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Blue bioeconomy: situation report and perspectives

Foreword

The aim of this report is to provide a comprehensive overview of the blue bioeconomy sector in the
9dzNB LISIY ! yAz2yd . @& aofdzS 0A2S02y2Yeéx AluseAd Ay
of renewable aquatic biological resources to make products. Examples of such products include novel
foods and food additives, animal feeds, nutraceuticals, pharmaceuticals, cosmetics, materials (e.qg.
clothes and construction materials) and energy. iBesses that grow the raw materials for these
products, that extract, refine, process and transform the biological compounds, as well as those
developing the required technologies and equipment all form part of the blue bioecoribongvoid
overlap in analsis of other maritime economic sectors, the Study considers that typical aquaculture
and fisheries, where the fish or shellfish are caught or produced for human consumption, is excluded
from the analysis. These sectors are already subject to severalsanalyd reports as standalone
sectors, and are already monitored by EUMOFA as part of its ordinary actiditi@sver, there are

two exceptional cases: fish waste (the part not used for human consumption), which is not discarded

but used as an input to ber products (e.g. fish meal/fish oil), and algae (both macroalgae and

microalgae). Although macroalgae can be considered as traditional aquaculture, they are closely
integrated with the bioeconomy as intended in this Study, and furthermore they are oftdtted

from consideration in analysis of the aquaculture sector. Hence, algaeonsideredn this analysis

with a distinction between algae for direct human consumption and algae for processing in to other

products/sectors.

The report is structured ifive sections:

1. Mapping nonfood uses of fileries and aquaculture biomas3his section explores the types,
geographic sources and potential food and ffond uses of fisheries and aquaculture biomass.

It analyses the value and activities comprising thelibeconomy, the innovations in products,
processes and markets and the main structural changes that are required for the progress of the
sector.

2. The size of demandit analyses lte size of the EU demand, the main EU playersoantry,
regioral and subsector levels, and the global demand for products of the bioeconomy, mainly
focusing on fish waste and algae.

3. Top products and used-his section develops an examinatiointhe top aquatic plants/animals
(species) grown in the EU and globally blume and value, what are their unit values and uses
(i.e. eventual products). This includes a mapping of the current uses, unused quantities and new
potential uses of byroducts from fisheries and aquaculture, also by looking at experiences of
different countries.

4. Understanding the investment trendOver the large spectrum of investments covered by the
blue bioeconomy sector, this section developsiadication of the type and the mairiver for
investments looking also abme specific case studies oarrent investments, before proposing
some recommendations on how to foster investments in the sector.

5. National strategies to support the blue bioeconom$everal European countries have adopted
overarching science strategies, plans and poljeidgch indude the bluebioeconomy to some
extent. This section reports any relevant public policies and strategies promoting the
biotechnologysector at national or regional level, also including experisocgside the EU.

The study team acknowledges with gratethéinks the input, feedback and expertise provided by the

wide range of representatives from the bioeconomy sector who kindly cooperated in the compilation

of this study A special mention goes to Meredith Llekg¢tans and Pierre Erwes for their contributio

to Section I, IV and V of the StudyK S { Bluézblaecordomy: situation report and perspectivesg A f f

0S OFNNASR 2dzi o6& 9!ahcC! S@SNE aSO2yR &SI NE LINEZ

recent developments within the European Union.
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Glossay

Agar. a jellylike mixture of two components: the linear polysaccharide agarose, and a heterogeneous
mixture of smaller molecules called agaropectin. It forms the supporting structure in the cell walls of
certain species of algae, and is releasedoiting It isused as an ingredient in desserts throughout
Asia, and also as a solid substrate to contain culture media for microbiological work. Agar can be used
as a laxative, an appetite suppressant, a vegetarian substitute for gelatin, a thickeseups:, in fruit
preserves, ice cream, and other desserts, as a clarifying agent in brewing, and for sizing paper and
fabrics.

Alginate an irreversible hydrocolloid consisting of salts of alginic acid, a colloidal acid polysaccharide
obtained from seawee@nd composed of mannuronic acid residues. In extracted form it absorbs
water quickly; it is capable of absorbing 2B00 times its own weight in water.

Alkyds synthetic resins that are used especially for protective coatings and in paint.

Anaerobic digeson: a collection of processes by which microorganisms break down biodegradable
material in the absence of oxygen.

Astaxanthins a ketocarotenoid used as a dietary supplement intended for human, animal, and
aquaculture consumption

Biochar charcoal usd as a soil amendment

Biorefinery. a facility that integrates biomass conversion processes and equipment to produce fuels,
power, heat, and valuadded chemicals from biomass

Carotenoids organic pigments that are produced by plants and algdeey are blievedto provide
health benefits in decreasing the risk of disease, particularly certain cancers and eye disease.

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

Chitosan a linear polysaccharidmade by treating the chitin shells of shrimp and otleenstaceans

with an alkaline substanc€hitosan can be used in agriculture as a seed treatment and biopesticide,
in winemakingas a fining agenin industryin a selfhealing polyurethane paint coatinm medicine

in bandages to reduce bleeding and asaatibacterial agentt can also be used to help deliver drugs
through the skin.

Esterification a chemical reaction that forms at least one ester (= a type of compound produced by
reaction between acids and alcohols

Extremophiles organisns that thrives in physically or geochemically extreme conditions that are
detrimental to most life orearth. Some of them are enzymes that can modify DNA, and sosa@ u

in clinical diagnostics and starch liquefaction are produced commercially by several biotechnology
companies.

Flocculants chemicals that promote flocculatiofFa process wherein colloids come out of suspension

in the form of flog by causing colloids and other suspended particles in liquids to aggregate, forming
a floc. Flocculants are used in wateratment processes to improve the sedimentation or filterability

of small particles.

Fucoidans sulfated polysaccharidefound mainly in various species of brown algae and brown
seaweed They are sed as an ingredient in some dietary supplement products
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Guanine is one of the four main nucleobases found in the nucleic acids DNA and RNA

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

Hydrolysates proteins digested into smaller fragments, peptides, and its sole building blocks, the
amino acids. Thegre usedasnutrient andfluid replenisherdn specialdiets or for patientsunableto
take ordinaryfood proteins.

Hydroxyapatite a calcium phosphatesimilar to the human hard tissues in morphology and
composition It may be used in applications such amé tissue engineeringbone void fillers
orthopedic and dental implant coatingrestoration of periodontal defectsedentulous ridge
augmentation endodontic treatment like pulp cappinglesensitizing agent in post teeth bleaching
remineralsing agent in toothpastesirug and gene delivering.

Macroalgae large aguatic photosynthetic plants that can be seen without the aid of a microdoepe.
most familiar types can generally be divided into three groups: Green (Chlorophyta), Red
(Rhodophyta), and BrowKelps (Phaeophytarelated to Chromista).

Microalgae small microscopic aquatic photosynthetic plants that require the aid of a microscope to
be seen. Thelive in both the water column and sedimernthey are unicellular species which exist
individually, or in chains or groups.

Milt: seminal fluid of fish, molles, and certain other watedwelling animals who reproduce by
spraying this fluid wich contains the sperm, onto roe (fish eggs)

Nori: itis the Japanese name for edible seaweed species of the red algae genus.Pyropia

Peptides chemical agents belonging to the protein family. A peptide is composed of a mixture of
several amino acids. Bause of the neainfinite number of structure combinations of the constituent
amino acids, peptides are widely used in medicine and industry for everything froragang creams

to sweetening coffee.

Phlorotannins tannins found in brown algae such adgseand rockweeds or sargassacean species,
and in a lower amount also in some red alga@orotannins can have antliabetic, anticancer, anti
oxidation, antibacterial, radioprotective and aiiV properties.

Photobioreactor a bioreactor which incorpates some type of light sourcdhese organisms use
photosynthesis to generate biomass from light and carbon dioxide and include plants, mosses,
macroalgae, microalgae, cyanobacteria and purple bacteria.

Reduction fish gocks of fish that ee used for fed.
Rest raw material what remains after the edible part of the animal, fish or plant has been removed.

Swim bladder an internal gadilled organ that contributes to the ability of many bony fish to control
their buoyancy

Thallus the undifferentiatedvegetative tissue

Wakame Japanese name faindaria pinnatifidaa species of edible seaweed, a type of marine algae,
and a sea vegetable. It has a subtly sweet, but distinctive and strong flavour and texture. It is most
often served in soups and salads.
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Acronymsand abbreviations

CFP Common Fishery Policy

Defra Department for Environment, Foodd Rural Affairs
EC European Commission

EIB European Investment Bank

EIF European Investment Fund

FAO Food and Agriculture Organisation

FDF FullyDocumented Fisheries

FP7 7" Framework Programme

FSC Fish, Shellfish and Crustacea

GWH GigaWatt hour
H2020 Horizon 2020

IFFO International Fishmeal and Fish Oll

Kt Thousand tonnes

LNS Lower North Shore (Canada)

LO Landing Obligation

Mt Million tonnes

NACE Nomenclature des Activités Economiques dans les Communautés Européennes
OECD Organisation for Economic @peration and Development

OFIMER Office national interprofessionnel des produits de la mer et de l'aquacultsirece
2009, FraceAgriMer

pa Per annum

PUFA Polyunsaturated Fatty Acid

RRM Rest Raw Material

SAM Scientific Advice Mechanism

SAPEA  Science Advice for Policy European Academies
SARF Scottish Aquaculture Research Forum
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O Introduction& Summary

FAOhasestimated that fish represented onesixth of animal protein supply and 6.5% of all protein
for human consumptionand 20% of animal protein intakeomes from fishfor 3.2 billion of the

g 2NI RQA 2LBidoddss lisidari@ed from capture fisheries and wild harvesting and from
aguaculture and maricultureCurrent productioraccording to FA@ summarised iffable 1

Tablel - Production of fish and seaweed 2015

Aquaculture Capture/wild harvest
Mt Mt

169.2 76.6 92.6
60.5 48.8 11.5
108.2 27.8 812
30.5 29.4 1.1
199.7 106 93.7
. . :

Source: FAO (2017); FSC = Fish, shellfish and crustacea

Estimates of the waste produced in fisheries and aquaculture include volumes as high as 130Mt and
valuelost of up to $50Babout 43 billion EURAs a result of poor management of seafood resoutces
Comprehensivealata is not available, though individyaieces of information can be retrieved from
individual publications, without detailed quantification or enough background to know where data
collection has been consistent.

There is considerable pressure to imprdremassavailability by a combination @hanges in fishing
and aquaculture focus and reduction in wastaghe Food from the Oceanseport of the9 / Qa
Scientific Advice Mechanisi8AM} confirmsthe conclusions of the evidence revidwy Science
Advice for Policy by European Academies (SAPRA)der to meet projected demands for food and
biomass from the seas and aquaculturdO0Mt per yearadditional food output is needed from
marine capture fisheries and aquacultufEhe main points to take from this report are

9 Mariculture is seen as lessnstrained than landbased aquaculture and capture fisherias;
much as 160Mt extrdiomass could beroduced within20 years or so, overwhelmingly by
increasing production of lowdrophic marine biomass.g.algae and molluscs

0 As this is largely exgitation of new or unfamiliar bioresourcesr existing species
but on a very much larger scalthis may well yield significant opportunities for
development of new processes, products and markets using thprducts or
wastes.

In this report, the term fish may include shellfish and crustacea and, for cajhegies, cephalopods, unless otherwise

specified. FAO data often aggregates these. Where possible, specific information on molluscs, crustacea and

invertebrates will be found in the specific sections.

2 The State of World Fisheries and Aquaculture: @mities and challenge$AO 2014 ISBN 982-5-1082768; Fishery

and Aquaculture Statistics 2015 FAO 2017 ISBNO2F30099873.

Ghosh FR, Fawcett Det al. (2016) Progress towards sustainable utilisation and management of food wastes in the

globaleconomy Int J Food S&016 3563478Doi: 10.1155/2016/3563478.

4 European Commissidiligh Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017
doi:10.277766235.

5 SAPEA (20175APEAEvidence Review Report Nd: Food from the Oceanshtips://www.sapea.info/wp

content/uploads/FFOFINALREPORT Ipoif 10.26356/foodfromtheoceans.

6
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1 Capture fisheries are expected to yield an extra 3@dthuman consumptiorby better
management of established fisheries (20Mt) and reduction and eliminatiodiscards
(10Mt).

0 As the aim of development here will be to generate additional biomass foranum
consumption, it is more likely that any additionakpsoducts or wastes will be used
for existing types of noffood use.

1 Anadditional >100Mt protein and oilis estimated to be needed, to servitiee expected
growth inaquaculture thisis predictedto come from currently underused species such as
krill and mesopelagic organisms (20Mt, but on a longer timescale), algae including seaweeds
(>50Mt), and a better use of discards and processing waste (30Mt).

o Since he aim in this is to free up for humandd fish that are currently harvested for
reduction to fishmeal and fish ojlthere may be new noefood products and markets
that can be developed from these sources

Spoilage of seafood before it reaches the consumer has been estimated at 20% azftdte In
addition, it is estimated that 30990% of all fistthat reaches a processor becomiegproduct, as
processing the fish for human consumption generates materialsaranot used for direct human
consumption so are potentially usable for industrigpn-food purposes. It is likelynowever,that
efforts to improve these figures will be directed towards making more food available for humans
rather than making more biomass available for #ond uses.

0.1 Biomassnputs

Toplevel figures: c. 170Mt fish, slifish and crustacea, c. 30Mt seawegedsknown total production
of microalgae

Most data is available for finfish, shellfish and crustacea, mainly through FAO sourcesofaenlc
thoughnot alwaysg aggregatedoy FAO and other sourcésr the purposes of reporting. Some data

is available for seaweeds, tépvel from FAO and occasionally at the level of industry use e.g. for
marine hydrocolloids, or human consumption, e.g. by species sold (nori, wakame, etc.). Very little data
is availake for microalgae, mainly focused on volume of whole cells available for use in the nutritional
supplement sector.

The major inpuswe need to consideare finfish (bony and to a lesser extent cartilaginoushellfish
(molluscs and gastropodsgrustacea,seaweeds and microalgadhese e produced either by
capture fisheriesor by aquaculture in freshwater and marine environments. Some wild harvesting of
seaweed also takes place. FAO (2017) givesetogl estimates of amounts available for utilisatipn
together, c. 170Mt of fish, shellfish and crustacea were landed and harvested in 2015, c. 56% wild
caught, 44% from aquaculture, plus c. 31Mt aquatic plants, mainly seawsegBables 1-3).

Sea and ocean fishing predominates fapture fisheries (81Mvs 11.5Mt freshwater)however,the
opposite is true for aguaculture (28Mt marine ¥8Mt freshwater).About 1.1Mt wet weight seaweed

is wild-harvested; there is no information on the destination of this amount, or how much beached
seaweed might be recevable for industrial addegtalue uses worldvide. Data on global wild
harvesting of microalgae is impossible to find, but the technical challenges in doing this and the likely
low-value uses (g@. Anaerobic Digestioq ADfor nuisance blooms) also miliiagainst exploitation.

6 Gustavsson J., Cederberg L. e{2011) Global Fooddosses and Food WastAO ISBN 978-5-1072059.
7 Fishery and Aquaculture Statistics 20EB02017 ISBN 9782-5-0099873. This refis quoted throughout as FAO (2017)

7
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Table2 - Production of fish and seaweed in capture fisheries and wild harvesting
Inland Marine

Mt Mt
Total 115 81

10.6 67.5
0.5 6.1
0.34 7.1
- 11

SourceFAO (2017)

Table 2: Type

Production of macreand microalgae is much higher in aguaculture and mariculture than- wild
harvested: the estimated harvest of farmed seaweeds (brown, red and green) is 29.4Mt; for
microalgae, an estimated 16.7Kt dry mass of species usece@ithifioods, nutritional supplements

and antioxidant pigments for humans and animals, mainly Dunaliella, Spirulina, Haematoezmsus
producedin 2016,

Table3 - Production of fish and seaweed in aquaculture

Inland Marine
Mt Mt
Total 489 57.1

44.1 2.9
Fish diadromous 5.0
Crustacea 7.4
Molluscs 16.4
Seaweed/plants 0.1 29.3

Microalgae for nutrition 0.017

Source: FAO (201 7)ransparency Market Researclategories
not split between inland and marine in origigA\O report

Table 3: Type

The amount®f biomass available from each type of resource varies widaha rule of thumb, >50%

of anyfinfish product does not directly enter the human food chgia T2 NJ S| OK (2yyS 27F
an equal volume of fish material is discarded either as waste or as a low valLN®y R dvdhifies

fish such as cod may generatienost 606 waste ocean fish such as tuna as much as 70%. For shellfish

such asscallops wastes areas high as 88%f catches and harvest§. Exceptions might include
cephalopods (c. 65% of cuttlefish is edihland reduction fisk, of which 100% is used for fishmeal

and fish oils.

Assuming that the material that is available for innovative-fmod uses derives from wastessdards

and losses during production and processing of fish and seafood for human consumption, both stage
of the chain and geography seem importés¢eFigurel)®, which may have an implication for where

to make the biggest impact with was#eroiding or utilising processes

8  https://www.transparencymarketresearch.com/algaearket.html

9 Quoted in Scottish Governme(®005 Evaluation of Fish Waste management techniques
http://www.gov.scot/Publications/2005/0820717/52862

10 WRAP (2012) Sector guidance note: Preventing waste in the fish processing chain June 2012.

11 Shodhganga@INFLIBNET Chapter VI Analysis of the supply chain in the fish processing industry and problems of seafood
export processing sectdrttp://shodhganga.inflibnet.ac.in/bitstream/10603/111440/7/16_chapter6.pdf

12 Stocks of fish that are used fproduction of fishmeal and fish oils for aquaculture and anifeed are known as
WNBRdAzOGAZ2Y TFTA&A&KQ

13 Gustavsson J., Cederberg C. ef2011)Global Food Losses and Food Was#&0 2011 ISBN 982-5-1072059.
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Figurel - Losses through the supply chain by discards, disposals and wastage by stage and region
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Outputs are far more difficult to quantify or even estimate, except in the case of fishmeal and fish oils
production. The complex web of materials flows is showtrigure?2 - Fisheries and aquaculture
biomass materials flow Here, it is important to note that there is already a great deal of activity that
takes material from one processing stage that might in the past have been discargeudinemings,

and uses them as inputs to other stages e.g. processing for fish mince products or hydrolysis for
flavourings or peptides, for human consumption or, if of lesser quality, for fishmeal and fish oils for
animal and aquaculture feeds. Activitibke these account for the complexity of the web.

Figure2 - Fisheries and aquaculture biomassnaterials flow
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0.2 Types of biomass
0.2.1 Finfish

These form the majority of capture fisherieend aquaculture activitieand the majority of
international trade In aquaculture, salmon and trout predominate in Canada, South America, Norway,
Scotlandand are the most valuable sector in tradearpand Tilapia are the most important species
for on-land aquaculture in most pt of the world; catfish are also important in the USA. Other species
are local, regional (such 8sutheas®sian milkfish in aquaculture, or Alaskan pollock and anchoveta)
or niche (such as eel)

The biomass they produce for potential rwod uses ineldes:

- Whole fish (dead, diseased, damaged, undersize, inappropriate species, unsaleable species)

- Initial processing bproducts such as body slime, washters scales

- Fish trimmings (essentially all the fish except for the fillets and, in some caseset)e

- Specific tissues and rest raw materials (such as skins, livers, other viscera, bones)

- Processing wastevaters (which have a recoverable protein content)

- Fish trimmings and rest raw materials may ariseboard vessels, eahore at markets or with
primary purchasers, or further along the supply chain with secondary processors.

0.2.2 Cartilaginous fish

These includeshark skate, rag and dogfishall from marine capture fisheries

The biomass they produce for potential rfood uses includes the same cateigsras for finfish
0.2.3 Molluscs

The highest tonnages of mollusc fisheries and aquaculture adctsims oysters mussels and scallops;
other important species include gastropods such as whelks

The biomass they produce for potential rpod uses includeshells, fleshwaste adhering to shells
and processing debris including trimmings, viscera and other inedible mafEnialutility of flesh
wastefrom molluscdor nonfood usesds totally overshadowed by the challenges of making good use
of the shellsAnunknown amount of shells is discarded at sea.

0.2.4 Crustacea

The main crustacea aregwns, shrimp, crab and lobsters; planktonic crustacea such aarkritilso
harvested in increasing amounts

The biomass they produce for potential nrfood uses includes she (carapaces), fleshaste
adhering to these and processing debris including trimmings, viscera, roes and other inedible material.
This biomass may become availablelmard harvesting vessels, or may arise further down the supply
chain.

0.2.5 Invertebrates
The majority of invertebrates in the seafood chain are cephalopontstopuses, squids and cuttlefish

Octopusproduceonly 1020%biomass for noffood use squid as high as 52%uttlebones,squid
pens,ink sacs, viscera, eyes and beaks

10
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Sea urchinsstarfishand sea cucumbers, salps and tunicases also caught and traded and, in some
OFasSa o0aSl dz2NOKAyYyasX 3&-$hnagedintadn¥ en@imddmentsW¥ I NY SRQ

0.2.6 Seaweeds

Small but substantial wild harvests; very large farming of seaweeds espacialiina

0.2.7 Microalgae

Pond culture in high sunlight areas of carotenoid and orfggeatty acid rich algae and
Cyanobacteriaceae, estimated atl®,700 tonnes each yeaan unknown total of photobioreactor
and closed fermenter tonnage for higlalue nutriional ingredients and biofuel oils and fatty acids.

