimmprh international markets.

According to<i o i Dhhdi f' oc Npno\ldi\]g Adnc'tmsd n K\ m
di _d~”\ dMTA wilbremaia a fiche subject with researcher support but little potential to scale in
ameaningful commercij wv?e<wi, £ Mpd Bjh " n A " mm dm\' ja Feni _ Gdi"
industry, IMTA is still a romantic idea. The scientific case and, above all, the business case and supply

af gl t _jgb_rgml dmp GKR? _pc dgrgjj j_aigle,E

Nevertheless, for ta applications outlined above spatial, benthic and landbased IMTA there seem
to be nearterm opportunities to move forward constructively
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Annex | - Projects relevant to IMTA

Canada

Projects funded by DFO and CIMTAN have includezhabroad range of targets, and have helped
clarify what might or might not work. They include:

1 determining capacity of bivalves to reduce sea lice and salmon parasltem@ salmonae)
not effective in the sea;

undertaking further work on salmon or skbfish and detritivores, positive;

making a 10year discounted cash flow analysis of salmon monoculture versus fisbar kelp

mussels IMTA even without a possible 10% price premium, the IMTA was profitable, but

pi® mo\diot m g\o _ 0] DHO<¥%n adi gi Ad\ ¢gDHWOI< ¥on"
increased operational complexity, were thought to be barriers to IMTA adoption in Canada

1 experimenting with the bioremediation of halibut effluent in closed labdsed systems by
seaweeds Irish mosgghondrus crispysand dulse Palmaria palmée) , 50% of the nitrogen
jpokpo ja N~jod\i C\lgd] po Go_%*¥n , ++ o0jii n ja
seaweed in winter and 600 tonnes of seaweed in summer;

1 testing absorption efficiency of mussels next to salmon cages (Canada) or seabrepam(3°
, ho evidence that proximity improved absorption by mussels, which seemed more related to
amounts of natural suspended nutrient particles;

1 measuring use of fish waste nutrients by mussels suspended near salmon édgeshough
there was evidence ofiigher absorption in IMTA mussels than those in distant monocultures,
and the condition index was higher, the variation was mainly due to natural nutrient variability;

1 harnessing wave power to support a sustainable lamased IMTA system aimed at reducing
energy costs for coastal settlements and producing fish, scallops and seaweeds;

1 developing a biological filter to reduce nitrogen in American lobster tank effluent, using red
algae Porphyraspp,Pyropiaspp.) that could be sold as nori, establishing operating costs,
profitability and nutritional value of the seaweeds.
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Europe

Table 1.15: Some EUfunded and national projects in

Blue Bioeconomintegrated MultTrophic Aquaculture

aquaculture and IMTA

Project and years

Focus and targets

Feasibility study
2000, 2001

SEAPURA
2001, 2003

Open Ocean
Aquaculture
2001, 2004

REDWEED
2003

Aqualast
2004, 2006

BIOPURALG
2004, 2006

Coastal Futures
2004, 2008
Aqualnno

2007, 2010

IRGIMTA
2009, 2012

Open Ocean
Multi-Use
2009, 2012

MABFUEL
2009, 2013

MACROBIOMASS

2010, 2012
SEAWEESTAR
2011, 2013

MERMAID
2012, 2015

Offshore Site
Selection
2012, 2015

EXPLOIT
2012, 2016

IDREEM
2012, 2016

Looked at the potential of multfunctional use of offshore wind farms with commercial marin
aquaculture in the German North Sea, investigating culture spediesgogy, techniques, integrate:
coastal zone management issues, regulations and market conditions. Led by the Alfred We
Institute for Polar and Marine Research (Raded).

Involvedoutdoor tank cultures oseaweedsFalkenbergia rufolanosaPalmaria palmata Ulva spp,
Hydropuntea cornedracilaria bursgpastorisand Chondrus crispusn fish farms in ES, PT. Resear
also undertaken in DE and UK (Northern Ireland), looking at bioremediation capacity
environmental effects in dealing with effluents from fish farms and other waste sources, micro
impacts, and in FR on the potenti@r use in fish feed and cosmetié®.
https://cordis.europa.eu/project/id/Q5R®0-31334; https://seagriculture.eu/matthewring/
Studied the potential ofnussel & algae aquaculture in German waters. Led by the Alfred Wege
Institute for Polar and Marine Research (Riaded).

