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Foreword

The aim of this report is to provide a comprehensive overview of the blue bioeconomy sector in the
QdzNR LISFHY ! YyA2Yyd . & GofdzS o0A2S02y2Yeéx AlseAda 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.g.
clothes and construction materials) and energy.iBasses 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 bioeconborgroid
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 excuded
from the analysis. These sectors are already subject to severalsamalyd reports as standalone
sectors, and are already monitored by EUMOFA as part of its ordinary actiMivesver, 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 oitatied

from consideration in analysis of the aquaculture sector. Hence, agasonsideredhn 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 fikeries and aquaculture biomas3hissection explores the types,
geographic sources and potential food and Aimod uses of fisheries and aquaculture biomass.

It analyses the value and activities comprising thiebibeconomy, 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 analyseshe size of the EU demand, the main EU playemantry,
regiomal and subsector levels, and the global demand for products of the bioeconomy, mainly
focusing on fish waste and algae.

3. Top products and useghis section develops an examinatiafithe top aquatic plants/animals
(species) grown inthe EU and globally biume 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 byproducts 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 madriver for
investments looking also abme specific case studiesaurrent 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 poljeibsch 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 experisegside the EU.

The study team acknowledges with gratehdnks 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 LIefyans and Pierre Erwes for their contributio

to Section |, IV and V of the StudyK S { Blud4ib@coriomy: situation reportand perspectivesg A f f

0S OFNNASR 2dzi o6& 9! ahcC! SOSNE aSO2yR &SI NE LINZ
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 releasethoiting Itisused as an ingredientin desserts throughout
Asia, and also as a solid substrate to contain culture media for microbiological work. Agar can be used
as alaxative, an appetite suppressant, a vegetarian substitute for gelatin, a thickeseu fs, 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 seaweednd composed of mannuronic acid residues. In extracted form it absorbs
water quickly; it is capable of absorbing 2800 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 keto-carotenoid 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 algdey 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 usedin the food instuy, for their gelling, thickening, and stabilizing properties. Their
main application is in dairy and meat products, due to their strong binding to food proteins.

Chitosana linear polysaccharideade by treating the chitin shells of shrimp and otheistaceans

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

in bandages to reduce bleeding and asamtibacterial 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

Extremophilesorganisns 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 sosae u
in clinical diagnostics and starch liquefaction are produced commercially by seieethnology
companies.

Flocculantschemicals that promote flocculatiofFa process wherein colloids come out of suspension

in the form of flog by causing colloids and other suspended patrticles in liquids to aggregate, forming
a floc. Flocculants are ed in water treatment processes to improve the sedimentation or filterability

of small particles.

Fucoidans sulfated polysaccharidgefound mainly in various species of brown algae and brown
seaweed They are sed as an ingredient in some dietary supplemproducts
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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 usedasnutrientandfluid replenishersn speciadietsor for patientsunableto
take ordinaryfood proteins.

Hydroxyapatite a calcum phosphate similar to the human hard tissues in morphology and
composition It may be used in applications such ameé tissue engineeringone void fillers
orthopedic and dental implant coatingrestoration of periodontal defecisedentulous ridge
augmentation endodontic treatment like pulp cappingesensitizing agent in post teeth bleaching
remineralsing agent in toothpastesdrug and gene delivering.

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

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

Milt: seminal fluid of fishmolluscs, and certain other watedwelling animals who reproduce by
spraying this fluid which 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 behging to the protein family. A peptide is composed of a mixture of
several amino acids. Because of the rigdinite number of structure combinations of the constituent
amino acids, peptides are widely used in medicine and industry for everything froraginti creams

to sweetening coffee.

Phlorotannins tannins found in brown algae such as kelps and rockweeds or sargassacean species,
and in a lower amount also in some red algd@orotannins can have antiiabetic, anticancer, ant
oxidation, antibacteial, radioprotective and artHIV properties.

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

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

Swim bladderan internal gadilled organ that contributes tthe ability of many bony fish to control
their buoyancy

Thallus the undifferentiated vegetative 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, Shellfisand Crustacea

GWH GigaWatt hour
H2020 Horizon 2020

IFFO International Fishmeal and Fish Oil

Kt Thousand tonnes

LNS Lower North Shore (Canada)

LO Landing Obligation

Mt Million tonnes

NACE Nomenclature des Activités Economiques dans les Commun&utépéennes

OECD Organisation for Economic &@peration and Development
OFIMER Office national interprofessionnel des produits de la mer et de I'aquacultiree
2009, FranceAgriMer

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 fishrepresented onesixth of animal protein supply and 6.5% of all protein
for human consumptionand 20% of animal protein intakeomes from fisHor 3.2 billion of the

g 2NI RQa 2 Bonddgs Is iddrized from capture fisheries and wild harvesting aooh fr
aquaculture and maricultureCurrent productioraccording to FAG summarised ifable 1

Table1 - Production of fish and seaweed 2015

Tvoe Total  Aquaculture Capture/wild harvest
yp Mt Mt Mt

169.2 76.6 92.6
60.5 48.8 11.5
108.2 27.8 812
30.5 29.4 11
199.7 106 93.7
? ? ?

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

Estimates of the waste produced in fisheries and aquaculture include volasiegh as 130Mt and
value-lost of up to $508about 43 billion EURAs a result of poor management of seafood resodrces
Comprehensivéata is not available, though individual pieces of information can be retrieved from
individual publications, withoudletailed quantification or enough background to know where data
collection has been consistent.

There is considerable pressure to imprdemassavailability by a combination of changes in fishing
and aquaculture focus and reduction in wastagbe Foodfrom the Oceangeport of the9 / Qa
Scientific Advice Mechanis(®AM} confirmsthe conclusions of the evidence revidy Science
Advice for Policy by European Academies (SAPEA)der to meet projected demands for food and
biomass from the seas and aapulture, >100Mt per yearadditional food output is needed from
marine capture fisheries and aquaculturBhe main points to take from this report are

1 Mariculture is seen as less constrained than Hnaded aquaculture and capture fisherias;
much as 16Mt extrabiomass could beroduced within20 years or so, overwhelmingly by
increasing production of lowetrophic marine biomass.g.algae and molluscs

0 As thisis largely exploitation of new or unfamiliar bioresource®xisting species
but on a vey much larger scalghis may well yield significant opportunities for
development of new processes, products and markets using therbgiucts or
wastes.

1 Inthisreport, the term fish may include shellfish and crustacea and, for capture fisheries, ce phalopods, unless otherwise
specified. FAO dataften 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: Opportunities and challgrgyes2014 ISBN 9B2-5-1082768; Fshery
and Aquaculture Statistics 2015 FAO 2017 ISBNI27/B0099873.

3 Ghosh P.R., Fawcett D. et €016) Progress towards sustainable utilisation and management of food wastes in the
global economyint J Food SA@016 e3563478Doi: 10.1155/2016/3563478.

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

5 SAPEA (2017pAPEAEvidence Review Report No. 1: Food from the Ocehtiss://www.sapea.infowp

content/uploads/FFOFINALREPORT, Poi: 10.26356/foodfromtheoceans.

6
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1 Capture fisheries are expected to yield an extra 3@bit human consumptiomy better
management ofestablished fisheries (20Mt) and reduction and eliminatodndiscarc
(10Mt).

o As the aim of development here will be to generate additional biomass for human
consumption, itis more likely that any additional-pyoducts or wastes will be used
for existirg types of noAfood use.

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

o Sinceheaiminthisisto free up for human food fish that are currently harvested for
reduction to fishmeal and fish ojlhere may be new noffiood products and markets
that can be developed from these sources

Spoilage of seafood before it reaches the consumer has been estimated at 20% azft¢he In
addition, it is estimated that 30%0% of all fistthat reaches a processor becomagproduct, as
processing the fish for human consumption generates materialsateatot used for direct human
consumption so are potentially usable for industrial, ndood purposes. Itis likelyrowever that
efforts to improve these figures will be directedwards making more food available for humans
rather than making more biomass available for Aood uses.

0.1 Biomassnputs

Top-levelfigures: c. 170Mt fish, shellfish and crustacea, c. 30Mt seawarkisown total production
of microalgae

Most data is availale for finfish, shellfish and crustacea, mainly through FAO sourcess aftén ¢
thoughnot always; aggregatedby FAO and other sourcés the purposes of reporting. Some data

is available for seaweeds, tdpvel 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 availale for microalgae, mainly focused on volume of whole cells available for use in the nutritional
supplement sector.

The majorinputwe need to consideare finfish(bony and to a lesser extent cartilaginos)ellfish
(molluscs and gastropodsgrustaceaseaweeds 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) givesawog estimates of amounts available for utilisafion
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 seawsed$ables 1-3).

Seaand ocean fishing predominates fapture fisheries (81Mis 11.5Mt freshwaterfjoweverthe
opposite is true for aquaculture (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 rec@rable for industrial addedalue uses worldvide. Data on global wiid
harvesting of microalgae is impossible to find, but the technical challenges in doing this and the likely
low-value uses (@. Anaerobic DigestiogADfor nuisance blooms) also milieagainst exploitation.

6 Gustavsson J., Cederberg L. et(2011) Global Food Losses and Food WaB#O ISBN 978-5-1072059.
7 Fishery and Aquaculture Statistics 20EBO2017 ISBN 9782-5-0099873. This refis quoted throughout as FAO (2017)
7
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Table 2 - Production of fish and seaweed in capture fisheries and wild harvesting
Inland Marine
Mt Mt

Table 2: Type

115 81
106 675
05 6.1
0.34 7.1

: 11

Source:FAO (2017)

Production of macreand microalgae is much higher in aquaculture 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 useca#dtitioods, nutriional supplements

and antioxidant pigments for humans and animals, mainly Dunaliella, Spirulina, Haematou@scus
producedin 2016.

Table 3 - Production of fish and seaweed in aquaculture
Inland Marine
Mt Mt

489 57.1
441 29

Fish diadromous 5.0
Crustacea 7.4
Molluscs 16.4

Seaweed/plants 0.1 29.3
Microalgae for nutrition 0.017

Source: FAO (201, 7Jransparency Market Researd®ategories
not split between inland and marine ioriginal FAO report

Table 3: Type

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

of anyfinfish product does not directly enter the human foodchgi@ ¥ 2 NJ S+ OK G2y y S
an equal volume of fish materialdéscarded either as waste or as a low valuelIiNE2 R dbite £

fish such as cod may generatenost 606 waste ocean fish such as tuna as much as 70%. For shellfish
such asscallops wastes areas high as 88%f catches and harvests Exceptions might idude

cephalopods (c. 65% of cuttlefish is edih)and reduction fisk, of which 100% is used for fishmeal
and fish oils.

Assuming that the material that is available for innovativehawd uses derives fromwastes, discards
and losses during producti@nd processing of fish and seafood for human consumption, both stage

of the chain and geography seem importgs¢eFigurel)!?, which may have an implication for wieer
to make the biggest impact with was#voiding or utilising processes

8 https://lwww.transparencymarketresearch.com/algamarket.html.

9 Quoted in Scottish Governme(2005 Evaluation of Fish Waste management techniques
http://www.gov.scot/Publications/2005/03/20717/52862

10 WRAP (2012) Sector guidaneete: Preventing waste in the fish processing chaliune 2012.

2T

11 Shodhganga@INFLIBNET Chapter VI Analysis ofthe supply chainin 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 anife@ld are known as
WNB RdzOG.A 2y FTAAKQ
13 Gustavsson J., Cederberg C. e(2011)Global Food Losses and Food Wa$ta0 2011ISBN 9782-5-1072059.
8
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Figurel - Losses through the supply chain by discards, disposals and wastage by stage and region
Food losses - Fish and seafood

60%

50%

40%

W Consumption

30% @ Distribution
20% @ Processing
B Post.catch
10% ol x 0 Fisherion
0% + i v 1 v T '

Y T

Europe North  Industrialized Sub-Saharan North Africa, South and Latin
America and Asia Africa West and  Southeast America
Oceania Central Asla Asla

Source: Gustavsson et.§20171)

Outputs are far mordifficult to quantify or even estimate, exceptin the case of fishmeal and fish oils
production. The complex web of materials flows is showfrigure2 - Fisheries and aquaculture
biomass materials flow Here, itis important to note that there is already a great deal of activity that
takes material from one processing stage that mightin the past have been discarded, e.g. trimmings,
and uses them asputs 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. Activities likes$ha account for the corplexity 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 fisheriemd aquaculture activitiesand the majority of
international trade Inaquaculture, 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 parts of the world; catfish are also importatiie USA. Other species
are local, regional (such &utheasisian milkfish in aquaculture, or Alaskan pollock and anchoveta)
or niche (such as eel)

The biomass they produce for potential némod uses includes:

- Whole fish (dead, diseased, damageddarsize, inappropriate species, unsaleable species)

- Initial processing byproducts such as body slime, waslaters, scales

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

- Specific tissues and rest raw materi@dsich as skins, livers, other viscera, bones)

- Processing wastgvaters (which have a recoverable protein content)

- Fishtrimmings and rest raw materials may ariseboard vessels, eshore at markets or with
primary purchasers, or further along the suppghain with secondary processors.

0.2.2 Cartilaginous fish

These includeshark skate, rag and dogfishall from marine capture fisheries

The biomass they produce for potential némod uses includes the same categories as for finfish
0.2.3 Molluscs

The highest tonages of mollusc fisheries and aquaculture arecfamsoysters mussels and scallops;
other important species include gastropods such as whelks

The biomass they produce for potential némod uses includes shells, fleglaste adhering to shells
and pracessing debris including trimmings, viscera and other inedible mat&hal utility of flesh
wastefrom molluscgor non-food usess totally overshadowed by the challenges of making good use
of the shellsAn unknown amount of shells is discarded at sea.

0.2.4 Crustacea

The main crustacea aragwns, shrimp, crab and lobsters; planktonic crustacea such aarkridlso
harvested in increasing amounts

The biomass they produce for potential némod uses includes shells (carapaces), flesiste
adhering to thee and processing debris including trimmings, viscera, roes and other inedible material.
This biomass may become availablelmrard harvesting vessels, or may arise further down the supply
chain.

0.2.5 Invertebrates
The majority of invertebrates in the seafodukin are cephalopodsoctopuses, squids and cuttlefish

Octopusproduceonly 1320% biomass for norfood use squid as high as 52%uttlebonessquid
pens,inksacs, viscera, eyes and beaks

10
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Sea urchins, starfisindsea cucumbers, salps and tunicaées also caught and traded and, in some
OFrasSa 06aSl dzZNOKAYAZIZ & Sianagedaaimved®/ihnients! T NY SRQ

0.2.6 Seaweeds

Small but substantial wild harvests; very large farming of seaweeds especially in China

0.2.7 Microalgae

Pond culture in high sunlight areas of carotenoid and om&gfatty acid rich algae and
Cyanobacteriaceae, estimated atl&, 700 tonnes each yeaan unknown total of photobioreactor
and closed fermenter tonnage for higralue nutritional ingredients andiofuel oils and fatty acids.

0.3 Supply chains

Capture fisherieand aquaculture farmsupply their catch to a range of supply chain actQi®
consumers, in the case of artisanal fishea®sl small aquaculture establishmengsther direct via
off-boatand off-farm salesor localmarkets or indirect via restaurants or to eshore processing
plants Industrialtscale fishing vessels perform primary processing and preservatidroanl,
supplying mainlyto further process@sd wholesale purchasers, with sersupply to integrated food
retailers. Traders, dealers, distributors and transporters may also be involvddrgescale
productionto-consumer integrated chain may be inplace, operated by individual companies who own
boats, processing plants, shippersd retailersWe 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 alginadestiaer marine
hydrocolloids, under contract, or be linkéd to a human food supply chain. Casual collection of
beached seaweeds is mainly a hazard disposal exeFoflewing its review of seaweed production
and its contribution to food and economies, the World Bank Groufocsised on persuading
stakeholders sch as the US Deptment of Energy and companies to invest in thidVlicroalgae
producers are often part of an integrated activity supplying ingredients or wbellgore parations into

the human nutritional supply chaitmave 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 athahdio
feed chain¥.

To identify the most efficient points for intervention and the scope for conversion foffood uses
requires a moredetailed study of supphghain dynamicen fisheries and aquaculture, taking into
account specifics related to typesbiomassAn estimate or assumption for wastes by stage of chain
isprovided 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 staged édeed).

14 Pers. commBrummettR. (2018)World Bank Group.
15 Pers. comnCarrM. (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
Food commodity Production Handling and Processing Dlstrlbuu(_)n SOl
storage and retail
Fish and seafood 9.4% 0.5% 6% 9% 11%
2% 4% 10.5% 2% 25%

20% 9% 15% % 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 etal. (201

The structure of the industry and its dynamics may also affect availability of material or cohesion in
the value chainThe fish processing industry in th#in 2016 consisted of 376 sites employingc.
18,000 FTE, with a total turnover in 2014 of >E£34lB o ¥ b4%of sites combined primary and
further processing; 32% dealt with primary processing alone, 12% with segopaessing. 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 hagbn consolidation of almost 40%. Although there is use girogucts,

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 supplpioimassTable5 showsthat it is at No 1 position for

fisheries and aquaculturandNo 1 or 2 for seaweed production. No other courtigsides Indongia

features consistently inthe Top 10 in all categofiesl & Ho a (i OJapar, BleahdNaway da G T
appear inthree categoriesForthe rest of Europelyeland, France and Iceland are in the topdidy

for wild-harvestngof 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

[ #1 |
USA5.0 Indonesia4.3 Norway 0.15 Philippines 1.6
India 4.8 Vietnam 3.4 Japan 0.09 SouthKorea 1.2
Peru4.8 Bangladesh 2. Indonesia 0.0¢ ~ 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
Chile3.0  Myanmar1.0 India0.019 Zanzibar 0.17
Vietnam 2.8  Chile 1.0 Iceland 0.017  Madagascar 0.015
Norway 2.3  Thailand 0.9  Peru0.015  Solomon Islands 0.01:
Source FA@2017)

16 Noble S, Moran Quintana Mand Curtis H(2017)2016 Seafood Processing Industry Regdeafish Report No SR700
March 2017ISBN 978-91107306-02.
17 Noble S.et al.(2017).
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Tablesummarises the data for 2015 for total productiorBaropé®; FAO gives slightly different data
for Europe: of total production of 16.4Mgxistingnon-food uses occupied 2.64Mt (16%).

Table 6 - Global production and balance of fish for Europe 2015

Production Mt

Total production 17.1
Capture fisheries 14.1
Aquaculture 3.0

Source FA@2017)

0.4.1 Seaweeds

The FAO databag®s only generahformation for production or harvesting of seaweedscluding
themin the category of aquatic plants. Accordingto FAO, most of this category comprises seaweeds
and 96% is farmed.he bulk of seaweeds are for human consumption and most of the remasnder

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 $30§26M EURprogrammefor scaleup of seaweed processing for biofuels and other
products®.

0.4.2 Microalgae

The FAO databasges nanformationat allfor production or harvesting ahicroalgaeThere are some

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

algal protein and wholalgae products forfishfeétb ¢ KS | { 5SLJi 2F 9y SNBHBeEQa
energyhas no data for thactualquantity ofmicroalgae used for tht§ most likely because economic
massproduction is not yet stabilised and markets are too dependenthenprice of crude oil and

bioenergy credits, tariffs and other policy instrumerithere are, however, estimatef potential
productivityfor biofuel production Thedry 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 biéttle 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 interventiohg ahost
appropriate points, and c) policies can be putin 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 Energ3016 BILLIONON REPORT Advancing domestic resources for a thriving bioecoiohty
economic availability of feedstockkangholtz NH., Stokes Bl. and Eaton IM., Doi: 10.2172/1271651.
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Figure3 - Proportion of waste & byproducts (%of original landings) by stage of supply

10
5 -
Agricultural Postharvest  Processingand  Distribution Consumption
production handling and packaging
storage

Source: JouvendR015

Analysis of waste productidffrigure3) suggests that the largest proportions occur at the stage of
catch or during aquaculture, during distribution and retailing, and during consumptior’#tJai

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 nofiood purposes. There is a clear need for crdepartmertal 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 | NWasiegand¥Resources Action Prograni@RARreported in 2011 that33%

of the total fish and shellfish inpuisito processing (350,000 tonnes of 1.04M) wezgarded as non
edible, of whicht0% wasvaste and ceproducts (including retail wasteffpm finfish and shellfish;
most of the finfish materiakas sotl to fishmeal plants but most of the material arising in the shellfish
areawas regarded as unavoidablewastew ! t6Q® & R (i K S cohcjuRourfioinheB@vayivas
that avoidable wastes generated by processivege low.

