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Foreword 

The aim of this report is to provide a comprehensive overview of the blue bioeconomy sector in the 

9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΦ .ȅ άōƭǳŜ ōƛƻŜŎƻƴƻƳȅέΣ ƛǘ ƛǎ ƛƴǘŜƴŘŜŘ ŀƴȅ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ use 

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. Businesses 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 bioeconomy. To avoid 

overlap in analysis of other maritime economic sectors, the Study considers that typical aquaculture 

and fisheries, where the fish or shellfish are caught or produced for human consumption, is excluded 

from the analysis. These sectors are already subject to several analysis and reports as standalone 

sectors, and are already monitored by EUMOFA as part of its ordinary activities. However, there are 

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

but used as an input to other 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 often omitted 

from consideration in analysis of the aquaculture sector. Hence, algae are considered in this analysis, 

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

products/sectors. 

The report is structured in five sections: 

1. Mapping non-food uses of fisheries and aquaculture biomass. This section explores the types, 

geographic sources and potential food and non-food uses of fisheries and aquaculture biomass. 

It analyses the value and activities comprising the EU bioeconomy, 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 demand. It analyses the size of the EU demand, the main EU players at country, 

regional and sub-sector levels, and the global demand for products of the bioeconomy, mainly 

focusing on fish waste and algae. 

3. Top products and uses. This section develops an examination of the top aquatic plants/animals 

(species) grown in the EU and globally by volume 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 by-products from fisheries and aquaculture, also by looking at experiences of 

different countries. 

4. Understanding the investment trends. Over the large spectrum of investments covered by the 

blue bioeconomy sector, this section develops an indication of the type and the main driver for 

investments looking also at some specific case studies on current investments, before proposing 

some recommendations on how to foster investments in the sector. 

5. National strategies to support the blue bioeconomy. Several European countries have adopted 

overarching science strategies, plans and policies, which include the blue bioeconomy to some 

extent. This section reports any relevant public policies and strategies promoting the 

biotechnology sector at national or regional level, also including experiences outside the EU. 

The study team acknowledges with grateful thanks 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 Lloyd-Evans and Pierre Erwes for their contribution 

to Section I, IV and V of the Study. ¢ƘŜ {ǘǳŘȅ άBlue bioeconomy: situation report and perspectivesέ ǿƛƭƭ 

ōŜ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ 9¦ahC! ŜǾŜǊȅ ǎŜŎƻƴŘ ȅŜŀǊΣ ǇǊƻǾƛŘƛƴƎ ǳǇŘŀǘŜǎ ŀƴŘ ƛƴǎƛƎƘǘǎ ƻƴ ǘƘŜ ǎŜŎǘƻǊΩǎ Ƴƻǎǘ 

recent developments within the European Union. 
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Glossary 

Agar: a jelly-like 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 released on boiling. It is used as an ingredient in desserts throughout 

Asia, and also as a solid substrate to contain culture media for microbiological work. Agar can be used 

as a laxative, an appetite suppressant, a vegetarian substitute for gelatin, a thickener for soups, 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 seaweed and composed of mannuronic acid residues. In extracted form it absorbs 

water quickly; it is capable of absorbing 200-300 times its own weight in water. 

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

Anaerobic digestion: 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 used as a soil amendment. 

Biorefinery: a facility that integrates biomass conversion processes and equipment to produce fuels, 

power, heat, and value-added chemicals from biomass. 

Carotenoids: organic pigments that are produced by plants and algae. They are believed to provide 

health benefits in decreasing the risk of disease, particularly certain cancers and eye disease. 

Carrageenans: a family of linear sulfated polysaccharides that are extracted from red edible seaweeds. 

They are widely used in the food industry, for their gelling, thickening, and stabilizing properties. Their 

main application is in dairy and meat products, due to their strong binding to food proteins. 

Chitosan: a linear polysaccharide made by treating the chitin shells of shrimp and other crustaceans 

with an alkaline substance. Chitosan can be used in agriculture as a seed treatment and biopesticide, 

in winemaking as a fining agent, in industry in a self-healing polyurethane paint coating, in medicine 

in bandages to reduce bleeding and as an antibacterial agent. It can also be used to help deliver drugs 

through the skin. 

Esterification: a chemical reaction that forms at least one ester (= a type of compound produced by 

reaction between acids and alcohols. 

Extremophiles: organisms that thrives in physically or geochemically extreme conditions that are 

detrimental to most life on earth. Some of them are enzymes that can modify DNA, and so are used 

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

companies. 

Flocculants: chemicals that promote flocculation (= a process wherein colloids come out of suspension 

in the form of floc) by causing colloids and other suspended particles in liquids to aggregate, forming 

a floc. Flocculants are used in water treatment processes to improve the sedimentation or filterability 

of small particles. 

Fucoidans: sulfated polysaccharides found mainly in various species of brown algae and brown 

seaweed. They are used as an ingredient in some dietary supplement products. 
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Guanine: is one of the four main nucleobases found in the nucleic acids DNA and RNA.  

Hydrocolloids: hydrocolloids are gums that are added to foodstuffs in order to control their functional 

properties, such as thickening or gelling. 

Hydrolysates: proteins digested into smaller fragments, peptides, and its sole building blocks, the 

amino acids. They are used as nutrient and fluid replenishers in special diets or for patients unable to 

take ordinary food proteins. 

Hydroxyapatite: a calcium phosphate similar to the human hard tissues in morphology and 

composition. It may be used in applications such as bone tissue engineering, bone void fillers, 

orthopedic and dental implant coating, restoration of periodontal defects, edentulous ridge 

augmentation, endodontic treatment like pulp capping, desensitizing agent in post teeth bleaching, 

remineralising agent in toothpastes, drug and gene delivering. 

Macroalgae: large aquatic photosynthetic plants that can be seen without the aid of a microscope. he 

most familiar types can generally be divided into three groups: Green (Chlorophyta), Red 

(Rhodophyta), and Brown-Kelps (Phaeophyta - related to Chromista). 