0.3 Supply chains

Capture fisheriemnd aquaculture farmsupply their catch to a range of supply chain actoit®
consumers, in the case of artisanal fisheid®sl small aquaculture establishmentither drect via
off-boat and offfarm salesor localmarkets or indirect via restaurants or to eshore processing
plants Industriatscale fishing vessels perform primary processing and preservatienoanal,
supplying mainly to further processaaad wholesa purchasers, with some supply to integrated food
retailers. Traders, dealers, distributors and transporters may also be invokedrgescale
productionto-consumer integrated chain may be in place, operated by individual companies who own
boats, procesing plants, shippers and retaile¥§¥e can expect some losses of produce at any stage in
a chain but accessing this may be difficult

Seaweed producers will in the main be either supplying to producers of alginadestlaer marine
hydrocolloids, under antract, or be linked in to a human food supply chain. Casual collection of
beached seaweeds is mainly a hazard disposal exeFaflewing its review of seaweed production
and its contribution to food and economies, the World Bank Groufogsised on pesuading
stakeholders such as the US Rement of Energy and companies to invest in thisvicroalgae
producers are often part of an integrated activity supplying ingredients or wtelgoreparations into

the human nutritional supply chaimave close links with organisations that will trial and purchase
biofuels, orare service companies working with engineering contractors to provide bioremediation.
The Algae Biomass Organization is currently working on a roadmap for integration of athahtb
feed chain®.

To identify the most efficient points for intervention and the scope for conversion foffoot uses
requires a morealetailed study of supptghain dynamicsn fisheries and aquaculture, taking into
account specifics related to type$ biomassAn estimate or assumption for wastes by stage of chain
is provided by FAQthis suggests that, for fish and seafood, the most important stages in the supply
chain in Europe are the consumer, the food retailer and the production stage3 @bdext).

14 Pers. commBrummettR. (2018)World Bank Group.
15 Pers. comntCarrM. (2018)Algae Biomass Organization.
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Table4 - Estimated waste percentage waste of fish and seafood and some other foods in Europe

Supplychain stage
Handling and Distribution

Processing . Consumer
storage and retail

9.4% 0.5% 6% 9% 11%
2% 4% 10.5% 2% 25%
20% 9% 15% 7% 17%
10% 1% 5% 1% 4%
20% 5% 2% 10% 19%
3.1% 0.7% 5% 4% 11%
3.5% 0.5% 1.2% 0.5% 7%

Source: Gustavsson et al. (291

Food commaodity

Production

The structure of the industry and its dynamics may also affect availability of material or cohesion in
the value chainThe fish processing industry in thKin 2016 consisted of 376 sites employing c.
18,000 FTE, with a total turnover in 2014 of >£301B o ¥ 4% of sites combined primary and
further processing; 32% dealt with primary processing alone, 12% with segopaeessing. It can

be imagined, though this needs to be investigated, that the economic balances of each segment are
different and that their abilities to valorise the materials they have access to will differ widely. In
addition, since 2008 there hagén consolidation of almost 40%. Although there is use gfrbgucts,

there is limited data fothe UK on amounts and utilisation, and Norway is given as the reference
country*’.

0.4 Geographic sources of biomass

China has a commanding position in supplyioinass Table5 showsthat it is at No 1 position for

fisheries and aquaculturandNo 1 or 2 for seaweed production. No other courttgsides Indonsia

features consistently in the Top 10 in all categdfiest i H o a i OJapan, €HilgahdNarway dpa G T
appear inthree categories Forthe rest of Europelreland, France and Iceland are in the topdtly

for wild-harvestng of seaweed

Table5 - International landscape of fisheries, aquaculture and fishmeal production 2015

Fisheries Aquaculture  Wild-harvest Farmed seaweeds

Position Mt Mt seaweeds Mt Mt

China 17.6 China 47.6 Chile 0.35 China 13.9
Indonesia 6.5 India 5.2 China 0.26 Indonesia 11.3
USA 5.0 Indonesia 4.3 Norway 0.15 Philippines 1.6
India 4.8 Vietham 3.4 Japan 0.09 SouthKorea 1.2
Peru 4.8 Bangladesh 2.1 Indonesia 0.08 North Korea 0.5

Russia4.6  Norway 1.4  Ireland 0.03 Japan 0.4

Japan 3.5 Egypt 1.2 France 0.019 Malaysia 0.26
Chile 3.0 Myanmar 1.0 India 0.019 Zanzibar 0.17
Vietnam 2.8 Chile 1.0 Iceland 0.017 Madagascar 0.015
Norway 2.3  Thailand 0.9 Peru 0.015  Solomon Islands 0.012
Source FA@017)

16 Noble S Moran Quintana Mand Curtis H(2017)2016 Seafood Processing Industry RepBeafish Report No SR700
March 2017ISBN 978-91107306-02.
17 NobleS.et al.(2017).
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Table6 summarises the data for 2015 for total productiorGaropé?, FAO gives slightly different data
for Europe: of total production of 16.4Meéxistingnon-food uses occupied 2.64Mt (16%).

Table6 - Globalproduction and balance of fish for Europe 2015

Production Mt
Total production 17.1
Capture fisheries 14.1
Aquaculture 3.0

Source FAQ017)

0.4.1 Seaweeds

The FAO databad®s only generahformation for production or harvesting of seaweediscluding

them in the category of aquatic plants. According to FAO, most of this category comprises seaweeds
and 96% is farmedihe bulk of seaweeds are for human consumption and most of the remaisider

for extraction of marine hydrocolloids for established food and industrial uses. Exploration of the
concept of the seaweed biorefinery is underway, for example in USA, where the Department of Energy
has launched a $30k26M EURprogranmefor scaleup of seaweed processing for biofuels and other
products®.

0.4.2 Microalgae

The FAO databases nanformationat allfor production or harvesting ahicroalgaeThere are some

corporate, governmenfunded investments in microalgal production in bioreactors Mofuel
productionbut corporate activityevenin USAis moving from biofuels towards ome@datty acids,

algal protein and whol@lgae products for fishfeétlp ¢ KS ! { 5SLIJi 2F 9y SNHeé&Qa
energyhas no data for thactualquantity ofmicroalgae used for thi§ most likely because economic
massproduction is not yet stabilised and markets are too dependentr@nprice of crude oil and
bioenergy credits, tariffs and other policy instrumenthere are, however, estimatef potential
productivityfor biofuel productionThedry mass of microalgae producethinlyin openpond culture

for nutritional supplements or ingredients for humans and animals was estimated at c. 15,000
tons/year, mainlySpirulina

0.5 Wastes

We can assume there will bitle incentive for public or private investment in processes and
technologies to valorise otherwise wasted fisheries and aquaculture outputs unless a) there are
markets for the resulting products, b) the supply chain allows appropriate interventiote ahost
appropriate points, and c) policies can be put in place that are not expensive or onerous to follow. For
these reasons, a consideration of the dynamics of wastes is important.

18 FAO(2017).
19 pers. commCarrM. (2018) Algae Biomass Association.
20 pers. commCarrM. (2018) Algae Biomass Association.
21 US Department of Energ2016 BILLIOGNNON REPORT Advancing domestic resources for a thriving bioecoimhy
economic availability of feedstocksangholtz MH., Stokes B. and Eaton IM., Doi: 10.2172/1271651.
13
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Figure3 - Proportion of waste & byproducts (%wof original landings) by stage of supply

10
5
D . I
Agricultural Postharvest Processing and Distribution Consumption
production handling and packaging
storage

Source: JouvenqR015

Analysis of waste productioffFigure3) suggests that the largest proportions occur at the stage of
catch or during aquaculture, during distribution and retailing, and during consumptior?atSéié

total is in the region of 35%f original landings. Different approaches are likely to be needed to
establish effective initiatives and policies to extract wastes from these different stages and make
effective use of them for nofood purposes. There is a clear need for crdspartmertal and cross
sectoral collaborations between different government departments and agencies and industries of
different natures and with widely different economic imperatives.

However, he UKO K | N\lasie@andResources Action Progran@iiéRARreported n 2011 that33%

of thetotal fish and shellfish inputisito processing (350,000 tonnes of 1.04M) wesgarded as non
edible, of whichd0% wasvaste and ceproducts (including retail wastefpm finfish and shellfisH;
most of the finfish materialvas sold to fishmeal plants but most of the material arising in the shellfish
areawas regarded as unavoidable wastew ! t6Q & R { K S coholuBiaizédinNeEs@veywas
that avoidable wastes generated by processirgge low.

0.6 Food anchon-food usedf fisheries and aquaculture biomass

wSaid wkg aldSNAFIfaz 2N wwazX Aa I fAGSNFXf GNIyatl
all the potentiallyuseful material removed from fish, shellfish, crustacea and others species to
prepare biomass fofood use.

The world production of fish, shellfish and crustacea in 2@bs c. 169Mt, capture fisheries and

aquaculture combinetf; of this,149Mt (88%) was for food use agdMt (12%)was for norfood uses.

Of the 20Mt, FAO states that 15Mt is channelietb fishmeal and fish oils, and 5Mt is available for

other uses, though thesasesare not described. The proportion of landings and harvests intended for
othernonF 22 R dzaS&8 UGKSNBT2NBE NI LINB-o&isesof thedbPprdaiictso:™s 2 F
and wastes from edible processimj fish and other seafoodre not included, nor is usage of

seaweeds.

As management techniques and landing obligations or taxes have been put in place, estimated global
discards have dropped from c. 27Mtpyerain the earlyto-mid 1990s (though one estimate puts this
as high as 40Mt of figh) to 7.3Mt per yearin earlyto-mid 2000s. For 2014, discards have been

22 Jouvenot L (2015) Utilisation of rest raw materials from théish industry: Business opportunities and logistics
requirements a a4 SNRa ¢KSAA& b2NBSIALY | yANISWRErAndREm dufie 20164 Sy OS
https://brage.bibsys.no/xmlui/bitstream/handle/11250/2351183/13467_ FULLTEXT.pdf?sequence=1

23 WRAP (2011) Resource maps for fish across retail & wholesale supply Bhajiest code RSCO@®1 & RSC06903.

24 FAO (2017).

25 Seafish(2001) FishWaste Production in the United Kingdom: The quantities produced and opportunities for better
utilisation, SR537.
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estimated at <10Mt pr year of a total estimated catch of 110Mt (c:9Bo§®, the great majorityc.

93%, fromarge-scale industrial fishing vessels, and about 40% from the Atlantic, 60% from the Pacific.

The large impact in the Pacific is from Russian fishing of Alaska pollock, wih arocessing,
NEGSydazy 2yteé 2F (0KS NESSHQ YR yRA aRON aNFRdzRafy & (@S Nibw
fish bycatch in crustacean fisheries (typicillgphrop$ may be as high as 8880% of catch, with

<50% retained. There are also wide ranges according to geographyi¢sees - Losses through the

supply chain by discards, disposals and wastage by stage anc?fggitrich may have an implication

for where to make the biggest impact with wastaving or utilisig processes.

Where fish bycatch is prevalent, overall discard rates may be as high as5@%86 There is clearly a
correlation between increasing the minimum landing size or age and an increase in discard rates; the
discards could be retained and funtel into nonfood uses if survival rates are known to be low, or
their condition cannot be guaranteed. Monitoring of catches and landings using closed circuit
television and the Fullpocumented Fisheries (FDF) programmes may assist in quantifying catches
that can be directed towards nefood uses.

Figure4 - Losses through the supply chain by discards, disposals and wastage by stage and region

60%

50%

40%

B Consumption

- E— r— °
30% I O Distribution
20% @ Processing

— B Post-catch
10% H H H O Fisheries

0% T T T T T T T 1
Europe North Industrialized Sub-Saharan North Africa, South and Latin
America and Asia Africa West and  Southeast America
Oceania Central Asia Asia

Source: Gustavsson et £011)

Fisheries discards are monitored and reported under the European Data Collection Framework by
observers on a sample of <2% of fishing boats, and the results are extrapolated to entire fleets. All
figures are therefore estimates with unknown variances.ddition, the situation with discards is in

flux, as the new regulations concerning landing obligations are changing what fishing crews can do
with their fish catches andreating both problems and opportunities for the management of
unwanted, underused andvasted fish. The phase period is 2012019, and the impact on
availability of landed material for nefood use such as fishmeal and fish oil is yet undetermined.

0.7 Uses

Food or human nutritional uses of marine and aquaculture biomass include:

Directto-consumervia artisan fishing, markets, retail sale and restaurants;

Fillets and other primaryprocessed materiabuch as roes, eshell molluscs and crustacea,;
Fish oilsfor nutritional supplements and omegafatty acids

Fishmeal extract$or protein andoils for human nutrition;

To T Do I

26 Zeller D, Cashion Tet al.(2017) Global marine fisheries discards: A synthesis of reconstructedrilstieand Fisheries
19:30;39 Doi: 101111/faf.12233.
27 Gustavsson J., Cederberge€al. (2011)Global Food Losses and Food WaB#&0 20111SBN 9782-5-1072059.
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Chopping/mincing of edible trimmingsfor processed fish products such as surimi and
prepared frozen or chilled foods

Seaweed hydrocolloidfor food and pharmaceutical use;

Seaweed extract$or nutritional supplements and antixidants;

Whole and extracted microalgafor nutritional supplements, antioxidants and omegdatty
acids;

Highervalue elements collagers, gelatirs, minerals, chitin derivatives carotenoids,
enzymes, amin@cids,for nutrition and supplementation.

o Do o Do o

Nonfood uses or treatments of marine and aquaculture biomass include

A Highervalue elements collagers, gelatirs, minerals, chitin derivatives carotenoids,
enzymes, aminacids,peptones for animal nutrition, laboratory, chemical, agricultural uses
¢ the same potential as for materials of fogdade quality, but essentially manufactured from
biomass not of food grade;

Fishmeal and fish oil for animal feed;

Minced fishfor petfoods

Fishmeal extractfor petfoods;

Ensilingfor protein concentrates and hydrolysates for animal nutrition;

Processed fish oil®r industrial uses;

Chopping/mincing/freezingor direct baits, animal and fish feeds

Compostingfor fertiliser/soil improver;

Aerobic Digestiorfor biogas and fertilisgsoil improver;

At-sea discardge.g. pollock RRM by Russian fisheries, and bycatch);

Landfill(less so in Europe and other developed states)

To T o To Do To Do To Do I

Nonfood uses of macroalgae (seaweeds) are as sources of bioactive compounds, sources of marine
hydrocolloids ér pharmaceutical use.g as formulation and encapsulation aids, or for laboratory use
e.g. for microbiological media; and as potential sources of biofuels and proteins for animaNeed.

food uses of microalgae revolve mainly around production of fuls biofuels, use in water
remediation, wet biomass for anaerobic digestion, and potential for use as bioplastics. The guantities
used for these purposes are not at the moment identifiable. Many developments are at an early stage
or are not yet scaled umtfull commercialisation. The approafdr microalgal utilisation is purpose
production, rather than making use of wastes, residues angbrbygucts from food use. Some
evidence of product innovation based on nuisance algae (algal blooms) has been faudatabon
guantities available or used are lackif@r both seaweeds and microalgae, one processing challenge
for adding value is the need to remove water and the cost of doing this.

0.8 Innovations in products, processes and markets
The main structural chameg that are requird for progress in use of marine and aquatic biomass are:

1 Better and more consistent information about biomass types and sources;
1 Technological innovations for processing and vadteservation of biomass;
91 Policy frameworks that supposupply chains in developing and marketing new products

Improving the efficiency of capture fisheries requires radical change such as removing overcapacity in
0KS 62NI RQa TFTAaKAYy3I TFf SS Gexpbitatory lkédrasaing Ihe Walayce ISY Sy
between the value retained by the capture businesses and that retained by the processers, retailers
and aquaculture producers (estimated to be a 20:80 split of a $400B food fish market), and improving
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access to and use of undased speci€’. Losses at producth level due to structural problems are
estimated at a mean of $50B € n per yéar

It is recognised that there is a need for improvement in the management of aquatic and marine
biomass, for both food and neimod purposesin October 2016, thdeuropeanCommissionDG
Research & Innovatior)eld a workshop on making better food use of marine and aquaculture
biomass and the steps needed to achieve#hithe three main topics were Underused fish biomass,
New algae value chains for food and Consumer acbdjtiaof aquaculture products. This workshop
could beamodel for one focusing on neimod uses of fish, shellfisindseaweedsand new norfood

uses for microalgae, organised by DG MARE

Given that in some fish, up to 70% is RRM (e.g. tuna), additiogehuity could be applied to the
material other than turning it into fishmeal and fertiliser. The head may occu8620 of the fish, the
viscera including guts and roes a further 1P%86 of whole fish. Gutted fish is 62% edible flesh,
including 46% skings fillet, but is still 38% wastes. Headless fish may have >50%.uesadilg meat

(37% loin, 18% fillet), but there are still frames and dark meat 18%, viscera 13%, belly 6%, and frame
scraps 8%.

TheEU Aquatic Food Products workshop (2016) recommendieairdoer of initiatives spanning these

areas, includingroducing a roadmap, supporting regional pilot plants at sewistrial scale and
funding larger regional bicefineries or algal lighthouse projeétsDiscussioralso mentioned a need

to better monitor the types and amounts of marir@d aquaculture biomass that might be directed

to added value uses and the impact of rules such as management of Category 2 materials and the CFP
landing obligation regulations.

It could be realistic to recommend that msideration of noAfood uses of fishery and aquaculture
biomass is always included in discussions of policy, regulation and development when food uses are
being considered. This would, for example, have made the Strategic Guidelines for the sustainable
dewelopment of EU aquacultutemore relevant in the context of the Circular [Blue] Bioeconomy.

0.9 Potential Case Studies

1. In 2017, Norway established the Norwegian Mesopelagic Initiative an international
consortium of researchers, to develop sustainable fiskihgnesopelagic species and the gear,
vessels and detection methods to help achieve*thia addition, action will be taken to secure
the output chains. The NMI is an international consortium of researchers working across 7
packages, of which &ork-packages concern management of catch for valorisation, including
on-board processing; landased processing, analysis of components, generation of products
and their validation as safe food and feed ingredients.

28 Willmann R Kelleher Ket al. (2009) The Sunken Billions: The economic justification for fisheries reldren
International Bank for Reconstruction and Development/World Bankldbi:596/9780-82137790-1.

29 Aguatic food products and new marine value chajmsinforcing EU Research and Innovation policy for food &
nutrition security. Report of a workshofJ22016.
https://ec.europa.eul/info/sites/info/files/conferences/food2030_2016/w2_aquatic_food new_marine_value nshéi
ull_report.pdf

30 Report of the Aquatic Food Products workshBp) 2016.

31 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEA
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THErREGtOBIBdelines fdhe sustainable
development of EU aquacultur€OM(2013) 229 final 29.4.2013.

32 |Institute of Marine Research, Nofima, University of Bergen and NEEES)Mesopelagic Initiative: Unleashing new
marine resources for a growirfgiman population
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2. TheSociedad Nacional de PesquefaNP of Peruis developing a suite of projects focused on
improving the management and utilisation of anchoveta and other fishmeal reduction sffecies
Direct consumption of species used for fishmeal is extremely low wddd; anchoveta begin
to spoil rapidy after bringing orboard, partly because of their very high oil content and they
have a strong flavour, so there are technical and consumer challenges. The projects include
improved systems for ahoard processing and preservation, improved processegtaiein
extraction and production of protein concentrates and development of new nutritional
supplements based on deodorised omegjéatty acids from the fish oils. This programme will
begin shortly and continue until the early 2020s. There is also a tangér $120M6 € mn1 0 a 0
innovation programme, funded jointly by the Government of Pert and the World Bank, to
increase direct consumption through product innovations, launched in2017

3. As a result of work carried out under tiNordic Bioeconomy Initiativé into the utilisation of
biodegradable wastes, the Environment Agencycefandhas set up an ofine marketplace
for different types of biowastes including fisheries and meat, the Resources Square or
Audlindatorgid®. It is expected to become fultyperational during 2018, to connect producers
and users and help reduce the 50% of landfill that is estimated to be biodegradable, the related
carbon emissions, and the amount of biowastes being incinerated.

4. Icelandhas also instituted ofboard processing usinidpe Hédinn Protein Plantwhich turns
edible trims and wastes into fish oil and fish nféaHédinn is a longtanding Icelandic
engineering company which has designed and built all theshamre fishmeal and fish oll
production plants. The key to the eshae and the more compact ehoard systems is
replacement of the conventional scregress and liquid evaporation process by a {stage
drying process that reduces the size and number of components and process tanks and uses a
lower temperature, recycling ging air, thus reducing energy inputs. It uses half the fresh water
for processing the material itself, compared with conventional methods, and uses 10% of the
water usually needed in scrubbing and condensing.

5. Inthe USA a companyBloom, has been estaldhed as a merger between a leaanding algal
cleartup and polymer manufacturing companplgix and a green product development
consultancyEffekf®® ¢ KS O2 YLJ y& dzaSa ! f 3A EQé&greerfalgdey 2t 2 3 &
(Cyanobacteriacegewith the am of producing biopolymeplastic flexible and compressible
foams for a range of products including footwear, jedapport braces, surfboards and paddles,
toys, fithess mats, gaskets and seals. Freshwater lakes and ponds containing algae are filtered
through a recirculation system brought to the site when algal growth is seen; the microalgal
material is headried using solar energy to a powder and mixed at -B@0% levels with
[polylethylene vinyl acetate before extruding with air to form foam pellets. Eobnology is
promoted as an ecologicalound way of valorising microalgae that are wiktvested.