0.6 Food andhon-food usesof fisheries and aquaculture biomass

wSaid wlkg al GSNAIf&ax 2N wwa> A& | fAGSNIYt GNIyaft
all the potentiallyuseful material removed from fish, shellfish, crustacea and others species to
prepare biomass$or food use.

The world production of fish, shellfish and crustacea in®2@dasc. 189Mt, capture fisheries and
aquaculture combinett; of this,149Mt (88%) was for food use aBdMit (12%)was for nonrfood uses.

Of the 20Mt, FAO states that 15Mt is chane&llinto fishmeal and fish oils, and 5Mt is available for
otheruses, though thesgsesare not described. The proportion of landings and harvests intended for
othernonT 22 R dzaSa G KSNBT2NB NB LINEBO®R Ysésof the byrathits o’z 2 F
and wastes from edible processin§ fish and other seafoodre not included, nor is usage of
seaweeds.

As management techniques and landing obligations or taxes have been putin place, estimated global
discards have dropped from c. 27Mepyerain 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 JouvenotL (2015) Utilisation of rest raw materials from the fish industry: Business opportunities and logistics
requirementsa A A SNRA ¢KSaAa b2NBSIALY | vy ANDSWINEdndheimAuhie 2016A 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 €majest code RSCO@MD1 &RSCO0D03.

24 FAO (2017).

25 Seafish(2001) Fish Waste 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 (B4}, the great majorityg.
93%,from large 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, wsgh @rocessing,

NEGSYyGiAz2y 2yfte 2F (KS KBS ISOR2AA O RR aAFHAIRSH W

fish bycatch in crustacean fisheries (typicillgphrop¥ may be as high as 8090% of catch, with

<50% retained. There are also wide ranges according to geographlyi(gee4- Losses through the
supply chain by discards, disposals and wastage by stage and?fggidrich may have an implication
for where to make the biggest impact with wassaving or ulising processes.

Where fish bycatch is prevalent, overall discard rates may be as high a8 There is clearly a
correlation between increasing the minimum landing size or age and an increase in discard rates; the
discards could be retained andfoelled 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 quantifyihgsatc
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
- —_—
30% . - ‘ ‘ H B Distribution
0 Processin
20% ~ 4
d | Post-catch
10% - F | O Fsharies
0% . ‘ - i - I : 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.42011)

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 variancesddition, 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 andreatingboth problems and opportunities for the management of
unwanted, underused andvasted fish. The phasi period is 20182019, 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 materiasuch as roes, eghell molluscs and crustacea;
Fish oilsfor nutritional supplements and omegafatty acids

Fishmeal extractfor protein andoils for human nutrition;

o > To I

26 Zeller D, Cashion Jetal.(2017) Global marine fisheries discards: A synthesisainstructed dataFish and Fisheries
19:30;39 Doi: 10.1111/faf.12233.
27 Gustavsson J., Cederberg€al.(2011)Global Food Losses and Food Wa$ta0 2011ISBN 9782-5-1072059.
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Chopping/mincingof 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 microalgair nutritional supplements, antioxidants and omegéatty
acids;

Highervalue elements collagers, gelatirs, minerals, chitinderivatives carotenoids,
enzymes, aminacids for nutrition and supplementation.

o Do Do e Do

Non-food uses or treatments of marine and aquaculture biomass include

A Highervalue elements collagers, gelatirs, minerals, chitinderivatives carotenoids,
enzymes, amin@cids peptones for animal nutrition, laboratory, chemical, agricultural uses
¢ the samepotential as for materials of fooegrade quality, but essentially manufactured from
biomass not of food grade;

Fishmeal and fish oil for animal feed;

Minced fishfor petfoods

Fishmeal extractior petfoods;

Ensilingfor protein concentrates and hydrolysates for animal nutrition;

Processed fish oilfor industrial uses;

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

Compostingor fertiliser/soil improver;

Aerobic Digestiorfor biogas and fertilisésoil improver;

At-sea discard¢e.g. pollock RRM by Russian fisheries, and bycatch);

Landfill(less so in Europe and other developed states)

To o To T T Too Do o Do I

Non-food 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 animaNered.

food uses of microalgae revolve mainly around production of fotsbiofuels, use in water
remediation, wet biomass for anaerobic digestion, and potential for use as bioplastics. The quantities
used forthese purposesare not at the moment identifiable. Many developments are at an early stage
or are not yet scaled uptfull commercialisation. The approaidr microalgal utilisation is purpose
production, rather than making use of wastes, residues anepimgucts from food use. Some
evidence of product innovation based on nuisance algae (algal blooms) has been fouthatabon
guantities available or used are lackikg@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 charg that are requirdfor progress in use of marine and aquatic biomass are:

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

Improving the efficiency of capture fisheries requires radical change such as removing overcapacity in
0KS ¢2NI RQa TAAKAY3I Tt SS iedpbiatony eitessing the dalantd IS Y 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 undesed species. Losses at productiolevel due to structural problems are
estimated at a mean of $50B € n jger y@ar

It is recognised that there is a need for improvement in the management of aquatic and marine
biomass, for both food and nefood purposesin October 2016, th&uropeanCommissior{DG
Research & Innovatiorfeld a workshop on making better food use of marine and aquaculture
biomass and the steps needed to achievethiEhe three main topics were Underused fish biomass,
New algae value chains for food and Consumer actelittaof aquaculture products. This workshop
could beamodel for one focusing on nefood uses of fish, shellfimdseaweedsind new nordood

uses for microalgae, organised by DG MARE

Given that in some fish, up to 70% is RRM (e.g. tuna), additiogahuity could be applied to the
material other than turning it into fishmeal and fertiliser. The head may occuf36200f the fish, the
viscera including guts and roes a further 12%6 of whole fish. Gutted fish is 62% edible flesh,
including 46% skinks fillet, butis still 38% wastes. Headless fish may have >50%- eseaile meat
(37% loin, 18% fillet), but there are still frames and dark meat 18%, viscera&By%%, and frame
scraps 8%.

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

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

to bettermonitor the types and amounts of marirsdaquaculture 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 ceidleration of norfood 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
devdopment of EU aquacultufé more 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 fishing@sopelagic species and the gear,
vessels and detection methods to help achieve*his addition, action will be taken to secure
the output chains. The NMI is an international consortium of researchers working across 7
packages, of which 2 wotackages concern management of catch for valorisation, including
on-board processing; lantlased processing, analysis of components, generation of products
and their validation as safe food and feed ingredients.

28 Willmann R., Kelleher K. et gR009) The Sunken Billions: The aomic justification for fisheries refornThe
International Bank for Reconstruction and Development/World Bank @i@it596/9780-82137790-1.

29 Aquatic food products and new marine value chajmsinforcing EU Research and Innovation policy for food &
nutrition security. Report of a workshppU(2016).
https://ec.europa.eulinfo/sites/info/files/conferences/food2B0 2016/w2_aquatic food new_marine_value_chains_f
ull_report.pdf.

30 Report of the Aquatic Food Products worksh&t)(2016).

31 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEA
ECONOMIC AND SOCIAL COMMITTEE AND NMIMETTBE OF THE REGI@\ategic Guidelines for the sustainable
development of EU aquacultur€0M(2013) 229 final 29.4.2013.

32 Institute of Marine Research, Nofima, University of Bergen and NIFEHES)Mesopelagic Initiative: Unleashing new
marine reources for a growingpjuman population
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2. TheSociedad Nacional de Pesque(&INP) oPerdisdeveloping a suite of projects focused on

improving the management and utilisation of anchoveta and other fishmeal reduction Species
Direct consumption of species used for fishmeal is extremely low wadé; anchoveta begin

to spoil rapidly after briging 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 cdvoard processing and preservation, improved processes for protein
extraction and production of protein concentrates and development of new nutritional
supplements based on deodorised omegtatty acids from the fish oils. This programme will
begin shortly and continue until the early 2020s. There is also a much larger $120Mn o a 0
innovation programme, funded jointly by the Government of Pert and the World Bank, to
increase direct consumption through product innovations, launched in®2017

3. As aresultof work carried out under tiNordic Bioeconomy Initiativé®into the utilisation of

biodegradable wastes, the Environment Agencicefandhas set up an oine marketplace

for different types of biowastes including fisheries and meat, the Resources Square or
Audlindatorgid®®. It is expected to become fulyperational 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 ofbboard processing usirthe Hédinn Protein Plantwhich turns

edible trims and wastes into fish oil and fish mBaHédinn is a longtanding Icelandic
engineering company which has designed and built all thesloore fishmeal and fish ail
production plants. The key to the eshae and the more compact ehoard systems is
replacement of the conventional screpress and liquid evaporation process by a tstage

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 estabdhed as a merger between a lestanding algal

cleanrup and polymer manufacturing companglgix and a green product development
consultancyEffektéd ¢ KS O2 Y LI yeé dzaSa ! f 3AE QigreéndlgaK y 2 £ 2 3¢
(Cyanobacteriacegeavith the am of producing biopolymeplastic flexible and compressible

foams for arange of products including footwear, jesnipport braces, surfboards and paddles,

toys, fitness 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 heatdried using solar energy to a powder and mixed at B0 levels with
[poly]ethylene vinyl acetate before extruding with air to form foam pellets. {Bolnology is

promoted as an ecologicalyound way of valorising microalgae that are whidrvested.

6. Inthe USA Delmontehas established an algal fertiliser system in Arizonain which microalgae

are grown in simple photobioreactors adjacent to melondgand algal cells are continuously

33

34
35

36
37
38

Innovate PertandSociedad Nacional de Pesque2816 Agenda de Innovacion Tecnoldgica para la Utilizacion de la
anchoveta (Engraulis ringens) en el enriquecimiento de aliimentos de consumo humano.
http://projects.worldbank.org/P155902?lang=en

Gislason &and Bragadattir H2017)The Nordic Bioeconomy Initiative NordBio Final Report Te maR@id:526doi:
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 system®; melons matured a week
earlier and were 40960% larger than control fruit.

Inthe UK seaweed and plant biomass is being turned into liquid contailmg&kipping Rocks

Lal#°, a small and young design company working in sustainable packaging. Theiridea, OOho!,
is a sphere intended for drinking water, soft drinks, spirits and liquid cosmetics. The company
says that itis cheaperthan conventional plastiegh a sheHiife of a few days, and completely
biodegrades within 46 weeks, but can also be eaten. The material can be flavoured and
coloured. In manufacturing analysis so far, it appears to have 20% the carbon impact and 11%
the energy requirement oPET.

In Spain the mussel produceisrinsaand Amegroveare providing mussel shells as crushed
material for soil remediation and bulking in vineyards, via local wine cooperatives. Almost 100Kt
mussel shells are produced each year in Galicia, where the mges&érs and processors are
based. Mussel shells argsed as a ptdorrector and general fertilisét; in New Zealand a
similar operation has been producing calckgontaining fertiliser from 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 been suggested that the reflectivity of the mussel shellsround
vines may enhance ripening of the graffes

The EUfunded proje¢ MIRACLES 20132017, worked on integrated biorefineries for
microalgaé®; the aim was to produce omegarich microalgae for feeding to aquaculture fish

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

Jellyfish are an increasing nuisance and hazard in Mediterranean and coastal watds& The
based companyellagernses jellyfish caught off the coast of Wales as the source ofthiglity
collagen for research andedical biomaterials.

Benthos Biosciences a Chinese company which is developing its activities in USA, Canada, and
Europe with focus on French outermost territories and Portugal. They are one of the largest

producers of sea cucumbers. Sea cucumbers alass of echinoderms widely distributed in

the 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 cucumbers in Chinawas 100,000 tons
in 2010; 80% of the prduction is from aquaculture and enhancement.
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Carr M (2018) Can algae really do CCU? Status and potential of biological carbon capture and use USEA Technology
Series March 12 2018.
http://www.skippingrockslab.com

AlvarezRodriguez Eet al.(2012) Usef mussel shells as a soil amendment: effects on bulk and rhizosphere soil and
pasture productionPedosphere22(2): 152164.
http://www.stuff.co.nz/business/farming/agribusiness/9849293/Farmeevelopsmussetshell-fertiliser.

http://www.havelockshellprocessors.co.nz

pers. commBrownleeB. (2018Havelock Shell Pogssors.
http://miraclesproject.eu

19


http://www.skippingrockslab.com/
http://www.stuff.co.nz/business/farming/agribusiness/9849293/Farmer-develops-mussel-shell-fertiliser
http://www.havelockshellprocessors.co.nz/
http://miraclesproject.eu/

Blue bioeconomy: situation report angerspectives

1 Fish

1.1 Introduction

FAO has estimated that fi¢hre presented onesixth of animal protein supply and 6.5% of all protein

for human consumption; and 20% of animal protein intake comes from fish for 3.2 billitwe of t
g2 NI RQa 4“JIBihddasslisider®ef from capture fisheries and wild harvesting and from
aquaculture and mariculture. Current production according to FAO is summariablgr. However,

it is estimated that 30990% of all fish becomes fproduct, as processing the fish for human
consumption also generates materials that may not be used for direct human consumption, so are
potentially usable forndustrial, nonrfood purposesFkigure5).

There is considerable pressure to improve biomass availability by a combination of changes in fishing
and aquaculture focuand reduction in wastage.h€ Food from the Oceaneeport of the9 / Qa
Scientific Advice Mechanis(8AM}¥2 confirmsthe conclusions of the evidence revidw Science
Advice for Policy by European Academies (SAPEA)rder to meet projected demands fordd and
biomass from the seas and aquacultpxd00Mt per yearadditional food output is needed from
marine capture fisheries and aquaculture:

1 Mariculture is seen as less constrained than Huaded aquaculture and capture fisheries; as
much as 160Mt extreiomass could be achieved by the en@08years or so, overwhelmingly
by increasing production of lowdrophic marine biomass, i.e. algae and molluscs

0 As thisis largely exploitation of new or unfamiliar bioresource®xisting species
but on a very mch larger scalethis may well yield significant opportunities for
development of new processes, products and markets using thprogucts or
wastes.

9 Capture fisheries are expected to yield an extra 30Mt by better management of established
fisheries (20N) and discard reduction and elimination (10Mt).

o As the aim of development here will be to generate additional biomass for human
consumption, itis more likely that any additionalpyoducts or wastes will be used
for existing types of noifiood use.

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

0 Since the aiminthisisto free up for human food fish that are currently harvested for
reduction to fishmeal and fish oils, there may be new+foad products and markets
that can be developed from these sources.

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

47 The State of World Fisheries and &gulture: Opportunities and challengdsAO 2014 SBN 9782-5-1082768; Fishery
and Aquaculture Statistics 201BA0 20171SBN 9782-5-009987%3.

48 European Commissiddigh Level Group of Scientific Advisors (2017) Food from the Oceans S&gmitifan No. 3/2017
doi:10.277766235.

49 SAPEA (20175APEA Evidence Review Report No. 1: Food from the Odeifpss//www.sapea.info/wp
content/uploads/FFOFINALREPORT,.ddf: 10.26356/foodfromtheoceans.
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Blue bioeconomy: situation report angerspectives

1.2 Fish biomass origin

Fish biomass igroduced either by capture fisheriger by aquaculture in freshwater and marine
environments. Some wild harvesting of seaweed alsotakes place. FAO (2017) giesslteptimates

of amounts available for utilisatidf together, c. 170Mt of fish, shellfish and crustacea were landed
and harvested in 2015, c5% wild-caught, 4% from aquaculturéseeTable?). Sea and ocean fishing
predominates for apture fisheries (81Mt vs 11.5Mt freshwatehpwever,the opposite is true for
aguaculture (28Mt marine v€loMt freshwater). The togevel distribtion of incoming biomass can
be seen ifrabless, 6and7 and graphically ifrigures - Aquaculture and fisheries biomass profle
fish, which alsoBows the byproducts of harvesting and primary processing

Table 7 - Production of fish 2015

Tvoe Total Aquaculture Capture/wild harvest
yp Mt Mt Mt

FSC total Mt  [BLEel~ 76.6 92.6

FSCinland 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 profilefish

AQUACULTURE
. FRESH FIS| WILD CAUGHT HSHERIES 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
PROCESSING c. 50% WENES

WASTES

C. 85 Mt 7%

Source: FAO (2017), New Economics Foundation (2014); fish = finfish, shellfish and cr'tatbéamass
potentially available for food usel: biomass potentially available for ndood uses; = biomass for fishmeal
and fish oils, mainly for aquaculture and animal feed

50 FAO(2017) Fishery and Aquaculture Statistics 20USBN 9782-5-0099873.
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1.3 Types of fish biomass

In capture fisheries, the top 20 species accountf@8M#P?, (30%), of the total of 92.6Mf16/20 are
bony finfish making up c. 90% of this, 2/20 are cephalopsdsid (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 senostcaught finfish is Alaskan pollock,
most of which is discarded at sea after primary processing for roes, at least in the Pacific by the Russian
fisheries.
Table 8 - Production of fish in capture fisheries and wild harvesting
Type Inland Marine
Mt Mt

Total 11.5 82.3

106 67.5
05 6.1
0.34 7.1

Source: FAO (2017)

In aquaculture and mariculture, the top 20 species account for c. 46Mt (60%@Mifharvest; 13/20
are finfish.

Table 9 - Production of fish and seaweed in aquaculture

Tvpe Inland VEYE
yp Mt Mt

489 57.1
441 29

Fish diadromous 5.0
Crustacea 7.4
Molluscs 16.4
Source: FAO (2017); Categoriedt split between inland and marine in original

There may be more material available for nfood uses of fish catches and wastes than is recorded

by FAO. Recalculation of fisheries landings for the period-2020, using the method of catch
reconstructian, suggests total landings, including artisanal fishing, recreational fishing, discards and
bycatch and illegal landings, may be 50% higher each year than those reported to and consolidated by
FAG2d ¢ KA A& YSIya (KIG C! hQa NBaavdlh&&beedFandngs 6l (i OK
mMonatid® C!hQa RFGF akKz2ga |y lyydadt RSOfAYS &aiAyo
(>1.2Mt pa cf 0.38Mper yeal.

1.4 Geographic sources of fish biomass

China has a commanding position in supply of bionieaslel0 shows thatit is at No 1 position for
fisheries and aquaculture. No other counbgsides IndonesiBeatures consistently in the Top 10 in
all categoriesati o a i OF / Kapah)Chike and Yerwiay appeattiree categories for the
rest of Europe, Ireland, France and Iceland are in the top 10 only forhaikesting 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 tlitgobal marine fisheries catches are higher than reported
and decliningNature Comms7:10244 i: 10.1038/ncomms 10244.
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Table 10 - International landscape ofisheriesproduction 2015

Position Fisheriedut AquacultureMt

#1 China17.6 China47.6

#2 Indonesia 6.5 India 5.2

#3 USA 5.0 Indonesia 4.3

#4 India 4.8 Vietnam 3.4

#5 Peru4.8 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 FAQR017)

Tablell summarises the data for 2015 for total productionEaoropée?; in 2016,there was a slight

increase in fisheries catch to 14.4Mt, of which 89% was whitefingh the average per capita
consumption of fishinthe EU28 was24.5Kéfped A y 3 Ay (2 | O02dzy i GKS 2 @SN
YIFEGSNRIFE Q 0 fdprgdOcs, hFphodudts addkRRDiKighCa?ise was estimated at 12.7Mt

of raw and processed fis®ome of this is inaccessible as the waste arises towards the consumer end

of the supply chair-AO gives slightly different data for Europe: of total production of 16.dkitfing

non-food uses occupied 2.64Mt (16%).

Table 11 - Global production and balance of fish for Europe 2015

Production Mt
Total production 17.1
Capture fisheries 14.1
Aquaculture 3.0

Source FAQ2017)

Icelandis in the top 15 marine fisheries countri@orld-wide, at landings of 1.4Mt. The total
estimated nonfood uses of the catch was c. 500Kt (36.5¥he major fish is cod; the catch in 2013
was 236Kt, of which 84% was used for human food and in 2015 24#¥hich 75% was for human
food.