Microalgae: small microscopic aquatic photosynthetic plants that require the aid of a microscope to 

be seen. They live in both the water column and sediment. They are unicellular species which exist 

individually, or in chains or groups. 

Milt : seminal fluid of fish, molluscs, and certain other water-dwelling animals who reproduce by 

spraying this fluid which contains the sperm, onto roe (fish eggs). 

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

Peptides: chemical agents belonging to the protein family. A peptide is composed of a mixture of 

several amino acids. Because of the near-infinite number of structure combinations of the constituent 

amino acids, peptides are widely used in medicine and industry for everything from anti-aging 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 algae. Phlorotannins can have anti-diabetic, anti-cancer, anti-

oxidation, antibacterial, radioprotective and anti-HIV properties. 

Photobioreactor: a bioreactor which incorporates some type of light source. These organisms use 

photosynthesis to generate biomass from light and carbon dioxide and include plants, mosses, 

macroalgae, microalgae, cyanobacteria and purple bacteria. 

Reduction fish: stocks of fish that are used for feed. 

Rest raw material: what remains after the edible part of the animal, fish or plant has been removed. 

Swim bladder: an internal gas-filled organ that contributes to the ability of many bony fish to control 

their buoyancy. 

Thallus: the undifferentiated vegetative tissue. 

Wakame: Japanese name for Undaria pinnatifida, a 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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Acronyms and abbreviations 

CFP Common Fishery Policy 
Defra Department for Environment, Food and Rural Affairs 
EC European Commission 
EIB European Investment Bank 
EIF European Investment Fund 
FAO Food and Agriculture Organisation 
FDF Fully-Documented Fisheries 
FP7 7th Framework Programme 
FSC Fish, Shellfish and 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 Économiques dans les Communautés Européennes 
OECD Organisation for Economic Co-operation and Development 
OFIMER Office national interprofessionnel des produits de la mer et de l'aquaculture. Since 

2009, FranceAgriMer 
pa Per annum 
PUFA Polyunsaturated Fatty Acid 
RRM Rest Raw Material 
SAM Scientific Advice Mechanism 
SAPEA Science Advice for Policy by European Academies 
SARF Scottish Aquaculture Research Forum 

 



 

 

 

{ŜŎǘƛƻƴ м π aŀǇǇƛƴƎ ƴƻƴπŦƻƻŘ ǳǎŜǎ ƻŦ 
ŦƛǎƘŜǊƛŜǎ ŀƴŘ ŀǉǳŀŎǳƭǘǳǊŜ ōƛƻƳŀǎǎ 
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0 Introduction & Summary 

FAO has estimated that fish1 represented one-sixth 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 billion of the 

ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ2. Biomass is derived from capture fisheries and wild harvesting and from 

aquaculture and mariculture. Current production according to FAO is summarised in Table 1. 

Table 1 - Production of fish and seaweed 2015 

Type 
Total 
Mt  

Aquaculture 
Mt  

Capture/wild harvest 
Mt  

FSC total Mt 169.2 76.6 92.6 

FSC inland Mt 60.5 48.8 11.5 

FSC marine Mt 108.2 27.8 81.2 

Seaweeds 30.5 29.4 1.1 

Total Mt 199.7 106 93.7 

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

Estimates of the waste produced in fisheries and aquaculture include volumes as high as 130Mt and 

value-lost of up to $50B (about 43 billion EUR), as a result of poor management of seafood resources3. 

Comprehensive data is not available, though individual pieces of information can be retrieved from 

individual publications, without detailed quantification or enough background to know where data-

collection has been consistent. 

There is considerable pressure to improve biomass availability by a combination of changes in fishing 

and aquaculture focus and reduction in wastage. The Food from the Oceans report of the 9/Ωǎ 

Scientific Advice Mechanism (SAM)4 confirms the conclusions of the evidence review by Science 

Advice for Policy by European Academies (SAPEA)5. In order to meet projected demands for food and 

biomass from the seas and aquaculture, >100Mt per year additional food output is needed from 

marine capture fisheries and aquaculture. The main points to take from this report are: 

¶ Mariculture is seen as less constrained than land-based aquaculture and capture fisheries; as 

much as 160Mt extra biomass could be produced within 20 years or so, overwhelmingly by 

increasing production of lower-trophic marine biomass, e.g. algae and molluscs. 

o As this is largely exploitation of new or unfamiliar bioresources, or existing species 

but on a very much larger scale, this may well yield significant opportunities for 

development of new processes, products and markets using the by-products or 

wastes. 

                                                           

1  In this report, the term fish may include shellfish and crustacea and, for capture fisheries, cephalopods, unless otherwise 
specified. FAO data often aggregates these. Where possible, specific information on molluscs, crustacea and 
invertebrates will be found in the specific sections. 

2  The State of World Fisheries and Aquaculture: Opportunities and challenges, FAO 2014 ISBN 978-92-5-108276-8; Fishery 
and Aquaculture Statistics 2015 FAO 2017 ISBN 978-92-5-009987-3. 

3  Ghosh P.R., Fawcett D. et al. (2016) Progress towards sustainable utilisation and management of food wastes in the 
global economy, Int J Food Sci 2016 e3563478, Doi: 10.1155/2016/3563478. 

4  European Commission High Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017 
doi:10.2777/66235. 

5  SAPEA (2017) SAPEA Evidence Review Report No. 1: Food from the Oceans https://www.sapea.info/wp-

content/uploads/FFOFINALREPORT.pdf, Doi: 10.26356/foodfromtheoceans. 

https://www.sapea.info/wp-content/uploads/FFOFINALREPORT.pdf
https://www.sapea.info/wp-content/uploads/FFOFINALREPORT.pdf
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¶ Capture fisheries are expected to yield an extra 30Mt for human consumption by better 

management of established fisheries (20Mt) and reduction and elimination of discards 

(10Mt). 

o As the aim of development here will be to generate additional biomass for human 

consumption, it is more likely that any additional by-products or wastes will be used 

for existing types of non-food use. 