Focused on reducing the environmental impact of sea cage fish farming through the cultivatic
seaweeds(Ukfunded.)
https://www.findaphd.com/phds/project/establishmeiftred-seaweedmari-culture-
redweed/?p63705

Established the technica&hsibility of aquaculture constructions on windmill pylons. Led by the Alf
Wegener Institute for Polar and Marine Research-(Ditled)

Set up an IENO collaboration investigating larbased IMTA of rainbow trout and theeaweeds
Porphyra dioicaand Ulva lactuca in a cascading tank system linked to the outflow from the fisl
stripping 60% to 90% of the ammonia and nitrate, and 40% of tighosphate from effluents, with
Porphyraeffective from October to April antllvafrom May to Septembetf=.
https://ec.europa.eulresearch/participants/documents/downloadPublic?documentlds=080166et
153&appld=PPGMS

Studied policy and practicalities of Integrated coastal zone management in DE. Led by the /
Wegener Institute for Polar and Marine Research-{Dtled).

Investigated the feasibility of Ponih-Pond system fomearshore environments in DE. Led by tl
Alfred Wegener Institute for Polar and Marine Researchi{DEed).

Involved a company (NO), aquaculture farms (NO, CN) and research institutes (GR, NO, UK, CM
the way for projects such as IDREEM and the Urchin Project funded by the Northern Periphe
Arctic Programmehttps://cordis.europa.eu/project/id/230803/reportihtips://urchinproject.com/
Developed systems for fish cage development within an offshorepite wind farm foundation,
including technology, biology, economy as well as social science. Led by the Alfred Wegener Ir
for Polar and Marine Research (Dihded).

Supportedhe feasibility of usingseaweedsand microalgae with high lipid and carbohydrate conte
and fast growth rate in coseffective cultivation for biofuels in TK and IE. A Madame Ct
programme, it called for using hexane extraction, supercritical, @®anic solvents and/or pyrolysit
https://cordis.europa.eu/project/id/230598/reporting

Created a knowledge base for largeealeseaweedbiomass cultivation in Norway (N@nded).
http://www.seaweedenergysolutions.com/en/projaetsearchand development

Focused on offshore cultivation afeaweed(Eurostars project).
https://www.eurostargureka.eu/project/id/6027

Looked at technical and commercial constraints and economic potential of IMTA using sa
seabream and seabassnusselsand seaweedson multi-purpose offshore platforms in 4 sites
Baltic, Adriatic, Cantabrian Atlantic and Wadden S
https://cordis.europa.eu/project/id/288710/reporting

Defined criteria for offshore sites (sitselection) for multiuse including GIS, economy and especie
IMTAconcepts. Led by the Alfred Wegener Institute for Polar and Marine Researetui(Déd).

Studied exploitation of nutrients from salmon aquaculture, with salmon &etp, showing seasona
mismatch between peak salmon output and growthasen for kelp, and assimilation up to 20(
metres away from sea cages. Supported decoupled mbatance seaweed. (N@inded.)
https://www.sintef.no/globalassets/sintéEkeri-og-havbruk/nstt/handasats-marint-2015. pdf/.
Aimed to accelerate IMTA development across Europe (an output efMR&).

IMTA: fish (salmon, seabass, seabream) with one or morgre§ mullet bivalves (hussels, oysters,
scallopg, seaweed sea urchingsea cucumbersin NW Europe and Mediterraned®y, IE, IL, IT, N

and UK (Scotlandhttp://www.idreem.eu/cms/home/
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https://cordis.europa.eu/project/id/288710/reporting
https://www.sintef.no/globalassets/sintef-fiskeri-og-havbruk/nstt/handa-sats-marint-2015.pdf/
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Project and years Focus and targets