Norway is a major aquaculture producer (1.4Mt in 2015, makingit 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).

Sotland is a specific case withthe UKas themain aquaculture producgalmost 170Kt fish in 2011,
about 95% salmon atea and 5% trout chandP®) as well as having major capture fish landirigs
2013, Zero Waste Scotland, in the context of a roadmap strategy for better use of biomass
reportedaquaculture productiomf 176Kt, consisting ogmon and trout 169Kt and shellfish 7lknd
fish and shellfish landingd 314Kt consisting of plagic fish 144Kt; demersal fish 117Kt; shellfish and
crustace 53Kt This amounts to almost 0.5Mt biomass.

5 FAO (2017).
54 AIl.P.CE-CEP. EU Fish Processors and Traders Associa®0h7)Finfish study 2017
55 FAO data, 2015.
56 Meacham T(2014)The UK Aquaculture Industiyood Security Insight Issué July2014.
57 Zero Waste Scotlan(2018)Sector study on beer, whisky and fidfinal report ZWS645.
23



Blue bioeconomy: situation report angerspectives

In 2001, Seafishreported that of the estimated 852Kt catddifish and shellfish, 492Kt, 57%, was
waste’8; about 60% of this was generated duringsimore processing, 10% through processing at sea,
and the emaining 30% as discards at sea. Processing suitable wastes into fishmeal earned suppliers
only £1® € »£800 € danie of raw material used, compared with payments of 860 ¢tanrie for
landfill disposal. In 2004, wastes were estimated at >3@@tyeaP®; 80% of this was finfish wastes,
20% shellfislaindcrustaceaBefore 2005, the estimate of waste production for Scotland was c. 77Kt
per year made up of 44Kt pelagic waste, 28Kt demersal waste and Kl@gliropsvaste; Scottish
Government provided datai2005° estimating total aquaculture production at 157.5Kt with harvest
of c. 151Kfand the remainder routine mortalitiesigheries yielded 355Kt, 47% pelagic, 45% demersal
and 8% (28Kt) dumped at s¢aom the total of c. 512Kt in 2005, c. 239Kt (47%3 pracessed for
human consumption; 190Kt (37) Category 3 wastes were produced, plus c. 25Kt wastes shipped
outside Scotland.

In 2008, the wastes from mollusc fishimgScotlandvere c. 75Kt pa: 20Kt flesh and 55Kt sHélls
Difficultieswere noted in maRkg use of this, due to hygiene and the costs of separation, though shells
KFEIodS 0SSy aSLINIGSR FNRBY FfSaK 6aFNBS 2F-Ff Sak
20Kt wastes were derived from crabs axsephropsnthe UK; however, most prans and shrimps are
processed outsidihe UK and imported isshell or deshelled already, so their contributionis minimal.
There is no data for Ugroduced or processed shrimpero Waste Scotland in 2013 estimateataich

at 18XKt-257Kt (58%82% more tha actual landings), which could have been landed and made
available for addedralue industrial use with appropriate dmoard technologies and fiskanding
policies plusinputs of fisrandshellfishto aquaculture feedsat 238Kt. Total n-processing wasteder
landed fish and aquaculture produeesre estimated at 185Kt, includinigfiprocessing byproducts

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

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

ChinaA & NBX O23ayA &SR a GKS ¢g2NI RQa fIFNASad LINRRdAzOS
shellfisi?; its aquaculture output was 40Mt in 2012 and c. 50Mt in 2015, when it consisted of 27Mt
fish, 13.9Mt shellfisland4.1Mt crustacea. Fisheries and fresiter catches totalled almost 15.5Mt in

HAaMp® hy HnAMEHENEgeneratéd >37% d woN@Gaguatic output, including >60% of global
aquaculture productioff. Over 30% of its marine catches are unidentified in FAO statistics.

In 2015, the}] { ! t&a& production was 5.4Mt, mainly fisheries catch of c. 5Mt (fish, molluscs,
crustacea) and just over 0.4Mt aquacultéreOther sources put total fisheries catch at >4.8Mt.
88% was finfish and c. 12% shellfisith aquaculture productiorof c. 0.3Mt of fsh and shellfish,
mainlypond-raised catfish.

58 Seafish (2001) Report SR537.

59 Reported in ADAS (200BEeview of the appptation of shellfish byroducts to land SR586Seafish 2008 SBN 0 903941
49 X.

60 Scottish Governmen2005 Evaluation of Fish Waste management techniques.

61 Seafish(2008 Use of sheHfish byproducts in bait.

62 Ghaly AE, Ramakrishnan V. et al. (2013) Fish Processing Wastes as a Potential Source of Proteins, Amino Acids and
Oils: A Critical Review Microb Biochem Technét 107129 doi:10.4172/194&948.1000110.

63 Caol, NaylorR.etal2omp 6 / KA Yl Q& I |j dzr Odz (isieNiBs SdieyidB47(6K18): 183BNdoiR Qa G A f R
10.1126/science.1260149.
64 ZhaoWandShentb Hamc 0 ! adGF GA&AGA Ot | ymifiie-gearperiodAGueultuie and FighériesT A & K S N&

1: 41-49 Doi: 10.1016/j.aaf.2016.11.001; data derived frdpAO and from the China Fishery Statistics Yearbooks.
65 FAO (2017).
66 Delaware Sea Gran{2018) Overview of the Seafood Industryttps://www.seafoodhealthfacts.ay/seafood
choices/overviewseafoodindustry.
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1.5 Nonfood biomass from fish

wSald whkg aldSNAIFEfas 2N wwas Aa
all the potentiallyuseful materiathat isremovedn orderto prepare biomas#or food useTraditional

f AGSNI €

(NI yaft

processing of finfish such as Atlantic cod produces only the fillets for human consumption. In the past,

everything else, the RRM, was either used for animal feed or simply wasteeasinglyefforts are

being made to retrievas 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 inNorwayappear to be verpighfor whole fish,97% for pelagic fisheries argéb%
9% for demersdfl. However, utilisation of RRM from processofglemersal fishs thought to be
much lower; for whitefish (except if exported gutted whole and gutigithout-head) dscarded RRM
is estimated at c. 37% the unused whitefish RRMs are 20@&r year mainly heads (80Kt), viscera
(c. 58Kt), livers (c. 39Kt), roes (c. 16Kt) and frames andftsi{c. 8Kt), from a total catch of about
800Kt. Orboard processing and freewj in addition involves aea disposal of heads and viscera.
Better compact equipment for oboard processing of highalue parts of head e.g. cheeks and
tongues, may reduce thighe comparative figures foprocessedelagic fish are 98%, aquaculture
(farmed salmon) 90% andrustacea36%. It should however be noted thdahese might be
overestimates, as there may be further preparation and processing of RRM.ghsmeps, extracts,
sauces and flavourings based on fish. Surimi is-estéblished as a maj use of edible RRM from
various species of fish and squid m¥&at

However, the spliof by-products between source and type of material reveals the importance of
better management of heads, viscera and blobeyre6)’.

Figure6 - Estimates of volume of unused byroducts, Norway, 2013
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Other gut - Demersal fish
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Source Olafsen et al. (2014)
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JouvenotL(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_of marig@rdducts 2013 Summary English.pdf

OlsenRL, ToppeJ andKarunasagar. (2014)Challengesndrealisticopportunitiesin the use of by-productsfrom
processingof fish and shellfish TIFS TecB6(2) 144151 d0i:10.1016/j.tifs.2014.01.007and

SandbakkM. (2002) Handlingof by-productsfrom cod-fish - a state of the art report from selected counties

SINTERFisheriesand Aquaculture.

VidalGiraud Band Chateau D(2007) World Surimi Market FAO GLOBEFISH Research programme Volume 89.
Olafsen T, RichardseR et al. (2014) Analysis of marine bgroducts 2013 English summayINTEF Fisheries &
Aquaculture project No 6020 663" May 2014 http://www.kontali.no/public_files/docs/Analysis_of marine_by

products 2013 _Smmary English.pdf
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Olafseret al. (2014)* note that 67% of the byproducts from demersal fisheries is unused, mainly due
to discarding oprocessedest raw materials on longistance fleets that lack technical solutions for
higherlevelprocessing or storage eboard. In addition, there is a laof economic incentivesto land
by-products. However, almost everything which is brought ashore is utilized as raw material for
further processing ifit cannot enter the human food chain. There are Aarbgiucts as such in pelagic
fisheries, since all thfish are used for fishmeal and fish oils. In processing of aquaculture harvests,
regulations control the use of blood, and morts need ensiling or otherwise treating; but only 11% of
by-products are estimated to be unused. Carvajal (2014) mentions siijtffid rent figure &%; 62% for
whitefish, 2% for pelagic fislnd10% for aquacultureRichardsemt al (2016) note foNorwaythat
3.44Mt fish and shellfish produced c. 0.89Mt RRIM26%) of which c. 0.68M{(76%)was utilised;

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

There are practicadnd technologicatlifficulties concerning the space and resourcesbaard to
handle volumes of obligated landings that are incidetaahe main target fish and catch sizdhis
would also have implications for making better use ofdaych, as some degree of dmard
separation, managementand even primary processing may be needed to retain maximél. \Gaiae

for capture fisheriesncludes fish, crustacea and cephalopods but the data is not split. Thefule
thumb has been that discards and bycatch disposed of before landing amount to about 8% of
landingg®.

In 2012, the study for Cefas that reported on discards and their potential uses noted that 26 of
discards were due to ovequota catches, 30% were unusable species (no markets or not popular to
eat), 19% were undesize orunder age, and 24% were ftslught when their markets or sortability
were not optimal®. Observations made ehoard vessels by Cefas observers showed that about 26Kt
of fish andshellfishwere discarded each year in the period 210, of which fish under quota made

up c. 9.4Kt.

Inthe USAthe discards of fish from fisheries activities are estimated at 2 billion poundsdistear

worth est. $1 billion (range $475 millionto $2.6 billbn A ®S® ennc Y )basedcghy (2 ¢
landings of >10 billion pounds worth $5 billione n ® o ""oThef datadi2founded on the National

al NAyYyS CA &KS NN&ienal pySanirapOri/kich conensneni60% of the national catch
NBLZ2NISR AY HamnI |aadzvLliAzya FyR SadAaylraSa F21
speciegeported 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 reasons, and were
estimated at 5% of total catches by weight for larger peléigit (>75kg) and 10% for smaller fish,

compared with an estimate of overall discards of 2086 year

The world production of fish, shellfish and crustacea in 2013 was 163Mt, capture fisheries and
aquaculture combine®; of this, 21.4Mt was estimated to Her non-food usesi(e. 13%)°® / KA Yyl Qa
production alone was estimated at 60Mt, of which 3.4Mt was for+ioad uses (5%%); the global

1 OlafsenT.et al.(2014).

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

73 Richardsen Retal.(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) 5 A & OF NR&a Ay (K San aplad FRAQO&FisAelied ReShmikad Raper No. 470
http://www.fao.org/docrep/008/y5936e/y5936e01.htm

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

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

8 FAO (2017)

79 According to the Food Balance Section of FAO Handbook.
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ex-China proportion of noffood use is 17.5%&stimates of the volumes of igyroducts are available

for Norway from 20%°; from 31Mt of fish and crustacea from catches and farmin@M. of by
products were obtained, ayield of 28% overall. Some of the estimates are based on-acdejyed
splits between edible elements and{pyoducts, such as for crustacea, 50:50. Télative percentage
contributions to overall byproducts estimates are demersal fish 39%; aquaculture 39%; pelagic fish
21%; and crustacea 1.4%.

Table 12 - Estimates of catches and harvests and resultingdrpducts, 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)

Available by 867.000 340.000 178.000 336.000 12,500
products

Available by

ETeL e 28% 44% 18% 26% 50%

share of basis
for by-products

{2dz2NOS htl FaSy Si -UWNPIR daGiinavén OrT 62 G l-at A 8A yFA2(NG lofe

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 weg{discarded unused) or turned into lexalue
fish meal. Heads, which form 18% or more, can be sold as-adetnfood.

The DiscardLess projéttrunning from 2015019 in Horizon 2020, seems highly relevant to policies
related to better use of unusednder-used, discarded and waste fish materials. It has published on
several aspects of the problems with discards and the transition from discard policies to discard bans
under the Landing Obligation. Annual discards of unavoidable unwanted fish were &sliata
>1.5Mt p&?3; up to 23% of annual catches are discarded, anth@ard processing, filleting and freezing
result in discards of potentially usable material such as heads, skin, viscera and ifinaamesunts

that are currently unquantifiableRelevant pojects from the European Fisheries Technology
PlatformQdirectory of discard project$, which aimed to standardise data collection, manage catches
better, or valorise byproducts have been summarised by DiscardBess

1.5.1 Postharvest fishing losses

It issometimes difficult to separate specific pesarvesting losses, due to escapes or quatiiytrol
checking, from other asea processing discards or processing losses further down the chain.

The UKO K I N\asfiegandResources Action Progran§ivéRARreported in 2011 that, of total fish

and shellfish inputs of 1.044Mt, 350Kt was regarded as@dible, of which 140Kt were waste and
co-products (including retail wastes), with 105Kt arising from finfish and 29Kt from sh#||frsdst 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 http://www.discardless.eu

83 VidarssonR, Gudjonsson fand Sigurdardottir §2015)Deliverable 5.1 Report on current practices in the handling of
unavoidable, unwanted catche®iscardLess project 7 December 2015.

84 Eds. Rodriguelrl. and 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 al2015).

86 WRAP (2011) Resource maps for fish aa®tsl & wholesale supply chainBroject code RSCO@®1 & RSC00903.
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regarded as unavoidable waste. The conclusion from surveying the industries was that avoidable
wastes generated by processing are low.

15.2 Atsea process discards

At seaB-22% of white fish may be discarded during primary processihgpelagidish, if processed
at sea, are 9800% utilised

1.5.3 Aquaculture fish wastes

The main expectable 2 34 Sa Ay | ljdzZl Odzf G dzNB I NB NRdziAyS Y2NI
run at about 8% Disease outbreaks may produce losses of-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 theiemment are the enepoints.

For Scotland, theScottish Government provided data in 2005estimating total aquaculture

production at 157.5Kt with routine losses 688t morts, mainly rendered or dealt with by anaerobic

digestion, occasional mass mortas with a historic high of 6K&cottish fsheries dumped 8%28Kit)

of their355Ktcatchat seaThe SARF repoof 20088 estimated 9.3Kivastes arisingach yeafrom

salmon farming, mainly from marine production (c. 60% routine and c. 30%rawine), where

2OSNY tf opmrZ Fo62dzi oYGX 6SNB RSIR FAAK OWY2NIiac
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%dmnes fillets. However, it seems that tpeoportion of fish and

fish processing volummadeavailable for food uses hascreased over the period 200D12°, which

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

Table 13 - Production of fish and seaweed in aquaculture

Element % of whole fish

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

Source: Watermai2001)°, reused by Ghaly et al. (2013)

In typical fish processingh¢ critical early steps are stunning,-8éming and descaling &fter this,
heads (up to 20% of weight) are rowedt or straightcut off the fish; the total wastean be27% 32%

at this stageFurther stages, depending onquiuct and market needs, generate increasing amounts
of waste.

87 Scottish Governmen005 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 of Proteins, Amino Acids and
Oils: A Critical Review Microb Biochem Technét 107129 do0i:10.4172/194&948.1000110.

% Waterman J1. (2001) Measures, stowageate and yields of fishery productsdvisory Note No. 17, Torry Research
Station, Aberdeen, Scotland.
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Table 14 - Production of solid wastes from different fish processing steps

Stage Waste and discarded materials Total % removed
Gutting fish 5%8% viscera 5-8
White fish filleting skin 45%, heads 2-25%, frames 24%4% 49-64
Olly fish filleting 40-45% wastes 40-45
Deheading white fish 27%32% heads and debris 27-32
E!Letlng deheaded white frames and offcuts 20%30% 20-30
S|l MEple|Ula=o ReT\WAE8  visceratails, heads, frames 40% 40
Skinning fish 4% skin 4
Cemiig ! 25% heads, 10%5% frames 3540
precooking
EEleelol (e NeIfe=Nlllile] 15% inedible discards 15
Cutting and gutting oily heads and viscera 15%, bones alisicarded meat 10% 2530
pelagic fish for canning 15%
Pressing oil from cooked 10% residual preseake 10

fishmeal fish

Source: Arvanitoyannis and Kassaveti (209&dapted from Ghaly et al. (2013)

The UK Waste minimisation organisation WRAP noted that >133Kt fish wastbg-pratiucts are
generated each year, about 12.7% of total ingétat 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 utilisainorbe
generalised from alocal or regional report. For example, the amount of primary fish wastes in Victoria
state, Australia, may amount to >11Keér year mainly finfish and shark processing wastel0Kt),

squid and shellfish (1Kt) and market discaf@&.5Kt), plus 500 fof scallop shells and viscera and

1Kt wet microalgal bioma8&from waste treatment ponds. Material from petfood manufactured in

the state using fish bproducts amounted to >3Kt of processing wastes and >11Kt of discharge sludge.
Nohighervalue nonfood uses were reported

There is a useful study of fproducts in Franc¥; this benefited from access to the 2 fish-pyoducts

processors operating in France at the time, Copalis and Bioceval. For the perieg0R804the

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

estimated at c. 6% of their total food wastes. Heads, tails, fing,fo@mes and viscerathat are not

used eitherdirectorparthftJNE OS a4 SR T2 NJ KdzY | VLINR R®RAG & OF RYH A/S
of fish in addition to conventional fillets and gutted,-tdeaded, trimmed and prepared fish that can

be eatenbyhumars &4 dzOK & SRAOGfS NRS&a> OKSSIHMERUDDENE [
I 92AR dzaAy3a GKS GSN¥Y wglaisSQo

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

©
=t

Arvanitoyannis.B and Kassaveti.£2008) Fish industry waste: treatments, environmental impacts, current and potential
uses IntJ Food Sci Ted8: 726-745.

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

Gavine F.M., Gunasekera R.M. et@R99) Valueadding to seafood, aquatic and fisheries waste through aquafeed
development Project No 1999/424 Fisties Research & Development Corporation, Victoria.

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

Andrieux G(2004) La filiere francaise des-pmoduits de la péche et de l'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 and other
processors, generated an estimate of c. 45Kt ofpbyducts. This region accounted for c. 47.5% of
French landings in 2009; {products represented 32% of all landings. Primary fish processors
generated 58% of the total bgroducts, canneries 27% and smoiesr 15%.

1.6 Uses of fish biomass

In Scotland,te SARF repdftnotedin 2008that the handling of molities was a concern; ensiling

followed by oil extraction was a new undertaking, and there were no proper facilities local to the main
concentrationoff Ny a ¢6{ O2df | yRQa ¢Sad O2Fraiduv G2 AyOAYySN
report, a thorough table of potential destinations for RRM aneplogducts was drawn upl@blels),

which is still useful

Table 15 - Outputs from processing fiskvastes

Waste or
discarded Process Commodity Use
material

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

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

e e s Mechanical Fish mince and paste Human _food and petfood dependin
recovery on quality

Fishmeal Oils Pig, poultry, fish feeds and petfood:
processing Oils andfishmeals 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 [W\aE-t=Ige] sl Slesee STy

bycatch digestion

disposals, shells

and surplus Composting fertiliser Agriculture, horticulture

trimmings,
heads, frames
Aquaculture Ensiling,
morts (Category NEalkElh
2 ABPR) incineration

Industrial products
onlyc¢ eg biodiesel

Source: SARF (2008)

Solid residues for landfill

9% Scottish Aquaculture Research Forum (2008) Strategic Waste Management and MinimigeAqnoaculture.
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The top 10 countries for nefood uses in Europeeported using about c. 95% of the totdlgblel6).

Table 16 - Non-food uses of fisheries and aquaculture production in Europe, by country, 2015
Non-food uses

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

Source:lFAO (2017)Fishery and Aquaculture Statistics 2015

Some of these countries appear to be relatively low users, with respect to theirindigenous chemicals,
biotechnology and bioactivessing industries, such as Austria 26 tonnes, Ireland 280 tonnes, Belgium
495 tonnes, Greece 1,109 tonnes, Germany 1,403 tonnes, UK 1,901 tonnes. Countries such as Malta,
Italy, Lithuania, Portugal and Sweden were moderate uB®rson-food purposes, in the range of

15Kt- 38Kt per year Although some of these figures may be correlated with fishmeal production for
aquaculture, the reasons for low uptake may be worth investigating further.