¶ An additional >100Mt protein and oils is estimated to be needed, to service the expected 

growth in aquaculture; this is predicted to come from currently underused species such as 

krill and mesopelagic organisms (20Mt, but on a longer timescale), algae including seaweeds 

(>50Mt), and a better use of discards and processing waste (30Mt).  

o Since the aim in this is to free up for human food fish that are currently harvested for 

reduction to fishmeal and fish oils, there may be new non-food products and markets 

that can be developed from these sources. 

Spoilage of seafood before it reaches the consumer has been estimated at 20% of the catch6. In 

addition, it is estimated that 30%-70% of all fish that reaches a processor becomes by-product, as 

processing the fish for human consumption generates materials that are not used for direct human 

consumption, so are potentially usable for industrial, non-food purposes. It is likely, however, that 

efforts to improve these figures will be directed towards making more food available for humans 

rather than making more biomass available for non-food uses. 

0.1 Biomass inputs 

Top-level figures: c. 170Mt fish, shellfish and crustacea, c. 30Mt seaweeds, unknown total production 

of microalgae. 

Most data is available for finfish, shellfish and crustacea, mainly through FAO sources, and is often ς 

though not always ς aggregated by FAO and other sources for the purposes of reporting. Some data 

is available for seaweeds, top-level 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 available for microalgae, mainly focused on volume of whole cells available for use in the nutritional 

supplement sector. 

The major inputs we need to consider are finfish (bony and to a lesser extent cartilaginous), shellfish 

(molluscs and gastropods), crustacea, seaweeds and microalgae. These are produced either by 

capture fisheries, or by aquaculture in freshwater and marine environments. Some wild harvesting of 

seaweed also takes place. FAO (2017) gives top-level estimates of amounts available for utilisation7; 

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 seaweeds (see Tables 1-3).  

Sea and ocean fishing predominates for capture fisheries (81Mt vs 11.5Mt freshwater); however, the 

opposite is true for aquaculture (28Mt marine vs. 49Mt 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 recoverable for industrial added-value uses world-wide. Data on global wild-

harvesting of microalgae is impossible to find, but the technical challenges in doing this and the likely 

low-value uses (e.g. Anaerobic Digestion ς AD for nuisance blooms) also militate against exploitation. 

                                                           

6  Gustavsson J., Cederberg L. et al. (2011) Global Food Losses and Food Waste, FAO ISBN 978-92-5-107205-9. 
7  Fishery and Aquaculture Statistics 2015, FAO 2017 ISBN 978-92-5-009987-3. This ref. is quoted throughout as FAO (2017). 
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Table 2 - Production of fish and seaweed in capture fisheries and wild harvesting 

Table 2: Type 
Inland 

Mt  
Marine 

Mt  

Total 11.5 81 

Fish 10.6 67.5 

Crustacea 0.5 6.1 

Molluscs 0.34 7.1 

Seaweed - 1.1 
Source: FAO (2017) 

Production of macro- and 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 used for healthfoods, nutritional supplements 

and antioxidant pigments for humans and animals, mainly Dunaliella, Spirulina, Haematococcus, was 

produced in 20168. 

Table 3 - Production of fish and seaweed in aquaculture 

Table 3: Type 
Inland 

Mt  
Marine 

Mt  

Total 48.9 57.1 

Fish 44.1 2.9 

Fish diadromous 5.0 

Crustacea 7.4 

Molluscs 16.4 

Seaweed/plants 0.1 29.3 

Microalgae for nutrition 0.017 
Source: FAO (2017), Transparency Market Research; Categories  

not split between inland and marine in original FAO report 

The amounts of biomass available from each type of resource varies widely. As a rule of thumb, >50% 

of any finfish product does not directly enter the human food chain ς άŦƻǊ ŜŀŎƘ ǘƻƴƴŜ ƻŦ ŦƛǎƘ ŜŀǘŜƴΣ 

an equal volume of fish material is discarded either as waste or as a low value by-ǇǊƻŘǳŎǘέ9. White 

fish such as cod may generate almost 60% waste, ocean fish such as tuna as much as 70%. For shellfish 

such as scallops, wastes are as high as 88% of catches and harvests10. Exceptions might include 

cephalopods (c. 65% of cuttlefish is edible11) and reduction fish12, of which 100% is used for fishmeal 

and fish oils. 

Assuming that the material that is available for innovative non-food uses derives from wastes, discards 

and losses during production and processing of fish and seafood for human consumption, both stage 

of the chain and geography seem important (see Figure 1)13, which may have an implication for where 

to make the biggest impact with waste-avoiding or utilising processes. 

                                                           

8  https://www.transparencymarketresearch.com/algae-market.html. 
9  Quoted in Scottish Government (2005) Evaluation of Fish Waste management techniques 

http://www.gov.scot/Publications/2005/03/20717/52862. 
10  WRAP (2012) Sector guidance note: Preventing waste in the fish processing chain June 2012. 
11  Shodhganga@INFLIBNET Chapter VI Analysis of the supply chain in the fish processing industry and problems of seafood 

export processing sector http://shodhganga.inflibnet.ac.in/bitstream/10603/111440/7/16_chapter6.pdf. 
12  Stocks of fish that are used for production of fishmeal and fish oils for aquaculture and animal feed are known as 

ΨǊŜŘǳŎǘƛƻƴ ŦƛǎƘΩ. 
13  Gustavsson J., Cederberg C. et al. (2011) Global Food Losses and Food Waste, FAO 2011 ISBN 978-92-5-107205-9. 

https://www.transparencymarketresearch.com/algae-market.html
http://www.gov.scot/Publications/2005/03/20717/52862
http://shodhganga.inflibnet.ac.in/bitstream/10603/111440/7/16_chapter6.pdf
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Figure 1 - Losses through the supply chain by discards, disposals and wastage by stage and region 

 
Source: Gustavsson et al. (2011) 

Outputs are far more difficult to quantify or even estimate, except in the case of fishmeal and fish oils 

production. The complex web of materials flows is shown in Figure 2 - Fisheries and aquaculture 

biomass - materials flow. Here, it is important to note that there is already a great deal of activity that 

takes material from one processing stage that might in the past have been discarded, e.g. trimmings, 

and uses them as inputs to other stages e.g. processing for fish mince products or hydrolysis for 

flavourings or peptides, for human consumption or, if of lesser quality, for fishmeal and fish oils for 

animal and aquaculture feeds. Activities like these account for the complexity of the web. 