InvestigatedseaweedsGracilaria vermiculophylland Alaria esculentagrown in IMTA systems witl
SEABIOPLAS salmon (IE) and seabream (PT) as biomass for extraction of ulvan, agar and alginate for prodt
2013, 2015 of lactic acid, polylactic acid and biderived plastics, and use of residues for fish and animal fee

https://cordis.europa.eu/article/id/1704Xeaweeda-sustainablesource of-bioplastics
Studied flatheadgrey mullet(Mugil cephaluy usable irbenthic and detritivore IMTA. It was one of
being intensively studied for hatchery and farming improventéhtalong withmeagre Argyrosomus

%\ng%'ng regiug, greater amberjack Seriola dumeri)i, wreckfish Polyprion americanys Atlantic halibut
> (Hippoglossus ippoglossu} and pikeperchander luciopergafor freshwater RAS.
https://www.diversifyfish.eu/
AQUASPACE Examined thesocial acceptabilitypf aquaculture using 16 case studies in each of the partner countr
(AU, CA, CN, DE, ES, FR, GR, HU, IE, IT, NO, PT, UK, US), some involving IMTA, e.g. DE, CN
2015, 2018 !
: http://www.aguaspacé2020.eu/
Focused on aquaponics, with commercial partners involved in systems development or al
operating freshwater fish RASs and tomafish linkages. Demonstration sites developed in DE,
INAPRO R . : . .
BE used tilapia, pikeperch and African catfish, and those in CN wserry cod, barramundi anc
2016, 2018 ) s - . ) .
> crayfish providing nutrients and water for herbs, lettuce, tomatoes and ginséttg://www.inapre
project.euw/
Has developed restoration strategies for theuropean oyster (Ostrea edulis) in the German Na
RESTORE o . : . ‘
Bight including offshore wind farm areas. Led by the Alfred Wegener Institute for Polar and Mi
2016, 2019
> Research (DHunded).
Has developed decision tools to help harmonise and improve tfigiency of EU MS regulatory
TAPAS actions concerning IMTAhe aim is to establish a coherent and efficient regulatory framework tt
2016, 2020 implements the Strategic Guidelines for the Sustainable Development of European aquaétilture
http://tapash2020.eu/
Focusing on consistency and efficiency of seaweed farming for biorefinery systems, including ¢
MACROCASCADI ! ! ; ) L
selection and harvesting technologies, and reducing costs for prosgssihich may make seawee
2016, 2021 : .
> as a component of IMTA more attractiviettps://www.macrocascade.eu/
Involves companies in largscale integrated European biorefineries and experts seaweed
cultivation, genetics and metabolomics, working together to select and improve strains ofuars
GENIALG kelp (Saccharina latissimi and sea lettuce Wlva rigidg, and establish economic largscale
2017, 2020 production. The project includes adal licence stug at test sites to gather information for a
Handbook for Seaweed Farms.
https://genialgproject.eu/
Focused on creating a strategy document and action plan for IMTA in the Atlantic region, this At
Area Interreg projedhas 8 core and 11 associate partners. It establishtacee pilot studies, covering
INTEGRATE ) . ) : . i A
2017 2020 Porphyraoyster IMTA systems; alternatives togamic and inorganic extractive components in bentl

IMTA; and enhanced management of labdsed IMTA with fish, molluscs, invertebrates a
seaweed/saltolerant plants http://integrateimta.eu/
Works with 34 partners in 15 countries, developing new environmentally friendly seafood produ
and processing methods that support European seafood security, quality and markets, su
SEAFOODTOMOI factoring IMTA integrating seaweeds, Iseised yeasts or microalgae into diets of salmon ar
ROW 20172020 seabream in marine waters, and carp in freshwater. Preliminary results found no negative effects
healthier salmon with fewer sea lice; and investigating and developing certification for fish pratt
using environmentally friendly systemhttps://seafoodtomorrow.eu/
OffshoreCoUse  Studied the combination of aquaculture and Passive Fisheries in Offshore Wind Farms in the Gi
2018, 2020 Bight. Led bythe Alfred Wegener Institute for Polar and Marine Researchf{ibiged).
Developing and creating natural and artificial reefs in the Adriatic to strengthen both aquaculture
tourism and, in turn, the blue economy. Working wiggional development agencies, environment
ADRIREEF agencies, universities and institutes as partners, it is establishing innovativeclmst underwater
2018, 2021 monitoring technologies and producing a white paper for funding projects in the 22028
programming periodinterreg ltalyCroatia)
https://www.italycroatia.eu/web/adrireef
Establishing a multpurpose floating platform for wined and wave energy with fish farming; anc
Blue Growth Farm designing surveillance, monitoring and control systems and ruitipose docking, including a surve
2018, 2021 of social attitudes about multipurpose offshore platforms.
https://www.thebluegrowthfarm.eu/
Developing remote sensing and management systems for IMTA in land, coastal arshofé