1.6.1 Fishmeal and fish oils

The major use foparts of capture fish not used for direct human consumption is the production of

fishmealand accompanying fish ojEndsuch processing material joins the pelagierimih fish caught
in reduction fisherie¥.

The high usage rate for pelagic fish isiegly due to their processing into fishmeal and fish oils of
various grades, from those intended from human nutritional use to those for animal feed or for further

processing into extracts or industrial oils. In additi8®%o of RRM is currently used to kegishmeal
and fish oil of various qualities.

For lowvolume fish processing regions, the range of outputs is only a little wjidet., in County
Donegal, Ireland, the 3 fishing ports landed c. 157Kt fish in 2014, the vast majority pelagic fish
(mackerels, herring, blue whiting and boarfi$hy¥ main processors produced filleted herring and
mackerel (from c. 30% of the catch), whole cleaned fresh or frozen horse mackerel and blue whiting
for export, and fishmeal. The filleting of 22.3Kt of fighs estimated to produce 8.5Kt RRM (38%),
used as furtherinputinto fishmeal production for aquaculture use, ingredients for petfood and bait
for lobster and crab fishing, with residual sludge used in the production of horticultural compost.

97 Reduction fisheries are those, such as Latin American anchoveta fleets, that are dedicatetittosaiiall pelagic fish
intended solely for fishmeal and fish oil production.

9% Faulkner N(2015 An Appraisal of Fish Waste in Coubtynegal April 2015(an activity of ReNEWthe Resource
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 challengeseto handle and manage unwanted catches separately, and the long
(and costly) distances to transport fish to treatme teapts>. Asmallerscale protein production plant

now existghat can be setup at any port where fish is landed eadlalsde installed orvesselo

small tocarry standardsizefishmeal offish silage production system®. 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.
¢KS 22NI R . Iyl @PissuineR18%odfistanll bertarired from Rest Raw Material
owwao X O2YLI NBR ¢ A ('R THe@ kiab Iizén aStaadydecling iS the2afmountput
fishmeal and fish oils derived from capture fish since 2608Ure8)*%3.

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

100 https://hedinn.com/.

101 Msangi S., Kobayashi M. et@013)FISH TO 2030: Prospects for Fisheries and Aquacitadd Bank Report Number
83177%GLB.

102 |FFO, quoted in The Marine So&wmnomics Projecdustainability Issues in Aquaculture: MSEP Facts & Figures Series5
the New Economics FoundatipAugust 2014.

103 Carvajal A(2014)Processing of marine oitsfrom catch to final productSINTEF Fisheries and Aquaculture Temadag:
Marine lipider¢ fra fisk til feerdigvare, 2funi 2014, Aarhus.
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Figure8 ¢ Yields of fishmeal and fish oils 2068013

Production
Fishmeal: 5 major producers
2008 2009 2010 2011 2012 2013
(1 000 tonnes)
Pernw/Chile 2063 2039 1274 2160 1161 855
5
Norway 302 274 345 256 140 190
Iceland 251 198 146 134 169 176
Total 2616 251 1855 2607 1801 1477
Source: IFFO
* these fhigures refer only to IFFO member countres
Production
Fish oil: 5§ major producers
2008 2009 2010 2011 2012 2013
(1 000 tonnes)

Peru/Chile 459 410 279 450 2095 181
[ Denmark/ ]
Norway 93 79 116 a2 50 57
Iceland 81 44 69 67 67 69
Total 633 532 471 612 479 441

Source: IFFO
* these figures refer only 1o IFFO member countries

Source Carvajal (2014)

Table17 - Global production and balance of fish for Euro@®15¢ fishmeal and fish oils

Production

Total production
Capture fisheries
Aquaculture
Fishmeal production
Fish oil production

Mt
17.1
14.1
3.0
0.5
0.19

Source FAO(2017); EUfishmeali®4

Most fishmeal is produced direct from smalladh pelagic fishes and, overwhelmingly, the Chilean
anchoveta caught by reduction fisheries. In general, 100% of these fish are used for production of
fishmeal and fish oils; the overall contributions of tae fish, capture fish byroducts and
aquaculture byproducts is shown iRigure9. On averagean the EU, however, more than 50% of the
need for fishmeal is provided by RRM and trimmings from fish proce$ging

104 http://www.eufishmeal.org

105 |FFQpers. comm(2018).
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Tablel8 shows the top 10 fishmeal producé?§ with China at No 3 for fishmeal productiand No
1 for both capturdiisheries and aquaculture.
Table 18 ¢ Fishmeal productior2015

Fisheries Aquaculture
Mt Mt

Fishmeal
production Kt

Position

Chinal7.6  China47.6 Peru 852
Indonesia6.5 India5.2 Thailand 420
USA 5.0 Indonesia4.3  China 400
India 4.8 Vietnam3.4  Chile 322
Peru 4.8 Bangladesh 2.1 Vietnam 285
Russia4.6 ~ Norway 1.4 USA 263
Japan 3.5 Egypt 1.2 Denmark 206
Chile 3.0 Myanmar 1.0  Japan 184
Vietnam2.8 Chile 1.0 Norway 167

Norway 2.3  Thailand 0.9 Iceland 153
Sources FAQR017), SeafisH2016)197; Kt = 16tonnes

Thetotal reductioncatchin 2013consisedof 1.23Mt of species not eaten by humarssi¢h assand

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

or poor quality®. IFFO estimated that in 2009, 63% of global fishmeal production was used in
aquaculture, almost equally for salmonids, marine fish, crustacea and other species; 81% of global fish
oil production was usd inaquaculture, 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 by-products and to process locally to aquaculture operationghag grow in size and number.
However, the change in pattern of input materials for fishmeal production may resultin lower quality,

especially for Asian production, and lower content of om@&gatty 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 FAQ (2017).
107 Seafish(2016 Fishmeal and fish oil facts and figures.
108 New Economics Foundatiq2014).
109 Jackson Aand Newton RN. (2016) Project to model the use of fisheriesfpducts in the production of marine
ingredients with special reference to omegafatty acids EPA and DHA IFFO & University of Stirling.
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FAQO¥publishes estimates of fishmeal production and re ports on market dynamics, including catches
and production. Because of the predominance of Chile in reduction fisheries and fishmeal production,
harvests are markedly affected by phenomena such as El Ndiaguaculture feed market demands.
From 20082013, total production of fishmeal and fish oils declined tremendously, from 2.62Mt meal
and 0.63Mt oil to 1.48Mt meal and 0.44Mt oHigure8)!*. In 2016, total production was about 1.6Mt
fishmeal and 0.43Mt fish oil&; Peru, Chile, Denmark and Norway produce about 2/3 of total fishmeal
and 60% of total fish oils between them. A price fall in the marketin 2016 continted0h7. 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 2017; Chile produced 0.23Mt, both increases on the same period of 2016
(actually, 309% and 64% respectively).

Comes Y RAY3A (G2 Ada KAIK AKINB 2F 3t 2 d%,Chirhdsa K 2 dzi L
correspondingly high fishmeal demand, of 1.4M2012, produced fromc. 7Mt of reduction fisheries

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

least 3Mt of trash fish (bycatch, discaréslible but not eaten, below size, damaged gteere also

used for direct feeding in aquacultur@é. There is a potential production ap to 650Kfishmealand

160Kt fsh oils from domestic activitiesThe patterns of notfiood use of fish in China are not easy to

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

and highesvalue components.

Some of the fishmeal and fighls production is used for protein, peptides, hydrolysates, oils and
refined oils (high in omega fatty acids) for human consumption but the vast majority is used in
animal feed, especially, though to a decreasing extent, in fish feeds for aquacuhises partly
because of problems of collection, storage and spoilage of fish, viscera including livers, and trimmings.

Thetunacatch in 2016 wagver4.9Mt'1% implying that >3Mt of material might be made available for
highervalue human and animal use2H5 S @S NE (KX 8 2R& WA S TaP2y SISy A2y
RRM is used as fishmeal and fertiliser except inthose countries where e.g. the heads are used for food.
Lowergrade material can be used to produce ingredients for animal and aquaculture fedds a

petfood.

Fish oils have in the past been used as industrial lubricants and coatings, drying oils in paints and
sealants, components of extrenyessure paraffidbased oils, and fabric treatmerits. 90% of the

total US production of fishoilsin 1966 wasnhaden oil, amounting to 0.78Mt, of which about a third

was used in drying oils. Butthese uses have largely been superseded. Production of isopropanol was
being investigated in the mido late-1960s; most of the use now is after some kind of fractimma

to fatty acids and esterification to promote stability, especially as alkyds; in lubricants for metals; and
there is potential use as a source of biodiesel and as a feedstock for biomass production of lipophilic
organisms and generation of platformemicals such as some alcohdls

110 FAO yearbook2015, published 2017

111 CarvajalA. (2014).

112 FAO (2017) Globefish Highligh®ctober 2017 Issue, with Jalun 2017 statistics ISBN 998-5-1300473.

13 ZhaoWand Shentb Hamc 0 ! adGF GA&AGA Ot | yoifiie-gearperiodAGueultuie and FighériesT A & K S N&
1: 4149 Doi: 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 Febru@@l8, ISSF TechnicaleBort 201802.

116 Fineberg Hand Johanson &. Industrial use of fish 0il$)S Dept of the Interior Fish and Wildlife Senfi¢gs:/
spo.nmfs.noaa.gov/Circulars/CIRC278.pdf

117 Ahokas M(2014)The quality of fish oil and its potential use in ttieemical industry Aqual project final seminar 18
September 2014ttp://www.culmentor.com/aquareliwordpressiwp
content/uploads/WEB_Ahokas_Fisth@uality.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 contialzon
disposal, anaerobic digestion maybe the first choice for 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 new processing systems for valorisaagture fisrRRM This isnostly ensiled (41%), converted to
fishmeal and fish oil (23%), used for oil and protein forfestd (20%) or processed for oils and some
other components for human use (149%) Fish silagean befurther processed tdfish protein
concentrate for animal feed, mainly pigs (64Kt in 20i4Norway), or fish protein hydrolysate, for
human food and nutraceutical products and aquaculture feeds (17Kt in 20b4) production of
fishmealand other animal feed componerft®m fish byproducts will become increasingly important

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

Ediblequality RRM can be valorised successfully for further foodrRR& from whitefish filleting and
production of emulsified foods can be exploited to generate fish protein isolates, fideipro
hydrolysate, homogenized fish protein and gelatin for human consumptiofhe resulting fish
proteins can then be used in the production of fresh, frozen and salted fillets to reduce drip loss and
increase cooking yield and protein content. In thise&saRRM 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 recovered by drying and separating by vibrating sieve.

Some countries are advanced in their use st byproducts and discarded material from processing,

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

I N} y3IS 2F RSNAGFGABSE 27F (KS lexthe8radéSramKisbkinS FA 4 K
pharmaceuticals and cosmetics made from bioactive compounds extracted from different parts,
collagen made from fish skin, supplements and proteins made from differeptdgucts, mineral
supplements made from fish bones, enzymes extracted fromevas 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 made from viscera used for animal feed or as fertiliser, swim bladder and milt which

are traditional produ & G KI G KIFI @S 6SSy dziAt AT SR G2 | LRAYID

Tilapia production is one of the strongegtowing aquaculture sectoia the Americas and parts of
AsiaPacific RRM from Tilapia are already used for a variety offomd use$?'. 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 formammalian gelatins in pharmaceutical cafslap& scales

have been used as decorative itemsotein 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/forstehandterinnbrdicpelagic
workshop/11_10083@estraw-materialsfrom-herring.pdf

119 Arason S., Karlsdottir M. et gR2009)Maximum resource utilisatiog Value added fish bproducts Nordic Innovation
Centre Project number 04275.

120 Vigarsson.R, Gudjonsson fand Sigurdardéttir §2015)Deliverable 5.1 Report on current practices in the handling of
unavoidable, unwantedatchesDiscardLess 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 (OreochrophidRs )k chical Re port 04/2012Ansftitute
of Marine Resources, School of Marine Studies, BBN: 978©82-914310-5.
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Looking at less highuality RRM such as viscera, heads and bones and morts from salmon
aquaculturé??, the current usages include fish oilsutrimar, aNorwegian processocan produce

10Kt salmon oil gr yearfrom 60Kt salmon cstreams r yead, salmon fishmeal and hydrolysed
protein concentrate Heatprocessed fish wastes have been tested and used as components of diets
foranimals, especially farmed fish and pigs, It te-use of materials of animal originis now tightly
regulated round the world. Frozen fish viscera can be fed to animals, for example, as feed for mink in
Iceland or Denmari3; however, itis only small Icelandic boats that can land their catchesvdaoly

can take advantage of this use for lowastlue rest raw materials. Otherwise, they are ensiled.

Logistics and business casandiffer according to whether the processor iskaeated with the major
source of cestreams, or has a need for distributexbllectiont?* Akva Ren, ilfNorway, collects
biowastes from processors, restaurants, hotels and produces fractionated salmon oils artbateed

are acceptable ifur-farmingbut do not go directly back into human nutritiom France OFIMER
comparediwo by-products processing plants a studyof the importance of logistics and materials
management for how well bproducts can be valorisé#. Copalisised65Kt fish byproducts gr

year, coming from380Kt primary material from landings and fish products tradeheir doorstepin
Boulogneand generated 0 differentendproducts some with high valudioceval collected 60Kep

year, but from a wide geographic area, and consequently was limited by logistics and freshness of
materialg its output of fishmeal ad fish oils was albwer-value anddestined for aquaculture use.

In France OFIMER in 2004 estimated that c. 53% of fisiplmductsin Francewere converted to

fishmeal and fish oils for animal feeds, 22% of material was used for petfoods, 21% wdgs$adim
add utility, and only 4% entered highgalue market&.

OfL OS t totyl Rudbings of 1.4M#7, the total estimated norfood uses of the catch was c. 500Kt
(36.5%); fishmeal and fish oil production was c. 120Kt in 2014 (No 3 in Europe after Danthark
Norway).

Norway is in the top 10 fishmeal producers with Denmark, Iceland and the Russian Federation. In
2014, Norway had over 420 companies involved in some part of the marine and aquaculture
bioresources supply chains, with a total value of produgty 2 F O® po. Hhhéseo Od
are geographically spread, and many are SMEs.

Norwayhas a large proportion of bgroducts from herring and mackerel fisheries, amounting to
229Kt in 2012, which are mainly used for animal feed or as prodétetsemsiling?°. The yield of by
product processing includes c. 30Kt oils and c. 34.5Kt proteins. Oils are purified further to produce
about 4Kt omeg#s PUFA (pohunsaturated fatty acids). Depending on the quality of the oils and
categorisation of the sour, these can be used as human nutritional supplements. More of the by
products would be available for human use if the approach were adopted that valorisipigpbycts
means treating them in the same way as fish fillets, i.e. as-frade materials.

122 Seppéla.J2014). dza Ay Saa OF a8 a-a G NB iduarél prajstt figaks erfirdat8ikSe @ember 2014
http://www.culmentor.com/aquarel/wordpress/wpcontent/uploads/WEB_Business_case-A®82014.pdf

123 Vigdarsson .R et al.(2015).

124 Seppaldl.(2014).

125 Andrieux G(2004).

126 Andrieux G(2004).

127 FAO 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 |SBN&¥8492-358-4.

129 Carvajal A(2014).
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In Norway, 40% of utilised bgroducts are ensiled, oils are extracted and the remainder is used to
produce fish protein concentrate for feed$ 23% are processed as is for fishmeal and fish oils, adding
to the pelagic fish biomass used for this purpose. 18@tived from aquaculture, is used fresh for
salmon protein hydrolysate and salmon oils. Someimduct e.g. roes enter the human food chain
directly (c. 8%) and a small proportion is used for nutritional supplements and extracksgseel 0.
Overall, 87% us used for animal feeds (49%fResu, 25% fur animal feed, 21% farm animal feed, 5%
petfood), 13% for human consumption and a tiny amount fiaemergy.

Figurel10 - 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
Source:Own elaboration fromindustry survey, SINTEF

For Scotland in 2008, the increasing value of fishmeal and fish oils is seen as a partial brake on further
innovation in addingalue to wastes and surplusés Some possibilities are identified but structural
changes would be needed to capitalise on these: betteboard sorting and storage is needed to
supply e.g. livers of foedrade quality for highewalue liver oils; better mthods 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 and process safely-looard is limited. The potential added value for fish wastes and
discards lies in presg to extract highewalue components, refining of crude extracts and hydrolysis

of materials, to generate minerals, bettgualityoils, proteins, peptides and amiracids for human

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

and guanine for cosmetic$he conclusion for Scotland was that of the total amount of c. 190Kt
available material, arising from 2.8Kt aquaculture fish, 160.3Kt fish processing wasgl dkd

landed fish, 100% was valorised. Farmed fish mortalities and fish discarded at sea were recognised as
FRRAGAZ2YLIFE WKARRSYQ NB&a2dz2NDSa 06 dzi vausdportuyitg & 1j dzl y
for fish wastes was seen as extracting proteimshiuman food supplements.

130 RichardserR.et al.(2016).
131 Scottish Aquaculturé&kesearch Forum (2008 trategic 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 estimated to enter processing, yielding 3.7Mt (30%) edible fish products, 5.4Mt
(44%) byproducts that mightbe further processed into human food, animal feed, industrial and
fertiliser products$3? and presumably 3.3Mt (26%) of discarded material that might be valorisable in
some waylIn China, processed fish and shellfish products, mainly as frozen foods, sliyHoured

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 asasd to produce biogas, or balanced
with cellulosic wastes, as at the Biokraft plantNorway, which adds pulp and paper outflows to
salmon morts to generate liquefied bio gé&s Fish 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 Oceaneport of the9 / Q& { OASY A TAGAMPROA OS ¢
pinpoints a role forcurrently underused species suchla#l and other planktonic and mesopelagic

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

capture fisheries and aquaculture 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 farm animal nutrition.

2.2 Crustacean biomass types and amounts

Crustacean biomass poduced either by capture fisherigsr by aquaculture in freshwater dn
marine environments. FAO (2017) gives-tepel estimates of amounts available for utilisatiin
together, c. 170Mt of fish, shellfish and crustacea were landed and harvested in 205% ovifs
caught, 4% from aquaculturéseeTablel9). Sea and ocean fishing predominates faptire fisheries
(81Mt vs 11.5Mt freshwaterjjowever,the opposite is true for aquaculture (28Mt marine vi€Mt
freshwater). The togevel distribution of incoming biomass can be seefable19Table2l and
graphically irFigure5, which also shows the bgroducts of harvesting and primary processing

Table 19 - 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

132 Cao L., NaylorR.etal.Hnmp 0 [/ KAY Ll Q& | ljdz Odzf i dZ\SBiente8AR621IBK B3AB NI RQa & A f
10.1126/science.1260149.

133 Caol.et al.(2015).

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

135 European Commissiadigh Level Group of Scientific Advisors (20E8pd from the OceanScientific Opinion No.
3/2017, Dpi: 10.277766235.

136 FAO (2017).
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In capturefisheries, the top 20 species account for c. 28ft(30%), of the total of 92.6Mf2/20 of
these are crustacea.

Table 20 - Production of crustacea in capture fisheries and wild harvesting

Tvpe Inland WY ETE
yp Mt Mt

Total FSC 115 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.

Table 21 - 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 insupply of biomaishNS O2 3y Aa SR a4 (KS 42 NI RC
processor, exporter and consumer of fish and sheliffskts aquaculture output was ¢. 50Mt in 2015,
including4.1Mt crustacedc. 8%)

In 2015, the} { ! t&a& production was 5.4Mt, mainly fisheries catch of c. 5Mt (fish, molluscs,
crustacea) and just over 0.4Mt aquaculttite Other sources put total fisheries catch at >4.3®jtc.
88% was finfish and c. 12% shellfisith aquaculture productiorof c. 0.3Mt of fish and shellfish,
mainlypond-raised catfish.

For 2013Zero Waste Scotlandn the context of aroadmap and strategy for better use of biotfgss
reported aquaculture productiorof 176Kt, of whichshellfishconstituted7Kt(4%), andandingsof
314Kt of whichshellfish and crustacea weB3Kt(17%).