Figure 2 - Fisheries and aquaculture biomass - materials flow 
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0.2 Types of biomass 

0.2.1 Finfish 

These form the majority of capture fisheries and aquaculture activities and the majority of 

international trade. In aquaculture, salmon and trout predominate in Canada, South America, Norway, 

Scotland and are the most valuable sector in trade. Carp and Tilapia are the most important species 

for on-land aquaculture in most parts of the world; catfish are also important in the USA. Other species 

are local, regional (such as Southeast Asian milkfish in aquaculture, or Alaskan pollock and anchoveta) 

or niche (such as eel).  

The biomass they produce for potential non-food uses includes: 

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

­ Initial processing by-products such as body slime, wash-waters, scales 

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

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

­ Processing waste-waters (which have a recoverable protein content) 

­ Fish trimmings and rest raw materials may arise on-board vessels, on-shore at markets or with 

primary purchasers, or further along the supply chain with secondary processors. 

0.2.2 Cartilaginous fish 

These include shark, skate, rays and dogfish, all from marine capture fisheries. 

The biomass they produce for potential non-food uses includes the same categories as for finfish. 

0.2.3 Molluscs 

The highest tonnages of mollusc fisheries and aquaculture are for clams, oysters, mussels and scallops; 

other important species include gastropods such as whelks.  

The biomass they produce for potential non-food uses includes shells, flesh-waste adhering to shells 

and processing debris including trimmings, viscera and other inedible material. The utility of flesh-

waste from molluscs for non-food uses is totally overshadowed by the challenges of making good use 

of the shells. An unknown amount of shells is discarded at sea. 

0.2.4 Crustacea 

The main crustacea are prawns, shrimp, crab and lobsters; planktonic crustacea such as krill are also 

harvested in increasing amounts. 

The biomass they produce for potential non-food uses includes shells (carapaces), flesh-waste 

adhering to these and processing debris including trimmings, viscera, roes and other inedible material. 

This biomass may become available on-board harvesting vessels, or may arise further down the supply 

chain.  

0.2.5 Invertebrates 

The majority of invertebrates in the seafood chain are cephalopods ς octopuses, squids and cuttlefish.  

Octopus produce only 10-20% biomass for non-food use, squid as high as 52%: cuttlebones, squid 

pens, ink sacs, viscera, eyes and beaks.  
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Sea urchins, starfish and sea cucumbers, salps and tunicates are also caught and traded and, in some 

ŎŀǎŜǎ όǎŜŀ ǳǊŎƘƛƴǎΣ ǎŜŀ ŎǳŎǳƳōŜǊǎύ ΨŦŀǊƳŜŘΩ ƛƴ ǎŜƳƛ-managed marine environments. 

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 omega-3 fatty acid rich algae and 

Cyanobacteriaceae, estimated at c. 16,700 tonnes each year; an unknown total of photobioreactor 

and closed fermenter tonnage for high-value nutritional ingredients and biofuel oils and fatty acids. 

0.3 Supply chains 

Capture fisheries and aquaculture farms supply their catch to a range of supply chain actors ς to 

consumers, in the case of artisanal fisheries and small aquaculture establishments, either direct via 

off-boat and off-farm sales or local markets, or indirect via restaurants or to on-shore processing 

plants. Industrial-scale fishing vessels perform primary processing and preservation on-board, 

supplying mainly to further processors and wholesale purchasers, with some supply to integrated food 

retailers. Traders, dealers, distributors and transporters may also be involved. A large-scale 

production-to-consumer integrated chain may be in place, operated by individual companies who own 

boats, processing plants, shippers and retailers. We 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 alginates and other marine 

hydrocolloids, under contract, or be linked in to a human food supply chain. Casual collection of 

beached seaweeds is mainly a hazard disposal exercise. Following its review of seaweed production 

and its contribution to food and economies, the World Bank Group is focused on persuading 

stakeholders such as the US Department of Energy and companies to invest in this14. Microalgae 

producers are often part of an integrated activity supplying ingredients or whole-cell preparations into 

the human nutritional supply chain, have close links with organisations that will trial and purchase 

biofuels, or are service companies working with engineering contractors to provide bioremediation. 

The Algae Biomass Organization is currently working on a roadmap for integration of algal food and 

feed chains15. 

To identify the most efficient points for intervention and the scope for conversion for non-food uses 

requires a more-detailed study of supply-chain dynamics in fisheries and aquaculture, taking into 

account specifics related to types of biomass. An estimate or assumption for wastes by stage of chain 

is provided by FAO; this 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 stages (see Table 4). 

 

 

 

 

 

 

                                                           

14  Pers. comm. Brummett R. (2018), World Bank Group. 
15  Pers. comm Carr M. (2018) Algae Biomass Organization. 
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Table 4 - Estimated waste percentage waste of fish and seafood and some other foods in Europe 

Food commodity 
Supply chain stage 

Production 
Handling and 

storage 
Processing 

Distribution 
and retail 

Consumer 

Fish and seafood 9.4% 0.5% 6% 9% 11% 

Cereals 2% 4% 10.5% 2% 25% 

Roots and tubers 20% 9% 15% 7% 17% 

Oilseeds and pulses 10% 1% 5% 1% 4% 

Fruit and vegetables 20% 5% 2% 10% 19% 

Meat 3.1% 0.7% 5% 4% 11% 

Milk 3.5% 0.5% 1.2% 0.5% 7% 
Source: Gustavsson et al. (2011) 

The structure of the industry and its dynamics may also affect availability of material or cohesion in 

the value chain. The fish processing industry in the UK in 2016 consisted of 376 sites employing c. 

18,000 FTE, with a total turnover in 2014 of >£3.1B όϵоΦр.ύ16; 54% of sites combined primary and 

further processing; 32% dealt with primary processing alone, 12% with secondary processing. 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 has been consolidation of almost 40%. Although there is use of by-products, 

there is limited data for the UK on amounts and utilisation, and Norway is given as the reference 

country17.  