6. Inthe USA Delmontehas established an algal fertiliser system in Arizona in which microalgae
are grown in simple photobioreactors adjacent to melotdéeand algal cells are continuously

Inn6vate Perltand Sociedad Nacional de Pesquef@@16 Agenda de Innovacion Tecnoldgica para la Utilizacién de la
anchoveta (Engraulis ringens) en el enriquecimiento de aliimentos de consumo humano.

34
35

36
37
38

http://projects.worldbank.org/P155902?lang=en

Gislason .Sand Bragadattir H(2017)The Nordic Bioeconomy Initiative NordBio Final Report TemaR@td:526,doi:

10.6027/TN2017526.
http://www.audlindatorg.is/, Icelandic only.

https://hedinn.com/fishmealprocessing/

http://bloomfoam.com.
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distributed to the melon plants through the driprigation systern®®; melons matured a week
earlier and were 409%0% larger than control fruit.

Inthe UK seaweed and plant biomass is being turned into liquid containeSkigping Rocks

Lal#°, a small and young design company working in sustainable packaging. Their idea, OOho!,
is a sphere intended for drinking water, soft drinks, spirits and liquid cossndtiee company

says that it is cheaper than conventional plastics, with a difielbf a few days, and completely
biodegrades within 4 weeks, but can also be eaten. The material can be flavoured and
coloured. In manufacturing analysis so far, it appeansave 20% the carbon impact and 11%

the energy requirement of PET.

In Spain the mussel producerBrinsaand Amegroveare providing mussel shells as crushed
material for soil remediation and bulking in vineyards, via local wine cooperatives. Almost 100K
mussel shells are produced each year in Galicia, where the myreseérs and processors are
based. Mussel shells are used as acpktector and general fertiliséy;, in New Zealand a
similar operation has been producing calcigontaining fertiliser fra finely crushed mussel
shells since 2014 asHavelock Shell ProcessdtsCurrently tests are being carried out in New
Zealand on edible horticulture soils to assess the possibility of controlling nematodes using
crushed mussel shells; it has also beeggasted that the reflectivity of the mussel shells round
vines may enhance ripening of the graffes

The EUfunded project MIRACLES20132017, worked on integrated biorefineries for
microalgaé®, the aim was to produce omegfarich microalgae for feeding taquaculture fish

and partners included Ewos, Unilever and DSM as well as SMEs involved in aquaculture, feed,
cosmetic ingredients, biopolymers and processing.

Jellyfish are an increasing nuisance and hazard in Mediterranean and coastal watdu The
basal companylellageruses jellyfish caught off the coast of Wales as the source ofthiglity
collagen for research and medical biomaterials.

Benthos Biosciencis a Chinese company which is developing its activities in USA, Canada, and
Europe with focus i French outermost territories and Portugal. They are one of the largest
producers of sea cucumbers. Sea cucumbers are a class of echinoderms widely distributed in
the marine environment. The high market value demand for sea cucumbers lies in the sse of it
muscle as a source of protein. The total production of sea cucumbers in China was 100,000 tons
in 2010; 80% of the production is from aquaculture and enhancement.

39

40
41

42
43
a4
45

Carr M (2018) Can algae really do CCU? Statg potential of biological carbon capture and use USEA Technology
SeriesMarch 12 2018.
http://www.skippingrockslab.com

AlvarezRodriguez Eet al. (2012) Use of mussel shells as a soil amendnedfécts on bulk and rhizosphere soil and
pasture productionPedosphereg2(2): 152164.
http://www.stuff.co.nz/business/farming/agribusiess/9849293/Farmedevelopsmusselshellfertiliser.

http://www.havelockshellprocessors.co.nz

pers. commBrownleeB. (2018Havelock Shell Processors.
http://miraclesproject.eu
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1 Fish

1.1 Introduction

FAO has estimated that fi€trepresented onesixth of animal protein sygy and 6.5% of all protein

for human consumption; and 20% of animal protein intake comes from fish for 3.2 billion of the
g2 NI RQa “LIBibduzbslididedvgd from capture fisheries and wild harvesting and from
aquaculture and mariculture. Current proction according to FAO is summarisedable7. However,

it is estimated that 30990% of all fish becomes iproduct, as processing the fish for human
consumption also generates materials that may not be used for direct human consumgii@ne
potentially usable for industrial, nefood purposesKigure5).

There is considerable pressure to improve biomass availability by a combination of chaimsf@agn
and aquaculture focus and reduction in wastagbe Food from the Oceanseport of the9 / Qa
Scientific Advice MechanisgiSAM} confirmsthe conclusions of the evidence revidwy Science
Advice for Policy by European Academies (SAPE)rder tomeet projected demands for food and
biomass from the seas and aquaculturlOOMt per yearadditional food output is needed from
marine capture fisheries and aquaculture:

1 Mariculture is seen as less constrained than taaded aquaculture and capture fesfies; as
much as 160Mt extrhiomass could be achieved by the en@6fyears or so, overwhelmingly
by increasing production of lowdrophic marine biomass, i.e. algae and molluscs

0 As this is largely exploitation of new or unfamiliar bioresourcgsexsting species
but on a very much larger scalthis may well yield significant opportunities for
development of new processes, products and markets using thprducts or
wastes.

1 Capture fisheries are expected to yield an extra 30Mt by better manageofergtablished
fisheries (20Mt) and discard reduction and elimination (10Mt).

0 As the aim of development here will be to generate additional biomass for human
consumption, it is more likely that any additionakpsoducts or wastes will be used
for existirg types of noffood use.

1 Anadditional >100Mt protein and oils estimated to be needed, to servitiee expected
growth inaquaculture thisis predictedto come from currently underused species such as
krill and mesopelagic organisms (20Mt, but on a Emgnescale), algae including seaweeds
(>50Mt), and a better use of discards and processing waste (30Mt).

o Since the aim in this is to free up for human food fish that are currently harvested for
reduction to fishmeal and fish oils, there may be new+food products and markets
that can be developed from these sources.

46 In this report, the term fish includes shellfish and crustacea and, for capture fisheries, cephalopods, unless otherwise
specified.

47 The State of World Fisheries and Aquaculture: Opportunities and challdhy@2014SBN 9782-5-1082768; Fishery
and Aquaculture Statistics 2015A0 20171ISBN 9782-5-0099873.

48 European Commissidiigh Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017
doi:10.277766235.

49 SAPEA (20175APEA Evidence Review Report No. 1: Food from the Odggms//www.sapea.info/wp
content/uploads/FFOFINALREPORT gif 10.26356/foodfromtheoceans.
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1.2 Fish biomass origin

Fish biomass iproduced either by capture fisheriger by aquaculture in freshwater and marine
environments. Some wild harvesting of seaweed also takes place. FAO (2017) glegslteptimates

of amounts available for utilisatid?) together, c. 170Mt of fish, shellfish and crustacea were landed
and hanested in 2015, c.%%6 wildcaught, £% from aquaculturgseeTable7). Sea and ocean fishing
predominates for apture fisheries (81Mt vs 11.5Mt freshwatehpwever,the opposite is true for
aquaculture (28Mt marine v€lOMt freshwater). The togevel distribution of incoming biomass can
be seen irnrabless, 6 and 7 and graphically ifrigureb - Aquaculture and fisheries biomass profile
fish, which also shows the hyroducts of harvesting and primary processing

Table7 - Production of fish 2015
Total Aquaculture Capture/wild harvest

Type Mt Mt Mt
169.2 76.6 92.6
FSC inland Mt 60.5 48.8 11.5
FSC marine M 108.2 27.8 812

Source: FAO (2017); FSC = Fish, shellfish and crustacea

Figure5 - Aquaculture and fisheries biomass profitefish

AQUACULTURE
. FRESH FIS WILD CAUGHT FISHERIES c
Production

>100 Mt landings 93 Mt
c 8AMt c. 170 Mt g

Postharvest / catch
Direct to consumer losses c. 40Mt
food outlets &retall

Discards &
Bycatch >8%

>S7TMt

FOOD
WASTES]

FISH FOR Atsea process
PROCESSING discards of
PROCESSIN(G c. 50% wastes

WASTES c 85 Mt T

Source: FAO (2017), New Economics Foundation (2014); fish = finfish, shellfish and cr.tad:riaa;nass
potentially available for food usel;= biomass potentially available for némod uses; = biomass for fishmeal
and fish oils, mainly for aquaculture and animal feed

50 FAQ(2017) Fishery and Aquaculture Statistics 200SBN 9782-5-009987%3.
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1.3 Types of fish biomass

In capture fisheries, the top 20 species account for c. 28NB0%), of the total of 92.6Mt16/20 are
bony finfish making up c. 90% of this, 2/20 eephalopods squid (7%} and 2/20 are crustacea. The
most-caught fish is however anchoveta, virtually 100% dedicated to reduction to fishmeal and fish
oils, and very susceptible to El Nifio/La Nifia cycling. The senoatcaught finfish is Alaskan polkoc
most of which is discarded at sea after primary processing for roes, at least in the Pacific by the Russian
fisheries.

Table8 - Production of fish in capture fisheries and wild harvesting

Tvpe Inland Marine
yp Mt Mt

115 82.3
10.6 67.5
0.5 6.1
0.34 7.1

Source: FAO (2017)

In aquaculture and mariculture, the top 20 species account for ¢c. 46Mt (60%) of 77Mt harvest; 13/20
are finfish.
Table9 - Production of fish and seaweed in aquaculture

Tvpe Inland Marine
yp Mt Mt

Total 489 57.1
Fish 44.1 2.9
Fish diadromous 5.0
Crustacea 7.4
Molluscs 16.4

Source: FAO (2017); Categories not split between inland and marine in original

There may be morenaterial available for noffiood uses of fish catches and wastes than is recorded

by FAO. Recalculation of fisheries landings for the period -29020, using the method of catch
reconstruction, suggests total landings, including artisanal fishing, recnedfiishing, discards and
bycatch and illegal landings, may be 50% higher each year than those reported to and consolidated by
FAG® ¢KAa YSIya (GKFd C!'hQa NBLR2NISR LISIF] Ol G4dOK
mMmonail® C! hQa RI iddclingisiheedhin; the/dedling yhaylbé 3 times that reported
(>1.2Mt pa cf 0.38Mper yeay.

1.4 Geographic sources of fish biomass

China has a commanding position in supply of biomgakle10 shows thatit is at No 1 position for
fisheries and aquaculture. No other countrgsides Indonesigeatures consistently in the Top 10 in
allcategories I G Hoal OJapan Khl¢rd Nérway appedr Tihree categories for the
rest of Europe, Ireland, France and Iceland are in the top 10 only fehaiilesting of seaweed

51 All data in this section derived from FAO (2017) except where otherwise stated.
52 Pauly Dand Zeller D(2016) Catch reconstructions reveal that global marine fisheries catches are higher than reported
and decliningNature Comm§:10244 i: 10.1038/ncomms10244.
22

2



Blue bioeconomy: situation report and perspectives

Table10- International landscape ofisheriesproduction 2015

Position Fisherieavit AquacultureMt
#1 China 17.6 China 47.6
#2 Indonesia 6.5 India 5.2
#3 USA 5.0 Indonesia 4.3
#4 India 4.8 Vietnam 3.4
#5 Peru 4.8 Bangladesh 2.1
#6 Russia 4.6 Norway 1.4
#7 Japan 3.5 Egypt 1.2
#8 Chile 3.0 Myanmar 1.0
#9 Vietnam 2.8 Chile 1.0
#10 Norway 2.3 Thailand 0.9

Source FAQ@017)

Table11 summarises the data for 2015 for total productionBnropé3, in 2016, there was a slight

increase in fisheriegatch to 14.4Mt, of which 89% was whitefisind the average per capita
consumption of fish in the EU28 was 24.5K{.ped Ay 3 Ay G2 | 002dzyi GKS 2@SNI
YIEGSNRALFEQ o0l f lppdd&s, bypkaBuUcts andK RROI kniglth &rise westimated at 12.7Mt

of raw and processed fisisome of this is inaccessible as the waste arises towards the consumer end

of the supply chairf-AO gives slightly different data for Europe: of total production of 16.4Xikting

non-food uses occupied 2.64iM16%).

Tablell- Globalproduction and balance of fish for Europe 2015

Production Mt |
Total production 17.1
Capture fisheries 14.1
Aquaculture 3.0

Source FAQO017)

Icelandis in the top 15 marine fisheries countriesrld-wide, at landings of 1.4Mt. The total
estimated nonfood uses of the catch was c. 500Kt (36.5Phg major fish is cod; the catch in 2013

was 236Kt, of which 84% was used for human food and in 2015 244Kt, of which 75% was for human
food.

Norway is a major aquaculture producer (1.4Mt in 2015, making it No 1 in Europe), and has a major
marine fishery activity (2.3Mt catch in 2015, making it No 2 in Europe after the Russian Federation,
which caught 4.6Mt).

Scotlandis a specific case withthe UKas he main aquaculture producgalmost 170Kt fish in 2011,
about 95% salmon egea and 5% trout otand®) as well as having major capture fish landirfgsr
2013, Zero Waste Scotland, in the context of a roadmap and strategy for better use of Biomass
reported aquaculture productiorof 176Kt, consisting ofasémon and trout 169Kt and shellfish 7kénd

fish and shellfish landings 314Kt consisting of plagic fish 144Kt; demersal fish 117Kt; shellfish and
crustacea 53KiThis amounts to almost 0.5Miomass.

53 FAO (2017).

54 AIPCECEP EU Fish Processors and Traders Asso¢RQibAFinfish study 207.

5 FAO data, 2015.

5% Meacham T (20140he UK Aquaculture Industiiyood Security Insight IssukeJuly2014.
57 Zero Waste Scotlan@018)Sector study on beer, whisky and figtinal report ZWS645.
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In 2001, Seafish reported that of the estimated 852Kt catddKfish and shellfish, 492Kt, 57%, was
waste®®; about 60% of this was generated duringshore processing, 10% through processing at sea,
and the remaining 30% as discards at sea.d&sing suitable wastes into fishmeal earned suppliers
only £1® € MEBO0 € danne of raw material used, compared with payments of 660 ¢annie for
landfill disposal. In 2004, wastes were estimated at >3@@KtyeaP®; 80% of this was finfish wastes,
20%shellfishand crustaceaBefore 2005, the estimate of waste production for Scotland was c. 77Kt
per year made up of 44Kt pelagic waste, 28Kt demersal waste and Hl@pltiropswaste; Scottish
Government provided data in 208stimating total aquacultur@roduction at 157.5Kt with harvest

of ¢. 151Kand the remainder routine mortalitiesisheries yielded 355Kt, 47% pelagic, 45% demersal
and 8% (28Kt) dumped at sde&rom the total of c. 512Kt in 2005, c. 239Kt (47%) was processed for
human consumption; 18Kt (3'®6) Category 3 wastes were produced, plus c. 25Kt wastes shipped
outside Scotland.

In 2008, the wastes from mollusc fishiimgScotlandwere c. 75Kt pa: 20Kt flesh and 55Kt sh@lls
Difficulties were noted in making use of this, due to hygiene ardtsts of separation, though shells
KIS 0SSy aSLINIGSR FNRBY FfSakK O0aFNBS 2F -Fft SakK 3
20Kt wastes were derived from crabs ddephropsn the UK; however, most prawns and shrimps are
processed outsidéthe UK and imported ishell or deshelled already, so their contribution is minimal.
There is no data for Uproduced or processed shrimpero Waste Scotland in 2013 estimatgatatch

at 183Kt-257Kt (58%82% more than actual landings), which could have been landed and made
available for addedvalue industrial use with appropriate dyward technologies and fislanding
policies,plusinputs of fishand shellfishto aquaculture feedsit 238Kt.Totalin-processing wastefor
landed fish and aquaculture produeesre estimated at 185Kt, includingslfrprocessing byroducts

and discarded material 160Kt and shellfish wastes c. 25Kt.

Canadaexported 596Kt of fish products in 2012, about 75% of total petidn, which is split 85%
Atlantic, 14% Pacific and 1% freshwéteAquaculture production in 2011 reached 161Kt.

ChinaA a

NEO23IyAasSR

a GKS

g2NX RQa fFNES&ald LINRRdJzOSI

shellfisi®; its aquaculture output was 40Mh 2012 and c. 50Mt in 2015, when it consisted of 27Mt
fish, 13.9Mt shellfisland4.1Mt crustacea. Fisheries and freshwater catches totalled almost 15.5Mt in

HAaMp® hy

H n M @hihagen€ratdd >37% &f dailB agdatic output, including >60% ofajlob

aquaculture productioff. Over 30% of its marine catches are unidentified in FAO statistics.

In 2015, the] { ! tGtal production was 5.4Mt, mainly fisheries catch of c¢. 5Mt (fish, molluscs,
crustacea) and just over 0.4Mt aquaculttieOther sources putotal fisheries catch at >4.36f c.
88% was finfish and c. 12% shellfiglith aquaculture productiorof c. 0.3Mt of fish and shellfish,
mainlypondraised catfish.

58
59

60

61

62

63

64

65
66

Seafish (2001) Report SR537.

Reported in ADAS (200Bgview of the application of shellfish-pyoducts to land SR586Seafish 2006SBN 0 903941

49 X.

Scottish Governmer®005) Evaluation of Fish Waste management techniques.
Seafish(2008 Use of shelfish byproducts in bé.
Ghaly AE, Ramakrishnan.V. et al. (2013) Fish Processing Wastes as a Potential Source of Proteins, Amino Acids and
Qils: A Critical Review Microb Biochem Technbi 107129 doi:10.4172/194%948.1000110.

Cao L Naylor R. et al(2015) Chih Q a

10.1126/science.1260149.
ZhaoWand ShenHFb H n mc 0

a0 dAaGAOL T

I lj dzF Odzft G dzZNB | y R. StiénBe34B(@21E): RIARS doiA f R FA &K

| y"ifivie-gedr petiod Adueultuke and FishériesF A & K S NJ ¢

1: 4149 Dpi: 10.1016/j.aaf.2016.11.001; data derived from FAO and from the China Fishery Statistics Yearbooks.

FAO (2017).

Delaware Sea Gran{2018) Overview of the Seafood Industrttps://www.seafoodhealthfacts.org/seafocd

choices/overviewseafoodindustry.
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1.5 Nonfood biomass from fish

wSad wkg aldSNAFIfaz 2N wwazX Aa I fAGSNIXf GNIyatl
all the potentiallyuseful materiathat isremovedin orderto prepare biomass for food uséraditional

processing of finfish such as Atlantic coddarees only the fillets for human consumption. In the past,
everything else, the RRM, was either used for animal feed or simply waisteeasingly efforts are

being made to retrieve as much value as possible by processing RRM for human consumption. RRM

are estimated at 27982% overall: heads 2025%, viscera 5%%, frames (skeletons), trimmings from

primary and secondary processing and skins and scales.

Utilisationrates inNorway appear to be veryighfor whole fish,97% for pelagic fisheries argb%
99% for demersdl. However, utilisation of RRM from processifgdemersal fishs thought to be
much lower; for whitefish (except if exported gutted whole and guttgthout-head) discarded RRM
is estimated at c. 37% the unused whitefish RRMs are 20Qiét year mainly heads (80Kt), viscera
(c. 58Kt), livers (c. 39Kt), roes (c. 16Kt) and frames andffsufc. 8Kt), from a total catch of about
800Kt. Orboard processing and freezing in addition involvesest disposal of heads and viscera.
Better compat equipment for onboard processing of highalue parts of head e.g. cheeks and
tongues, may reduce thi§.he comparative figures foprocessedoelagic fish are 98%, aquaculture
(farmed salmon) 90% andrustacea36%. It should however be noted thahese mght be
overestimates, as there may be further preparation and processing of RRM.gn&oaps, extracts,
sauces and flavourings based on fish. Surimi isegtdblished as a major use of edible RRM from
various species of fish and squid nféat

However,the splitof by-products between source and type of material reveals the importance of
better management of heads, viscera and bloBid)(re6)’.

Figure6 - Estimates of volume of unused byroducts, Norway, 2013
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Source Olafsen et al. (2014)

67 http://www.discardless.eu

68 Jouvenot (2015), taken from various sources including:
Olafsen T Richardsen Ret al. (2014) Analysis of marine bgroducts 2013 SINTEF Fisheries and Aquaculture
http://www.kontali.no/%5Cpublic_files%5Cdocs%5CAnalysis_afima by-products 2013 Summary English.pdf
OlsenRL, Topped and Karunasagat. (2014)Challengesnd realisticopportunitiesin the use of by-products from
processingof fish and shellfish TIFS TecB6(2) 144-151 doi:10.1016/j.tifs.2014.01.007and
SandbakkM. (2002) Handling of by-products from codfish - a state of the art report from selected countries
SINTER-isheriesand Aquaculture.