Before 2005, the estimate of waste production for Scotland was c. 77iKtaialy frompelagicand
demersalfish, butincludingt. 7KtNephropsvaste In 2010 c. 1£20Kt wastes were derived from csab

and Nephropsn UK#% 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 fepldHuced or
processed shrimp.

Zero Waste Scotland estimategdatch in 2013 wasl18Xt-257Kt (58%82% more than actual
landings), which could have been landed and made available for addke@ industrial use with
appropriate onboard technologies and fistanding policiesplus inputs of fishand shellfishto
aquaculture feedat 238Kt43. Total h-processing wastefor landed fish and aquaculture produce

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

138 Cao L. et al. (2015).

139 FAQ (2017).

140 Delaware Sea Granf2018 Overview of the Seafood Industrhttps:/Awww.seafoodhealthfacts.org/seafocd
choices/overviewseafoodindustry.

141 Zero Waste Scotlan(R015 Sector study on beer, whisky and fiskinal report ZWS645

142 Zero Waste Scotlan(R015 Sector study on beer, whisky and figkinal report ZWS645

143 Zero Waste Scotlanf015)Sector study on beer, whisky and figkinal report ZWS645
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were estimated at 185Kt, includingsh-processing yproducts and discarded material 160Kt and
shellfish wastes c. 25Kt.

2.4 Biomass with potential for nefood uses

The world praduction of fish, shellfish and crustacea in 2013 was 163Mt, capture fisheries and
aquaculture combine#t; of this, 21.4Mt was estimated to be for ndnod usesice. 13%}**® / KAyl Qa

production alone was estimated at 60Mt, of which 3.4Mt was forioad use45%6%); the global
ex-China proportion of noffood use is 17.5%.

Estimates of the volumes of gyroducts are available for Norway from 2018 from 31Mt of fish
and crustacea from catches and farmin@\& of by-products were obtained, ayield of 28%evall.
Some of the estimates are based on widatgepted splits between edible elements andrpducts,

such as for crustacea, 50:50. The relative percentage contributions to ovetqaibdycts estimates
are capturefish60% aquaculture 39%; and crustea 1.4%.

Table 22 Estimates of catches and harvests and resultinggrpducts, Norway, 2013

Demersal
fish

Pelagic fish Aquaculture Crustaceang

Basis for by
products (live 3.066.000
weight)

Al 867.000 340.000 178.000  336.000 12.500
products

Available by

775.000 965.000 1.301.000 25.000

products as share
of basis for by
products

28% 44% 18% 26% 50%

{2dzNOS htl Ta8y S0 -UWINPIRdadiinavén OI'T (62 G & A 34 yTA20NU [6t8 0 A
2.5 Uses of crustacea biomass

For crustacea, RRM includes ttiatinous shells and thBesh left inside the carapaces.

ForNephrops discard rates were 5%26% in North Sea in 2011, in areas where minimum carapace
lengthis 25 mm, and >40% where minimum landing size is 40 mm; a sitiéarange was recorded

in 2013, as high as 65% in srrethle fisheried-or crustacea thestimate of unused byroductsis
59%64% mainly due to absence of easy processes for adding value to shEfs

Even if RRM are available, they may be unuseghdrilseret al. (2016) report that thenon-usage
rate for RRM frontrustaceavas71%

144 FAO (2017).
145 According to the Food Balance Section of FAO Hand(2@l15).
146 OlafsenT.et al.(2014).
147 OlafsenT.et al.(2014).
148 Carvajal A(2014).
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25.1 Postharvestlosses

CKS 1YQ{ 2FadGS AYyAGAFGAGS 2w!t NBLR2NIDBAKAY HAMN
350Kt was regarded as nadible, of which 140Ktvere waste and cgoroducts (including retalil

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

shellfish areais regarded as unavoidable waste the conclusion from surveying the industries was

that avoidable wastes generated by processing are low.

2.5.2 At-sea process discards
At sea, >50% dfiephropamay beremoved as heads and clat#%
25.3 Useofcrustacea

In 2004, UK wastes were estimated at >300Kh@&80% of this was finfish wastes, 20% shellfish &
crustaea. The finfish wastes were mainly valorisable through production of fishmeal, and the logistics
of collection and processing were wstablished. Shellfish and crustacean wastes were more
difficult to handle because of the amount of shells, and dispesal the usual management choice,
costing an estimated £2.7 milliane o Y pef yedrt@ tfi@) harvesting and primary processing
industries. By 2006, landfill had been withdrawn as an option for uncooked shellfish wastes, and
treatment of wastes to prodce fertiliser or soil improver was seen as the best and most economic
option, particularly composting.

Non-food uses forcrustaceapresentschallengesecause othe high proportion ofexoskeleton.
Crustaceamastes already provide highalue materials, iduding chitins, chitosans and carotersid
such as astaxanthjand very higkhvalue laboratory reagents fromg shrimp meltwater.

In Scotland, a proof of concept project showed that flesh separated from waste shedligling
crustaceacould be formednto baits for crabs, lobsters and whelks (seafood processing materials are
legally usable for baits in the UR3 Atthen-currentbait prices of £400 € n-£6086 € c/tormé, the

bait required would be about-8Kt per year for the estimated catch of 385Kt of crab, lobster and
whelk, giving a total potential value of bétom shellfish RRMf c. £ € o£8.600c ondilljon.

Planktonic crustacea are of increasing interdSill can be harvested and processed at sea 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,

2.6 Molluscs

Molluscsconsist of a wide range of bivalve and singjteelled aquatic organisms, including mussels,
oysters, clams, scallops, abalone, whelks and other gastropods. As-imphaic speciesthe 9/ Qa
Scientific Advice Mechanis(®AM}**sees them as a contributor tmeeting the food needs of the
future. In capture fisheries, molluscs are not included in the top 20 species, but 3/20 of the top
aquaculture species are molluscan

149 WRAR?2011) Resource maps for fish across retail & wholesale supply chains Project code-&BRCHES C06903.
150 Seafish(2011)Fish Waste Production in the United Kingdom
151 Reported in ADAS (200BE view of the application of shellfishdpyoducts to landSR586 Seafish 2006BN 0 903941
49 X.
152 Seafish(2008)Use of sheHlfish byproducts in bait.
153 Ahokas M(2014).
154 European Commissiddigh Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017
D0i:10.277766235.
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Table 23 - Production of fish and seaweed in aquaculture

Tvpe Inland Marine
yp Mt Mt

489 57.1
44.1 29

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 producgalmost 170Kt fish in 2011,

about 95% salmon atea and 5% trout otand**®) as well as having major capture fish landirkgs

2013, Zero Waste Scotland, in the context of a roadmap and strategy for better use of Bmass
reported that c. 10% of thequaailture productionof 176Ktwasshellfish and about 17% of the

landingsof 314Kt though the data does not separate molluscs and crustabe2008, the wastes

from mollusc fishingn Scotlandverec. 75Kt feryear: 20Kt flesh and 55Kt shellté Difficulties were

noted in making use of this, due to hygiene and the costs of separation, though shells have been
ASLI NFGSR TNRY FfSaK 6aFNBS 2F Ff SaKOKtWeStest ¢ 0 T2
were derived from crabs antllephropsin UK;Zero Waste Scotland in 2013 estimatéatal in-

processing wastdsr landed fish and aquaculture produael85Kt, includinghellfish wastes c. 25Kt.

Sometimes it is not clear whether the recorded proportions of waste and the utilisation can be
generalisedrom alocal or regional report. For example, the amount of primary fish wastes in Victoria

state, Australia, may amount to >11Kempyear; though this is mainl§infish and sharkvastes or
market discards;. 10% of this isquid and shellfistvastes, plu$00 nt of scallop shells and viscera

2.6.1 Uses of molluscan biomass

In Scotland,ie SARF repdfin 2008 noted norfood uses of shellfish wastes as part of their analysis
of the potential for better use of aquaculture wasteRaple24).

Table 24 - Outputs from processing shellfish wastes

Waste or discarded

material Process Commodity Use

Shellfish flesh Composting, AC Digestates and residues as liquid

wastes heat-treatment fertiliser and solid soil improver

Shellfish shell Heat treatment, Aggregate, cement; lime fertiliser;
crushing Calcium source for eg laying hens
Shellfish viscera Extraction Enzymes SO Eliel O eE e R

eg proteases
Shellfishand Crushing,
crustacearmixed binding, Baits Whelk harvesting
wastes moulding
Source: SARF (2008)

155 MeachamT.(2014).

156 Zero Waste Scotlan(R015 Sector study on beer, whisky and fisfinal report ZWS645.
157 Seafish(2008 Use of sheHlfish byproducts in bait.

158 Scottish Aquaculture Research Forum (2008).
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Non-food uses fomolluscgresentchallengedecause ofhe high proportion oshell 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 higlue chitosans and
glucosamines obtainable from crustan shells. They have been used as aggregate foityodding.

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

and whelkswith a potential value of £3.5M06 € eB®)per yeat®®. Severalinitiativesound 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 vadesrdingo type: octopus produce only

10-20% bomass for norfood use, squid 20940%, 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 miltis eageadelicacy in East Asia); cuttlefish

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

2.7.1 Usefcephalopods

Octopus RRM (viscera) have been converted into a histamine and tydsesmbBwmicrobe count
material using microbial fermeation and ensilingf°. Cephalopod meatis used as bait for sport and
commercial linefishing. 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 pets. Squidqeéas,

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, arvtancer peptides and
protamine can also be isolated from livers, visceil, ink and miké!. Squid Rest Raw Materials can be
hydrolysed as for fish trimmings to produce a liquid fertiltser

3 Seaweeds & microalgae

3.1 Seaweeds

There is considerable pressure to improve biomass availability by a combination of changes in fishing
and aquaculture focus and reduction in wastagbe Food from the Oceaneeport of the9 / Qa
Scientific Advice Mechanisf®AM}®® and the evidence reviewby Science Advice for Policy by
European Academies (SAPEXinpoint 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 lowdophic organisms, and a contributor of 50% of

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

159 Seafish(2008 Use of sheHfish byproducts in bait.

160 Harrabi H., Leroi F. et 42017) Biological silages from Tunisian shrimp and octopysdiyucts J Aquatic Food Prod
Tech 26(3)Doi: 10.1080/10498850.2016.1145160.

161 Kim SM., GangneungVonju National University, Republic &brea Reduction 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/SquidR011216.pdf

163 European Commissiddigh Level Group of Scientific Advisors (2017) Food from the O8egargifc Opinion No. 3/2017
Doi: 10.277766235.

164 SAPEA (20175APEA Evidence Review Report No. 1: Food from the Odeérss//www.sapea.infolvp
content/uploads/FFOFINALREPORT,. pof: 10.26356/foodfromtheoceans.
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3.1.1 Biomass amounts of seaweeds

FAO (2017) gives telgvel estimates of amounts available for utilisatithc. 31Mt aquatic plants,
mainly seaweedwere produced in 2015, 1.1Mt wiktharvested and 29Mt from seaweed farming.

Table 25 - Production of fish and seaweed 2015
Type Aquaculture Capture/wild

Mt harvestMt
29.4 L1
of which
Inland 0.1 -
Marine 29.3 1.1
Source:lFAO (2017); FSC = Fish, shellfish and crustacea

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

Production of macreand microalgae is much higher in aquaculture and mariculture than- wild
harvested: the estimated harvest of farmeéawveeds (brown, redand green is 29.4Mt, for
microalgae, an estimated 16.7Kt dry mass of species usdfithfoods nutritional supplements
andantioxidant pigments for humaand animas, mainlyDunaliellg Spiruling Haematococcusvas
producedin 2016°¢.

3.1.2 Geographic sources of seaweed biomass

Again,China has a commanding position in supply of biomEeisle26shows thatit is at No 1 or 2
for seaweed productionEuropean countries are in the top 10, but only for wildrvesting of
seaweed

Table 26 - International landscape ofeaweedproduction 2015

Wild-harvest Farmed seaweeds
seaweeds Mt Mt
#1 Chile 0.35 China13.9
#2 China 0.26 Indonesia11.3
#3 Norway 0.15 Philippines 1.6
#4 Japan 0.09 SouthKorea 1.2
#5 Indonesia 0.08 NorthKorea 0.5
#6 Ireland 0.03 Japan 0.4
#7 France 0.019 Malaysia 0.26
#8 India 0.019 Zanzibar0.17
#9 Iceland 0.017 Madagascar 0.015

Solomon Islands
#10 Peru 0.015 0.012

Source FAO(2017)

Position

165 FAO (2017).

166 Algae Market, By Application, By Cultivation Technology, and Ge ogr@blal Industry Analysis, Size, Share, Growth,
Trends, and Forecast 20162024 Report ID TMRGL14804 Transparency Market Research 2016
https://www.transparencymarketresearch.com/algamarket.html.
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Norwayis No 3in the world for wildharvested seaweed after Chile and China
In 2015 Chinaproduced2Mt algae. It is also a massive consumer of seaweeds.

The FAO databasms only generahformation for production or harvesting of seaweed®d none

for some countries such #se UK, for which there areoothercomprehensive estimates of seaweed
production including wileharvested, farmed and storroast®’. The total wild harvest irthe UK was
estimated at c. 6Kt in 2012; the UK macroalgaedustry of 15 SMEs had a turnoverof @A m-®P M H 0
£1.3 € m dmiltoi. Beackcast seaweeds, unquantifiedmounts are used mainly for sail
improvement and fertilisatiolf®. Another estimate puts dryeight harvest at BKE’%; this is
equivalent to wet weighof 20-30Kt in the same range &stimates fosustainabléharvestable stocks

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

3.1.3 Seaweed potential for nefiood uses

FAO data (2017) gives the weight of whlarvested 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 fabain, but also have large estatiied markets

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

Figurell - Seaweedg inputs and processed seaweed products 2010

SEAWEED PRODUCTS MARKET VALUE RAW MATERIAL FINAL PRODUCT
(Million USS) Quantity (1) Value (US5/1) Quantity () Value (USS/1)

Carrageenan 527 400,000 1,400 50,000 10,500
Alginate 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 Not known 600 Not known
TOTAL 71,073 1,598,000 T607,700

Source: Nayar and Bq2014)

167 Capuzzo Eand McKie T(2016) Seaweed in the UK and abra@adatus, productslimitations, gaps and Cefas roféefas
contract report FC00222 April 2016.

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

169 James MA. (2010) A review of initiatives and related R&D undertaken inthe UK and internationally re garding the use of
macroalgae as a basis for biofuel production and other-fomd uses relevant to Scaithd. Re port commissioned by
Marine Scotland.

170 SchlarbRidley Band Parker B(2013)A UK Roadmap for Algal TechnologiHERETSB Algal BioeneriG.

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

172 Nayar Sand Bott K(2014) Current status of global cultivated seaweed production and maMétsid Aquaculturg
June 2014.
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In Ireland and France, a heawtwglcified seaweed, maerlPfiymatolitton 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 harvestBdm 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,
microbiolagy media, pharmaceutical excipientmsmetic ingredientgesearch reagents, water
treatment flocculants and other specific uségprox. 1Mt wet weight of seaweeds yields 55Kt of
hydrocolloid$’3. Derivatised hydrocolloids and other components of seaweseath as phlorotannins

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

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

and is then suitable for anaerobic digestion. Newer uses might include production of biochar and
pyrolytic conversion for biodiesetr deliberate use within multitrophic aguaculture systems as
remediators of nutrient ovessupply,and there ae alsomoves to establish seaweed biorefineyit

Ad RATTFAOMzZ G G2 aSS 4KdASPOIGHARINSIET 2 FTOIWY | @S SGXY
examples might be the residues from extraction of hydrocolloids; and storiidal-cast seaweed.

More optimistically, it has been proposed thsgaweed farming be intensified to yie&dOMt dry
weightper year by 205074, This amount couldroduce150Mt of algalprotein for animal feeds, and

c. 15Mt of algal oil, with positive impacts on the marine environment through removal of 135Mt
carbon, 10Mt nirogen and 1Mt phosphorus and on the terrestrial environment by sparivié(fr? of
agricultural land. However, in 2015, c. 27M tonnes wet weight of seaweed were prodigeis
difficult to see how and whersufficientwet weightto produce500Mt dry weigh might 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 aguaculture and mariculture thanhaitdested. An
estimated16.7Kt dry mass of species usedliealthfoods, nutritional supplemenisndantioxidant
pigments for humasand anima$, mainlyDunaliella Spiruling Haematococcuswvas producedn
201675, The global market is projected to grow in value by 7.48% year between 2016 and 2024,
from $0.6B0 € n ®@$1.180 € n dadd inbvolume by 5.3%epyear to reach 27.6Kt dry weight.

3.2.2 Microalgal biomass with potential for ndmod uses

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

173 McHugh DJ. (2003) A guide to the seaweed industRAOTechnical Paper No. 441.

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

175 FAO (2017).

176 Transparency Market Resear016) https://www.transparencymarketresearch.com/algamarket.html.
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production of algal proteins for animal and human feeding, and {&gargy oils for biofuels.
Microalgae requie open 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 aatidants. Algal biomass provides c. 42% of current biofuels
including biodiesel, fuel alcohols, kerosene g@eicfuel. In 2015, c. 54% of the total market revenue
came from DHA sales. Production is mainly-teshnology; open ponds, concentrated in stibpical

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

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

Because of the costs of establishing lasgale facilities, the concept of algal biorefinerigslriving
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 avalkafor 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 evenpuable
quality. Data for several fish and shellfish processing activities from Canada sugge bsislibgital
oxygen demand (BOD¥nd total suspended solids are far higher than for meat rendering and
household wastewater outflows’; this would make them good candidet for microalgal
remediation.

Table 27 ¢ Typical wastewater discharge characteristics

Processing sector BOD mg/L TSSmg/L NHmg/L
Crab processing 180-1280 80-815 6-13

Shrimp processing 5301240 240660

Ground fish production 27-1775 7-1550 20
Herring processing 33500 7955

Stickwater discharges 34000 54000

Salmon processing 397-3082 40-1600 42
Potato processing 61 8 2
Meat rendering 22 64 8
Raw municipal wastewater 220 220 25
Treated municipal wastewater 20 20 20

Source: Park and Thom&2003)

Microalgae can be used for water remediation of processing plants, but there are inevitable residues
to deal with, e.gin Victoria state, Australidhe management o$11Ktfish wastegpainvolves the
production of1Kt wet mcroalgal biomass fromie waste treatment ponds’®. Material from petfood
manufactured in the state using fishdpyoducts amounted to >3Kt of processing wastes and >11Kt
of discharge sludgébut there is no mention of whether microalgae were used for reragdn or
digestion.

177 Park Land Thomas {2003)Management of Wastes from Seafood Processing
http://coinatlantic.ca/images/documents/presentations/46mfpw.pdf

178 Gavine F.M., Gunasekera R.M. et@R99) Valueadding to seafood, aquatic and fisheries waste through aquafeed
development Project No 1999/4Z8isheries 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 theihgnabligation,

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 gHineezing (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 considerdtie general view for finfish is that the lag potential

for by-product valorisation lies in better utilisation of the wastes from-lomard processiri§’.
Therefore, there is some way to go in overcoming entrenched attitLifiesovative 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 nefood purposesin October 2016, th&uropeanCommissior{DG
Research & Innovatiorf)eld a workshop on making better food use of marine awiaculture
biomass and the steps neededto achieve'fiighe 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 nefood uses of fish, shellfisandseaweedsnd new norood

uses for microalgae, organised by DG MARE

The World Bank projectidf?is that, by 2030, total fish supply will be c. 187 milliontonnes (Mt), 50:50
capture and aquaculture; c. 152Mt will be used for humansumption, 58Mt of 93.2Mt capture fish

(c. 62%) and 93.6Mt aquaculture fish (100%), leaving 35Mt of catch available for further processing
for non-food usesificluding fishmeg| an increase of 16% biomass volume since .28G8aculture is
expected to how the greatest growth in supply, with production increased by >75% over-geir+

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 nron

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

Table 28 - Projections for capture fisheries, aquaculture and consumption in 2030
Total supply (Mt) Total @nsumption (Mt)

Source of fish 2008 Projected Growth 2008 Projected  Growth
t02030 % 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% 111.7 151.2 +35%
Surplus for norfood use 30.6 35.6 +16%

Source: adapted from Msangi et al. (2013)

179 Mangi SC and Catchpole L (2012) SR664 Utilising discards not intended for human consumption in bulk outlets
Cefas and Seafish ISBN 9780663467-4.