0.4 Geographic sources of biomass 

China has a commanding position in supply of biomass. Table 5 shows that it is at No 1 position for 

fisheries and aquaculture and No 1 or 2 for seaweed production. No other country besides Indonesia 

features consistently in the Top 10 in all categoriesΣ ŀǘ ноaǘ ŎŦ /ƘƛƴŀΩǎ тфaǘΤ Japan, Chile and Norway 

appear in three categories. For the rest of Europe, Ireland, France and Iceland are in the top 10 only 

for wild-harvesting of seaweed. 

Table 5 - International landscape of fisheries, aquaculture and fishmeal production 2015 

Position 
Fisheries 

Mt  
Aquaculture 

Mt  
Wild-harvest 
seaweeds Mt 

Farmed seaweeds 
Mt  

#1 China 17.6 China 47.6 Chile 0.35 China 13.9 

#2 Indonesia 6.5 India 5.2 China 0.26 Indonesia 11.3 

#3 USA 5.0 Indonesia 4.3 Norway 0.15 Philippines 1.6 

#4 India 4.8 Vietnam 3.4 Japan 0.09 South Korea 1.2 

#5 Peru 4.8 Bangladesh 2.1 Indonesia 0.08 North Korea 0.5 

#6 Russia 4.6 Norway 1.4 Ireland 0.03 Japan 0.4 

#7 Japan 3.5 Egypt 1.2 France 0.019 Malaysia 0.26 

#8 Chile 3.0 Myanmar 1.0 India 0.019 Zanzibar 0.17 

#9 Vietnam 2.8 Chile 1.0 Iceland 0.017 Madagascar 0.015 

#10 Norway 2.3 Thailand 0.9 Peru 0.015 Solomon Islands 0.012 
Source FAO (2017) 

                                                           

16  Noble S., Moran Quintana M. and Curtis H. (2017) 2016 Seafood Processing Industry Report, Seafish Report No SR700, 
March 2017, ISBN 978-1-911073-06-02. 

17  Noble S. et al. (2017). 
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Table 6 summarises the data for 2015 for total production in Europe18; FAO gives slightly different data 

for Europe: of total production of 16.4Mt, existing non-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 FAO (2017) 

 

0.4.1 Seaweeds 

The FAO database has only general information for production or harvesting of seaweeds, including 

them in the category of aquatic plants. According to FAO, most of this category comprises seaweeds 

and 96% is farmed. The bulk of seaweeds are for human consumption and most of the remainder is 

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 $30M (26M EUR) programme for scale-up of seaweed processing for biofuels and other 

products19. 

0.4.2 Microalgae 

The FAO database has no information at all for production or harvesting of microalgae. There are some 

corporate, government-funded investments in microalgal production in bioreactors for biofuel 

production but corporate activity, even in USA, is moving from biofuels towards omega-3 fatty acids, 

algal protein and whole-algae products for fish feed20Φ ¢ƘŜ ¦{ 5ŜǇǘ ƻŦ 9ƴŜǊƎȅΩǎ ǊŜǾƛŜǿ ƻŦ ōƛƻƳŀǎǎ ŦƻǊ 

energy has no data for the actual quantity of microalgae used for this21, most likely because economic 

mass-production is not yet stabilised and markets are too dependent on the price of crude oil and 

bioenergy credits, tariffs and other policy instruments. There are, however, estimates of potential 

productivity for biofuel production. The dry mass of microalgae produced mainly in open-pond culture 

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

tons/year, mainly Spirulina. 

0.5 Wastes 

We can assume there will be little 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 interventions at the most 

appropriate points, and c) policies can be put in place that are not expensive or onerous to follow. For 

these reasons, a consideration of the dynamics of wastes is important. 

                                                           

18  FAO (2017). 
19  pers. comm. Carr M. (2018), Algae Biomass Association. 
20  pers. comm. Carr M. (2018), Algae Biomass Association. 
21  US Department of Energy, 2016 BILLION-TON REPORT Advancing domestic resources for a thriving bioeconomy ς Vol 1 

economic availability of feedstocks, Langholtz M.H., Stokes B.J. and Eaton L.M., Doi: 10.2172/1271651. 
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Figure 3 - Proportion of waste & by-products (% of original landings) by stage of supply 

 
Source: Jouvenot (2015) 

Analysis of waste production (Figure 3) suggests that the largest proportions occur at the stage of 

catch or during aquaculture, during distribution and retailing, and during consumption itself22. The 

total is in the region of 35% of 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 non-food purposes. There is a clear need for cross-departmental and cross-

sectoral collaborations between different government departments and agencies and industries of 

different natures and with widely different economic imperatives. 

However, the UK ŎƘŀǊƛǘȅ ΨWaste and Resources Action ProgrammeΩ (WRAP) reported in 2011 that 33% 

of the total fish and shellfish inputs into processing (350,000 tonnes of 1.04M) were regarded as non-

edible, of which 40% was waste and co-products (including retail wastes) from finfish and shellfish23; 

most of the finfish material was sold to fishmeal plants but most of the material arising in the shellfish 

area was regarded as unavoidable waste. ²w!tΩǎ όŀƴŘ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎύ conclusion from the survey was 

that avoidable wastes generated by processing were low.  

0.6 Food and non-food uses of fisheries and aquaculture biomass 

wŜǎǘ wŀǿ aŀǘŜǊƛŀƭǎΣ ƻǊ wwaΣ ƛǎ ŀ ƭƛǘŜǊŀƭ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ ǘƘŜ bƻǊǿŜƎƛŀƴ ǘŜǊƳ άǊŜǎǘǊňǎǘƻŦŦέΣ ŀƴŘ ŎƻƳǇǊƛǎŜǎ 

all the potentially-useful material removed from fish, shellfish, crustacea and others species to 

prepare biomass for food use. 

The world production of fish, shellfish and crustacea in 2015 was c. 169Mt, capture fisheries and 

aquaculture combined24; of this, 149Mt (88%) was for food use and 20Mt (12%) was for non-food uses. 