IMPAQT environments, looking at interactions with tlevironment on an ecological scale.
2018, 2021 o - .
: https://impagtproject.eu/abotimpaqt.
This aims at setting up a network of public and private funds for stags, small and mediursized
FANBEST enterprises (SMEs), and a scalp of blue bio and marine resource exploitation, involving ES, FF
2019, 2021 PT, UK. Funded by Interreg Atlantic Area projedtoalgh not initially focused on IMTA, this is n

specifically excludecdhttps://fanbest.eu/
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Project and years Focus and targets

Aimed at reducing cost of producing seaweed in Europe, from spores to food products, by ove
SEABEST andscaling up to 14000 tonnes per year. An SME instrument project, it is based on a feasibility s
2019, 2021 funded by Innovation Norway (VIDAN2014/104777)

http:/www.seaweedenergysolutions.com/en/commerpialjects/seabessme-instrument
Established as an Atlantic Consortium project with 35 partners from 15 countries and five target

AquaVitae which one is IMTA and aquaculture: sustainable seadysea urchin, shellfish and finfish productio
2019, 2023 . . .

> https://aguavitaeproject.eu/
ASTRAL Aimed at building new value chains for IMTA in Atlantic countries of Europe, South America and
2020, 2024 (Horizon 2020https://cordis.europa.eu/project/id/863034

Sourceproject websites; note, cotnes are designated using IS@L66 two-letter codes
Project involving aquaponics

1 EU Aquaponics He 201452018, an EUfunded COST action, stimulated the formation of the
Association of Commercial Aquaponics Companies (A€AG)2016, and the European
Aguaponics Associatiéfi in 2018, linking national associations in a network.

1 Aqu@teach® 201752020, supported by Erasmus+, is the first tailored aquaponics curriculum
for university students, including agriculture, agronomy, tloodture, aquaculture, landscape
architecture and ecological engineering. Universities in Sl, ES, CH and UK collaborated in
developing the kind of approach that could be rolled out across Europe if needed.

1 Aquaponie, innovation végétalaguaculture (APINJAormed 2014, aguaponics programme
founded by CIRAD, Montpellier (FR), with the Lycée de la Canourgue in Lozére, Institut Technique
_ g¥%<qd”®pgopm #DO<QD$" rcd”™c \gnj _j>n \kkg
Bangkok, andnany fish farming professionals. APIVA has supported projects on aquaponics in
SouthEast Asia.

1 BIOPONI, formed 201&s an advisory and engineering organisation to help move aquaponics
forward, involved in realisation projects across Europe, in Ghana>aibdo ©~ _ ¥2Dqj d m’ di
Africa, and Guadeloupe and Martinigefan the Caribbean.

I OSU AquaFish Innovation Lalorked onlow-cost aquaponic systems for Kenya withiversity
of Eldoret®?, with training and extension activities for smadicale or subsistence African
catfish, and kale and spinach production, 200 kg and 120 kg respectively, where water and
land were scarce, in urban and semi urban areas.

Some projects of interest involving seawee d

1 The EXPLOIT project (Bellona, SINTEF, NsiMidlyed the spread of nutrients from salmon
farms in Norway and looked at how well blue mussels, scallops and algae absorbedthem

1 Salmon Group A%nd Sulefisk AS(Norway)and Hortimare (the Netherlands) funded by
Innovasjon Norgedetermined thatPalmaria palmataand S. latissimakelps grew 48% and
61% faster, respectively, when grown 100 to 200 metres from salmon cages, and removed
5% to 12% of waste nitrogen from the farrfi®. Modelling suggests that 220 ha of seaweed,
yielding 12 to 16 kg kelp/rf could bioremediate 100% of the wput from a 5000 tonne
salmon farnt®*,

1 MACROSEA proje@OGfunded) developed efficient technologies to reduce the need for
technical maintenance in mechanisation of seedling deployment, biomass harvest and crop
handling logistic¥.