69 VidalGiraud Band Chateau 002007) World Surimi Market FAO GLOBEFISH Research programme Volume 89.

70 OQOlafsen T, RichardseR et al. (2014) Analysis of marine bgroducts 2013 English summar8INTEF Fisheries &
Aguaculture project No 6020 663" May 2014 http://www.kontali.no/public_files/docs/Analysis_of marine by
products 2013_Sumary English.pdf
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Olafseret al. (2014)* note that 67% of the byproducts from demersal fisheries is unused, mainly due

to discarding oprocessedestraw materials on longlistance fleets that lack technical solutions for
higherlevelprocessing or storage domoard. In addition, there is a lack of economic incentives to land
by-products. However, almost everything which is brought ashore is utilizedwasmaterial for
further processing if it cannot enter the human food chain. There are sardigucts as such in pelagic
fisheries, since all the fish are used for fishmeal and fish oils. In processing of aquaculture harvests,
regulations control the usef blood, and morts need ensiling or otherwise treating; but only 11% of
by-products are estimated to be unused. Carvajal (2014) mentions slightly different fig@2% for
whitefish, 2% for pelagic fissknd 10% for aquacultureRichardsert al. (2016)note for Norwaythat

3.44Mt fish and shellfish produced c. 0.89Mt RRM26%,) of which c. 0.68M{76%)was utilised?,

the nonusage rates for RRM from different classes of fish were 52% for whitefish, 0% for pelagic fish
and 9% for aquaculture.

There arepracticaland technologicatlifficulties concerning the space and resourcesboard to

handle volumes of obligated landings that are incidental to the main target fish and catchThiges

would also have implications for making better use ofchych, as some degree of eboard
separation, management and even primary processing may be needed to retain maximé! {2altae

for capture fisheries includes fish, crustacea and cephalopods but the data is not split. Fhé rule

thumb has been that discards @rbycatch disposed of before landing amount to about 8% of
landing<®.

In 2012, the study for Cefas that reported on discards and their potential uses noted that 2186 of
discards were due to ovequota catches, 30% were unusable species (no markets goomilar to

eat), 19% were undesize or under age, and 24% were fish caught when their markets or sortability
were not optimal®. Observations made emoard vessels by Cefas observers showed that about 26Kt

of fish andshellfishwere discarded each yeartime period 20092010, of which fish under quota made

up c. 9.4Kt.

In the USA the discards of fish from fisheries activities are estimated at 2 billion poundsdisrear

worth est. $1 billion (range $475 million to $2.6 billon A ®S ® € n A.2 bilier, based 2ry (2 ¢
landings of >10 billion pounds worth $5 billione n ® o 7".cTkef dita i@ fguhded on the National

al NAyYy S CAaKSNN&ianal pysaid fedSndish ceversial 60% of the national catch
reported in 2010, assumptions ai®la G A Y 4§ Sa F2NJ 6KS NBYIFAYAy3d Od nr
species reported in 2012, and is calculated as an aggregate based on regional data. Discards include
bycatch as well as targeted fish surplus to requirements or not landable for other reaswhe/ere

estimated at 5% of total catches by weight for larger pelagic fish (>75kg) and 10% for smaller fish,
compared with an estimate of overall discards of 2@foy@ar

The world production of fish, shellfish and crustacea in 2013 was 163Mt, captlhrerifis and
aquaculture combined; of this, 21.4Mt was estimated to be for ndood usesi(e. 13%J°® / KA Yyl Qa
production alone was estimated at 60Mt, of which 3.4Mt was for4fmrd uses (5%6%); the global

71 OQlafsenT.et al.(2014).

72 Carvajal A(2014)Processing of marine oitsfrom catch to final productSINTEF Fisheries and Aquaculture Temadag:
Marine lipiderg fra fisk til faerdigvare, 25.juni, Aarhus.

73 Richardsen Rt al.(2016 Analyse marint reséstoff, 2015 SINTEF Aquaculture and fisheries Project No. 6022 853 30
May 2016.

74 http://www.discardless.eu

75 Kelleher K (2005) 54 4 OF NRa Ay (KS ¢2 NI RADA Fistieded R&hNTca Paper INg. 47deLIR | G S
http://www.fao.org/docrep/008/y5936e/y5936e01.htm

76 Mangi SC and Catchpole .L (2012) SR664¢ Utilising discards not intended for human consumption in bulk outlets.

77 Keledjian A Young Set al. (2014) Wasted cash: the price of waste in the US fishing industry Oceana 2014

78 FAO (2017)

7 According to the Food Balance Sectior8f0 Handbook.
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ex-China proportion of no#food use is 17.5%stmates of the volumes of bgroducts are available
for Norway from 201%®; from 31Mt of fish and crustacea from catches and farmin@Mu. of by-
products were obtained, a yield of 28% overall. Some of the estimates are based onavicebyed
splitsbetween edible elements and kyroducts, such as for crustacea, 50:50. The relative percentage
contributions to overall byroducts estimates are demersal fish 39%; aquaculture 39%; pelagic fish
21%:; and crustacea 1.4%.

Tablel2 - Estimates of catches and harvests and resultingjpyoducts, Norway, 2013

Total Demersal fish Pelagic fish Aquaculture Crustaceans
Basis for by
products (live 3.066.000 775.000 965.000 1.301.000 25.000
weight)
ANl 867.000 340.000 178.000 336.000 12.500
products
Available by
products as 28% 44% 18% 26% 50%

share of basis
for by-products

{2dz2NDOS htl FaSy SGLINPRIDGAMn 0 TI@LFAAAYRANI 68 0 A

Bergé note¥, with reference to tuna fisheries in the Pacific, that 46086 of each fish is not used
directly for human food, and most of this is either wasted (discarded unused) or turned inialog
fish meal. Heads, which form 18% or more, can be sold as-edsifood.

The DiscardLess projé&trunning from 2018019 in Horizon 2020, seems highly relevant to policies
related to better use of unused, undeised, discarded and waste fish materials. It has published on
several aspects of the problems wiliscards and the transition from discard policies to discard bans
under the Landing Obligation. Annual discards of unavoidable unwanted fish were estimated at
>1.5Mt p&3; up to 23% of annual catches are discarded, anbaard processing, filleting and feing

result in discards of potentially usable material such as heads, skin, viscera and ifmaanesunts

that are currently unquantifiable Relevant projectsfrom the European Fisheries Technology
PlatfornQdirectory of discard project§ which aimed tcstandardise data collection, manage catches
better, or valorise byproducts have been summarised by Discardfess

1.5.1 Postharvest fishing losses

It is sometimes difficult to separate specific postrvesting losses, due to escapes or qualintrol
checkirg, from other atsea processing discards or processing losses further down the chain.

The UKO K | N\WlagieBandWResources Action Progran@iféRAR reported in 2011 that, of total fish

and shellfish inputs of 1.044Mt, 350Kt was regarded asethle, of which 140Kt were waste and
co-products (including retail wastes), with 105Kt arising from finfish and 29Kt from sHé&llfigrst of

the finfish mateial is sold to fishmeal plants but most of the material arising in the shellfish area is

80 OlafsenT.et al.(2014).

81 Bergé P. et al. (2014) Adding value to fish processing-pyoducts Policy Brief 21/2018ecretariat of the Pacific
Communityhttps://www.researchgate.net/publication/262808270

82 hitp://www.discardless.eu

83 Vidarsson R, Gudjonsson kand Sigurdardottir 2015)Deliverable 5.1 Report on current practices in the handling of
unavoidable, unwanted catché&iscardLess project 7 December 2015.

84 Eds. Rodriguez Mind Fernandez .R2011)Projects and Initiatives addressing fishing discards. Compilation of discard
projects The Secretariat of the European Fisheries Technology Platform.

85 Vidarsson J.R. et §2015).

86 WRAP (2011) Resource maps for fish across retail & wholesale supply chains Project cod@®S&GRC06903.
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regarded as unavoidable waste. The conclusion from surveying the industries was that avoidable
wastes generated by processing are low.

1.5.2 At-sea process discards

At sea8-22% of white fish may be discarded during primary processitygpelagicfish, if processed
at sea, are 98.00% utilised

1.5.3 Agquaculture fish wastes

The main expectable 2 84S5Sa Ay | |jdzl OdzZ G§dz2NB ' NB NRdziAyS Y2 NIl

run at about 8% Disease outbreaks may produce losses 0f-80%, sometimes as high as 100%. In
either casefish cannot enter the human food chain or be processed for human consumption, and
ensiling, anaerobic digestion, landfill or other disposal into thérenment are the enepoints.

For Scotland, theScottish Government provided data in 260%stimating total aquaculture
production at 157.5Kt with routine losses oB&t morts, mainly rendered or dealt with by anaerobic
digestion, occasional mass mortads with a historic high of 6K&cottish isheries dumped 8%28Kt)

of their 355Ktcatchat sea.The SARF repodf 20088 estimated 9.3Ktastes arisingach yeafrom
salmon farming, mainly from marine production (c. 60% routine and c. 30%outine), where

2OSNFff opmp:rX Fo2dzi oYiX 6SNB RSIR FTAAK O0WY2NIaQC

1.5.4 Fish processing and processing wastes

Of the whole fish reaching processing plants (themselves about 50% of the total landing or harvest,
for demersal catches), about 36%domes fillets. However, it seems that theoportion of fish and

fish processing volummadeavailable for food uses hascreased over the period 20€ED11°, which

is likely to be typical of progress in reducing waste over the past 2 decades

Tablel3- Production of fish and seaweed in aquaculture

= ETNE % of whole fish

Head 21
Frame 14
Fins and lungs 10
Guts 7
Liver 5
Roes 4
Skin 3
Skinned fillets therefore 36

Source: Watermax2001)%, reused by Ghaly et al. (2013)

In typical fish processinghe critical early steps are stunning,-diéming and descaling after this,
heads (up to 20% of weight) are roundt or straightcut off the fish; the total wastean be27%32%

at this stageFurther stages, depending on produsmnd market needs, generate increasing amounts
of waste.

87 Scottish Governmen®005 Evaluation of Fish Waste management techniques.
88 Scottish Aquaculture Research Forum (2008) Strategic Waste Management and Minimisation in Aquaculture.
89 Ghaly AE, Ramakrishnan.V. et al.(2013) Fish Processing Wastes as a Potential Source ofri8rodenino Acids and
Qils: A Critical Review Microb Biochem Techn®i 107129 doi:10.4172/194%948.1000110.
% Waterman J. (2001) Measures, stowage rate and yields of fishery produstivisory Note No. 17, Torry Research
Station, Aberdeen, Scotland.
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Tablel14 - Production of solid wastes from different fish processing steps

Stage Waste and discarded materials Total % removed

Gutting fish 5%8% viscera 5-8
White fishfilleting skin 45%, heads 2P5%, frames 249%4% 49-64
Qily fish filleting 40-45% wastes 40-45
Deheading white fish 27%32% heads and debris 27-32
E;'Le““g deheaded white o P T 2030
SRRl MLEh ReIWYAIEY  visceratails, heads, frames 40% 40
Skinning fish 4% skin 4
Cammng solluoLt 25% heads, 10%5% frames 3540
precooking
el RN i) 15% inedible discards 15
Cutting and gutting oily heads and viscera 15%, bones aigtarded meat 10%

= : 25-30
pelagic fish for canning 15%
Pressing oil from cooked 10% residual pressake 10

fishmeal fish

Source: Arvanitoyannis and Kassaveti (2808dapted from Ghaly et al. (2013)

The UK Waste minimisation organisation WRAP noted that >133Kt fish wastég-pratlucts are
generated each year, about 12.7% of total ingtat retail level, 3%8% of product is waste, about
6.8Kt, which is rendered along with meat wastes.

Sometimes it is not clear whether the recorded proportions of waste and the utilisaianbe
generalised from a local or regional report. For example, the amount of primary fish wastes in Victoria
state, Australia, may amount to >11p&r year mainly finfish and shark processing wastel (&),

squid and shellfish (1Kt) and market discaf2i®.5Kt), plus 500 fof scallop shells and viscera and

1Kt wet microalgal biomaSsfrom waste treatment ponds. Material from petfood manufactured in

the state using fish bproducts amounted to >3Kt of processing wastes and >11Kt of discharge sludge.
No highervalue nonfood uses were reported

There is a useful study of {pyoducts in Franc¥; this benefited from access to the 2 fishypoducts

processors operating in France at the time, Copalis and Bioceval. For the peric@ @H)4the

volume offish-processing byroducts was estimated at >215Kt, 0.4% of total landings in France;
discards, to incineration, of unsold, eof-date and defective fish products from food retailers were

estimated at c. 6% of their total food wastes. Heads, tails, foes, frames and viscera that are not

used either direct or partfy JN2 OS 3 a4 SR T2 NJ KdzYl V-LIHRPR&O (1 4 OB RPRAYK:
of fish in addition to conventional fillets and gutted,-deaded, trimmed and prepared fish that can
beeatenbyhl yas &dzOK a4 SRAOGES NRBS&as> OK SIONPARdzG IAAGABNEI
I 2 AR dzaAy3a GKS GSN¥Y WgladSQo

In 2004, OFIMERpublished an estimate of c. 144Kt of-pyoducts produced on French territory
(includes some external territories), ofeh white fish was the source of 40%, salmonids c. 31%,

©o
it

Arvanitoyannis.B and Kassaveti.£2008) Fish industry waste: treatments, environmental impacts, current and potential
uses Int J Food Sci Tedl3: 726745.

WRAP (2012) Sector guidance note: Preventing waste in the fish processing chain June 2012

Gavine F.M., Gunasekera R.M. et(4P99) Valueadding to seafood, aquatic and fisheries waste through aquafeed
development Project No 1999/424 Fisheries Research & Development Corporation, Victoria.

Penven A PerezGalvez Rand Berge.P. (2013 By-products from fish processing: a focus on French industPgrez
Galvez Rand Berge.P. Eds.Utilization of Fish WastdSRC Press 2013 ISBN 9781466585799.

Andrieux G(2004) La filiere frangaise des-pmduits de la péche et de I'aquaculture, état des lieux et analyse OFIMER
2004.
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pelagic fish 15%, sharks and rays 7.5% and other species 6.5%. In 2009, direct questioning of industry
in the West Atlantic coastal area, including fresh fish processors, canneries, smokeries @nd oth
processors, generated an estimate of c. 45Kt eptmducts. This region accounted for c. 47.5% of
French landings in 2009; {pyoducts represented 32% of all landings. Primary fish processors
generated 58% of the total bgroducts, canneries 27% and skeries 15%.

1.6 Uses of fish biomass

In Scotland, e SARF repdftnoted in 2008that the handling of moulities was a concern; ensiling

followed by oil extraction was a new undertaking, and there were no proper facilities local to the main
concentrationoff  Nya o{ O2dflyRQa ¢Said O2lFaituv G2 AyOAYySNI
report, a thorough table of potential destinations for RRM anepbyducts was drawn uprablelbs),

which is still useful

Table15 - Outputs from processing fislwastes

Waste or
discarded Process Commaodity Use
material

Could be processed dwmard if
. . . At-sea .
Fisheries viscera [ - goodmaterials management and
disposal . ‘
appropriatescale equipment

Direct sales Protein hydrolysate  Pig, poultry, fish feeds and petfood:

;2;2'223’ tails Mechanical Fish mince and paste Human _food and petfood dependin
recovery on quality

Fishmeal Oils Pig, poultry, fish feeds and petfood:
processing Oils and fish meals  Pig, poultry, fish feeds and petfood:
Oils Pig, poultry, fish feeds and petfood:
Direct sales Hydroxyapatite Biomaterials, foodupplements

Whole fish Processing Protein meals, Pig, poultry, fish feeds and petfood:

(Category 3 extracts, oils Biodiesel

ABPR) including WW-YsE=Y=Igolo](¢ Biogas energy

bycatch digestion

disposals, shells

?r?r:rirr:glsus Composting fertiliser Agriculture, horticulture

heads, frames

Aquaculture Ensiling,

Industrial products
only ¢ eg biodiesel

Source: SARF (2008)

nlejiN(e=1Eh[o]g% rendering, Solid residues for landfill

2 ABPR) incineration

9% Scottish Aquaculture Research Forum (2008) Strategic Waste Management and Minimisation in Aquaculture.
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The top 10 countries for nefood uses in Europeeported using about c. 95% of the totdlablel6).

Table16 - Non-food uses of fisheries and aquaculture production in Euegy country, 2015

Country Non-food uses

Kt
Norway 618
Iceland 501
Russian Federatior 425
Denmark 416
Netherlands 124
Faroes 124
Spain 67
France 60
Poland 56
Finland 47

SourceFAO (2017)Fishery and Aquaculture Statistics 2015

Some of theseountries appear to be relatively low users, with respect to their indigenous chemicals,
biotechnology and bioactivassing industries, such as Austria 26 tonnes, Ireland 280 tonnes, Belgium
495 tonnes, Greece 1,109 tonnes, Germany 1,403 tonnes, UK b®@dst Countries such as Malta,
Italy, Lithuania, Portugal and Sweden were moderate users fosfomh purposes, in the range of
15Kt- 38Kt er year Although some of these figures may be correlated with fishmeal production for
aquaculture, the reasons fdow uptake may be worth investigating further.

1.6.1 Fishmeal and fish oils

The major use for parts of capture fish not used for direct human consumption is the production of
fishmealand accompanying fish oiBndsuch processing material joins the pelagierigi fish caught
in reduction fisherie¥.

The high usage rate for pelagic fish is entirely due to their processing into fishmeal and fish oils of
various grades, from those intended from human nutritiona testhose for animal feed or for further
processing into extracts or industrial oils. In additi8% of RRM is currently used to make fishmeal
and fish oil of various qualities.

For lowvolume fish processing regions, the range of outputs is otilyle wider ¢ e.g., in County
Donegal, Ireland, the 3 fishing ports landed c. 157Kt fish in 2014, the vast majority pelagic fish
(mackerels, herring, blue whiting and boarffh) main processors produced filleted herring and
mackerel (from c. 30% of theatch), whole cleaned fresh or frozen horse mackerel and blue whiting
for export, and fishmeal. The filleting of 22.3Kt of fish was estimated to produce 8.5Kt RRM (38%),
used as further input into fishmeal production for aguaculture use, ingredientsebfgoed and bait

for lobster and crab fishing, with residual sludge used in the production of horticultural compost.

97 Reduction fisheries are thosstich as Latin American anchoveta fleets, that are dedicated +ichismall pelagic fish
intended solely for fishmeal and fish oil production.

9%  Faulkner N(2015 An Appraisal of Fish Waste in County Donegptil 2015(an activity of ReNEW the Resurce
Innovation Network for European Waste).
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Figure7 - Extent of utilisation of rest raw materials by source
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Source: Jouvenot (2015)

In the Baltic, the chldngesare to handle and manage unwanted catches separately, and the long
(and costly) distances to transport fish to treatment pl&htd smallerscale protein production plant

now existghat can be set up at any port where fish is landed aad alsde installed onvesseldo0

small to carry standardsize fishmeal orfish silage production systenfS. This would be used for
fishmeal and fish oils production and there is a potential, because of the freshness of the material, for
highervalue productsProjected production of fishmeal in 2030 is 7.6Mt, ¢.40% from Latin America.
¢tKS 22NIR . Iyl @PrssuieR183% o fishinal wilvb2 deéved from Rest Raw Material
dwwal0X O2YLJI NBR ¢ A ('R The@ 6ds Den aSi@ddyh dedlingle adotintsrofp:’
fishmeal and fish oils derived from capture fish since 260gufe8)*°.

99 Fitzpatrick Mand Nielsen K. (2016 Year 1 of the Landing Obligation: Key Issues from the Baltic and pelagic fisheries
DiscardLess Policy Brief Number 1 doi:10.5281/zenodo.215155.

100 hitps://hedinn.com/.

101 Msangi S., Kobayashi Bt.al.(2013)FISH TO 2030: Prospects for Fisheries and AquacWiaréd Bank Report Number
83177GLB.

102 |FFQ, quoted in The Marine So&ioonomics Proje@ustainabilityssues in Aquaculture: MSEP Facts & Figures Series 5
the New Economics Foundatiohugust 2014.

103 Carvajal A(2014)Processing of marine oitsfrom catch to final produGtSINTEF Fisheries and Aquaculture Temadag:
Marine lipiderg fra fisk til faerdigvee, 25juni 2014, Aarhus.
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Figure8 ¢ Yields of fishmeal and fish oils 206813

Production

Fishmeal: 5 major producers
2008 2009 2010 2011 2012 2013

{1 000 tonnes)

Perw/Chile 2063 2039 1274 2160 1161 855
ES
Norway 302 274 345 256 140 190
Iceland 251 198 146 134 169 176
Total 2616 251 1855 2607 1801 1477
Source: IFFO
* these figures refer only to IFFO member countnes
Production

Fish oil: 5§ major producers
2008 2009 2010 2011 2012 2013

{1 000 tonnes)

Peru/Chile 459 410 279 450 295 181
[omw ]
Norway 93 79 116 92 50 57
Iceland 81 44 69 67 67 69
Total 633 532 471 612 479 441

Source: IFFO
* these figures refer only to IFFO member countries

Source Carvajal (2014)

Tablel7 - Global production and balance of fish for Europe 20d§ishmeal and fish oils

Production Mt
Total production 17.1
Capture fisheries 14.1
Aquaculture 3.0
Fishmeal production 0.5
Fish oilproduction 0.19

Source FAO(2017); EUfishmeaf*

Most fishmeal is produced direct from small-odh pelagic fishes and, overwhelmingly, the Chilean
anchoveta caught by reduction fisheries. In general, 100% of these fish are used for production of
fishmed and fish oils; the overall contributions of capture fish, capture fiskprogucts and
aquaculture byproducts is shown ifigure9. On averagen the EU, however, more than 50% of the
need for fishmeal is provided by RRM and trimmings from fish procésing

104 http://www.eufishmeal.org
105 |FFQpers. comm(2018).
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Table18 shows the top 10 fishmeal producét$ with China at No 3 for fishmeal productiamd No
1 for both capturdisheries and aquaculture.