180 Jouvenot L(2015).

181 Aquatic foodproducts and new marine value chaipeeinforcing EU Research and Innovation policy for food &
nutrition security. Report of a workshppU(2016).
https://ec.europa.eulinfo/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
in2008 to 15.8Mt in 2030, when they represent 8.45% of the total. Comparable figures for China and

for the rest of Asia, including AsRacific, are an increase of 40% to 70Mt and 60.5Mt eetipely
representing 37% and 32.4% resp. of the total. The migjofiproduction, and of biomass available

for non-food 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 ingeouitd be applied to the
material other than turning it into fishmeal and fertiliser. The head may occuf36200f the fish, the
viscera including guts and roes a further 1@%%6 of whole fish. Gutted fish is 62% edible flesh,
including 46% skinless &t) but s still 38% wastes. Headless fish may have >50% -eiasibje 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 afigi in sectors where change is
needed for improved use of resourc&onsumption patterns show that consumer preferencas
change over a period. In the US, for example, annual consumption of aquaculture salmontripled from
0.3 kg per personto 1 kg ihe period 1992016 andannualtilapia consumption rose fromc. 0.2 kg

per personeach yeato c. 0.7Kg between 2001 and 20%0 With landing obligations and other
instruments bringing unfamiliar species to laaddprojected increases isquaculture outptitargets,

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 pess 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 vgboeservation of biomass;
1 Policy frameworks that support supply chains in developirdymarketing new products

Improving the efficiency of capture fisheries requires radical change such as removing overcapacity in
0KS ¢2NI RQa TFTAAKAY3I Tt SS iedpbiatony eitessing the dalantd IS Y Sy
between the value retained by theapture businesses and that retained by the processers, retailers

and aquaculture producers (estimated to be a 20:80 split of a $800BA & S fboddishmarkes,

and improving access to and use of undesed speciéé’. Losses at production level due to structural

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

Policy changes thatincorporate technological changesto capture methods and fishing equipment may
be needed to deal with some structural challengesgduction of discards. Historical figures for the
North, Celtic and Baltic Seas and west of Scotland show the scale of loss of biomass to fufther use
For cod, in 2011 overall 2536% of total catch was discarded, mainly due to undersize/undeyage

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% of a total catch of 6.4Kt was discarded (80% of 1.5Kt

183 Delaware Sea GranR018 Overview of the US seafood supphitps:/www.seafoodhealthfacts.org/seafoed
choices/overviewus-seafoodsupply

184 Willmann R., Kelleher K. et gR009 The Sunken Billions: The economic justtfaa for fisheries reformThe
International Bank for Reconstruction and Development/World Babdi: 10.1596/9780-82137790-1.

185 Green K(2012, 2013, 2014)CES advicecommentary on discardsSeafish
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in 2013); the Irish Sea 36% of 324Kt in 2013; thedE2ea, about 7% of the cod catch was discarded,
but unwanted flatfish (unquantified) are also caught in travdts. For haddock from Celtic Sea and
west of Scotland, discard rates ranged from 2B88%0, except in Irish Sea frowephropgleets, where
haddock bycatch discards were as high as 9300% of fish aged-2 years, due to the type of gear
used; discard rates (unquantified) in 2013 were the lowest on record in parts of North Sea, west of
Scotland and Skaggerak, but increased or remained high ikaRabe Irish Sea, and other areas,
seriously impacting young stock for following years. Hake discards from the recorded fisheries are
mainly the result of young and undersized fish,daych and mismatch between net mesh sizes and
fish sizes and reachdd@% of est. 109Kt catches in 20883r plaice, mismatch between mesh size and
minimum landing size also results in high to very high discard rates, e7@%84 he multiplicity of
reasons for discards, em¢hough the overall rates may now be falling, nmsdhere is not likely to be

I Ww2yS &A1 S FTAGA FEfQ 2LIRNIdzyAded

TheEU Aquatic Food Products workshop (2016) recommended a number of initiatives spanning these
areas, includingroducing a roadmap, supporting regional pilot plants at sémustrial scaleand
funding larger regional biefineries or algal lighthouse projeété Discussiomlso mentioned a need

to bettermonitor the types and amounts of marim@daquaculture biomass that might be directed

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

It could be realistic to recommend that consideration of Aimod uses of fishery and aquaculture
biomass is always included in discussions of policy, regulation and developmentfood uses are

being considered. This would, for example, have made the Strategic Guidelines for the sustainable
development of EU aquacultuY€ more relevant in the context of the Circular [Blue] Bioeconomy.

An analysis of Pacific tuna fisheries nadgtumber of structural aspects of ensurthgt the full value

of wasted or undewused materialcouldbe retrieved®®. These includeaonsistent quantity and
geographical concentration of gyroducts; suitable type and quality of{pyoducts for their propeed
applications; suitable infrastructure to maintain quality and facilitate market access; the ability to
comply with sanitary standards; the financial capacity to invest in value adding technology; and the
availability of research and development to swppdecisiormaking for development. Policy
recommendationsvere to quantify the types, volumes and locations of material and their current
uses; decide whether sorting the material is required, or undifferentiated biomass is to be used, or
both approachesre needed; encourage cooperation between biomass producers to create enough
volume for new business opportunities; improve sanitary standards in managipigpdyct materials;

and enhance distribution channels for market development (i.e. promote enlmeaceof existing
value chains and development of new @hel his analysis and recommendation, though developed in
the Pacific, could equally apply to Europe.

186 Aquatic food products and new marine value ofis; reinforcing EU Research and Innovation policy for food &
nutrition security. Report of a workshopU (2016)
https://ec.europa.eul/info/sites/info/files/conferences/food2030_2016/w2_aquatic_food_new_marine_value_chains_f

ull_report.pdf.
187 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEA

ECONOMIC AND SOCIAL COMMITTEE ANDDMABTTEE OF TREGIONS Strategic Guidelines for the sustainable
development of EU aquacultur€0OM(2013) 229 final 29.4.2013.

188 Bergéet al.(2014)
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42.1 Betterinformation

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

The Scottish Aquaculture Research Forumimated 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 moréetailed datarather than topline aggregated dat&.

4.2.2 Technological needs

Within Europe and North America, current constraints on better+fiood use of aquaculture and
marine biomass arelack of easyto-access appropriatecale processing systems for transformations
such as bettequality fish oils, andbsence ofigorous sorting, lower temperature processes and
rigorous traceability,for the highestvalue transformations such as pharmaceuticaad
nutraceuticals.

Innovation and technology development is needed toypde more capacity for oihoard storage,
delivery and processing of discards and offal andboard assessment of the suitability of the
processed material for feed ingredient use further along the value éPrain

For shellfisland crustacea, waste procesg plantsneed to bebuilt into the food processing plants

to avoid the usuatharges for collection and disposatanaerobic digestion, landfill, incineration,
rendering, ensiling or compostinign 2007, charges rangéem £25£1600 € -a w y peitonne, plus
transport cost&®3. Disposal costs for shellfish wastes can be kighScotland, £3&60/t6 e e B T K (i U
wasreportedin 2008°4, which might be thought of as providing an incentive for innovation in finding
addedvalue usesin 2009, c. 63Kt shellfistiaste cost almost £3 millialm € 0 ® n  tadispose 2 y 0

4.2.3 Policy initiatives

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

bycatch taxes combine with full observer coverage and landings inspectishRs®&8 SYS R @I £ dzS
approach as in New Zealand, oyprota auctions as in Iceland, and valcl&in approaches such as
ecolabelling and traceability®. Better recording of bycatch and discards and improved fishing gear

with associated incentive funding will alsontribute.

Drivers for change include both availability and pricethe period 2002008, global aquaculture
production increased by 62% while fishmeal supply fell by 12%, indicating strong efforts to make fish
feedsless reliant oninclusion of fished@nd fish oils. However, in the run to 2030, given the projected
increase in aquaculture production, the real price of fishmeal is expected to increase by 90% and fish

189 European Commissiddigh Level Group of Scientific Advisors (2017) Food from the Oceans S&gritifan No. 3/2017
doi:10.277766235.

190 SAPEA (2017p5APEA Evidence Review Report No. 1: Food from the Odetfpss//www.sapea.infolwp
content/uploads/FEFOFINALREPORT.Pdi: 10.26356/foodfromtheoceans.

191 Scottish Aquaculture Research Forum (2008)

192 SAM (2017) and SAPEA (2017)

193 Seafish(2008 Crustacea processing waste management.

194 Seafish(2008 Use of sheHfish byproducts in bait.

195 Seafish(2009 Use of anaerobidigestion for shellfish waste in Orkney.

196 Keledjian A Young Set al. 014) Wasted cash: the price of waste in the US fishing induStyana2014.
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oils by 70%, but with only an 85% increase in availability from reduction fishedespture fishery
RRM?®’. Use of alternative sources for protein and oils and loivephic species is expected to grow.

The current reworking of theEU Bioeconomy Strategy recognisehe changes since 2012 in what
is feasible and what is needed in terofupdating policy and actionsupports better understanding
of the environmental impacts of biomass productiand an ncreased use of waste and aquatic
resources not competing with food producti&fi.

There arealso ecologicathallengesto reducing disas Inthe Mediterranean, though there are only

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®xisull listing is availablé o

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

Some faabrs to consider in biomass availability for ntood use:

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

A Geography of major fishing/productionf the Top Ten countries, 6 in marifisheries and 6
in Freshwater capture, and the majority 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 bycatahmay decrease or increase available Flod biomass.

A Trends in shifting small eiich pelagic fish from fishmeal to human consumptiorcreased
retention and use of all edible trimmings for fish mince, extracts, fishmeakikimay
decrease availability of highemalue RRM.

A Smallerscale onland and orboard technical system®r more efficient processing will
decrease availability of RRM.

A Geographical logisticd collecting and transporting make valorisation difficultome areas.

4.3 End procedures

Currently, the final procedures used for different types of fisheries and aquacultupedzucts 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 fstagje processes. 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 produfish protein hydrolysates, concentrates

and flavouring products for human 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
9 Fitzpatrick M, Quetglas Tet al.(2017)Year 2 of the Landingbligation: Key Issuesin Mediterranean fishebDéscardLess
Policy Brief Number 2 doi:10.5281/zenodo0.573666.
200 EU Discard Annex: Studies in the Field of the Common Fisheries Policy and MaritimelAffdirémpact Assessment
Studies related to the GFEU March 2011.
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the fish remains afterfilleting, such as tuna, where only about 30% is used directly for food, hydrolysis
to high-quality fish protein hydrolysate and concentrate seems promi&ing

Anaerobic digestion could deal with mollusc shell+flesh wastes and crustacean carapace wastes,
generating biogas, reducing volume of material, and yielding land or horticulture fertilis=sidse,

but the mineral content makes the process rather difficult. Dealing with crustacean shell e.g. crab
requires aredesign of conventional anaerobic digestion to prevent particles settling and clogging the
anaerobic digestion reactor, but it is palke: shells are crushed and pasteurised then heated at
>90degC for one hour before adding to the anaerobic digestion reactor, then>70degC for 1 hr. before
adding digestate then fermentiigf. This work was done in Orkney where there is no market for the
eventual residue, an outcome which suggests better project forethought and validation 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, providedlerscale digesters are used that can be
transported as needed, according to the suppbints of material; this arguesfor appropriate logistics

to cope with geography.

Composting fish waste, including-composting with seaweeds, has been shown toduce a high
performance fertiliser for horticulturé®, Ensiling fish using 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 thelsoe biomass (foodjuality or not), including extraction of

oils, phospholipids, soluble proteins, fish protein isolate, astaxanthins and other antioxi@artss

often used for materials such as fish morts or diseased and damaged material, tharsuaily be
regulations controlling what the outputs can then be used for. 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 technicalnd logistical§?*. SINTEF notes that 290Kt of higimality RRM is
capable of producing 43Kt lipids, which can be fractionated to yield 6.5Kt of higihee omege

lipids for human consumption, and 58Kt fish proteins for human consumption also. Thenod$rom

RRM from salmon and trout aquaculture and the pelagic filleting industry, livers from cod or other
white fish species (both wild and farmed), and oils from crustacea su@asusand krill. Fish
proteins from RRM can be further processed byrayykis to Fish Protein Concentrate or Fish Protein
Hydrolysate. Herring 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, ap@t@tyrm degree
of ease and timescales for achievement, are:

1 Fisheries 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 WWA. (2011) The tuna fishing industry: a new outlook on fish protein isqglates
Comp Rev Food Sci Food SafHiy195207Doi: 10.1111/j.15414337.2011.00155.x

202 SeaFish Authoritf2009) Aaerohicdigestionfood waste, Orkney

203 ||lera-Vives M, Seoane Labandeifaet al.(2015) Evaluation of compost from seaweed and fish waste as a fertilizer for
horticultural use Scientia Hortl86: 101107.

204 gNTEF Fisheries and Aquacultidew valueadded products from rest raw material. Protein hydrolysates and ljpids
https ://www .sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandterinnbrdicpelagic
workshop/11_10083@estraw-materialsfrom-herring.pdf
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1 Moving the utilisatiorof pelagic catches from reductidor fishmeal and fish oils to human
consumption.

1 Innovation in aquaculture feeds, replacing fishgin materials by plant algat and insect
origin materials (proteins, oils, bioactivesgleasing fish biomass for othases

1 Maturing technologies for cultivating microalgae on a larger scale.

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

1 Growing interestin farmable marine invertebrates as food and sourcésoaictivesg an
example is sea cucumbers

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

Conventional fisheries take demersal (bottadwellers such as flatfish) or fegic (uppeayer)
species. A new trend is exploitation of mesopelagic areas of the seas. The imposition of landing
obligations for species currently covered by quota, fishfrom target speciesthat would previously have
been disposed of, and bycatch magMincrease fishing for mesopelagic speéiesviesopelagic
biomass lies at depths between 100 metres and 1000 metres belovlesehand 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 tonA&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 finmarckushas been in experimental status in
Norwegian waters for some tini®. Because of size (often small), appearance (e.g. large eyes, large
G§SSUKO 2NJ 02Ré O2YLRaAlA2y OOSNER WTAAKEQ 2Af a
mesopelagic fish wadd not be suitable for human food as is, but for fishmeal 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 oHrich fish from animal feed to human food. Purificationalfs to generate omega
polyunsaturated fatty acids (PUFAS) for nutraceutical use is also possible and seen as one economic
driver for exploitation.

Iceland has been exploring mesopelagic potential since the early?2800ke Icelandic experience
has notbeen completely successfii; early work in local deeper 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 pearlsidi#éa(irolicusspp) began in the late 2000s; total
catch size fell from >46Ktin 2009 to 18Kt in 2010 and none ir2M& when lanternfishes, krill and
jellyfish formed the major part of the catch.

Some mesopelagic organisms such as lanternfishes appear tatvarg large role in carbon cycling

and sequestration, 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 impdant aspects of ocean ecosystems. However, success in increasing catches from

205 Prellezo R(2018) Exploring the economic viability of a mesopelagic fishery in the BayaayBCES J Marine Sobi:
10.1093/icesjms/fsy001.

206 St John MA, Borja Aet al. 016) A dark hole in our understanding of marine ecosystems and their services: Perspectives
from the mesopelagic communitiFrontiers Marine Sc3:31, Doi: 10.3389/fmas.2016.00031.

207 Forbord M., Falldndersson J. et a(2017) Current Industrial uses of biological resources and products in Norway. A
crosssectoral view on the bio economiorut Report 12/2017 ISBN 9782-7492358-4.

208 Sigurdssoip. (2017)Mesopelagidish. The Icelandic cas@orth Atlantic Seafood Forum 201Bergen 7.3.2017.

209 Sigurdssoip. (2017)Mesopelagic fishThe Icelandic cas@orth Atlantic Seafood Forum 201Bergen 7.3.2017.
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mesopelagic depths may well have a significant upward impact on the amounfablycts and rest
raw materials available for nefood uses.

Whatalsoprevents largetscalemesgelagidishing at the moment is the cost and effort of access to

these deeperwaters and the need to redesign fishing gear to catch the target fish and-catichy
Technology innovation is needed, with a focus on efficiency and cost of capture andgirure

Otherwild catcheswith potential nonfood usenclude invertebrates such &sill and other planktonic
crustacea (251Kt wildaught in 2015)jellyfish; seasquirt@ndtunicates (3.8Kt); coelenterates such
assea cucumber30Kt50Kt est. in 2008°; $4.6B0 € nglolial sale¥t); echinoderms (114.5Ktand
aquatic plants other than seaweeds.

Currently underutilised resources of increasing interest are mesopelagic fish and invertebrates, low
trophic plankton & vegetation eatersnacre andmicroalgae, fisuitable costeffective ways can be
found of catching or wiléharvestinghem. Thismay generate additional biomass for néood uses,
including e.ghighvalue pharmaceutical molecules, nutritional ingredients for animals and humans,
seaweed for bioplstics.

In the context of trends in policipiscardLe$$?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 tt%. Bycatch rates are <2% for mandatory pelagic tr&ush policy
changes, if successful, have the effect of reducing the amount of biomass that might be available for
non-food utilisation.

¢KS h9/5Q& NBLEZNI 2y YI NRYS adnk Baiefnérieyad bethgtie LJ2 A Y i
most viable way forwartt®. 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 involeein the Circular Economy a®@irculaBioeconomy have meshed

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

waste as an extension of fermentation, but now applied to a wide range of biomass typessinglyea

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

of variable quality and input specificationghis approach is partly developed for fish and algal

biomass:

9 fish oils may be further processéal generate a fuel oil;

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

1 theresidues from biorefinegis and from microalgal cultivation, liquid or solid, may be used 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 aquamicsare growingn importance. Composting fish wastes
and seaweeds together lva been shown to produca fertiliser with higher nutrient conteniThe
combined biomassnay be ensiled, or hydrolysed chemically or enzymatically, to produce liquid
nutrient materials, for human and animal foods, or for agriculture and horticulture, depending on the
quality and designation of the source material. Ensiling and hydrolgeimgpined biomassete make

2

[y

0 FAQ(2008 Sea cucumbers: a global review of fisheries aadé, FAO Fisheries and Aquaculture Technical Paper 516
1 Mentioned (no background data) omitp://www.pacinternational.org/Sea_Cucumber_Projects.html

212 http://www.discardless.eu

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

2

[y
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liquid fertilisers maytherefore become moreviable.A challengevould be overcoming regulatory
hurdles based on formulaic definition of materials as wastes, limiting their uses.

441 Seaweeds

To make better use of seaweeds, there is a need for asfidle programme that determines the
seaweed standing stock and the amawi seaweed that can be sustainably harvested; sets up a
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 species or strains; identifies methods for storage
of surplus algal biomass; carries out Life Cycle Analysis of potential products; fosters and develops
supply chains for seaweeaelated products; and estdishes knowledge transfer between research

and industry, with development of algal business clusters. This approach, propodkd 4 is

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

442 Fish

The DAFIA proje€f notes that >1.3Mt 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 compostimgll make it more difficult to turn fish viscera and skin, not valorised

by hydrolysis, into profitable products.

The Aquarel project, a Finniftussian collaboration 2042014, looked at bioenergy from fish
waste$®, Transesterificatiorof fish oils usinglcohol 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
seenas 2.6Kt fish waste payielding 10GWH of popeatyear with a higher greenhouse gas reduction
than conversion of the same amount of waste to fishmeal.

{2YS O2dzy iNAS& YIylFI3S dziAftAadlGAZ2Y 0 SavendiNg GKIYy
exceptthe oinké @fL OS f tbtgh RiMldgs of 1.4ME7, the major fish is cod4% 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% df datehweight), livers (4.5%), edible

trimmings used for mince (2%) and roes (1.3%Jhe catch in 2015vas244Kt, of which 75% was

usedfor human food High-value nonfood uses include leather from fish skin, skin & tissue repair

patches from skin collamq, which are regulatedhedical devics,and cosmetics ingredients. A more
NEOSyYydG SadAayYlaS 27  \ailabdothigherhliepdedsingiias BRE Y FA 4K

The R&D support programme HAVBRIUKbrwayprovides funding for projects intoultivation and
use of lowertrophic species (including seaweeds, microalgae and molluscs) as biomass-footion
uses such as bioenefgy Thish & LI NIt & (2 SELIYR b2NBle&Qa I |jdz «

214 Capuzzo E. et al. (2016).

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

216 Havukainen.J2014)Fish waste utilization in Re public of Karel@otential and e nvironmental impacfquarel project
final seminay 18h September 2014 http://www.culmentor.com/aquarel/wordpress/wp
content/uploads/WEB_HavukaineBioresourcesutilization.pdf.