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

other uses, though these uses are not described. The proportion of landings and harvests intended for 

other non-ŦƻƻŘ ǳǎŜǎ ǘƘŜǊŜŦƻǊŜ ǊŜǇǊŜǎŜƴǘǎ ŀōƻǳǘ о҈ ƻŦ нлмрΩǎ ǘƻǘŀƭΦ bƻƴ-food uses of the by-products 

and wastes from edible processing of fish and other seafood are not included, nor is usage of 

seaweeds.  

As management techniques and landing obligations or taxes have been put in place, estimated global 

discards have dropped from c. 27Mt per yera in the early-to-mid 1990s (though one estimate puts this 

as high as 40Mt of fish25) to 7.3Mt per year in early-to-mid 2000s. For 2014, discards have been 

                                                           

22  Jouvenot L. (2015) Utilisation of rest raw materials from the fish industry: Business opportunities and logistics 
requirements, aŀǎǘŜǊΩǎ ¢ƘŜǎƛǎ bƻǊǿŜƎƛŀƴ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ, NTNU Trondheim June 2015 
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 chains, Project code RSC009-001 & RSC009-003. 
24  FAO (2017). 
25  Seafish (2001) Fish Waste Production in the United Kingdom: The quantities produced and opportunities for better 

utilisation, SR537. 

https://brage.bibsys.no/xmlui/bitstream/handle/11250/2351183/13467_FULLTEXT.pdf?sequence=1
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estimated at <10Mt per year, of a total estimated catch of 110Mt (c. 8-9%)26; the great majority, c. 

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, with at-sea processing, 

ǊŜǘŜƴǘƛƻƴ ƻƴƭȅ ƻŦ ǘƘŜ ǊƻŜǎ ŀƴŘ ŘƛǎŎŀǊŘ ƻŦ ŀƭƭ wwaΦ ¢ƘŜ ΨŀǾŜǊŀƎŜΩ ƻŦ у҈ ŘƛǎƎǳƛǎŜǎ ǾŜǊȅ ǿƛŘŜ ǊŀƴƎŜǎΥ ōony 

fish bycatch in crustacean fisheries (typically Nephrops) may be as high as 80%-90% of catch, with 

<50% retained. There are also wide ranges according to geography (see Figure 4 - Losses through the 

supply chain by discards, disposals and wastage by stage and region27), which may have an implication 

for where to make the biggest impact with waste-saving or utilising processes.  

Where fish by-catch is prevalent, overall discard rates may be as high as 47%-50%. There is clearly a 

correlation between increasing the minimum landing size or age and an increase in discard rates; the 

discards could be retained and funnelled into non-food 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 Fully-Documented Fisheries (FDF) programmes may assist in quantifying catches 

that can be directed towards non-food uses. 

Figure 4 - Losses through the supply chain by discards, disposals and wastage by stage and region 

 
Source: Gustavsson et al. (2011) 

Fisheries discards are monitored and reported under the European Data Collection Framework by 

observers on a sample of <2% of fishing boats, and the results are extrapolated to entire fleets. All 

figures are therefore estimates with unknown variances. In addition, 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 and creating both problems and opportunities for the management of 

unwanted, underused and wasted fish. The phase-in period is 2015-2019, and the impact on 

availability of landed material for non-food use such as fishmeal and fish oil is yet undetermined. 

0.7 Uses 

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

Å Direct-to-consumer via artisan fishing, markets, retail sale and restaurants; 

Å Fillets and other primary-processed material such as roes, ex-shell molluscs and crustacea; 

Å Fish oils for nutritional supplements and omega-3 fatty acids; 

Å Fishmeal extracts for protein and oils for human nutrition; 

                                                           

26  Zeller D., Cashion T. et al. (2017) Global marine fisheries discards: A synthesis of reconstructed data, Fish and Fisheries 
19:30ς39 Doi: 10.1111/faf.12233. 

27  Gustavsson J., Cederberg C. et al. (2011) Global Food Losses and Food Waste, FAO 2011, ISBN 978-92-5-107205-9. 
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Å Chopping/mincing of edible trimmings for processed fish products such as surimi and 

prepared frozen or chilled foods; 

Å Seaweed hydrocolloids for food and pharmaceutical use; 

Å Seaweed extracts for nutritional supplements and anti-oxidants; 

Å Whole and extracted microalgae for nutritional supplements, antioxidants and omega-3 fatty 

acids; 

Å Higher-value elements: collagens, gelatins, minerals, chitin derivatives, carotenoids, 

enzymes, amino-acids, for nutrition and supplementation. 

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

Å Higher-value elements: collagens, gelatins, minerals, chitin derivatives, carotenoids, 

enzymes, amino-acids, peptones, for animal nutrition, laboratory, chemical, agricultural uses 

ς the same potential as for materials of food-grade quality, but essentially manufactured from 

biomass not of food grade; 

Å Fishmeal and fish oil for animal feed; 

Å Minced fish for petfoods; 

Å Fishmeal extracts for petfoods; 

Å Ensiling for protein concentrates and hydrolysates for animal nutrition; 

Å Processed fish oils for industrial uses; 

Å Chopping/mincing/freezing for direct baits, animal and fish feeds; 

Å Composting for fertiliser/soil improver; 

Å Aerobic Digestion for biogas and fertiliser/soil improver; 

Å At-sea discards (e.g. pollock RRM by Russian fisheries, and bycatch);  

Å Landfill (less so in Europe and other developed states). 