Tablel8 ¢ Fishmeal productior2015

S EHES Aquaculture Fishmeal
Mt Mt production Kt
# China 17.6 China 47.6 Peru 852

Position

T

Indonesia 6.5 India 5.2 Thailand 420
USA 5.0 Indonesia 4.3  China 400
India 4.8 Vietnam 3.4 Chile 322
Peru 4.8 Bangladesh 2.1 Vietnam285
Russia4.6  Norway 1.4 USA 263
Japan3.5  Egypt1.2 Denmark 206
Chile 3.0 Myanmar 1.0  Japan 184
Vietnam 2.8  Chile 1.0 Norway 167

10 Norway 2.3  Thailand 0.9 Iceland 153
Sources FAQ017), Seafis{2016% Kt = 18tonnes

Thetotal reductioncatchin 2013consised of 1.23Mt of species not eaten by humarssi¢h asand

eels, Norway pout), 11.8Mt of food grade fish from reduction fisheries (anchovies, capelin, whiting
and sprats) and 6.25Mt of fish rejected fraranventionalcapture fisheries as undersized, damaged

or poor quality®®. IFFO estimated that in 2009, 63% of global fishmeal production was used in
aguaculture, almost equally for salmonids, marine fish, crustacea and other species; 81% of global fish
oil production was u=d in aquaculture, the majority (almost 70%) for salmonids. Use for human foods
is minuscule; most of the balance of fish oil enters pig and poultry feeds. Globally, the trend is to use
more byproducts and to process locally to aquaculture operationghag grow in size and number.
However, the change in pattern of input materials for fishmeal production may result in lower quality,
especially for Asian production, and lower content of om8gtatty acids, as species utilisation
change®®.

Figure9 - The main sources of biomass for fishmeal production

By-product from
aquaculture
9.9%

By-product from
wild capture
19.1%

Whole capture fish
71%

Source: Jackson and Newton (2016)

106 FAO (2017).

107 Seafisi(2016) Fishmeal and fish oil facts and figures.

108 New Economics Foundati¢®014).

109 Jackson Aand Newton RN. (2016) Project to model the use of fisheriesfgmpducts in the production of marine
ingredients with special reference to omegafatty acidsEPA and DHA IFFO & University of Stirling.
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FAOYpublishes estimates of fishmeal production and reports on market dynamics, including catches
and production. Because of the predominance oieéCin reduction fisheries and fishmeal production,
harvests are markedly affected by phenomena such as El Nifio and aquaculture feed market demands.
From 20082013, total production of fishmeal and fish oils declined tremendously, from 2.62Mt meal
and 0.6/t oil to 1.48Mt meal and 0.44Mt oiF{gure8)!'%. In 2016, total production was about 1.6Mt
fishmeal and 0.43Mt fish oif€; Peru, Chile, Denmark and Norway prodabeut 2/3 of total fishmeal

and 60% of total fish oils between them. A price fall in the market in 2016 continued into 2017. Peru
landed 2Mt of reduction fish in the first season of 2017, 85% of the quota, and produced 0.7Mt
fishmeal in the first half of @L7; Chile produced 0.23Mt, both increases on the same period of 2016
(actually, 309% and 64% respectively).

/ 2NNBaALRYRAY3A (2 Ada KAIK AKFENB 27F HiChioshaba FAIK 2
correspondingly high fishmeal demand, of 114M2012,produced fromc. 7Mt of reduction fisheries

catch, plus the use of 0.25Mt dbmesticallyproducedfishmealfrom fish processing bgroducts At

least 3Mt of trash fish (bycatch, discar@slible but not eaten, below size, damaged gteere al

used for direct feeding in aquacultifé There is a potential production ap to 650Kffishmealand

160Kt fish o8 from domestic activitiesThe patterns of no#fiood use of fish in China are not easy to

discern and need further study, especially to wawut the proportions used for energy, agriculture

and highervalue components.

Some of the fishmeal and fish oils production is used for protein, peptides, hydrolysates, oils and
refined oils (high in omega fatty acids) for human consumption but the vasajority is used in

animal feed, especially, though to a decreasing extent, in fish feeds for aquaculture. This is partly
because of problems of collection, storage and spoilage of fish, viscera including livers, and trimmings.

Thetunacatch in 2016 waover4.9Mt® implying that >3Mt of material might be made available for

higher@ £ dzS KdzYl'y YR | YAYlIf @Z28@R¢| dZASOHSAR yDREYEARY
RRM is used as fishmeal and fertiliser except in those countries where e.g. theaheadsd for food.

Lowergrade material can be used to produce ingredients for animal and aquaculture feeds and
petfood.

Fish oils have in the past been used as industrial lubricants and coatings, drying oils in paints and
sealants, components of extrengressure paraffirbased oils, and fabric treatmerté 90% of the

total US production of fish oils in 1966 was menhaden oil, amounting to 0.78Mt, of which about a third
was used in drying oils. But these uses have largely been superseded. Productigmopfasol was

being investigated in the mido late-1960s; most of the use now is after some kind of fractionation

to fatty acids and esterification to promote stability, especially as alkyds; in lubricants for metals; and
there is potential use as a soerof biodiesel and as a feedstock for biomass production of lipophilic
organisms and generation of platform chemicals such as some al¢Ghols

110 FAQ yearbook015), published 2017

111 CarvajalA. (2014).

112 FAO (2017) Globefish HighlighBctober 2017 Issue, with Jdin 2017 statistics ISBN 9985-1300473.

113 ZhaoWand Shentb Hamc 0 ! &GF GA&GAOIt | yifivie-gedr petiodAdueuttuke and FishariesF A & K S NJ ¢
1: 41-49 Dpi: 10.1016/j.aaf.2016.11.001; data derived from FAO and from the China Fishery Statistics Yearbooks.

114 CaoL.et al.(2015).

115 Status of the World Fisheries for Tuna Febry@18), ISSF Technical Report 2608

116 Fineberg Hand Johanson /&. Industrial use of fish 0ild)S Dept of the Interior Fish and Wildlife Servid&ns://
spo.nmfs.noaa.gov/Circulars/CIRC278.pdf

117 Ahokas M(2014)The quality of fish oil and its potential use in the chemical industry Asdjpaoject final seminar 18
September 2014ttp://www.culmentor.com/aguarel/wordpress/wp
content/uploads/WEB_Ahokas_FishQil_Quality. pdf
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1.6.2 Other uses of fish RRM

Fish wastes were historically discarded at sea, used as landfill, or fed to animals, including other fish,
as unprocessed material or processed into fishmeal and fish oils. With tightening controls on land
disposal, anaerobic digestion maybe the first cleofor undifferentiated fish or seaweed materials
whose quality cannot be guaranteed or where there might be safety hazards for human, animal or
environmental useSeasonal variability in catch sizeay also be a factor in preventiegtablishment

of newprocessing systems for valorisiogpture fishRRM This isnostly ensiled (41%), converted to
fishmeal and fish oil (23%), used for oil and protein for-fiesfd (20%) or processed for oils and some
other components for human use (1498) Fish silagecan ke further processed tdfish protein
concentrate for animal feed, mainly pigs (64Kt in 2@i4dorway, or fish protein hydrolysate, for
human food and nutraceutical products and aquaculture feeds (17Kt in 2Uhé)production of
fishmealand other animafeed componentgrom fish byproducts will become increasingly important

as pressure on witdaught stocks grows, from the biological and ethical point of view.

Ediblequality RRM can be valorised successfully for further foodRR& from whitefish filleng and
production of emulsified foods can be exploited to generate fish protein isolates, fish protein
hydrolysate, homogenized fish protein and gelatin for human consumtiofhe resulting fish
proteins can then be used in the production of fresh, étloand salted fillets to reduce drip loss and
increase cooking yield and protein content. In this case, RRM also includes processing water, which
contains fish flesh and proteins, estimated at 1% of the original input by weight, of which about 25%
can be ecovered by drying and separating by vibrating sieve.

Some countries are advanced in their uses of fisprioglucts and discarded material from processing,

notably Iceland (landing obligation from 1977) and Norway (discard ban fully since 1987). In,Iceland

I NI y3dS 2F RSNAODI GAGSE 2F (KS ledthe?aand frork fishiisRilsA a KX C
pharmaceuticals and cosmetics made from bioactive compounds extracted from different parts,
collagen made from fish skin, supplements and proteirslenfrom different byproducts, mineral
supplements made from fish bones, enzymes extracted from viscera, skin and tissue repair patches
made from fish skin, extracts from RRMs made into powder or bouillon (i.e. for making soups and
sauces), silage madeofn viscera used for animal feed or as fertiliser, swim bladder and milt which

FNBE GNIRAGAZ2YLFE LINRPRdAzOGA GKIFG KI @S 0S8y dziAt Al SF

Tilapia production is one of the strongegtowing aquaculture sectoiia the Ameicas and parts of
AsiaPacific RRM from Tilapia are already used for a variety offoon uses?’. Most notably, the

skins are sold as a leather and textile material for bags, purses and garments. Skin collagens are
extracted and used as a substitute fommmalian gelatins in pharmaceutical capsulEkapia scales

have been used as decorative items. Protein meal from Tilapia has also been investigated as a
component of poultry feed.

118 SINTEF Fisheries and AquacultiNew value added products from rest raw material. Protein hydrolysates and lipids
https://www.sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandterinmirdic-pelagic
workshop/11_10083@est-raw-materialsfrom-herring.pdf

119 Arason S Karlsdottir M et al. (2009) Maximum resource utilisatianValue added fish bproducts Nordic Innovation
Centre Project number 04275.

120 vipgarsson.R, Gudjénsson Fand Sigurdardéttir §2015)Deliverable 5.1 Report on current practices in the handling of
unavoidable, unwanted catché&iscardLess project December 2015.

121 Mentioned inSouth GR, Morris Cet al. (2012)/alue adding and supply chain development for fisheries and aquaculture
products in Fiji, Samoa and Tonga: Scoping study for Tilapia (OreochronfidRs@)echnical Report 04/201xstitute
of Marine Resouwres, School of Marine Studies,F$BN: 97882-914310-5.
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Looking at less highuality RRM such as viscera, heads and bones andsnfimm salmon
aquaculturé?? the current usages include fish oilsugrimar, aNorwegian processorcan produce

10Kt salmon oil @r yearfrom 60Kt salmon cstreams r yeal), salmon fishmeal and hydrolysed
protein concentrate Heatprocessed fish wastdsave been tested and used as components of diets
for animals, especially farmed fish and pigs, but thase of materials of animal origin is now tightly
regulated round the world. Frozen fish viscera can be fed to animals, for example, as feed for mink i
Iceland or Denmark®, however, it is only small Icelandic boats that can land their catches daily who
can take advantage of this use for lowastiue rest raw materials. Otherwise, they are ensiled.

Logistics and business casandiffer according to whiher the processor is clmcated with the major
source of cestreams, or has a need for distributed collect®nAkva Ren, ifNorway, collects
biowastes from processors, restaurants, hotels and produces fractionated salmon oils ardted
are acceptabléen fur-farmingbut do not go directly back into human nutritiom France OFIMER
comparedtwo by-products processing planta a studyof the importance of logistics and materials
management for how well bproducts can be valorisé®®: Copalisused65Ktfish byproducts r
year, coming from380Kt primary material from landings and fish products trade olir theorstepin
Boulogneand generated O different endproducts some with high valueBioceval collected 60Kep
year, but from a wide geographic @a, and consequently was limited by logistics and freshness of
materialq its output of fishmeal and fish oils was lalver-value anddestined for aquaculture use.

In France OFIMER in 2004 estimated that c. 53% of fistpimguctsin Francewere converted to
fishmeal and fish oils for animal feeds, 22% of material was used for petfoods, 21% was hydrolysed to
add utility, and only 4% entered highealue market&®,

OfL OS t totdl Ralings of 1.4M#’, the total estimated noffood uses of the catclvas c. 500Kt
(36.5%); fishmeal and fish oil production was c. 120Kt in 2014 (No 3 in Europe after Denmark and
Norway).

Norway is in the top 10 fishmeal producers with Denmark, Iceland and the Russian Federation. In
2014, Norway had over 420 companiesdived in some part of the marine and aquaculture
OA2NBa2dz2NDOSa adzllllX & OKIFIAyasz gAOGK | (2 & thesed £ dzS
are geographically spread, and many are SMEs.

Norway has a large proportion of bgroducts from herringand mackerel fisheries, amounting to
229Kt in 2012, which are mainly used for animal feed or as products after eft&ilirfwe yield of by
product processing includes c. 30Kt oils and c. 34.5Kt proteins. Oils are purified further to produce
about 4Kt omega8 PUFA (polunsaturated fatty acids). Depending on the quality of the oils and
categorisation of the source, these can be used as human nutritional supplements. More of the by
products would be available for human use if the approach were adopted thatisiah byproducts
means treating them in the same way as fish fillets, i.e. as-fpade materials.

122 Seppéla J(2014). dza Ay Saa Ol asS  a-& i NB, Mmiuaré prajett figaFsenfinht8K Sefidetnber 2014
http://www.culmentor.com/aquarel/wordpress/wpcontent/uploads/WEB_Business_case-0®2014.pdf

123 viparsson.R et al.(2015).

124 Seppaldl.(2014).

125 Andrieux G(2004).

126 Andrieux G(2004).

127 FAQ data (2015).

128 Forbord M, FalkAndersson .Jet al. (2017) Current Industrial uses of biological resources and products in Norway: A
crosssectoral view on the bio economy norut Report 12/2017 ISBN82¥B492-358-4.

129 Carvajal A(2014).
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In Norway, 40% of utilised kyroducts are ensiled, oils are extracted and the remainder is used to
produce fish protein concentrate for feeld$ 23% aregrocessed as is for fishmeal and fish oils, adding

to the pelagic fish biomass used for this purpose. 19%, derived from aquaculture, is used fresh for
salmon protein hydrolysate and salmon oils. Som@itmduct e.g. roes enter the human food chain
directly(c. 8%) and a small proportion is used for nutritional supplements and extractSi(reel0).
Overall, 87% us used for animal feeds (49%fésd, 25% fur animal feed, 21% farm animal feed, 5%
petfood), 13% for human consumption and a tiny amount for bioenergy.

Figurel0- By-product use, Norway

By-products used in different productions, % and tons, 2013

21.600t: 4% 3.300t; 0,01% m Fishmeal and -oil production, traditional

Refinement of silage

Feed production to fur animals, frozen

m Oil- and protein production based on fresh |
material (aquaculture)

B Consumption: Seafood products

35.200t; 240.000t; 40%
6%

B Consumption: Cod liver oil, extracts

Other
SourceOwn elaboration fromindustry survey, SINTEF

For Scotland in 2008, thacreasing value of fishmeal and fish oils is seen as a partial brake on further
innovation in adding value to wastes and surplddesSome possibilities are identified but structural
changes would be needed to capitalise on these: betteboard sortingand storage is needed to
supply e.qg. livers of foagrade quality for highevalue liver oils; better methods are needed for meat
removal from skins in order to produce collagens; if markets for fish guts e.g. China are to be accessed,
space to store andrpcess safely ahoard is limited. The potential added value for fish wastes and
discards lies in pressing to extract higlhvatue components, refining of crude extracts and hydrolysis

of materials, to generate minerals, bettguality oils, proteins, peptles and amineacids for human

and animal nutrition, including specialised higiotein foods, and other derivatives such as peptone
powders for lab media and petfoods; thermal treatment of frames to yield hydroxyapatite as a
biomaterial and mineral suppteent, direct extraction of enzymes and proteins from viscera, and
extraction of skins and fins for carotenoids (especially astaxanthins) and otherxatdints, collagens

and guanine for cosmeticd.he conclusion for Scotland was that of the total amoahtc. 190Kt
available material, arising from 2.8Kt aquaculture fish, 160.3Kt fish processing waste and 24.4Kt
landed fish, 100% was valorised. Farmed fish mortalities and fish discarded at sea were recognised as
FRRAGAZ2Y I WKA RRS Yy Qaniifitdi BhezaNdih3ezhnidadaddediud Ndportyh@yl ]
for fish wastes was seen as extracting proteins for human food supplements.

130 RichardserR.et al.(2016).
131 Scottish Aquaculture Research Forum (208&ategic Waste Management and Minimisation in Aquaculture
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In Ching about 12.4Mt (34%) of total available fish, 10.4Mt from fisheries, 24.4Mt from aquaculture
and 2Mt imports, is estilted to enter processing, yielding 3.7Mt (30%) edible fish products, 5.4Mt
(44%) byproducts that might be further processed into human food, animal feed, industrial and
fertiliser products®% and presumably 3.3Mt (26%) of discarded material that mightaberisable in
some waylIn China, processed fish and shellfish products, mainly as frozen foods, surheuyehty
and canned products, processed algae, fish oils and fishmeal, totalled c. 21Mt #2015

Materials not used for human or animal consumption such as aquaculture morts and diseased or
damaged fish from landed catches or aquaculture can be used as is to produce biogas, or balanced
with cellulosic wastes, as at the Biokraft plantNorway, whichadds pulp and paper outflows to
salmon morts to generate liquefied bio g&sFish oils can also be fractionated to generate biodiesel.

2 Invertebrates

2.1 Crustacea

Crustacean iomass is derived from capture fisheries and wild harvesting and from aquaculture and
mariculture. The Food from the Oceangeport of the9 / Q& { OASY (A FA GBAMIRGA OS a
pinpoints a role forcurrently underused species such as laiiltl other planktonic and mesopelagic

crustacea in contributing to the task of findimrd00Mt per year additional food output from marine

capture fisheries and aquacultute meet projected demands for food and biomass from the seas and
aquaculture In particular, they could provide as much as 20% of additional oils and proteins for
aquaculture and farmr@mal nutrition.

2.2 Crustacean biomass types and amounts

Crustacean biomass moduced either by capture fisherieer by aquaculture in freshwater and
marine environments. FAO (2017) gives-tepel estimates of amounts available for utilisafithh
together, c. 170Mt of fish, shellfish and crustacea were landed and harvested in 20835 cvitd
caught, £% from aquaculturéseeTablel9). Sea and ocean fishing predominates faptre fisheries
(81Mt vs 11.5Mt freshwaterhowever,the opposite is true for aquaculture (28Mt marine ¥8&Mt
freshwater). The togevel distribdion of incoming biomass can be seenTiable19-Table21 and
graphically irFigureb, which also shows the Byroducts of harvesting and primary processing

Table19- Production of fish 2015

Total Aquaculture  Capture/wild harvest
Mt Mt Mt
169.2 76.6 92.6
FSC inland Mt 60.5 48.8 11.5
FSC marine Mt 108.2 27.8 812

Source: FAO (2017); FSC = Fish, shellfish and crustacea

12 Cao L., Naylor R. etdl.u nmp 0 [/ KAYlF Q& | |j dz@ Odzt ( dzZNSBiente3aAR621BK 83A3B NI RQa H A f
10.1126/science.1260149.

133 CaolL.et al.(2015).

134 https://www.adven.com/en/newsroom/latest-news/biofuetproductioncanbe-intensifiedbiokraft-and-advenoy-
start-cooperatiorrnorway/?ccm_paging_p_b1853=9

135 European CommissioHigh Level Group of Scientific Advisors (20Ffpd from the OceanScientifc Opinion No.
3/2017, »i: 10.277766235.

136 FAO (2017).
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In capture fisheries, thtop 20 species account for c. 28¥t (30%), of the total of 92.6Mt 2/20 of
these are crustacea.

Table20- Production of crustacea in capture fisheries and wild harvesting

Tvpe Inland W EE
yp Mt Mt

Total FSC 11.5 82.3
0.5 6.1

Source: FAO (2017); FSC = finfish, shellfish and crustacea

In aquaculture and mariculture, the top 20 species account for c. 46Mt (60%) of 77Mt harvest; 4/20
are crustacea.

Table21 - Production of crustacea in aquaculture

Tvpe Inland Marine
yp Mt Mt

Total FSC 489 57.1

Crustacea 7.4
Source: FAO (2017); Categories not split between inland and marine in original

2.3 Geographic sources of biomass

China has a commanding position in supply of bionfasNBE O2 Ay A&ASR |4 GKS 62NI RQ
processor, exporter and consumer of fish and shelfffsits aquaculture output was c. 50Mt in 2015,
including4.1Mt crustacedc. 8%)

In 2015, the; { ! tBtal production was 5.4Mt, mainly fisheries catch of c. 5Mt (fish, molluscs,
crustacea) and just over 0.4Mt aquaculttie Other sources put total fisheries catch at >4.3®¥tc.
88% was finfish and c. 12% shellfiglith aquaculture productiorof c. 0.3Mtof fish and shellfish,
mainlypondraised catfish.

For 2013Zero Waste Scotlandn the context of a roadmap and strategy for better use of biofitgss
reported aquaculture productionof 176Kt,of whichshellfishconstituted 7Kt (4%), andandingsof
314Kt of whichshellfish and crustacea weB8Kt(17%).

Before 2005, the estimate of waste production for Scotland was c. 77Khaialy frompelagicand
demersalish, but includingt.7KtNephropsvaste In 2010 c. 120Kt wastes were derived from crabs
and Nephropsin UK42% however, most prawns and shrimps are processed outside UK and imported
in-shell or deshelled already, so their contribution is minimal. There is no data fepro#uced or
processed stimp.