217 FAO data2015.

218 http://www.discardless.eu

219 Fish Waste for Profi2d |celandic Fisheries Conferencel September 2017.

220 The Research Council of Norw@@16)Work programme from 201,&.argescale programméor AquacultureResearch
(HAVBRURZISBN 97&82-12-035140.
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reliance on salmon and partly to provide substés 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 Counciéxists to provide inteparliamentary cooperation and includes representatives of
Denmark, 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 Nordc Councils of Ministers, 2012016, that generated 5 programmes and 4 further

projects and has also established a Nordic Bioeconomy Pafhase 1 2012018) and Nordic
Bioeconomy Strategy (version 1, 2017) to take recommendations forward. The prograsimest

G2 I ljdzt Odzt G dzZNBE YR FAAKSNASE AyOf dzZRSR WLyy2@l
projects to increase the sustainability of food production and create value fromstirgams of food

processing, in Faroes, Greenland and Iceland, byingaknovation vouchers available for specific
OKIftSyaSa ARSYGATASR o0& GKS F22R O02YLI yAaSa GKS
focused on agricultural side streams and rest raw materials and another on new methods of
aquaculture feed prduction using wastes and insects. Of the further projects, Mapping the Nordic
bioresources and Innovation from organic waste (primarily fish and meat, with some domestic wastes)

are relevant.

The Panel identified 25 case studies fallingintothe yr i N2 y 3 K2f RaQ 2F -0KS b2
Replace, Upgrade, Circulate 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 productgecycling 4.3Kt of G@nd using the residual materials as fertilisers 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 Icelai@veloping new products from
underutilised or waste parts 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 highlee
products, such as goegudity fish oils and collagen peptides, using raremical processes. 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% tr@Dédrgeting higher

value uses of the rest raw materials than gebd. 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 alyson 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 highquality flour for human nutrition.

45 Potential Case Studies

1. In 2017, Norway estabished the Norwegian Mesopelagic Initiativean international
consortium of researchers, to develop sustainable fishing of mesopelagic species and the gear,
vessels and detection methods to help achieve#3isn addition, action will be taken to
secure theoutput chains. The NMI is an international consortium of researchers working
across 7 packages, of which 2 warickages concern management of catch for valorisation,

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

222 Institute of Marine Research, Nofima, University of Bergen and NIHES) Mesopelagic Initiative: Unleashing new
marine resources for a growing population
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including onboard processing; larkdased processing, analysis of components, generation
products and their validation as safe food and feed ingredients.

2. TheSociedad Nacional de Pesque(fBNP) oPeruis developing a suite of projects focused
on improving the management and utilisation of anchoveta and other fishmeal reduction
species?3. Direct consumption of species used for fishmeal is extremely low waodks|
anchoveta begin to spoil rapidly after bringing-board, partly because of their very high ail
content and they have a strong flavour, so there are technical and consumezched. The
projects include improved systems for -daoward processing and preservation, improved
processes for protein extraction and production of protein concentrates and development of
new nutritional supplements based on deodorised om&datty acidsifom the fish oils. This
programme will begin shortly and continue until the early 2020s. There is also a much larger
$120M 6 € m niarevation programme, funded jointly by the Government of Pert and the
World Bank, to increase direct consumption throughgwot innovations, launched in 2G#7.

3. As aresultof work carried out under tiNordic Bioeconomy Initiativé?®into the utilisation
of biodegradable wastes, the Environment Agencyladland has set up an otine
marketplace for different types of biowastéscluding fisheries and meat, the Resources
Square orAudlindatorgi&?®. It is expected to become fuHgperational during 2018, to
connect producers and users and help reduce the 50% of landfill that is estimated to be
biodegradable, the related carbon essions, and the amount of biowastes being incinerated.

4. Icelandhas also instituted ofboard processing using théédinn Protein Plantwhich tums
edible trims and wastes into fish oil and fish nfalHédinn is a longtanding Icelandic
engineering companwhich has designed and built all the-shore fishmeal and fish oll
production plants. The key to the eshore and the more compact emoard systems is
replacement of the conventional screpress and liquid evaporation process by a tstage
drying proces that reduces the size and number of components and process 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, ansi16%
of the water usually needed in scrubbing and condensing.

5. Inthe USA a companyBloom, has been established as a merger between aistagding
algal clearup and polymer manufacturing compamigix and a green product development
consultancyEffek?2d ¢ KS O2YLJ yé dzaSa ! f 3AEQagee OKy 2 2
algae (Cyanobacteriacegewith the aim of producing biopolymeplastic flexible and
compressible foams for a range of products including footwear, jsugport braces,
surfboards andpaddles, 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 helaied using solar energy to a powder amiked
at 15%60% levels with [poly]ethylene vinyl acetate before extruding with air to form foam

Innovate Per/Sociedad Nacional de Pesqué(E# 6)Agenda de Innova@n Tecnoldgica para la Utilizacion de la
anchoveta (Engraulis ringens) en el enriquecimiento de aliimentos de consumo humano.

224
225

226
227
228

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

Gislason Sand Bragadéttir H2017)The Nordic Bioeconomy Initiative NordBio Final Re port TemaNord 201 D626

10.6027/TN2017526.
http://www.audlindatorg.is/, Icelandic only.
https://hedinn.com/fishmealprocessing/
http://bloomfoam.com.
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pellets. The technology is promoted as an ecologisalynd way of valorising microalgae that
are wild-harvested.

6. Inthe USADelmontehas established angal fertiliser system in Arizona in which microalgae
are grown in simple photobioreactors adjacent to melonfields and algal cells are continuously
distributed to the melon plants through the drprigation system?®, melons matured a week
earlier and weret0%50% larger than control fruit.

7. Inthe UK seaweed and plant biomass is being turned into liquid containe8kipping Rocks
Lalr®°, a small and young design company working in sustainable packaging. Their idea,
OOho!, is a sphere intended for drinkiwgter, soft drinks, spirits and liquid cosmetics. The
company says that it is cheaper than conventional plastics, with abfesdf a few days, and
completely biodegrades within-8 weeks, but can also be eaten. The material can be
flavoured and colourd. In manufacturing analysis so far, it appears to have 20% the carbon
impact and 11% the energy requirement of PET.

8. InSpain the mussel producersrinsaand Amegroveare providing mussel shells as crushed
material for soil remediation and bulking in @yards, via local wine cooperatives. Almost
100Kt mussel shells are produced each year in Galicia, where the ngresedrs and
processors are based. Mussel shells are used ascapkictor and general fertilis&. In New
Zealand a similar operation habeen producing calciurontaining fertiliser from finely
crushed mussel shells since 28tdasHavelock Shell Processété Currently tests are being
carried out in New Zealand on edible horticulture soils to assess the possibility of controlling
nematodeausing crushed mussel shells; it has also been suggested that the reflectivity of the
mussel shells round vines may enhance ripening of the gf&pes

9. The EUfunded project MIRACLES20132017, worked on integrated biorefineries for
microalgaé?®. Theaim was b produce omegs-rich microalgae for feeding to aquaculture
fish and partners included Ewos, Unilever and DSM as well as SMESs involved in aquaculture,
feed, cosmetic ingredients, biopolymers and processing.

10. Jellyfish are an increasing nuisance and harelMediterranean and coastal waters. TH&
based companyellageruses jellyfish caught off the coast of Wales as the source of high
quality collagen for research and medical biomaterials.

11. Benthos Biosciences a Chinese company which is developingétsrgies inUSA, Canada,
and Europewith focus on French outermost territories and Portugéhey are one of the
largest produces of sea cucumbersSea cucumbers are a class of echinoderms widely
distributed inthe marine environment. The high market valdemand for sea cucumbers lies
in the use of its muscle as a source of protein. The total production of sea cucuimmiGisa
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
Series March 122018.

230 http://www.skippingrockslab.com

231 AlvarezRodriguez Fet al.(2012) Use of mussel shells as a soil amendment: effects on bulk and rhizosphere soil and
pasture productionPedosphere22(2):152-164.

232 hitp://www.stuff.co.nz/business/farming/agribusiness/9849293/Farmeéevelopsmussetshellfertiliser.

233 http://www.havelockshellprocessors.co.nz

234 pers. commB Brownleg2018)Havelock Shell Processors.

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

5.1 Fish waste and fishery {pyoducts
One of the main notfood uses (byproducts) from seafood is fishmeal and fisi?8il There 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 naeabecoming limited resourcethus
leading to higher prices, see figures below

Figurel2 - Fishmeal and Fish oil prices from 1981 to 2014
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The aquaculture sector is expected to gravhile captures¢ for food and in totak are expected to
more or less remain at the level of today, see figure below. Thus, fishmeal and fish oil resgairces
expected to remain scarce resources in the future.

Figurel3 - Expectation for capture and aquaculture
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236 FAO(2016)The State of World Fisheries and Aquaculture (SOFIA)
237 Vannuccini S. (2016) The Importance of Forage Fisheries Linking Forage Fisheries to Food Security, Perspectives for
Fishmeal and Fishoil, presentation atthe Symposium on future perspectives oéfisand fish oil, Hirtshals, Denmark,
29-30 August 2016
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Today mostfish oil still goes into aquaculture felddweverdue to high prices both for fishmeal and
fish oil, volumes used show a downward trend, and these limited resources are being used more
strategically. Initiatives for finding reptements to be usee@.g. for aquaculture feed, are many, but
cannot be expected to scale up and replace the need for fishmeal or fish oil in the near future.

The observed trend of more processing of fish products will increase the volumes of resataval

and byproducts, and the utikation of fish byproducts has been gaining attention. In some countries,
the utilisation of byproducts has become an important industry, and improved processing
technologies are leading to more efficient usdtion.

High volumes of postharvest losses remove large quantities of fish from the matkgt to 2%% in
many developing countriéS ¢ andthe reasons according tihe FAO include lack of infrastructure
and adequate policy measurgack of access to credlack of knowledge (limited educatigiitle or
no access to technology.

In general, the biomass not used directly for human food ends up aliep. O Introduction&
Summary:

At-sea discardge.g. pollock RRM by Russian fisheries, and bycatch);
Fishmeal and fish oflor animal feed,;

Fishmeal extract$or protein and oil§or human nutrition;

Aerobic Digestiorfor biogas and fertiliser/soil improver;

Compostingor fertiliser/soil improver;

Ensilingfor protein concentrates and hydrolysates for animal nutrition;
Landfill(less so in Europe and other developed states);

Processed fish oildor industrial uses;

Chopping/mincing/freezingor direct baits, animal and fish feeds;
Highervalue elementscollagen, gelatin, minerals, chitin, carotenoids, enzymes, aiaits,
peptones.

To T To Too Bo To Do To Do o

Different parts of the fistare used for different purposes as described in the table below.

| RRM Possible uses
Red meat Pet foods
Frames Minerals for feed and fertilisers; hydroxyapatite for medical devices
Loin or fillet pieces = Premium petfoods
Heads, trimmings Steaminggcrushing, pressing to yield oils; fractionation to yield oma¢
and frames fatty acids
Skin, frames and fin¢ Collagen, gelatin

Any material Extraction of proteins and peptides; bioactive compounds;-axidants
: Enzymes for industrial and laboratory ugeeptones for microbiologice
Viscera media

Waste or potential rest raw materials occur at different stages in the supply ghfffigurel4(from

Task 10.5Waste32%8 These figures are based on a Norwegian study, but reflect a general situation
where significant levels of waste occur at different stages in the supply chain. The challenge with
making use of these resources increaasghey move down thaupply chainAt distribution and
consumption levelbout it becomes less germane to talk ab&egafood wast@s such, but rather a

238 Jouvenot L (2015) Utilisation of rest raw materials from the fish industry: Business opportunities and logistics
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https://brage.bibsys.no/xmlui/bitstream/handle/11250/2351183/13467 FULLTEXT.pdf?sequence=1
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mix of food wasteFood wastean also be taken care of and used, thisis regarded to be outside
the scope of this sectioffor further reading se among others th@AFIAHorizon202(@roject).

Figurel4 - Proportion of waste & byproducts (% of original landings) by stage of supply

15
10 1 —

5 —§ | .

. . B N N
Agricultural Postharvest  Processingand  Distribution Consumption
production handling and packaging

storage

Source: JouvenpR015

The different seafood sectors provide differesiti A £ A & | G A 2 y -LaNER RidRGidadma 2 NJ Wo
a different potential for making better use of the resources. We observe that the groundfish
(demersal)sector stillhasa way to go before availabresources are taken well care of.

Figurel5 ¢ Extent of utilization of rest raw material by source
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In the figure developed bwhitakerand Fyllinglensen at Nofima, beW, the product pyramid for
RRM is sketched and systensat with respect to the estimated time for development, the cost of
development, the availability of the relevant resource for the product, the need for documentation,
potential market value and thekills and competence needed for delivering at the respective levels.
Until recently, the focus on use of RRM has been most at the lowec e highvolume part; of

the pyramid, but as fishery resourslBavebecome more limited antheir valuehas inceased, there

is an increasing focus towards the high (upper) value part.

239 Jouvenot.(2015) taken fromvarious sources including OlafsenRichardsen Ret al.(2014)Analysis of marine by
products 2013SINTEF Fisheries and Aquaculture
http ://www.kontali.no/%5Cpublic_files%5Cdocs%5CAnalysis_of _marierdducts 2013 Summary English.pdf
OlsenRL, Toppel andKarunasagalr (2014)Challengeandrealisticopportunitiesin the use of by-productsfrom
processingof fish and shellfish TIFS TecB6(2) 144-151, Doi: 10.1016/j.tifs.2014.01.007and Sandbakkl. (2002)
Handlingof by-productsfrom cod-fish- a state of the art report from selectedcountries SINTERisheriesand
Aquaculture
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Figurel6: Product pyramid for rest raw material and some main aspects
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5.2 Algae

Marine macroalgae, or seaweed@se aquatic plants that generally live attached to rock or other hard
substratain coastal areas. They are divided in three different groups, empirically distinguished on the
basis of thallus (the algal body) catobrown algagalso known as kelp (phylu@chrophyta, class
Phaeophyceaered algae (phylurRhodophytabelow Gelidiumin Ireland), and green algae (phylum
Chlorophyta classeBBryopsidophyceaeChlorophyceaePDasycladophycead’rasinophycegeand
Ulvophyceag

Red andrown algae are almost exclusively marine, whereas green algae can also be found ininland
freshwater, and eveon land

In Europe, the main exploited algae species aeminaria hyperbored_aminaria digitataand
Ascophyllum nodosunThese species, andgecially kelp forests, are considered among the word
most ecologically dynamic and biologically diverse habitats. Other species are found on the European
Atlantic coastbut few of them currently have a commercial value. However, althoeghveed is a

product widely used for food in direct human consumptidms also an ingredient for the global food
and cosmetics industries and is used as fertilizer and as an animal feed additive.

In Europeproduction of algae is traditionally focused on seaweed hsiimg to supply the processing
industry of hydrocolloids extraction for industrial purposdeweverthe EU macroalgae production
is limited in its development perspectives and the competition with 4k countries has become
significant.

Whilst Asian prduction is mostly based on cultivation of algae, the European seaweed industry is
mainly based on the harvesting of macroalgaa.the European Atlantic coast, macroalgae have been
harvested by coastal populations faenturies The volume of seaweed harsted for human
consumption remains marginal compared to the production eihaindustrial uses With the
exception of southern Europe).

The commercial value and the quantities landed for each species vary and depend on harvesting
techniques. The most imptamt, in terms of landings and value, draminaria digitataLaminaria
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hyperboreaandAscophyllum nodosunbecause these species are harvested mechanically by boat in
France and NorwayAscophyllum nodosunis harvested by boat in Norway, whereas in Feaad
Ireland itis harvested manually. All other species are harvested manually either on foot or b3#Yiving

Mechanical harvesting is undertaken by boats and is mainly practiced in Norway (Rogaland to Sar
Trgndelag), France (Brittany), Spain (Galiciafestdrias) and to a lesser degree in the Basque country
(France) and Ireland.

Manual harvesting of seaweed and gathering of storm cast seaweed are important in France, Ireland,
Spain and Portugal. Harvesteithergather the cast or cut seaweed at loweidDiving is another way
to harvest seaweed manually and is practiced mostly in Portugal.

The management tools implemented differ according to the country, the species and the harvesting
technique. Seaweed harvesting is regulated with different toolsnies or harvesting auth@stions,

guotas by harvesting zone, individual quotas by boat, harvesting size and rotation systems. In most of
the harvesting areas, the biomass is not well known, and several current projects aim to assess the
importance of theresource in order to adjust the harvesting effort.

However, the preservation of kelp has become a strong environmental concern and some countries

have decided to protect these habitats by restricting the use of mechanical harvesting or by creating

protected areas around them. Kelp harvesting is blamed for harming the ecosystem because of the

damage it can cause to substrates and to the habitats of certain species. For example, seaweed
harvesting has been recently forbidden in the Spanish Basque countity dhe implementation of

a Natura 2000 marine area.

In the world, he marketdemandfor seaweed has been increasing over the recent ybarsause of

the increasinglemand fromthe algae extractgagars, alginate & carrageenamdustry. These
processed seaweeds in form of hydrocolloids find various applications such as meat & poultry
processing, dairy, canned fish, desserts & jelly, along with infood applications such as textiles,
pharma & medical, pet food, textile primtiy, paper products & other industrial products. These
productshaveexperienced a strong developmantEurop@nand Asia marketsmostly because of

the rising interest for products providirgalth benefits. Other applications of commercial seaweeds

in end-user industriessuch as wastewater treatment and the generation of biofuels & cosmetes
further projected to boost the global demand for commercial seaweeds over the coming years.

5.3 Focuson making better use of marine and aquaculture resources

Thereis a global focus on making betfeod use of marine and aquaculture biomasshe EU.In a
workshopheldin Ocbber20164, some policy initiatives were recommendedcludingoroducing a
roadmap, supporting regional pilot plants at semdustrial sca¢ and funding larger regional bio
refineries or algal lighthouse projects. addition, the workshop discussétuk needfor monitoring

the types and amounts of marine and aquaculture biomass that might be directed to aduesl
uses, the impact of rulesish as those governing the management of Category 2 waste materials, and
the Landing Obligation regulations of the Common Fisheries Policy.

240 Netalgae projechttp://www.netalgae.eu/uploadedfiles/Filieres 12p_ UK.pdf

241 Aquatic food products andew marine value chainsreinforcing EU Research and Innovation policy for food &
nutrition security. Report of a workshpRU(2016)
https://ec.europa.eulinfo/sites/info/files/conferences/food2030_2016/w2_aquatic_food new_marine_value_chains f

ull_report.pdf.
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6 The &e of demand
6.1 Fish waste

Associated with the expected growth in aquacultuhe demand for fishmeal and fishlas expected

to increaseThis increasing demand is expected to be satisfied by more efficient use and greater
availability of RRM from fish and seafood rather than an increased volume of marine catches, as
suggested by Vannuccini, FAQ.

Figurel7: Fishmeal historical global volumes and expectation, FAO
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In addition prices are expected to remain high, and more so for fish oil than for fish meal. However,
both are limited resources highly sought in aquacultuaadalso for other food productiondive stock
sector like pigs and poultrgs well as in a growing pet food industry.

Figurel18: Fishmeal and fish oil prices
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242 VVannuccini S. (2018he importance of Forage Fisheries Linking Forage Fisheries to Food Sleeus#pctive for

Fishmealand Fish Oil, Hirthals, Denmark,ust2016 http://www.eufishmeal.org/cnm
webpic/symposium%20pre C3%A6sentataioner/stef&20va nnu ccini.pdf
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The fish meal production is expected to increga&ing better care of resources both from fisheries
and from aquacultureThe growth might be driven by increased prices, since demand will exceed
supplies, see figure beld#?.