10 https://www.sintef.no/projectweb/macrogea
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1 University of Exeteand University of Batlin UK and the University of Baja California Mexico
are going to process nuisance seaweeds suchSasgassumby using acid instead of drying
them, alkaline hydrolysis in saline conditions for sugar release and hydrothermal kgtieh
(HTL) for the residui°. Yeasts can ferment the sugars into fatty acid replacements for palm
oil, and the bieoil from HTL can be processed further into fuels and higiality, lowcost
fertiliser. Through the HTL, any marine plastic debris mixed with the seaweeds will also be
convertible to fuel oil.

1 University of Exeter with Westcountry Mussels and the Cornish Seaweed Coftipempiloting
kelp and mussel IMTA in Cornwall, UK, 3800 metres from the shore, and assessing the
practical biological and engineering criteria for cagessful nearshore cultivation. They
established the first 150 longines seeded witlSaccharinaand local seaweeds in November
2019. Part of the harvest tedate has been supplied to a UK seaweexitraction company for
food, nutritional bioactives and bjastics assessment’.

1 Abreuet al. 2009°® demonstrated that, when sited near salmon cag&acilariahad double
the growth obtained at distant sites, and that a 100 ha. chilensidong-line system would
effectively remove all the N inputs of a £00-tonne salmon farm. The findings and principles
have been carried forward into the Portuguese company ALGAplus.
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Annex Il - Species used in IMTA in Europe

Table 1.16: Primary fish species in European aquaculture

Fed species Latin name Country Land-or sea
based farming
Meagre Argyrosomus regius ES S
Sea bass Dicentrarchus labrax CY, FR. GR, IT, PT, ES, L&S
Sharp-snout ; ES S
Diplodus puntazzo
seabream
Atlantic cod Gadus morhua UK L
Atlantic halibut Hippoglossus hippoglossu UK L
Ballan wrasse Labrus bergylta UK L
Flathead gre . GR, IL L&S
grey Mugil cephalus
mullet
Mediterranean . L ES S
Mytilus galloprovincialis
mussel
Rainbow trout Oncorhynchus mykiss DK S
Atlantic salmon Salmo salar IE, NO, UK S
Turbot Scophthalmus maximus UK L
Gilthead seabream Sparus aurata CY, DK, GR, IL, IT, PT, L&S

SourceKleitou et al. 2018; note, countries are designated using-B3®6 2-letter codes; S = sebased farming; L = landased farming

Table 1.17: Invertebrate species used in IMTA and stage of progress

Species Land or Commercial
r;ou Species Country Technique Seabased or
group farming  Experimental
Seston feeders
Ruditapes decussatus IL, ES n/a n/a
Clams Ru_c_iltapes ES n/a n/a
philippinarum
Mytilus edulis NO, ES, UK C29es; Log)?sqg;nsma” 2 s C&E
Mussels M. galloprovincialis CY, DK, IT, .
ES Longline
Crassostrea gigas IL, IT, UK, P"  Lantern nets; SEAPA baskets S
Oyster . Lantern nets; Ortac baskets;
Ostrea edulis CY, 1T, ES Stacked boxes (40x40x10cm)
Aequipecten opercularis UK Celesel I:g?;' 25 [T S C&E
ezl Mymachlamys varia ES n/a S E
Pecten maximum NO Cages S E
Sponges Spongia spp CY Mesh quadrats S E
Detritivores and grazers
Abalones Haliotis tuberculata CY, ES Ortac baskets S E
Crab Callinectes sapidus CY, GR SEAPA baskets; Tanks L&S E
Fish Mugil cephalus GR, IL Cages L&S E
Polychaete  Alitta virens UK Tanks L E
Sea Hediste diversicolor FR Tanks L E
cucumber Holothuria forskali ES n/a S E
.. Bottom cages; Ortac baskets;
Seaurchin Paracentrotus lividus CY, IL Oyster baskets: Pots L&S E
Psammechinus miliaris UK n/a S E
Shrimp Lysmata seticaudata ES n/a S E