Zero Waste Scotland estimatedydatch in 2013 was183Kt257Kt (58%82% more than actual
landings), which could have been landed and made available for addad industrial use with
appropriate onboard technologies and fidlanding policiesplus inputs of fishand shellfishto

aquaculture feedsat 238Kt Total h-processing wastefor landed fish and aquaculture produce

137 All data in this section derived from FAO (2017) except where otherwise stated.

138 Cao L. et al. (2015).

139 FAO (2017).

140 Delaware Sea Granf2018 Overview of the Seafood Industnhttps://www.seafoodhealthfacts.org/seafooed
choices/overviewseafoodindustry.

141 Zero Waste Scotlan@015 Sector study on beer, whisky and figtinal report ZWS&!

142 7ero Waste Scotlan@015 Sector study on beer, whisky and figtinal report ZWS645

143 Zero Waste Scotlan@015)Sector study on beer, whisky and figtinal report ZWS645
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were estimated at 185Kt, includingslfirprocessing byproducts and discarded material 160Kt and
shellfish wastes c. 25Kt.

2.4 Biomas with potential for nofood uses

The world production of fish, shellfish and crustacea in 2013 was 163Mt, capture fisheries and
aquaculture combinett; of this, 21.4Mt was estimated to be for ndood usesi(e. 13%3}>d / KA Yy | Qa
production alone was estimatl at 60Mt, of which 3.4Mt was for neiood uses (5%6%); the global

ex-China proportion of notfiood use is 17.5%.

Estimates of the volumes of fproducts are available for Norway from 204% from 31Mt of fish
and crustacea from catches and farmin@Nt of by-products were obtained, a yield of 28% overall.
Some of the estimates are based on widatcepted splits between edible elements anddrgducts,
such as for crustacea, 50:50. The relative percentage contributions to oveq@ibtiycts estimates
are capturefish 60% aquaculture 39%; and crustacea 1.4%.

Table22 Estimates of catches and harvests and resultinggrpducts, Norway, 2013

Demersal
fish

Pelagic fish Aquaculture Crustaceang

Basis for by
products (live 3.066.000
weight)

A7 867.000  340.000  178.000  336.000  12.500
products

775.000 965.000 1.301.000 25.000

Available by
products as share
of basis for by
products

28% 44% 18% 26% 50%

{ 2dzNDOS htl FaSy Si-LINE R dzaOs anidial liomas@ G F &8 A a F2NJ oé

2.5 Uses of crustacea biomass
For crustacea, RRM includes tttgtinous shells and thi¢esh left inside the carapaces.

ForNephrops discard rates were 5%46% in North Sea in 2011, in areas where minimum carapace
length is 25 mm, and >40% wigeminimum landing size is 40 mm; a similar wide range was recorded
in 2013, as high as 65% in snsalhle fisheries-or crustacea thestimate of unused byproductsis
59%64% mainly due to absence of easy processes for adding value to'$Hélls

Even ifRRM are available, they may be unused: Richardsext (2016) report that thenon-usage
rate for RRM frontrustaceavas71%

144 FAQ (2017).

145 According to the Food Balance Section of FAO Hand28d/).
146 QlafsenT.et al.(2014).

147 QOlafsenT.et al.(2014).

148 Carvajal A(2014).
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2.5.1 Postharvest losses

CKS ''YQ{ 21adS AYyAGAIFIGADBS 2w!t NBLR2NISOBKEY HAMM
350Ktwas regarded as needible, of which 140Kt were waste and-pmducts (including retail

wastes), with 105Kt arising from finfish and 29Kt from shelffismost of the material arising in the

shellfish area is regarded as unavoidable waste the conclusia from surveying the industries was

that avoidable wastes generated by processing are low.

2.5.2 At-sea process discards
At sea, >50% dfephropsmay beremoved as heads and clai?%s
2.5.3 Usef crustacea

In 2004, UK wastes were estimated at >300Kbp&80% of this s finfish wastes, 20% shellfish &
crustacea. The finfish wastes were mainly valorisable through production of fishmeal, and the logistics
of collection and processing were webBtablished. Shellfish and crustacean wastes were more
difficult to handle beause of the amount of shells, and disposal was the usual management choice,
costing an estimated £2.7 milliod € 0 Y pef yedr® yhé harvesting and primary processing
industries. By 2006, landfill had been withdrawn as an option for uncooked dhmelifistes, and
treatment of wastes to produce fertiliser or soil improver was seen as the best and most economic
option, particularly composting.

Nonfood uses forcrustaceapresentschallengesbecause ofthe high proportion ofexoskeleton.
Crustacearwastes already provide higlialue materials, including chitins, chitosans and carotemoid
such as astaxanthjand very higkvalue laboratory reagents fromg shrimp meltwater.

In Scotland, a proof of concept project showed that flesh separated from wsstls including
crustaceagcould be formed into baits for crabs, lobsters and whelks (seafood processing materials are
legally usable for baits in the UR) Atthen-currentbait prices of £400 € n-£6G00 € c/torme, the

bait required would be about-8Kkt per year for the estimated catch of 3@5Kt of crab, lobster and
whelk, giving a total potential value of b&ibm shellfish RRMf c. £3 € o£88.600e ondiliibr.

Planktonic crustacea are of increasing interdgtll can be harvested and processedsaf using
heating and pressing, to produce oil and meal; oils and other fatty components can be used for food
or feed, or if not of edible quality standards can be used for coatings, paints, lubricants, surfactants
and highperformance paraffin$=.

2.6 Molluscs

Molluscs consist of a wide range of bivalve and sisgkdled aquatic organisms, including mussels,
oysters, clams, scallops, abalone, whelks and other gastropods. Astlogiic speciesthe 9 / Qa
Scientific Advice Mechanis(®AM}>* sees them as a corlutor to meeting the food needs of the
future. In capture fisheries, molluscs are not included in the top 20 species, but 3/20 of the top
aguaculture species are molluscan

149 WRAP (2011) Resource maps for fish across retail & wholesale supply chains Project cod®@®RIS&ERC06003.

150 Seafis2011)Fish Waste Production in the Unit&ingdom

151 Reported in ADAS (200Bgview of the application of shellfish-pyoducts to land SR586 Seafish 2006BN 0 903941
49 X.

152 Seafis(2008)Use of shelfish byproducts in bait.

153 Ahokas M (2014).

154 European Commissidiigh Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017
Do0i:10.277766235.
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Table23- Production of fish and seaweed in aquaculture

Tvpe Inland Marine
yp Mt Mt

489 57.1
44.1 2.9

Fish diadromous 5.0
Crustacea 7.4
Molluscs 16.4

Source: FAO (2017); Categories not split between inland and marine in original

Scotlandis a specific case withthe UKas themain aquaculture producgialmost 170Kt fish in 2011,

about 95% salmon atea and 5% trout ofand™>® as well as having major capture fish landirfgmsr

2013, Zero Waste Scotland, in the context of a roadmap and strategy for better use of Bi§mass

reported that c. 10% of theguaculture productionof 176Ktwas shellfish and about 17% of the

landingsof 314Kt though the data does not separate molluscs and crustae2008, the wastes

from mollusc fishingn Scotlandvere c. 75Kt ger year: 20Kt flesh an®5Kt shell¥’. Difficulties were

noted in making use of this, due to hygiene and the costs of separation, though shells have been
aSLI NFGSR FTNRBY FfSaK 604aFNBS 27 Tt SaK-20Kknddteseé 0 T2 N
were derived from abs andNephropsin UK;Zero Waste Scotland in 2013 estimattdal in-

processing waste®r landed fish and aquaculture produae185Kt, includinghellfish wastes c. 25Kt.

Sometimes it is not clear whether the recorded proportions of waste andutiisation can be
generalised from a local or regional report. For example, the amount of primary fish wastes in Victoria
state, Australia, may amount to >11Kerpyear; though this is mainlyinfish and sharkvastes or
market discards;. 10% of this isquid and shellfislvastes, plu$00 n¥ of scallop shells and viscera

2.6.1 Uses of molluscan biomass

In Scotland,lte SARF repdffin 2008 noted norfood uses of shellfish wastes as part of their analysis
of the potential for better use of aquaculture wastdsaple24).

Table24 - Outputs from processing shellfish wastes

Waste or discarded

: Process Commodity Use
material

Shellfishflesh Composting, AD Digestates and residues as liquid
wastes heat-treatment fertiliser and solid soil improver
Shellfish shell Heat treatment, Aggregate, cement; lime fertiliser;
wastes crushing Calcium source for eg laying hens

Shellfish viscera Extraction Enzymes S C el S )
eg proteases

Shellfishand Crushing,
crustacearmmixed binding, Baits Whelk harvesting
wastes moulding

Source: SARF (2008)

155 MeachamT.(2014).

156 Zero Waste Scotlan@015 Sector study on beer, whisky and figtinal report ZWS645.
157 Seafis2008 Use ofshelkfish byproducts in bait.

158 Scottish Aquaculture Research Forum (2008).
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Nonfood uses fomolluscgpresentschallengedecause othe high proportiorof shell, which is most

likely to be used as landfill, where this is legally possible, or crushed to provide calcareous fertiliser
and soil improverMolluscan shell wastes do not provide anything like the tiglue chitosans and
glucosamines obtainableom crustacean shells. They have been used as aggregate febuddahg.

In Scotland, flesh from wastaollusc and crustaceashellshas been used dsait for crabs, lobster

and whelkswith a potential value of £3.5M06 € eB®)per yeat™®. Several iitiatives round the world

exist to turn ground mollusc shells into fertiliser, soil improver and material that might have some
pesticidal properties.

2.7 Cephalopods

The percentage of RRM available from cephalopods vadesrdingto type: octopus produce owl

10-20% biomass for nefood use, squid 20%40%, sometimes as high as 52%. Octopus RRM consist

of ink sacs, viscera, eyes and beaks; squid RRM also includes skin, fins, the head and tentacles, the
internal support (the squid pen) and liver (male squid mikaten as a delicacy in East Asia); cuttlefish

in addition have a more substantial internal support, the cuttlebone.

2.7.1 Usewf cephalopods

Octopus RRM (viscera) have been converted into a histamine and tyfosgwmicrobe count
material using micrbial fermentation and ensiliféf. Cephalopod meat is used as bait for sport and
commercial lindfishing. Inks are used as natural pigments and as flavourings for e.g. pastas.
Cuttlebone is used as a natural calcium supplement for pet birds and other peisl. 8ns, squid

skins and sucker ring cartilages may be used as sources of chitin/chitosan and collagens; nutritional
and pharmaceutical ingredients such as highega3 fatty acids, taurine, anttiancer peptides and
protamine can also be isolated fromadrs, viscera oil, ink and nifit Squid Rest Raw Materials can be
hydrolysed as for fish trimmings to produce a liquid fertifi€er

3 Seaweeds & microalgae

3.1 Seaweeds

There is considerable pressure to improve biomass availability by a combination of chaiigfgagn

and aquaculture focus and reduction in wastagbe Food from the Oceanseport of the9 / Qa
Scientific Advice MechanisfBAM}®® and the evidence reviewby Science Advice for Policy by
European Academies (SAPER)inpoint seaweeds as being a contributor to satisfying the projected
>100Mt additional biomass demand for human food in the next 20 years. This is partly a direct
contribution to more effective production, as lowsophic organisms, and a contributor of 50% of

the estimated alternative sources of oils and proteins needed for aquaculture and farm animals.

1!

a

9 Seafish(2008 Use of sheffish byproducts in bait.

160 Harrabi H., Leroi F. et d2017) Biological silages from Tunisian shrimp and octopysdnucts J Aquatic Foo&rod
Tech 26(3)Doi: 10.1080/10498850.2016.1145160.

161 Kim SM., GangneungVonju National University, Republic of KoreReduction and Utilization of Squid Wastes
http://www .fftc.agnet.org/library.php?func=view&id=20150106145750

162 Seehttps://www.ams.usda.gov/sites/default/files/media/SquiiR011216.pdf

163 European Commissidigh LeveGroup of Scientific Advisors (2017) Food from the Oc8aientific Opinion No. 3/2017
Doi: 10.277766235.

164 SAPEA (2017BAPEA Evidence Review Report No. 1: Food from the Odegms//www.sapea.info/wp

content/uploads/FFOFINALREPORT poif 10.26356/foodfromtheoceans.
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3.1.1 Biomass amounts of seaweeds

FAO (2017) gives tdpvel estimates of amounts available for utilisafi®fnc. 31Mt aquatic plants,
mainly seaweedwere produced in 2015, 1.1Mt wildarvested and 29Mt from seaweed farming.

Table25 - Production of fish and seaweed 2015
Type Aquaculture Capture/wild

Mt harvestMt
29.4 1,11
of which
Inland 0.1 -
Marine 29.3 1.1
SourceFAO (2017); FSC = Fish, shellfish and crustacea

About 1.1Mt wet weight seaweed is wilthrvested; there is no information on the destination of this
amount, or how much beached seaweed might be recoverable for industrial addad uses world
wide.

Production of macreand microalgae is much higher in aguaculture and mariculture than wild
harvested: the estimated harvest of farme@asveeds (brown, redand green is 29.4Mt, for
microalgae, an estimated 16.7Kt dry mass of species usetefithfoods,nutritional supplements
andantioxidant pigments for humaand animas, mainlyDunaliella Spiruling Haematococcuswvas
producedin 2016°.

3.1.2 Geographic sources of seaweed biomass

Again,China has a commanding position in supply of biomiable26 shows thatit is at No 1 or 2
for seaweed productionEuropean countries are in the top 10, but only for wiltvesting of
seaweed

Table26 - International landscape oseaweedproduction 2015

Wild-harvest Farmed seaweeds
seaweeds Mt Mt
Chile 0.35 China 13.9

Position

_
China 0.26 Indonesia 11.3
Norway 0.15 Philippines 1.6
Japan 0.09 SouthKorea 1.2
Indonesia 0.08 North Korea 0.5
Ireland 0.03 Japan 0.4
France 0.019 Malaysia 0.26
India 0.019 Zanzibar 0.17
Iceland 0.017 Madagascar 0.015
Solomon Islands

Peru 0.015 0.012

Source FAO(2017)

165 FAQ (2017).

166 Algae Market, By Application, By Cultivation Technology, and Gdogr&lobal Industry Analysis, Size, Share, Growth,
Trends, and Forecast- 20162024 Report ID TMRGL14804 Transparency Market Research 2016
https://www.transparencymarketresealtccom/algaemarket.html
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Norwayis No 3 in the world for wiktharvested seaweed after Chile and China
In 2015 Chinaproduced2Mt algae. It is also a massive consumer of seaweeds.

The FAO databagws only generdahformation for production or harvesting of seaweedsd none

for some countries such &ise UK, for which there arao other comprehensive estimates of seaweed
production including wileharvested, farmed and storroast®’. The total wild harvest irthe UK was
estimated at c. 6Kt in 2032, the UK macroalgai@dustry of 15 SMEs had a turnover of cOFL M®P M H 0
£1.3 € m dmillord. Beackcast seaweeds, unquantifie@mounts are used mainly for soil
improvement and fertilisatiof®. Another estimate puts drweight harvest at BKE this is
equivalent to wet weighof 20-30Kt in the same range &stimates forsustainablénarvestable stocks

of 15-25Kt yield pr yearfrom c. 170Kt in the Outer Hebrides (Burrogisl. 2010)"%.

3.1.3 Seaweed potential for ndood uses

FAO data (2017) gives the weight of wilarvested seaeeds as 1.1Mt and farmed seaweeds as 27Mt.
This is wet weight; some sources of information do not specify whether the weights they mention are
wet weights or dry weights.

Macroalgae (seaweeds) mainly enter the human fabdin, but also have large establed markets

for processed food ingredients, as valuable marine hydrocolloids, andamohuses in farming,
animal nutrition and increasingly for bioactive moleculese(Figurell, which gives amounts in dry
weight)!’2 There is a drive to increase production of farmed seaweed to develop new uses, including
ingredients for human and animal nutrition, biomass for production of bioenergy and biomaterials,
and sources of bioactive molecules so far not widely exploited.

Figurell - Seaweeds inputs and processed seaweed products 2010

SEAWEED PRODUCTS MARKET VALUE EAW MATERIAL FINAL PRODUCT
(Millian USS) Quantity {t) Valwe (LISS/E) Quantity {t) Value (LSS /L)

Carrageenan 527 400,000 1,400 50,000 10,500
Alginare 318 460,000 950 26,500 12,000
Agar 173 125,000 1,200 9,600 18,000
Soil additives 30 550,000 18 ~510,000 20
Fertilizer (seaweed extract) 10 10,000 500 1,000 5000
Seaweed meal 10 50,000 100 10,000 500
Pharmaceuticals, cosmeceuticals,

nutraceuticals, bioactives, etc. 5 3,000 Mot known &00 Mot known
TOTAL 1,073 1,598,000 607,700

Source: Nayar and Bott 2014

167 Capuzzo Eand McKie T(2016) Seaweed in the UK and abragstatus, products, limitations, gaps and Cefas rGlefas
contract report FC00222 April 2016.

168 Viking Fish Farm Ltd(2012. UK macroalgae industry. Postepresentation, Interreg program Netalgae
http://www.netalgae.eu/uploadedfiles/UK_1.pdf

169 James NMA. (2010) A review of initiatives and related R&D undertaken in the UK and internationallgiregtire use of
macroalgae as a basis for biofuel production and other-fomd uses relevant to Scotland. Report commissioned by
Marine Scotland.

170 SchlarbRidley Band Parker B(2013)A UK Roadmap for Algal TechnologiSRETSB Algal Bioener@IG.

171 Burrows MT., Macleod M and Orr K(2010) Mapping the intertidal seaweed resources of the Outer Hebrides SAMS
Internal Report No 269 SAMS/Hebridean Seaweed.

172 Nayar Sand Bott K (2014) Current status of global cultivated seaweed production and ete/orld Aquaculture
June 2014.
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In Ireland and France, a heaviglcified seaweed, maerlPfymatolithon calcareum and
Lithothamnion glacialg is dredged and used as a soil improver and a nutritional supplement for
humans and animals; maerl beds are increasingly being protected, with bans on commercial
exploitation.

80% of the seaweed farmed or harvestednr the 30 or so species commonly used is directly
consumed as food or processed for food ingredients such as flavourings. 20% is used for its
hydrocolloid content (agar, alginates and carrageenans), with a long history as ingredients in foods,
microbiology media, pharmaceutical excipientspsmetic ingredientsyesearch reagents, water
treatment flocculants and other specific uségprox. 1Mt wet weight of seaweeds yields 55Kt of
hydrocolloid$’. Derivatised hydrocolloids and other components of seaweedh as phlorotannins

and fucoidans have also been used in cosmetics, cosmeceuticals and nutraceuticals. Some seaweeds
are used for animal feeq Norway pioneered the use of seaweed meal in feed; it takes 5kt of wet
seaweed to produce 1kt of dried and millegkal. Seaweed is also usedgriculture and horticulture

dried and applied as fertiliser or liquefied as an extract; it takes 10kt wet weight to yield 1kt extract
Residual material may be processed for its content of phlorotannins and other bioawneslients

and is then suitable for anaerobic digestion. Newer uses might include production of biochar and
pyrolytic conversion for biodiesebr deliberate use within multitrophic aquaculture systems as
remediators of nutrient ovesupply,and there arealsomoves to establish seaweed biorefinesiét

Ad RATTAOdA G (G2 aSS oKHASERISHABNBAt ATOWYIasSodRy

examples might be the residues from extraction of hydrocolloids; and stortidal-cast seaweed.

More optimistically, it has been proposed tha¢aweed farming be intensified to yiek®DOMt dry
weight per year by 205374 This amount coulgroducel50Mt of algalprotein for animal feeds, and
c. 15Mt of algal oil, with positive impacts on the marine emwvinent through removal of 135Mt
carbon, 10Mt nitrogen and 1Mt phosphorus and on the terrestrial environment by spa¥ign® of
agricultural land. However, in 2015, c. 27M tonnes wet weight of seaweed were produdeds
difficult to see how and whersufficientwet weightto produce500Mt dry weightmight be farmed
even if the estimate is that only 0.03% of the surface area of the oceans would be needed

3.2 Microalgae

3.2.1 Biomass amounts of microalgae

Production of microalgae is much higher in aquaculturd amariculture than wileharvested. An
estimated 16.7Kt dry mass of species usedhialthfoods, nutritional supplementand antioxidant
pigments for humas and animas, mainlyDunaliella Spirulina Haematococcuswas producedn
2016 The global marketis projected to grow in value by 7.4%rpyear between 2016 and 2024,
from $0.6B6 € n d$1.1B6 € n dadu indvolume by 5.3%epyear to reach 27.6Kt dry weight.

3.2.2 Microalgal biomass with potential for néood uses

Microalgae are not usually widarvested and there are no estimates of the total mass of wild
microalgae that could be utilised. Farmed algae inclienaliellaand Spiruling used for their
carotenoid, antioxidant and pigment content as powdered wholgamisms or extracts, cultivated in
ponds or raceways in warmer and sunnier countries. These and other microalgae are currently under
research and development for water remediation, production of algal oils (replacing fish oils),

173 McHugh 0. (2003) A guide to the seaweed industFAO Technical Paper No. 441.

174 Seaweed Aquaculture for food security, income generation and environmental health in tropical developing countries
World Bank Group.