Non-food uses of macroalgae (seaweeds) are as sources of bioactive compounds, sources of marine 

hydrocolloids for pharmaceutical use e.g. as formulation and encapsulation aids, or for laboratory use 

e.g. for microbiological media; and as potential sources of biofuels and proteins for animal feed. Non-

food uses of microalgae revolve mainly around production of oils for biofuels, use in water 

remediation, wet biomass for anaerobic digestion, and potential for use as bioplastics. The quantities 

used for these purposes are not at the moment identifiable. Many developments are at an early stage 

or are not yet scaled up to full commercialisation. The approach for microalgal utilisation is purpose-

production, rather than making use of wastes, residues and by-products from food use. Some 

evidence of product innovation based on nuisance algae (algal blooms) has been found, but data on 

quantities available or used are lacking. For 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 changes that are required for progress in use of marine and aquatic biomass are: 

¶ Better and more consistent information about biomass types and sources; 

¶ Technological innovations for processing and value-preservation of biomass; 

¶ Policy frameworks that support supply chains in developing and marketing new products 

Improving the efficiency of capture fisheries requires radical change such as removing overcapacity in 

ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǎƘƛƴƎ ŦƭŜŜǘǎΣ ƛƳǇƻǎƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ƻƴ ƻǾŜǊ-exploitation, redressing the balance 

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 under-used species28. Losses at production level due to structural problems are 

estimated at a mean of $50B όϵпо.ύ per year.  

It is recognised that there is a need for improvement in the management of aquatic and marine 

biomass, for both food and non-food purposes. In October 2016, the European Commission (DG 

Research & Innovation) held a workshop on making better food use of marine and aquaculture 

biomass and the steps needed to achieve this29. The three main topics were Underused fish biomass, 

New algae value chains for food and Consumer acceptability of aquaculture products. This workshop 

could be a model for one focusing on non-food uses of fish, shellfish and seaweeds and new non-food 

uses for microalgae, organised by DG MARE. 

Given that in some fish, up to 70% is RRM (e.g. tuna), additional ingenuity could be applied to the 

material other than turning it into fishmeal and fertiliser. The head may occupy 20-25% of the fish, the 

viscera including guts and roes a further 10%-25% of whole fish. Gutted fish is 62% edible flesh, 

including 46% skinless fillet, but is still 38% wastes. Headless fish may have >50% easily-usable meat 

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

scraps 8%.  

The EU Aquatic Food Products workshop (2016) recommended a number of initiatives spanning these 

areas, including producing a roadmap, supporting regional pilot plants at semi-industrial scale and 

funding larger regional bio-refineries or algal lighthouse projects30. Discussion also mentioned a need 

to better monitor the types and amounts of marine and aquaculture biomass that might be directed 

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

landing obligation regulations.  

It could be realistic to recommend that consideration of non-food 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 

development of EU aquaculture31 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 of mesopelagic species and the gear, 

vessels and detection methods to help achieve this32. In 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 work-packages concern management of catch for valorisation, including 

on-board processing; land-based processing, analysis of components, generation of products 

and their validation as safe food and feed ingredients. 

                                                           

28  Willmann R., Kelleher K. et al. (2009) The Sunken Billions: The economic justification for fisheries reform, The 
International Bank for Reconstruction and Development/World Bank doi: 10.1596/978-0-8213-7790-1. 

29  Aquatic food products and new marine value chains ς reinforcing EU Research and Innovation policy for food & 
nutrition security. Report of a workshop EU 2016.  
https://ec.europa.eu/info/sites/info/files/conferences/food2030_2016/w2_aquatic_food_new_marine_value_chains_f
ull_report.pdf. 

30  Report of the Aquatic Food Products workshop, EU 2016. 
31  COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN 

ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS, Strategic Guidelines for the sustainable 
development of EU aquaculture, COM (2013) 229 final 29.4.2013. 

32  Institute of Marine Research, Nofima, University of Bergen and NIFES (2017) Mesopelagic Initiative: Unleashing new 
marine resources for a growing human population. 

https://ec.europa.eu/info/sites/info/files/conferences/food2030_2016/w2_aquatic_food_new_marine_value_chains_full_report.pdf
https://ec.europa.eu/info/sites/info/files/conferences/food2030_2016/w2_aquatic_food_new_marine_value_chains_full_report.pdf
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2. The Sociedad Nacional de Pesquería (SNP) of Perú is developing a suite of projects focused on 

improving the management and utilisation of anchoveta and other fishmeal reduction species33. 

Direct consumption of species used for fishmeal is extremely low world-wide; anchoveta begin 

to spoil rapidly after bringing on-board, 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 on-board processing and preservation, improved processes for protein 

extraction and production of protein concentrates and development of new nutritional 

supplements based on deodorised omega-3 fatty acids from the fish oils. This programme will 

begin shortly and continue until the early 2020s. There is also a much larger $120M όϵмлоaύ 

innovation programme, funded jointly by the Government of Perú and the World Bank, to 

increase direct consumption through product innovations, launched in 201734. 

3. As a result of work carried out under the Nordic Bioeconomy Initiative35 into the utilisation of 

biodegradable wastes, the Environment Agency of Iceland has set up an on-line marketplace 

for different types of biowastes including fisheries and meat, the Resources Square or 

Auðlindatorgið36. It is expected to become fully-operational 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. Iceland has also instituted on-board processing using the Héðinn Protein Plant, which turns 

edible trims and wastes into fish oil and fish meal37. Héðinn is a long-standing Icelandic 

engineering company which has designed and built all the on-shore fishmeal and fish oil 

production plants. The key to the on-shore and the more compact on-board systems is 

replacement of the conventional screw-press and liquid evaporation process by a two-stage 

drying process 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, and uses 10% of the 

water usually needed in scrubbing and condensing. 

5. In the USA, a company, Bloom, has been established as a merger between a long-standing algal 

clean-up and polymer manufacturing company, Algix, and a green product development 

consultancy, Effekt38Φ ¢ƘŜ ŎƻƳǇŀƴȅ ǳǎŜǎ !ƭƎƛȄΩǎ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ƘŀǊǾŜǎǘ ƴǳƛǎŀƴŎŜ ōƭǳŜ-green algae 

(Cyanobacteriaceae) with the aim of producing biopolymer-plastic flexible and compressible 

foams for a range of products including footwear, joint-support 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 heat-dried using solar energy to a powder and mixed at 15%-60% levels with 

[poly]ethylene vinyl acetate before extruding with air to form foam pellets. The technology is 

promoted as an ecologically-sound way of valorising microalgae that are wild-harvested. 