SourceKleitou et al. 2018; C = commercial, E = experimental; abalones are also suspension feeders
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Table 1.18: Seaweed species used in IMTA and stage of progress
Land or Commercial

Species

Species Country Technique Seabased or
group . .
farming Experimental
ST Alaria esculenta IE, NO, UK Hanging r(tgere]é?:él)zontal rope S C&E
algae Saccharina latissima E)$ :EESNUOK Hanging r(igiéﬁr?en)zontal rope s C&E
Ulva lactuca IL, UK Tanks L&S E
Green Ulva rigida PT Tanks L E
algae Ulva rotundata PT Tanks L E
Ulva sp FR, UK Tanks L E
Plankton n/a FR Highrate algal ponds L E
Asparagopsis armata PT Tanks L E
Red algae Hydropuntia cornea ES n/a n/a E
Palmaria palmata IE, UK Tanks; Horizontal rope (Longline L&S E

SourceKleitou et al. 2018; C = commercial, E = experimental

The range of species used outside Europe is mugter. D Soto (2009Y° provides some useful

di aj mh\odji' \'i _ oc” Kmj bm\h Kp]Jgd”A\Zodjin ja Jm
describe orthe-ground experiences withpecies involved in freshwatexquaculture mariculture and

IMTA in the devebping world®.

! https://www.sciencelearn.org.nz/images/idvérine-trophic pyramid TLs are sometimes split into 5 rather
than 6, but the basic principle is the same, thegher the level, the more motile and carnivorous (or piscivorous)
a species is.

2 Halwart M & Gupta MV (edq2004) Culture of fish in rice field6AO and The WorldFish Center
http://www.fao.org/3/ea0823e.pdf

8 Fang J, Zhang ét al. (2016) Integrated MultiTrophic Aquaculture (IMTA) in Sanggou Bay, Chmqacult
Environ Interac8: 201-205 doi: 10.3354/aei 00179

4 pers. commShawn Robinson June 2020

5 Chopin T and Reinertsen H (2003) Aquaculture Europe 2088/0nd monoculturé&uropean Aquaculture
Society 2003

6 Seehttps://www.dfempo.gc.ca/aquaculture/soes/imta-amti/indexeng.htmand https://www.dfe
mpo.gc.ca/aquaculture/soes/rd2009/polyeng.html

” PreCommercial Integrated Mufifrophic Aguaculture (IMTA) in Coastal British @bla. Aquaculture
Collaborative Research and Development Program (ACRDP) Fact Sheet Issue 11 May, 2012, Fisheries and
Oceans Canada

8 Gonzalez R (2015) IMTA the motivation for prototype sea urchin hatcHaitghery International
https://www.hatcheryinternational.com/mthe-motivation-for-prototype sea-urchinhatchery 1579/

9 https://www.dfempo.gc.ca/aguaculture/scienemg.htm| biennial reviews from 2007 to 2019

10 https://www.dfempo.gc.ca/fisheriepeches/initiatives/fistfund-atlantic-fonds-peche/indexeng.htmi

11 https://www.dfempo.gc.calfisheriepeches/initiatives/opportunitieind-fonds-initiatives/indexeng.html

12 pers. commShawn Robinson, Fisheries and Oceans, Canada June 2020
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13 Bellona Report 2013 Traditiohand integrated aquaculture see reference list in this

14 Bellona Report 2013 Traditional and integrated aquacultgle mb _wBqg cl t gpml kcl r _j af
solutions of tomorrowBellona Foundation, Oslo.