175 FAO (2017).

176 Transparency Market Researg016) https://www.transparencymarketresearch.com/algaearket.html
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production of algal proteis for animal and human feeding, and highergy oils for biofuels.
Microalgae requireopen ponds withaccess to sunlighphotobioreactorswith daylightwavelength
artificial lightor fermentation vessels with added nutrients

The major uses are oil production for biofuel, docosahexaenoic acid for nutritional and pharmaceutical
uses, residual proteins and carotenoid aoxidants. Algal biomass provides c. 42% of current biofuels
including biodiesel, fuel alcohols, kerosene gidfuel. In 2015, c. 54% of the total market revenue
came from DHA sales. Production is mainly-teshnology; open ponds, concentrated in subpical

regions and zones of high sunshine, provided almost $0.8Bn ®proeuctisales. Photobioreactors

and fermenters are a growing segment mainly dedicated to higreue products. North America,
which houses >130 companies active in microalgal production and processing, has developed this
position due to heavy investment in biofueisone tonne of algae yids >100L biodiesel. In other
regions, algal systems are emerging for wastewater processingCamdapture anduse. Algal
bioplastics are also being developed.

Because of the costs of establishing lasgale facilities, the concept of algal biorefinengsliriving

the use of microalgae in the Circular Bioeconomy. Therefore, the focus is already on making maximal
use of biomass and it is probably premature to try to consider what proportion of microalgal
production is being neglected, that might be avaiéafor other valueadded usesAlthough nutrient

rich waste waters may contribute to nuisance and harmful algal blooms, there is increasing interest in
the potential of controlled microalgal systems to recover water to industrial and evenpwable

guality. Data for several fish and shellfish processing activities from Canada suggestiolibgical
oxygen demand (BODnd total suspended solids are far higher than for meat rendering and
household wastewater outflows$’; this would make them good candigst for microalgal
remediation.

Table27 ¢ Typical wastewater discharge characteristics

1801280  80-815 6-13
5301240 240660

271775 7-1550 20
33500 7955

34000 54000

3973082  40-1600 42
61 8 2
22 64 8
220 220 25
20 20 20

Source: Park and Thomg003

Microalgae can be used for water remediation of processing plants, but there are inevitable residues
to deal with, e.gin Victoria state, Australidhe management of11Ktfish wastespa involves the
production of1Kt wet mcroalgal biomass frorthe waste treatment pond<® Material from petfood
manufactured in the state using fish4dpyoducts amounted to >3Kt of processing wastes and >11Kt
of discharge sludgebut there is no mention of whether microalgae were used for remaigoh or
digestion.

177 Park Land Thomas T2003)Management of Wastes from Seafood Processing
http://coinatlantic.ca/images/documents/presentations/46mfpw. pdf

178 Gavine F.M., Gunasekera R.M. et(&4P99) Valueadding to safood, aquatic and fisheries waste through aquafeed
development Project No 1999/424 Fisheries Research & Development Corporation, Victoria.
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4 Currentpractices and the need for innovation
4.1 Introduction

Seafish and Cefas commissioned a report in 2012 that examined what might be done with fish not
used for human consumption that would now be brought to port because of thergnabligation,

rather than being discarded at s&& This confirmed that the existing opportunities for utilising
discards not fit for human consumption, reduction to fishmeal and fish oil, ensiling, composting,
anaerobic digestion with energy recovery dafineezing (prior to use as bait), were the likeliest to be
used by existing processors. Apart from the potential uses of fish oil in the oleochemical industries,
high-value industrial uses were not consideréthe general view for finfish is that the laeg potential

for by-product valorisation lies in better utilisation of the wastes from-tmard processing’.
Therefore, there is some way to go in overcoming entrenched attitLilesiovative approaches are

to be developed and taken up.

It is recognisedhat there is a need for improvement in the management of aquatic and marine
biomass, for both food and neimod purposesin October 2016, thd&europeanCommissionDG
Research & Innovatiofeld a workshop on making better food use of marine and aquaalt
biomass and the steps needed to achievefhighe three main topics were Underused fish biomass,
New algae value chains for food and Consumer acceptability of aquaculture products. This workshop
could beamodel for one focusing on neimod uses ofish, shellfistandseaweedsand new norfood

uses for microalgae, organised by DG MARE

The World Bank projectid#tis that, by 2030, total fish supply will be c. 187 million tonnes (Mt), 50:50
capture and aquaculture; c. 152Mt will be used for human constion, 58Mt of 93.2Mt capture fish

(c. 62%) and 93.6Mt aquaculture fish (100%), leaving 35Mt of catch available for further processing
for nonfood usesiqcluding fishmeg| an increase of 16% biomass volume since 28§8aculture is
expected to show th greatest growth in supply, with production increased by >75% over y&&r+

period and consumption almost doubling, but the World Bank expects all of the aquaculture
production to be used for human food (s€able28). In this scenario, development of additional ron

food uses is dependent on the gap between a small increase in landings from capture fisheries and fall
in their overall consumption. This in turn sugge#iat the influence points in the value chain are in
processing the catch and in managing consumption.

Table28 - Projections for capture fisheries, aquaculture and consumption in 2030
Total supply (Mt)

Total consumtgion (Mt)
Source of fish 2008 Projected Growth 2008 Projected  Growth
t0 2030 % to 2030 %

89.4 932 +4.2% 64.5 58.2 -9.0%
52.8  93.6 +77% 47.2 93.6 +98%
142.3 186.8 +31% 111.7 1512 +35%
306 356 +16%

Source: adapted from Msangi et al. (2013)

179 Mangi SC. and Catchpole .L (2012) SR66¢ Utilising discards not intended for human consumption in bulk ostlet
Cefas and Seafish ISBN 9780663467-4.

180 Jouvenot L(2015).

181 Aquatic food products and new marine value chajmsinforcing EU Research and Innovation policy for food &
nutrition security. Report of a workshogU 2016
https://ec.europa.eu/info/sites/info/files/conferences/food2030 2016/w2_aquatic_food new_marine_value chains f

ull_report.pdf.
182 MsangiS.et al.(2013).
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Black Seas and landlocked aquaculture areas between Russia and China) increase by 8.5% from 14.6Mt

in 2008 t015.8Mt in 2030, when they represent 8.45% of the total. Comparable figures for China and

for the rest of Asia, including Adracific, are an increase of 40% to 70Mt and 60.5MteeBpely,

representing 37% and 32.4% resp. of the total. The majority adymtion, and of biomass available

for nonfood uses, may thus take place in parts of the world where EU policy is not influential, which
represents an additional challenge.

Given that in some fish, up to 70% is RRM (e.g. tuna), additional ingenuitybeoaldplied to the
material other than turning it into fishmeal and fertiliser. The head may occu620 of the fish, the
viscera including guts and roes a further 1P%86 of whole fish. Gutted fish is 62% edible flesh,
including 46% skinless fillet, bigt still 38% wastes. Headless fish may have >50%-aaalije meat

(37% loin, 18% fillet), but there are still frames and dark meat 18%, viscera 13%, belly 6%, and frame
scraps 8%.

Consumer behaviour is often cited as a reason for slow rate of changgciars where change is
needed for improved use of resourc&gonsumption patterns show that consumer preferencas
change over a period. In the US, for example, annual consumption of aquaculture salmon tripled from
0.3 kg per person to 1 kg in the pattia9962016 andannualtilapia consumption rose from c. 0.2 kg

per personeach yearto c. 0.7Kg between 2001 and 20%0 With landing obligations and other
instruments bringing unfamiliar species to laaddprojected increases iaquaculture output target,

there will be increased biomass available, where ingenuity and madagitatiors will be needed to

make use of any materials not entering the human food chain directly.

4.2 Structural challenges
The main structural changes that are require for progressaof marine and aquatic biomass are:

9 Better and more consistent information about biomass types and sources;
9 Technological innovations for processing and vgdueservation of biomass;
1 Policy frameworks that support supply chains in developing and magkeew products

Improving the efficiency of capture fisheries requires radical change such as removing overcapacity in
0KS ¢2NI RQa TFTAaKAYy3I Tt SS Gexpgbitatfory ltéArasaing Ihe Walagce ISY Sy
between the value retained by the captubeisinesses and that retained by the processers, retailers

and aquaculture producers (estimated to be a 20:80 split of a $400B. ® S foddish marked),

and improving access to and use of undsed speci¢§®. Losses at production level due to stru@hr

problems are estimated atamean of $50B no . 0 . LISNJ & S| NJ

Policy changes that incorporate technological changes to capture methods and fishing equipment may
be needed to deal with some structural challenges to reduction of discards. Historical figuties

North, Celtic and Baltic Seas and west of Scotland show the scale of loss of biomass to fulther use
For cod, in 2011 overall 25%6% of total catch was discarded, mainly due to undersize/undegage

the majority of discards from-2-yearold fish. For the Celtic Sea, 35% of a total catch of 7.3Kt was
discarded (est. 9% in 2013); west of Scotland, 92&84athl catch of 6.4Kt was discarded (80% of 1.5Kt

183 Delaware Sea Gran2018 Overview of the US seafood supphitps://www.seafoodhealthfacts.org/seafood
choices/overviewus-seafoodsupply.

184 Willmann R Kelleher Ket al. (2009 The Sunken Billions: The economic justification for fisheries refdine
International Bank for Reconstruction and Development/WoahiBDoi: 10.1596/9780-8213-7790-1.

185 Green K(2012, 2013, 2014CES advicecommentary on discardSeafish
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in 2013); the Irish Sea 36% of 324Kt in 2013; the Baltic Sea, about 7% of the cod catch was discarded,
but unwanted flatfish (unquantified) are also caught in trangts. For haddock from Celtic Sea and

west of Scotland, discard rates ranged from 288%0, except in Irish Sea frddephropdleets, where
haddock bycatch discards were as high as 9820% of fish aged-2 years, due to the type of gear

used; discard rates (unquantified) in 2013 were the lawasrecord in parts of North Sea, west of
Scotland and Skaggerak, but increased or remained high in Rockall, the Irish Sea, and other areas,
seriously impacting young stock for following years. Hake discards from the recorded fisheries are
mainly the resit of young and undersized fish, doatch and mismatch between net mesh sizes and

fish sizes and reached 17% of est. 109Kt catches in BO@laice, mismatch between mesh size and
minimum landing size also results in high to very high discard rat&§%¥0%.The multiplicity of
reasons for discards, en¢hough the overall rates may now be falling, means there is not likely to be

I w2yS &A1 S FAGa ffQ 2L NIdzyAideod

TheEU Aquatic Food Products workshop (2016) recommended a number of initiatives gptnasia

areas, includingroducing a roadmap, supporting regional pilot plants at sewiistrial scale and
funding larger regional bicefineries or algal lighthouse projeét$ Discussiomlso mentioned a need

to better monitor the types and amounts of mae andaquaculture biomass that might be directed

to added value uses and the impact of rules such as management of Category 2 materials and the CFP
landing obligation regulations.

It could be realistic to recommend that consideration of ffond uses ofishery and aquaculture
biomass is always included in discussions of policy, regulation and development when food uses are
being considered. This would, for example, have made the Strategic Guidelines for the sustainable
development of EU aquacultu® more relevant in the context of the Circular [Blue] Bioeconomy.

An analysis of Pacific tuna fisheries noted a number of structural aspects of enbatittte full value

of wasted or undetused materialcould be retrieved®. These includectonsistent quantityand
geographical concentration of gyroducts; suitable type and quality of fsyoducts for their proposed
applications; suitable infrastructure to maintain quality and facilitate market access; the ability to
comply with sanitary standards; the financtalpacity to invest in value adding technology; and the
availability of research and development to support decisimaking for development. Policy
recommendationsvere to quantify the types, volumes and locations of material and their current
uses; decidavhether sorting the material is required, or undifferentiated biomass is to be used, or
both approaches are needed; encourage cooperation between biomass producers to create enough
volume for new business opportunities; improve sanitary standards in niagagproduct materials;

and enhance distribution channels for market development (i.e. promote enhancement of existing
value chains and development of new @h€eThis analysis and recommendation, though developed in
the Pacific, could equally apply torgpe.

186 Report of the Aquatic Food Products workshop(EQL6).

187 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEA
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEHEGRONIEStrategic Guidelines for the sustainable
development of EU aquacultur€OM(2013) 229 final 29.4.2013.

188 Bergeéet al.(2014)
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4.2.1 Better information

¢ KS 9/®and thd SAPER note that it is difficult to take action on eliminating waste from
harvested wild stocks because of lack of data and traceability mechanibmg advise that the
EUROSTAT/EUMOFA EU data collectioreframk should be used to record more reliable data.

The Scottish Aquaculture Research Forumrwdsd that, to understand and make better use of the
materials, moredetailed definitions are needed, especially in terms of classifying waste in relation to
its constituent parts, and getting mometailed data, rather than togine aggregated datd

4.2.2 Technological needs

Within Europe and North America, current constraints on better-famd use of aquaculture and
marine biomass arelack of easyio-access appropriatecale processing systems for transformations
such as bettequality fish oils, andibsence ofrigorous sorting, lower temperature processes and
rigorous traceability, for the highestvalue transformations such as pharmaceuticasd
nutraceuticals.

Innovation and technology development is needed to provide more capacity ftwoard storage,
delivery and processing of discards and offal aneboard assessment of the suitability of the
processed material for feed ingredient use further along the value ¢Hain

For shellfistand crustacea, waste processing planéed to bebuilt into the foodprocessing plants

to avoid the usuatharges for collection and dispodat anaerobic digestion, landfill, incineration,
rendering, ensiling or compostinm 2007, charges rangém £25£1600 € 4 w ypertonne, plus
transport cost$®. Disposal costs foshellfish wastes can be highin Scotland, £3&60/t6 e @ &€ T K U U
wasreportedin 2008°, which might be thought of as providing an incentive for innovation in finding
addedvalue usesin 2009, c. 63Kt shellfish waste cost almost £3 mitlian o ® nn) tordisposelo?®.

4.2.3 Policy initiatives

In the USA, the policies suggested to reduce bycatch armskatdiscards include bycatch quotas,

080l GOK GlFILESa O2Y0AYyS 6AGK FdZt 206aSNBSNI O020SN
approach as in New Zealarm/er-quota auctions as in Iceland, and vaklein approaches such as
ecolabelling and traceability®. Better recording of bycatch and discards and improved fishing gear

with associated incentive funding will also contribute.

Drivers for change include botavailability and pricein the period 2002008, global aguaculture
production increased by 62% while fishmeal supply fell by 12%, indicating strong efforts to make fish
feeds less reliant on inclusion of fishmeal and fish oils. However, in the ruB@ gden the projected
increase in aquaculture production, the real price of fishmeal is expected to increase by 90% and fish

189 Eyropean Commissidtigh Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017
doi:10.277766235.

190 SAPEA (2017BAPEA Evidence Review Report No. 1: Food from the Odegms//www.sapea.info/wp
content/uploads/FFOFINALREPORT aif 10.26356/foodfromtheoceans.

191 Scottish Aquaculture Research Forum (2008)

192 SAM (2017) and SAPEA (2017)

193 Seafis(2008 Crustacea processing waste management.

194 Seafis2008 Use of shelfish byproducts in bait.

195 Seafis2009 Use of anaerobic digestion for shellfish waste in Orkney.

19 Keledjian A Young Set al. 2014) Wasted cash: the price of waste in the WBirig industryOceana2014.
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oils by 70%, but with only an 85% increase in availability from reduction fisheries and capture fishery
RRM?Y’. Use of alternativsources for protein and oils and lowgpphic species is expected to grow.

The current reworking of theEU Bioeconomy Strategip recogniseéhe changes since 2012 in what
is feasible and what is needed in terms of updating policy and actsopports letter understanding
of the environmental impacts of biomass productiand an mcreased use of waste and aquatic
resources not competing with food productitsh

There arealso ecologicathallenges to reducing discardisthe Mediterranean, though there aronly

30 regularlymarketed fish, crustacea and mollusc species, there are 300 that are regularly caught, of
the 714 fish spp, >2200 crustacea spp and >2,100 mollusc spp that°eRidull listing is available of

the extensive range of species that mayestually be brought to land in the EU with no obvious
market for thent®. These species might be usable for fond purposes but the difficulty lies in
managing inconsistent quantities through the year.

Some factors to consider in biomass availabilitynfon-food use:

A 75%+ of fish is potential yroduct sourceuses are already established and practices may be
difficult to change.

A Geography of major fishing/productionf the Top Ten countries, 6 in marine fisheries and 6
in Freshwater capture, and theajority of aquaculture and seaweed producers are in Asia not
Europe, so may not be influenceable directly.

A Trends in fisheries catchediscards and landing obligation; species brought to market; fishing
technologies to reduce bycatehmay decrease or arease available nefood biomass.

A Trends in shifting small giich pelagic fish from fishmeal to human consumptiorcreased
retention and use of all edible trimmings for fish mince, extracts, fishmeal/fish oil may
decrease availability of highealueRRM.

A Smallerscale odand and orboard technical system$or more efficient processing will
decrease availability of RRM.

A Geographical logistia¥f collecting and transporting make valorisation difficult in some areas.

4.3 End procedures

Currently, the finaprocedures used for different types of fisheries and aquaculturproglucts and
wastes include:

1 Chemical or enzymatic hydrolysis
1 Composting

1 Ensiling
1 Anaerobic digestion
1 Landfill

There is no data on how much material enters the current fatagjeprocesses. Hydrolysis has the
potential to generate highevalue material if the inputs are of high quality and indeed is used on
edible trimmings and other foodrade materials to produce fish protein hydrolysates, concentrates
and flavouring products fanuman consumption. Especially in fisheries where a high percentage of

197 MsangiS.et al. £013) World Bank.

198 https://ec.europa.eu/info/law/betaaterregulation/initiatives/ares2018975361 en

199 Fitzpatrick M, Quetglas Tet al.(2017)Year 2 of the Landing Obligation: Key Issues in Mediterranean fisbésEdLess
Policy Brief Number 2 doi:10.5281/zenodo.573666.

200 EU Discard Annex: Studies in the Field of the Common Fisheries Policy anmdeéMiffiairs Lot 4: Impact Assessment
Studies related to the CFBU March 2011.
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the fish remains after filleting, such as tuna, where only about 30% is used directly for food, hydrolysis
to high-quality fish protein hydrolysate and concentrate seems prom#sing

Aneerobic digestion could deal with mollusc shell+flesh wastes and crustacean carapace wastes,
generating biogas, reducing volume of material, and yielding land or horticulture fertiliser as residue,
but the mineral content makes the process rather difficiiealing with crustacean shell e.g. crab
requires a redesign of conventional anaerobic digestion to prevent particles settling and clogging the
anaerobic digestion reactor, but it is possible: shells are crushed and pasteurised then heated at
>90degC for e hour before adding to the anaerobic digestion reactor, then >70degC for 1 hr. before
adding digestate then fermenti?f. This work was done in Orkney where there is no market for the
eventual residue, an outcome which suggests better project forethoaghtvalidation of the value

and supply chains before largeale work is commissioned. However, anaerobic digestion as a means
of disposing of such wastes is still viable here, provided sradbe digesters are used that can be
transported as needed, aording to the supphpoints of material; this argues for appropriate logistics

to cope with geography.

Composting fish waste, including-composting with seaweeds, has been shown to produce & high
performance fertiliser for horticultur®®. Ensiling fish sing acids (formic, propionic, sulphuric,
phosphoric) is one way to generate a more stable liquid that can then be used for a variety of purposes
depending on the classification of the source biomass @{gaality or not), including extraction of

oils, phespholipids, soluble proteins, fish protein isolate, astaxanthins and other antioxidssisis

often used for materials such as fish morts or diseased and damaged material, there will usually be
regulations controlling what the outputs can then be uged AD is a useful tool for reducing plant
energy costs.

Norway possibly leads the way iim Europe irdeveloping new valuadded uses, or making existing
ones more feasible technically and logisticaflySINTEF notes that 290Kt of higlality RRM is
capable of producing 43Kt lipids, which can be fractionated to yield 6.5Kt of higihee omege3

lipids for human consumption, and 58Kt fish proteins for human consumption also. The oils come from
RRM from salmon and trout aquaculture and the pelagic ifilietindustry, livers from cod or other

white fish species (both wild and farmed), and oils from crustacea su@alasiusand krill. Fish
proteins from RRM can be further processed by hydrolysis to Fish Protein Concentrate or Fish Protein
Hydrolysate. Heing RRM is also suitable for production of functional oils, fatty acids, proteins and
peptides.

4.4 Trends

Some important changes affecting the production and availability of wastes, approximately in degree
of ease and timescales for achievement, are:

i Fisheris management tools such as landing obligation and quotas, and other policy tools in
place or under development such as landing taxes and bycatch landing incentives.

201 Herpandi NH., Rosma Aand Wan Nadiah . (2011) The tuna fishing industry: a new outlook on fish protein isalates
Comp Rev Food Sci Food Safdiy195207 Doi: 10.111/j.1541-4337.2011.00155.x

202 SeaFish Authorit§2009) Aaerobicdigestionfood waste Orkney

203 [llera-Vives M, Seoane Labandeifet al.(2015) Evaluation of compost from seaweed and fish waste as a fertilizer for
horticultural use Scientia Hort.86: 101107.

204 gNTEF Fisheries and Aquacultudew value added products from rest raw material. Protein hydrolysates and, lipids
https://www.sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandteringgrdic-pelagic
workshop/11 10083@est-raw-materialsfrom-herring.pdf
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1 Moving the utilisation of pelagic catches from reductifon fishmeal and fish oils to huma
consumption.

1 Innovation in aguaculture feeds, replacing fistigin materials by plant algal and insect
origin materials (proteins, oils, bioactives3leasing fish biomass for other uses

Maturing technologies for cultivating microalgae on a larggale.