Figure19: EU Fishmeal production
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The usage of fishmeal (and fish oil) in Europeisanutlined in the figurdelow, and coincidewith
high activity both with respect to aquaculture and fish feed indudEgerthough the exercise dates
back to 2009, he pictureoverall picture remains unchanged

Figure20: European fishmeal consumption 2009 (@ + Norway)
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243 SEAFISE2016)Fish meal and fish oilfacts and figures
http://www.seafish.org/media/publications/SeafishFishmealandFidk&@itsandFigures_201612.pdf
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The production of fish oil isot expected to increasw the same extent aBsh meal Hence, fish ol
can be seen asstarceresource, which also explains the prices for oil increasing to a higher level and
stayingashigh as shown ifigure21below.

Figure21: Euopean fish oil production 2010 to 2015 (tonnes)
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6.1.1 Feeddemand foraquaculture increases

The demand for fismeal and fish oil within théeedindustrywill increasen accordance witlthe
growthofthe aquaculturesector globally, anthe changes described by Asche in the figure belav
expected to continue.

Figure22: Changes in the fish meal and fish oil markets from 1960, 1980 to 2012
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6.1.2 Feedlemand for livestock and other will remain high

The demand for ingredients to livestock feed will also remain high, whdging from Norwaythe
requestfrom the fur sectomight be reduced depending on political dgons regardinghe practice
of usirg animal fur for the clothing industryHowever, the growth in demand from the pet food
industry, e.g. for high quality proteinsyill likely increasehe need for fishmeal more than the
potential dropin the fur sector.

244 pscheF. (2016)Fishmeal and fish oil: Why bother? Opportunities and challenges, Hirtshals, Denmaus} 200§
http://www.eufishmeal.org/cmwebpic/symposium%20preC3%A6sentataioner/frank%20asche.pdf
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6.1.3 Demand for human consumption

Otheruses of fish mealand in particular fish oil for direct human consumptjos expected to
increase Being a high valuesagethiswill likelyincrease the competition for scarce resources and
keep the pricesor rest raw materialhigh. However, the sepation between highquality and low
quality resourcesnightbe significantthus increasing th@ressure orproper disposal ofest raw
material.

6.1.4 Usage forbio gas/energy

Low quality outputs from rest raw materialsuch asleadfish from Norwegian aquaciure) are today
being used for bio gas/energy production, and the demand within this area is also expected to
increase. However, efficient logistics andsgaling for high volumes is seento be a necessary factor
for this usage.

6.1.5 High value usage

In countries with advanced usage of rest raw materi@seems that these arsteadily climbing up
the value pyramid towards more advanced and high value uBes.demand for healthy good
resources from marine and aquaculture origgralso likely to haa positive impact omalue further
down in the value pyramid, through higher competition about the resources.

When it comes tahe highend products/uses that areurrentlybeing developedthe demand may
be difficult to estimate However,because seveteof these highend products possedsealth
promotingpropertiesthe outlook of the segment s bright, in viewaf everincreasing share of the
population placing value on a healthy lifestyle

At the same timeit should be noted that for much of the search, innovation and development
focusing on making good use of seafood resources, the cost of development is high and the time to
market long, thusignificant financial resourcese needed. This has been addressed among others
by the EC worksholpeldin Ocbber2016 whose report state¥®that it is necessary to provide..
direct financial support to actions to develompjlants and bierefineries aklighthouse» projects to
Sy 02 dzN¥ 3S T dzNileké&ybiddheREDIE prot@&ypghases There is still iongway to

go, and Wiitaker(Nofima), exemplifies thisin a pictures€e below, adapted from Randallivhere the
emphasis is on thavailability(or lack of) of financial resourcasthe critical pilot and demo phase

the socalledd +fF §& 2 FqisSirBitedi Fé history from the Ocean Cluster in Icel@®l1.2.)

the business incubators suggestedin Dennfg#k1.3.9 showcase how strategic certain moves might
be ¢ moves that are assessed to be crititalvhether an idea survives all the way to a commercial
successful product.

245 Aquatic food products and new marine value chajmsinforcing EU Research and Innovation policy for food &
nutrition security. Report of a workshop E2016)
https://ec.europa.eulinfo/sites/info/files/conferences/food2030_2016/w2_aquatic_food new_marine_value_chains f

ull_report.pdf.
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6.1.6 Conclusion for fish waste demand

In the future, oil, meal and concentrate produgtd! register the main output in terms of volunmand
the feed sector will experience tHargest growth will be seenin. However, thésalso good potential
for the high end/high value marketsthough more demanding.

6.2 Algae
6.2.1 Global production of algasiain figures and trends

In FAO production statistics, algae are included in the aquatic plants category (brown, red and green
algae as well as other specigsch aspirulina).

Global algae production, all species included, amounted to 31,2 million tanr2046, experiencing
an +103% increase in the last decade.

The leading producers are China and Indonesia, which provided respectively 47% and 37% of total
world production in 2016 (production respectively reached7ldnd 117 million tonnes). Other
important producers were Republic of Korea witB nillion tonnes produced in 2016 (6% of world
production) and Philippines with 1,4 million tonnes (4%). EU production ranked 10th in 2016, behind
Japan, Chile, Malaysia, Norway and Tanzania (Zanzibar).

In terms of evolution, during the past ten years (208®16), total algae production remained
relatively stable in Chile (+2%) and Philippire@84), it slightly increased in Norway (+17%) and it
strongly increased in China (+47%), Korea (+51%), Zanzibar (+4b%g &U (+76%). In Indonesia
and Malaysia, it soared (respectively +893% and +243%). Athenmajor producers, the only
decreasing trends in production during the past decade were observed for J&28a)(and India (
32%). However, in recent yedfsom 2011 mostly) most of the leading producers have experienced a
strong slowdown of this growth or even a slight decrease of the production (in Philippines for
instance).
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Table 29: world production of aquatic plantsif 1000 tannes)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

China 10.015 | 10.074  10.300 | 10.772 11.339 11.824 | 13.090 | 13.844 | 13.572 | 14.186 | 14.719
Indonesia 1175 | 1.733 | 2.148 | 2.967 | 3.918 | 5176 | 6.522 | 9.316 | 9.042 | 11.318 11.672
Korea 1224 | 1255 1379 1314 1359 | 1451 | 1477 | 1.584 | 1.586 @ 1.694  1.850
Philippines | 1.469 | 1.505 | 1.667 | 1.740 | 1.802 | 1841 | 1.751 | 1559 | 1550 1567 | 1.405

Japan 604 618 561 561 530 438 539 503 466 494 471
Chile 339 340 412 456 381 418 440 530 430 358 345
Malaysia 60 90 111 139 208 239 331 - 245 - 206
Norway 145 135 154 160 159 152 141 154 154 147 169
Zanzibar 7 - 108 - 125 130 151 110 133 172 111
EU28 52 73 73 52 56 81 75 104 92 53 91

India 34 34 34 35 31 30 28 27 22 22 24

Other 184 136 137 153 160 107 135 158 148 153 156

World total = 15.378 | 15.992  17.086  18.349 20.066 21.887 24.681 27.889 | 27.440 30.165 31.218
Source: FAO

6.2.2 Markettrends and outlook

The European macroalgae industry is based on the harvesting of natural resources of macroalgae, and

the production has decreased in the last 10 ye@csface a series of several challenges such as stock
reduction, increasing processing production and labcosts and environmental constraints of the
seaweed harvestin protected areas, the share of local algae in the processing industry intizarope
been mostly declining. These factdravenegatively impacted the European processing industries
local suppy, whichhasconducted to an increase of impoéseaweed unfit for human consumption.

However, the potential for theevelopmenbf thealgae market in Europs still considerableThere

Ad Iy AYyONBlFrasS 2F Lzt A0 Q(eyiddssNiésticidesmaddeidis)i K S
which calls for finding biological and organic alternatjwesmething that strengthens thpotential

for seaweed extracts market. Moreover, tivend inEUand nationalegislation to limit the use of

synthetic addtives and antibiotic&® in feed ingredients. This is a powerful market driver for
sustainable feed ingredients, and a good opportunity for algae extracts.

The extraction of high valuadded substancefsom algaeis technology demandingndassociated

with high investment costs. More knowledge is also required regarding the market potential of
seaweed bioactive compounds to identify commercial opportunities. The current European market
for liquid seaweed extracts is estimated at US$30 million Hc . YAt f A2y 0

On the other hand, there is a growing interest for seaweed cultivation and a wide range of industrial
application in western countries. But tools ad methods (especially in Norway) for establishing a
seaweed industry still need to be developed or adapfeain Asian models to fit European
frameworks. However, itis very unlikely that the aquaculture of carragegmaducing seaweeds will
succeed in Europe because it would be very difficult for European producers to compete with

248hitps:/lec.europa.eu/health//sites/health/files/antimicrobial resistance/docs/2015 prudent use guideline
s_en.pdf
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producers in soutkeast Asigparticularly in the Philippines and Indonesia) and in eastern Africa
(Tanzania and Zanzibar). European producers will have great difficulty in penetrating the fastidious
and regulatiorintensive Japanese market as very high standards are expected anevedhi
particularly for food products.

However, several niche markets are growipgpviding new opportunities for algae products. For
instance, in Ireland, seaweed baths are becoming increasingly popular. The market for algotherapy,
which is expected to gpand, could represent a very attractive area for niche companies to exploit.
O0CKS SlidA @It Syl Ay -TONYY GBS SA{aSYyR&EUG R af S KSIHf (K
The articleA decade of change in the seaweed hydrocolloids indidstprovided in 2011 a good

synthesis of the cuant stakes in the industry:

On a global perspective, seaweed hydrocolloid markets continue to grow, but instead abtte 3
achieved in the 1980s and 1990s, the growth rate has falleq3%Ilper year. This growth has been
largely driven by emerging marksein China, Eastern Europe, Brazil, etc. Sales of agar, alginates and
carrageenans in the US and Europe are holding up reasonably well in spite of the recession. However,
price increases to offset costs in 2008 and 2009 have begun to have a dampeningreffales,
especially in markets where substitution or extension with less expensive ingredients is possible. These
higher prices have been driven by higher energy, chemicals and seaweed costs. The higher seaweed
costs reflect seaweed shortages, particlydor carrageenatbearing seaweeds. The Philippines and
Indonesia are the dominant producers of the farmed Kappaphycus and Eucheuma species upon which
the carrageenan industry depends and both countries are experiencing factors limiting seaweed
production. Similar tightening of seaweed supplies are beginning to show up in brown seaweeds used
for extracting alginates, and in the red seaweeds for extracting agar. The structure of the industry is
also undergoing change. Producers in China are getting stroagel while they have not yet
developed the marketing skills to compete effectively in the developed world markets, they have
captured much of theirhome market. China does not produce the red and brown seaweeds needed for
higher end food hydrocolloid pdaction. Stocking their factories with raw material has led to the
supply problems. Sales growth continues to suffer from few new product development successes in
recent years; although some health care applications are showing some promise, i.e., qzaraggte
capsules and alginate micimeads.

247 hitps://link.springer.com/article/10.1007/s1081010-9529- 3.
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7 Topnonfood product ad uses
7.1 The EU production and trade for fish waste

According to EUMORZE,EU fisheries for nofiood use constitutedpproximately 20 % of the catches
in volume and 3 % in value in 2016. The main catching Member State was Denmark, accounting for
78% of total EU landings in volume. The catches forfiood use go mainly to the production of
fishmeal and fish oil, while sali volumes are utied as bait in fisheries or feed in zoos. The EU
produces approximately 50000 tonnes of fishmeal and 1200 tonnes of fish oil each year, for which
Denmark is the largest producing nation. Fishmeal and fish oil are in great demandraredient in
the feed used in aquaculture in the EU and Norway. Due to significant variations in the quotasfor non
fooduse species, the availability in EU fisheries varies strongly from year to year. Total values of non
food-use fisheries in the Bere nearly EUR 222 million in 2016 (i.e. 3% of total value of EU fisheries).
Total landings for no#fiood use in the EU reached 7860 tonnes in 2016.

Figure24: EU production of fish meal and fish oil, 2010 to 2015
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In 2016, the volume of imported nefmod products totaled 84400 tonnes, aslightincrease over the
year before, when they were 83100 tonnes. The nonfoedse commodity, one of the most
important in terms of volume among extfaU imports, attained 28400 tonnes of fishmeal, 17000
tonnes of fish oil, and 38300 tonnes of other notiood products (fish waste, crustaceans, seaweed,
and ornamental fish).

Figure25: ExtraEU imports (volume) of nofiood products and prices
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248 EUMOFA (201'Non-Food fisheriesinthe EU, Monthly highlights, No. 10/2017, pg23.6
https://www.eumofa.eu/documents/20178/109202/MH+10+2017.pdf
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Denmark and Germany were the top EU importers in 2016 witf0@Rltonnes and 13000 tonnes,
respectively. The main uses for fishmeal and fish oil are as ingredients in aquaculture feed (i.e. salmon

in Norway and Scotland and Sea bass/Beam in Greece), as well as an ingredient in feed for

5SY Yl N] Q&4 LJ32N)] AYRdzadNE dfobdyisedn¥ itidzed ®Nahitirdibhené&sa = @2 f
and for feed in zoos. Imports of fishmeal and fish oil to Germany are mandyp@rted to Norway

and other European markets.

Figure26: Exports (volume and prices) of nefood products from the EU
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In 2016, extraEU exports for notiood use totalled 33800 tonnes, a 4% decrease from the year
before. Exports bfishmeal were 18200 tonnes, and fish oilamountedto 1280 tonnes. Exports of
other nonfood use reached 2800 tonnes. Extr&EU export prices for fishmeal and fish oil follow the
increasing global trend observed in recent years.
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The largest extr&Uexporters of norAfood products in 2016 were Denmark and Germany, with
202000 tonnes and 6000 tonnes, respectively. The overall largest market for eEtteexports of
fishmeal and fish oil is Norway, accounting for 65% of total volume and value fiordedand 90% of
the volume and 80% of the value for fish oil.

7.2 The EU production and trade for algae

EU production amounted to more tha®900 tonnes in 2014, providing approximatelg® of the
world supply. France and Ireland are the main producers,asgrting respectivelyl86 and 3% of

the EUtotal in 2016 Their production consists almost exclusively of brown algae. Other important EU
producers are Spail©%, mostly red algae) and Italy3%, green and red algaéxom 20@to 2016,

EU algae production increased B0, with a peak reached in 2013 at 1D tonnes. However,
amongthe major producers, the evolution of production over the decade has been different:
significantly increasing in France §8%) and Spain 248%), stablen Ireland (+(2%) andslightly

decreasing in Italyg(4%).
Table 30: EUproduction of aquatic plants i( tonnes)

France 19,192 | 39,792 | 39,757 @ 18897 | 23,037 | 47,811 | 41,733 69430 | 59022 19600 55541
Ireland 29,500 | 29503 | 29,500 @ 29,500 | 29,503 | 29,503 | 29,500 | 29,500 | 29,600 | 29570 | 29,550

Spain 485 130 97 64 124 261 525 432 1696 | 2115 1,690
ltaly 1,400 | 1,400 | 1,400 | 1,400 | 1,400 | 1,200 & 1,200 1,200 1,200 | 1,200 | 1,200
Estonia 394 1608 | 1,483 | 1,032 351 690 430 249 626 413 348
Others 765 495 1,198 | 1,352 | 1,498 | 1,659 | 1,975 2,732 226 248 2,526

EU total 51,736 | 72,928 73435 52245 55913 81,124 | 75363 | 103543 | 92,370 53,146 90,855
Source: FAO Fishtat
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The bcal seaweed production is not fully sufficient to satisfy the high demand of the processing
industries, especially for those extracting alginates. Those industries havingaccess to the raw material
locally (e.g. in France and Ireland) also import driesdsmed whenlocal supplies are out of season or

not sufficient. Some processors cafso choose to delocade their processing plants to nelaU
countries, where they can access cheaper raw materials anditglahile, Philippines and China for
instance).

Shce 2012, EU trade data nomenclature distinguishes seaweeds and othet‘afifa®r human
consumption and those unfit for human consumption. In20he EU had a trade deficit of EUR 1
million for algae unfit for human consumptipwhich has experiencealstrong decrease since 2015
(EUR 40 million deficit), mostly due to the drop of average import pri¢ee deficits may be
attributable to the imports of macroalgae for the processing industry (mainly from Iceland)

For algae unfit for human consumpticextraEU imports reached almost, 080 tonnes in 2017, for
a value of 41 millioneuro3he main countries of origin are Icelar&2300 tonnes in 2015)Tanzania
(7,600tonnes) Chile (4600 tonnes) and Indones{&500tonnes).

However, exports of algaenfit forhuman consumption reache®®00 tonnesin 2015, mainly sold
to Australia (11300 tonnes), Saudi Arabia 460 tonnes) and South Africa {80 tonnes).

Figure27: EU market for seaweed unfit for human consumption (2017)
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When looking at historical series, itis clear that the level of imports of seaweed unfit for human
consumption depends on the availability of raw materialin EU, i.e. the level of production of seaweed
by EU producers. For instance, frof12 to 2015, EU seaweed production experienced a significant
drop (-49%, due to strongly decreasing hangist France). As a consequence, exd imports
experienceda+118% increase. In 2816 EU production recoveredto reach its average level (aroun
90,000 tonnes) and imports stayed stable aid® tonnes.

Australia remains thenajorpartner ofEUexpotts with 8,351 tonnes exported in 2017. However, a
reduction of 26%s observed between 2015 and 2017.

GlobalEUexports have stayed stablbetween 2015 and 2017, with only a decrease of 4%.

249Seaweeds and other algae, fresh, chilled, frozen or dried whether or not ground.
77



EUMOFA European Market Observatory for Fisheries and Aquaculture Products
Blue bioeconomy: situation report angerspectives

Figure28: Evolution of extra EU trade flows for seaweed unfit for human consumption and EU seaweed
production (volume in tonnes)
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In the meantime, extra EU expertid not experience such significant variations.

With a total of 62762 tonnes of exports in 2017, Irelarsthe mainEU exporter foalgae unfit for
human consumptionFor Irish importslceland is the major supplier.

Figure29: Ireland trade flows of algae unfit for human consumption (201Z017)
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For French imports, thiérst partnerin 201AvasChile pefore 2015, Tanzania was the main supplier).
French imports experienced@3%decreasebetween 2015 and 2017.

HoweverFrance doubled its expasince2015 (from2,293tonnes in 2015 ta@l,448 tonnes in2017),
mostly due to the strong increase of Spanish imparswever, unlike Ireland, its exportations are
less geographicalgpread and mainly located inEurope(its main identified partners are Spathe
UK, Austria, Germany).
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Figure30: Francetrade flows of algae unfit for human consumptiorf20152017)

Source: COMEXT

8 Main nonfood product and uses
8.1 Fish waste: Norway, Icelan@aroe Iceland, Denmark and others

In the followingparagraphsinformationon the top uses and products of seafood not directly used
for human consumption is described from a few selected (case) couyiteeNorway and Iceland and

a few others to exemplify where wa&andand where we might be moving with respect to taking
better care seafood resources. Norway and Iceland are the countries with the highest uses-for non
food purposes in Européee. with 6.8 and 501 tonnes in 2015, respectively, and likétiie forefront

of the development for better use of seafood resources together with Iceland.

8.1.1 Norway

The RRM base for 20iBasestimated to 3.28 mill. tonnes (live fish weight) fish and shellfish fream
fishery and aquaculture industries, where of 0.91 mill. tonnes is RRIVis estimates that 76% of
RRM was used i.e. about 6880 tonnes. The table below showthe RRMbase and RRM split over the
main sectors.

Demersal fish Pelagic fish*  Aquaculture  Crustaceans Total
Basis for by -

products (live 746,400 1,090,000 1,394,000 49,200 3,279,600
weight)

Avaialble rest 319,000 177,600 400,842 12,300 909,742

raw material

Avaialble rest

raw material as

share of basis 43% 16% 29% 25% 28%

for by -

products
*Rest raw material (RRM) basis are the species herring, mackerel, blue whiting and capelin i.e. those generating
RRM.

Source: Kontali Analyse AS based on statistics from Directorate of fisheries, SSB, first sale companies

250 Sintef (2017) Analyse marint restrdstoff, 20d8ilgang og anvedelse av marint restrastoff i Norge.
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