15 https://www.fisheries.noaa.gov/content/inteqrateulti-trophicaquaculture

16 Chopin T (2010) Integrated multrophic aquaculture, part Zlobal Aquaculture Advocate
https://www.aquaculturealliance.org/advocate/integratadlti-trophicaquaculturepart-2/

17 Barrington K, Chopin T and Robinson S (20@&grated muli-trophic aquaculture (IMTA) in marine
temperate waters in D Soto (edntegrated mariculture: a global reviepp 7-46

18 Barrington K, Chopin T and Robinson S (2068).
19 FAO 2020

20 Fang J, Zhang ét al. (2016) Integrated MultiTrophic Aquaculture (IMTA) in Sanggou Bay, Chisaacult
Environ Interac8: 201-205 doi: 10.3354/aei 00179

21 Wartenberg R, Fengadt al. (2017) The impacts of suspended mariculture on coastal zones in China and the
scope for Inegrated MultiTrophic Aquacultur&cosyst Health Sug(6): 1340268 doi:
10.1080/20964129.2017.1340268

22 pers. commHan Han, CEO China Blue Sustainability Institute, Sept 2020

2 Roberts CA, Newton R&Val. (2015) A Risk Benefit Analysis afiariculture as a means to reduce the impacts
of terrestrial production of food and energy. A study commissioned by the Scottish Aquaculture Research Forum
(SARFttp://www.sarf.org.uk/

2 Wartenberg R, Fengadt al. (2017) The impacts of suspended mariculture on coastal zones in China and the
scope for Integrated MuliTrophic Aquacultur&cosyst Health Sug(6): 1340268 doi:
10.1080/20964129.2017.1340268

2 Wartenberg R, Fenget al. (2017) The impacts of suspended mariculture on coastal zones in China and the
scope for Integrated MuHirrophic Aquacultur&cosyst Health Susi(6): 1340268 doi:
10.1080/20964129.2017.1340268

26 Fang J, Zhang ét al. (2016) Integrated MultiTrophic Aquadture (IMTA) in Sanggou Bay, Chikguacult
Environ Interac8: 201-205 doi: 10.3354/aei 00179

27 http://www.aquaspac&2020.eu/?page _id=12059

2 Zhang J (2018)Beaweed Industry in Chirdanovation Norway China seminar Jul§?2018 Beijing
https://www.submarinenetwork.eu/images/grass/Seaweed_Industry_in_China.pdf

2 pers. commAdam Hughes, SAMScotland UK June 2020

30 Zhang J, Zhang &t al. (2019) Biemitigation based on integrated muttirophic aquaculture in temperate
coastal waters: practice, assessment, and challengasAm J Aquat Red7(2): 212223 doi: 10.3856/vol47
issue2)fulltext)1

31 https://www.aguaculturealliance.org/advocate/seacumbersenhanceimta-systemwith-abalonekelp-in-
china/

%2 Zhang J (2018)5eaweed Industry in Chirdanovation Norway China seminar Jul§?2018 Beijing
https://www.submarinenetwork.eu/images/grass/Seaweed_Industry_imn&.pdf

33 https://chinadialogueocean.net/449@arineranchingcan-china put-the-environmentfirst/

34 Marine Ranching in Chirchinadialogue ocean Segmber 2018
% pers. commHan Han, CEO China Blue Sustainability Institute, Sept 2020

52

.y

j

C


https://www.fisheries.noaa.gov/content/integrated-multi-trophic-aquaculture
https://www.aquaculturealliance.org/advocate/integrated-multi-trophic-aquaculture-part-2/
http://www.sarf.org.uk/
http://www.aquaspace-h2020.eu/?page_id=12059
https://www.submariner-network.eu/images/grass/Seaweed_Industry_in_China.pdf
https://www.aquaculturealliance.org/advocate/sea-cucumbers-enhance-imta-system-with-abalone-kelp-in-china/
https://www.aquaculturealliance.org/advocate/sea-cucumbers-enhance-imta-system-with-abalone-kelp-in-china/
https://www.submariner-network.eu/images/grass/Seaweed_Industry_in_China.pdf
https://chinadialogueocean.net/4498-marine-ranching-can-china-put-the-environment-first/

Blue Bioeconomintegrated MultTrophic Aquaculture

% FAO (2020)The State of World Fisheries and Aquaculture 2020. Sustainability in addome.
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%7 Global Aquaculture market 2022022 Technavio 201&ttps://wwwseafoodsource.com/features/technavio
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