Growing interest in macroalgae (seaweeds) as a source of more components than marine
hydrocolloids.

1 Growing interest in farmable marine invertebrates as food and sources of bioactians
example is sea cucumbers

1 Exploration of the potential of nmpelagic catches (fish and invertebrates) foqpbgducts
conversion or for direct human consumption.

Conventional fisheries take demersal (bottaiwellers such as flatfish) or pelagic (upfeyer)
species. A new trend is exploitation of mesopelagic arefithe seas. The imposition of landing
obligations for species currently covered by quota, fish from target species that would previously have
been disposed of, and bycatch may well increase fishing for mesopelagic $jesilessopelagic
biomass lies at@pths between 100 metres and 1000 metres below-kxa@| and often undertakes
diurnal migrations from lower to upper depths of the water column. It has been estimated there is
anywhere between 1 billion and 10 billion tond&f harvestable biomass. Squid fisheries are an
example of an established mesopelagic activity, and krill trawling is an example of a developing
mesopelagic fisherfshingfor the copepodCalanus finmarchicusas been in experimental status in
Norwegianwaters for some tim&”. Because of size (often small), appearance (e.g. large eyes, large
G§SSGKU 2NJ 02Re O2YLRaAlA2y O0OSNE WFAaAKEQ 2Afa
mesopelagic fish would not be suitable for human food as is, butisbmeal production or direct
feeding in aquaculture, as is already the case on a small scale. This would contribute to a move in use
of pelagic oirich fish from animal feed to human food. Purification of oils to generate or3ega
polyunsaturated fatty aids (PUFAS) for nutraceutical use is also possible and seen as one economic
driver for exploitation.

Iceland has been exploring mesopelagic potential since the early 2800se Icelandic experience
has not been completely successfgl early work in locatieeper waters found 99 species from 43
families of fish, including the beaked redfiShbastes mentella target for mesopelagic fishing, plus
krill and jellyfish. Experimental fishing for pearlsiiéa(rolicusspp) began in the late 2000s; total
catch sze fell from >46Kt in 2009 to 18Kt in 2010 and none in Z201%, when lanternfishes, krill and
jellyfish formed the major part of the catch.

Some mesopelagic organisms such as lanternfishes appear to have a very large role in carbon cycling
and sequestrion, and most are an essential resource for fish and marine mammals at higher trophic
levels, including squids, sharks and sunfish. Excessive fishing of mesopelagic stock would have impacts
on several important aspects of ocean ecosystems. However, sudteacreasing catches from

205 Prellezo R(2018) Exploring the economic viability of a mesopelagic fishery in the Bay of, BRESYJ) Marine Sboi:
10.1093/icesjms/fsy001.

206 St John MA., Borja Aet al. 2016) A dark hole in our understanding of marine ecosystems and their services:ddgespe
from the mesopelagic communitfFrontiers Marine Sd:31, Doi: 10.3389/fmars.2016.00031.

207 Forbord M, FalkAndersson .Jet al. (2017) Current Industrial uses of biological resources and products in Norway: A
crosssectoral view on the bio economporut Report 12/2017 ISBN 982-7492-3584.

208 Sjgurdsson (201 Wlesopelagic fishThe Icelandic caslorth Atlantic Seafood Forum 201Bergen 7.3.2017.

209 Sjgurdsson (201 Wesopelagic fishThe Icelandic cas®lorth Atlantic Seafood Forum 201Bergen 7.3.2017.
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mesopelagic depths may well have a significant upward impact on the amourfpobbycts and rest
raw materials available for nefood uses.

Whatalsoprevents largetscalemesopelagidishing at the moment is the cost and eft of access to
these deeper waters and the need to redesign fishing gear to catch the target fish and-catchy
Technology innovation is needed, with a focus on efficiency and cost of capture and processing.

Otherwild catcheswith potential nonfood useinclude invertebrates such &sill and other planktonic
crustacea (251Kt witldaught in 2015)jellyfishy seasquirtsand tunicates (3.8Kt); coelenterates such
assea cucumber§30Kt50Kt est. in 2008% $4.6Bo € mglohal sale®?); echinoderms (114.5kKtand
aquatic plants other than seaweeds.

Currently underutilised resources of increasing interest are mesopelagic fish and invertebrates, low
trophic plankton & vegetation eatersnacre and microalgae, if suitable cosfffective ways can be
found of caching or wildharvestingthem. Thismay generate additional biomass for néwod uses,
including e.ghigh-value pharmaceutical molecules, nutritional ingredients for animals and humans,
seaweed for bioplastics.

In the context of trends in policPiscadlLes$ has reviewed the situation in Alaska, where a discard
ban was introduced in 1998 and stringently enforced since then; discard rates for Pacific cod fell from
c. 7% to 0.4% and for pollock to <1%. Bycatch rates are <2% for mandatory pelagiSuakisolicy
changes, if successful, have the effect of reducing the amount of biomass that might be available for
non-food utilisation.

¢tKS h9/5Q&8 NBLERNI 2y YINAYS 0A20GSOKy2f 238 LRAYID
most viable way forward®. However, discussion of marine and aquaculture biomass is confined to
microalgae and seaweeds, and there is no mention of the contribution of RRM from fisheries and
aquacultue. The concepts involved in the Circular Economy @irdularBioeconomy have eshed

with the concept of biorefineries, originally envisaged for carbohydriaie cereals or sugarcane

waste as an extension of fermentation, but now applied to a wide range of biomass types. Increasingly,

the biorefinery is seen as a valorising and gakcovering tool to deal with undifferentiated biomass

of variable quality and input specificationShis approach is partly developed for fish and algal
biomass:

9 fish oils may be further processed to generate a fuel oil;

1 microalgal biomass may be grown fishprocessing waters (a waste material not considered
often enough as a source of value) or on hydrolysed fish and shellfish wastes, for direct feeding
to animals;

1 the residues from biorefineries and from microalgal cultivation, liquid or solid,beaysed in
anaerobic digesters or other energgcovery systems as the final stage after extracting other
components or functions at a higher value plane.

In horticulture,vertical farming and aguaponiese growingin importance. Composting fish wastes
and seaweeds together kia been shown to produca fertiliser with higher nutrient contentThe
combined biomassnay be ensiled, or hydrolysed chemically or enzymatically, to produce liquid
nutrient materials, for human and animal foods, or for agricultanel horticulture, depending on the
quality and designation of the source material. Ensiling and hydrolgsimdpined biomasse® make

210 FAQ(2008 Sea cucumbers: a global review of fisheries and tr&é€© Fisheries and Aquaculture Technical Paper 516

211 Mentioned (no background data) dritp://www.pacinternational.org/Sea_Cucumber_Projects.html

212 hitp://www.discardless.eu

213 OECD (2019)he long term prospects for marine biotechnolo@ECD working party on biotechnology, nanotechnology
and convergig technologies 2015, report DSTI/STP/BNCT(2015)21.

[y
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liquid fertilisers maytherefore become moreviable. A challenge would be overcoming regulatory
hurdles based on formuiadefinition of materials as wastes, limiting their uses.

441 Seaweeds

To make better use of seaweeds, there is a need for eséale programme that determines the
seaweed standing stock and the amount of seaweed that can be sustainably harvested; aets up
system for obtaining and recording comprehensive figures of annual seaweed production; develops
and updates regulations and licensing procedures, to account for seaweed aquaculture; puts in place
pilot farms for investigating the farming of seaweed speair strains; identifies methods for storage

of surplus algal biomass; carries out Life Cycle Analysis of potential products; fosters and develops
supply chains for seawee@lated products; and establishes knowledge transfer between research
and industry with development of algal business clusters. This approach, proposeidefoiél4, is

likely to be similarly useful if not necessary for other countries and regions with potential for seaweed
harvesting or farming.

4.4.2 Fish

The DAFIA proje€f notes that 3.3Mt of RRM are produced in Europe each year and the fact that
there are established industries, particularly fishmeal processing, and accepted management routes,
such as ensiling and composting, will make it more difficult to turn fish viscera andakilorised

by hydrolysis, into profitable products.

The Agquarel project, a Finnigtussian collaboration 2032014, looked at bioenergy from fish
wasteg!®. Transesterificationof fish oils using alcohol and a catalyst results in 100% conversion to
biodiesel, with glycerol production by conversion of the added alcohol. This produces >2x the energy
content than the combined heat and power from anaerobic digestion. The potential for Karelia was
seen as 2.6Kt fish waste pa yielding 10GWH of ppeeyear with a higher greenhouse gas reduction
than conversion of the same amount of waste to fishmeal.

{2YS O2dzy iNAS&a YIylI3S dziAftAaldAzy oSdvegthNdgidKIy 2
except the oink @fL O S t oty Rudngs of 1.4Mt7, the mgor fish is cod84% of the 2013 catch

of 236Kt of cod was eaten or exportéat human food, includingarts that would in other countries

be discarded during processing, such as heads (28% of totalwaight), livers (4.5%), edible

trimmings used for rimce (2%) and roes (1.396) The catch in 201%vas 244Kt, of which 75% was

usedfor human food Highvalue nonfood uses include leather from fish skin, skin & tissue repair

patches from skin collagemhich are regulatednedical devics,and cosmetics ingdients. A more
NEOSyid SadAYIlGS 27F ,sailabiirdighervalud Baddsdinfyyas 432 ¥ T A aK

The R&D support programme HAVBRKorway provides funding for projects into cultivation and
use of lowertrophic species (includingeaweeds, microalgae and molluscs) as biomass foffgumh
uses such as bioenefdy ThisA & LJ NIt & (2 SELI YR b2NBleQa Iljdz2 O

214 Capuzzc.et al.(2016).

215 http://www.dafia-project.eul.

216 Havukainen.J2014)Fish waste utilization in Republic of Karelipotential andenvironmental impactAquarel project
final seminay 18h September 2014 http://www.culmentor.com/aquarel/wordpress/wp
content/uploads/WEB HavukaineBioresourcesuitilization.pdf

217 FAO datq2015).

218 http://www.discardless.eu

219 Fish Waste for ProfR"d Icelandic Fisheries Conferes) 14 September 2017.

220 The Research Council of Norw@p16)Work programme from 2016 Largeale programme on Aquaculture Research
¢ HAVBRUK2SBN 9782-12-035140.
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reliance on salmon and partly to provide substitutes for fishmeal and fish oils in aquaculture feeds.
Interaction with other national funding programmes in energy, biotechnology and sustainable
innovation in the food and biobased industries is expected.

TheNordic Councikxists to provide inteparliamentary cooperation and includes representatives of

Denmak, Finland, Iceland, Norway and Sweden and the autonomous regions of Greenland, the Faroe
Islands and thelland Islands. The Nordic Bioeconomy Initiative was a cooperation programme
between the Nordic Councils of Ministers, 262@16, that generated 5 pgrammes and 4 further

projects and has also established a Nordic Bioeconomy #a(ghase 1 2012018) and Nordic
Bioeconomy Strategy (version 1, 2017) to take recommendations forward. The programmes relevant

G2 Fljdzr Odzt GdzNBE | YR PRNAKSNAGRS AyDRNEARCR. W2 Y2 P2 Vi
projects to increase the sustainability of food production and create value frorssidams of food

processing, in Faroes, Greenland and Iceland, by making innovation vouchers available for specific
challengg ARSYGATASR o0& (GKS F22R O02YLI yASa GKSyasSt oS
focused on agricultural side streams and rest raw materials and another on new methods of
aquaculture feed production using wastes and insects. Of the further psjétapping the Nordic
bioresources and Innovation from organic waste (primarily fish and meat, with some domestic wastes)

are relevant.

¢KS tlIySf ARSYGAFASR up OFrasS addzRASa FlrLttAay3ad Ay
Replace, UpgradeCirculate and Collaborate. BlueGreenFuture in the Faroes aims to process 10Kt
seaweed into protein, oil, vitamins and minerals, antioxidants and pigments for use in fish feed and
consumer products, recycling 4.3Kt of@@d using the residual materialsfastilisers and bioenergy
biomass; a 4Jniversity collaboration, Seafarm in Sweden, is similarly using seaweed as biorefinery
input, for fatty acids, protein and other elements. Codland in Iceland is developing new products from
underutilised or waste pas of cod, and also integrating the processes needed for this alongside a
conventional fiskdrying plant. The main target is to convert viscera and skin into highlere
products, such as goeglality fish oils and collagen peptides, using 1obemical pocesses. Polar
Seafood of Greenland has moved on from processing and selling only halibut fillets to making use of
the heads, tails and frames (bones), increasing catch utilisation from 50% to 90% and targeting higher
value uses of the rest raw materialsan petfood. Biomega Norway uses enzymatic hydrolysis to
release nutrients from fish rest raw materials (heads, fins, frames, guts and tails) from salmon
processing plants, producing salmon oil, salmon meal and peptides for human and pet nutrition. Royal
Greenland converts prawn shells, formerly disposed of in the coastal waters or processed for animal
feeds, into higlquality flour for human nutrition.

4.5 Potential Case Studies

1. In 2017, Norway established theNorwegian Mesopelagic Initiative an internationa
consortium of researchers, to develop sustainable fishing of mesopelagic species and the gear,
vessels and detection methods to help achieve?fisn addition, action will be taken to
secure the output chains. The NMI is an international consortiumeséarchers working
across 7 packages, of which 2 wadckages concern management of catch for valorisation,

221 http://www.norden.org/en/theme/nordic-bioeconomy/nordiebioeconomypanel/aboutthe-nordic-bioeconomy
panel

222 |nstitute of Marine Resarch, Nofima, University of Bergen and NIFER7) Mesopelagic Initiative: Unleashing new
marine resources for a growing population

58


http://www.norden.org/en/theme/nordic-bioeconomy/nordic-bioeconomy-panel/about-the-nordic-bioeconomy-panel
http://www.norden.org/en/theme/nordic-bioeconomy/nordic-bioeconomy-panel/about-the-nordic-bioeconomy-panel

Blue bioeconomy: situation report and perspectives

including onboard processing; landased processing, analysis of components, generation of
products and their validation as safe food and feedeédients.

2. TheSociedad Nacional de PesqueffaNP) oPerlis developing a suite of projects focused
on improving the management and utilisation of anchoveta and other fishmeal reduction
specie$®. Direct consumption of species used for fishmeal is extrgnmh worldwide;
anchoveta begin to spoil rapidly after bringing-looard, partly because of their very high oil
content and they have a strong flavour, so there are technical and consumer challenges. The
projects include improved systems for -board pracessing and preservation, improved
processes for protein extraction and production of protein concentrates and development of
new nutritional supplements based on deodorised om&datty acids from the fish oils. This
programme will begin shortly and contie until the early 2020s. There is also a much larger
$120M 6 € ™ nionavation programme, funded jointly by the Government of Per( and the
World Bank, to increase direct consumption through product innovations, launched i#2017

3. As aresult of work cded out under theNordic Bioeconomy Initiativé? into the utilisation
of biodegradable wastes, the Environment Agency la#land has set up an ofine
marketplace for different types of biowastes including fisheries and meat, the Resources
Square orAudlindatorgié??s. It is expected to become fullyperational during 2018, to
connect producers and users and help reduce the 50% of landfill that is estimated to be
biodegradable, the related carbon emissions, and the amount of biowastes being incinerated.

4. Icelandhas also instituted ovoard processing using théédinn Protein Plantwhich turns
edible trims and wastes into fish oil and fish nt#alHédinn is a longtanding Icelandic
engineering company which has designed and built all theshmre fishmealnd fish oil
production plants. The key to the eshore and the more compact dmard systems is
replacement of the conventional screpress and liquid evaporation process by a istage
drying process that reduces the size and number of components arwes tanks and uses
a lower temperature, recycling drying air, thus reducing energy inputs. It uses half the fresh
water for processing the material itself, compared with conventional methods, and uses 10%
of the water usually needed in scrubbing and censing.

5. Inthe USA a companyBloom, has been established as a merger between a-stagding
algal clearup and polymer manufacturing compamlgix and a green product development
consultancyEffekf2d ¢ KS O2 Y LI yé dzaSa ! f JshriedouagiéehOKy 2 f 2
algae Cyanobacteriacegewith the aim of producing biopolymealastic flexible and
compressible foams for a range of products including footwear, -gipport braces,
surfboards and paddles, toys, fithess mats, gaskets and seals. Bteshakes and ponds
containing algae are filtered through a recirculation system brought to the site when algal
growth is seen; the microalgal material is helited using solar energy to a powder and mixed
at 15%60% levels with [poly]ethylene vinyl ae¢¢ before extruding with air to form foam

Inn6évate Perd/Sociedad Nacional de Pesqué2@l6) Agenda de Innovacion Tecnoldgica para la Utilizacion de la
anchovet (Engraulis ringens) en el enriquecimiento de aliimentos de consumo humano.
http://projects.worldbank.org/P155902?lang=en

Gislason .2and Bragadottir H(2017)TheNordic Bioeconomy Initiative NordBio Final Report TemaNord 201,/C%26
10.6027/TN2017526.

http://www.audlindatorg.is/, Icelandic only.

https://hedinn.com/fishmealprocessing/

http://bloomfoam.com.

59


http://projects.worldbank.org/P155902?lang=en
http://www.audlindatorg.is/
https://hedinn.com/fishmeal-processing/
http://bloomfoam.com/

10.

11.

Blue bioeconomy: situation report and perspectives

pellets. The technology is promoted as an ecologiesallynd way of valorising microalgae that
are wildharvested.

Inthe USA Delmontehas established an algal fertiliser system in Arizona in which microalgae
are grown in simple photobioreactors adjacent to melon fields and algal cells are continuously
distributed to the melon plants through the driprigation systen®®, melons matured a week
earlier and were 40%0% larger than control fruit.

Inthe UK seaweedand plant biomass is being turned into liquid container§$kipping Rocks
Lal?®, a small and young design company working in sustainable packaging. Their idea,
OOho!, is a sphere intended for drinking water, soft drinks, spirits and liquid cosmetics. The
company says that it is cheaper than conventional plastics, with a-&ieetff a few days, and
completely biodegrades within-@ weeks, but can also be eaten. The material can be
flavoured and coloured. In manufacturing analysis so far, it appears to2@%eethe carbon
impact and 11% the energy requirement of PET.

In Spain the mussel producerBrinsaand Amegroveare providing mussel shells as crushed
material for soil remediation and bulking in vineyards, via local wine cooperatives. Almost
100Kt musskshells are produced each year in Galicia, where the nugseselers and
processors are based. Mussel shells are used ascapelctor and general fertilisét. In New
Zealand a similar operation has been producing calcicomtaining fertiliser from finef
crushed mussel shells since 2&f4asHavelock Shell Processété Currently tests are being
carried out in New Zealand on edible horticulture soils to assess the possibility of controlling
nematodes using crushed mussel shells; it has also been suggested that the reflectivity of the
mussel shells round vines may enhanipening of the grapes*.

The EUfunded project MIRACLES20132017, worked on integrated biorefineries for
microalgaé®. Theaim was to produce omegarich microalgae for feeding to aquaculture
fish and partners included Ewos, Unilever and DSM as wBIM&s involved in aquaculture,
feed, cosmetic ingredients, biopolymers and processing.

Jellyfish are an increasing nuisance and hazard in Mediterranean and coastal watéJ&: The
based companyellagenuses jellyfish caught off the coast of Wales as thare® of high
quality collagen for research and medical biomaterials.

Benthos Biosciencés a Chinese company which is developing its activitié$SA, Canada,
and Europewith focus on French outermost territories and Portugahey are one of the
largest producess of sea cucumbersSea cucumbers are a class of echinoderms widely
distributed inthe marine environment. The high market value demand for sea cucumbers lies
in the use of its muscle as a source of protein. The total production of sea cucumfisa

was 100,000 tons in 20180% of the production is from aquaculture and enhancement.

229 Carr M (2018) Can algae really do CCU? Status and potential of biological carbon capture and use USEA Technology

SeriesMarch 12 2018.

230 http://www.skippingrockslab.com

231

232
233

AlvarezRodriguez Eet al. (2012) Use of mussel shells as a soil amendment: effects on bulk and rhizosphere soil and
pasture productionPedosphereg2(2): 152164.
http://www.stuff.co.nz/business/farming/agribusiness/9849293/Farrdevelopsmusselshellfertiliser.

http://www.havelockshellprocessors.co.nz

234 pers. commB Brownle€2018)Havelock Shell Processors.

235

http://miraclesproject.eu
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5 Introduction¢ some main trends

5.1 Fish waste and fisherydpyoducts

One of the main noffiood uses (byproducts) from seafood is fishmeal and fisi?3ilThere is a
growing demand for fishmeal and fish oil, in particular from the aquaculture industry, and together
with declining pelagic (anchoveta) fisheries, fish oil and raeabecoming limited esources thus
leading to higher prices, see figures below.

Figurel2 - Fishmeal and Fish oil prices from 1981 to 2014
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Source: FAO (2016)

The aquaculture sector is expected to gravhile captures ¢ for food and in totalg are expected to
more or less remain at the level of today, see figure below. Thus, fishmeal and fish oil resyarces
expected to remain scarce resources in the future.

Figurel3- Expectation for capture and aquaculture

Source: Vanuccini (201§

236 FAQ(2016)TheState of World Fisheries and Aquaculture (SQFIA)

237 Vannuccini S. (2016), The Importance of Forage Fisheries Linking Forage Fisheries to Food Security, Perspectives for
Fishmeal and Fishoil, presentation at the Symposium on future perspectives of fiskmidadh oil, Hirtshals, Denmark,
29-30 August 2016
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