6. In the USA, Delmonte has established an algal fertiliser system in Arizona in which microalgae 

are grown in simple photobioreactors adjacent to melon fields and algal cells are continuously 

                                                           

33  Innóvate Perú and Sociedad Nacional de Pesquería (2016) Agenda de Innovación Tecnológica para la Utilización de la 
anchoveta (Engraulis ringens) en el enriquecimiento de aliimentos de consumo humano. 

34  http://projects.worldbank.org/P155902?lang=en. 
35  Gíslason S. and Bragadóttir H. (2017) The Nordic Bioeconomy Initiative NordBio Final Report TemaNord 2017:526, doi: 

10.6027/TN2017526. 
36  http://www.audlindatorg.is/, Icelandic only. 
37  https://hedinn.com/fishmeal-processing/. 
38  http://bloomfoam.com. 

http://projects.worldbank.org/P155902?lang=en
http://www.audlindatorg.is/
https://hedinn.com/fishmeal-processing/
http://bloomfoam.com/
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distributed to the melon plants through the drip-irrigation system39; melons matured a week 

earlier and were 40%-50% larger than control fruit. 

7. In the UK, seaweed and plant biomass is being turned into liquid containers by Skipping Rocks 

Lab40, a small and young design company working in sustainable packaging. Their idea, OOho!, 

is a sphere intended for drinking water, soft drinks, spirits and liquid cosmetics. The company 

says that it is cheaper than conventional plastics, with a shelf-life of a few days, and completely 

biodegrades within 4-6 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 of PET. 

8. In Spain, the mussel producers Frinsa and Amegrove are 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 mussel-growers and processors are 

based. Mussel shells are used as a pH-corrector and general fertiliser41; in New Zealand, a 

similar operation has been producing calcium-containing fertiliser from finely crushed mussel 

shells since 201442, as Havelock Shell Processors43. Currently tests are being carried out in New 

Zealand on edible horticulture soils to assess the possibility of controlling nematodes using 

crushed mussel shells; it has also been suggested that the reflectivity of the mussel shells round 

vines may enhance ripening of the grapes44. 

9. The EU-funded project MIRACLES, 2013-2017, worked on integrated biorefineries for 

microalgae45; the aim was to produce omega-3-rich microalgae for feeding to aquaculture fish 

and partners included Ewos, Unilever and DSM as well as SMEs involved in aquaculture, feed, 

cosmetic ingredients, biopolymers and processing. 

10. Jellyfish are an increasing nuisance and hazard in Mediterranean and coastal waters. The UK-

based company Jellagen uses jellyfish caught off the coast of Wales as the source of high-quality 

collagen for research and medical biomaterials. 

11. Benthos Bioscience is 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 are a class 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 China was 100,000 tons 

in 2010; 80% of the production is from aquaculture and enhancement.  

                                                           

39  Carr M. (2018) Can algae really do CCU? Status and potential of biological carbon capture and use USEA Technology 
Series, March 12 2018. 

40  http://www.skippingrockslab.com. 
41  Álvarez-Rodríguez E. et al. (2012) Use of mussel shells as a soil amendment: effects on bulk and rhizosphere soil and 

pasture production, Pedosphere 22(2): 152-164. 
42  http://www.stuff.co.nz/business/farming/agribusiness/9849293/Farmer-develops-mussel-shell-fertiliser. 
43  http://www.havelockshellprocessors.co.nz. 
44  pers. comm. Brownlee B. (2018) Havelock Shell Processors. 
45  http://miraclesproject.eu.  

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/
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1 Fish 

1.1 Introduction 

FAO has estimated that fish46 represented one-sixth 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 billion of the 

ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ47. Biomass is derived from capture fisheries and wild harvesting and from 

aquaculture and mariculture. Current production according to FAO is summarised in Table 7. However, 

it is estimated that 30%-70% of all fish becomes by-product, as processing the fish for human 

consumption also generates materials that may not be used for direct human consumption, so are 

potentially usable for industrial, non-food purposes (Figure 5). 

There is considerable pressure to improve biomass availability by a combination of changes in fishing 

and aquaculture focus and reduction in wastage. The Food from the Oceans report of the 9/Ωǎ 

Scientific Advice Mechanism (SAM)48 confirms the conclusions of the evidence review by Science 

Advice for Policy by European Academies (SAPEA)49. In order to meet projected demands for food and 

biomass from the seas and aquaculture, >100Mt per year additional food output is needed from 

marine capture fisheries and aquaculture: 

¶ Mariculture is seen as less constrained than land-based aquaculture and capture fisheries; as 

much as 160Mt extra biomass could be achieved by the end of 20 years or so, overwhelmingly 

by increasing production of lower-trophic marine biomass, i.e. algae and molluscs. 

o As this is largely exploitation of new or unfamiliar bioresources, or existing species 

but on a very much larger scale, this may well yield significant opportunities for 

development of new processes, products and markets using the by-products or 

wastes. 

¶ Capture fisheries are expected to yield an extra 30Mt by better management of established 

fisheries (20Mt) and discard reduction and elimination (10Mt). 

o As the aim of development here will be to generate additional biomass for human 

consumption, it is more likely that any additional by-products or wastes will be used 

for existing types of non-food use. 

¶ An additional >100Mt protein and oils is estimated to be needed, to service the expected 

growth in aquaculture; this is predicted to come from currently underused species such as 

krill and mesopelagic organisms (20Mt, but on a longer timescale), algae including seaweeds 

(>50Mt), and a better use of discards and processing waste (30Mt).  

o Since the aim in this is to free up for human food fish that are currently harvested for 

reduction to fishmeal and fish oils, there may be new non-food products and markets 

that can be developed from these sources. 

                                                           

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

47  The State of World Fisheries and Aquaculture: Opportunities and challenges, FAO 2014, ISBN 978-92-5-108276-8; Fishery 
and Aquaculture Statistics 2015, FAO 2017, ISBN 978-92-5-009987-3. 

48  European Commission High Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017 
doi:10.2777/66235. 

49  SAPEA (2017) SAPEA Evidence Review Report No. 1: Food from the Oceans https://www.sapea.info/wp-
content/uploads/FFOFINALREPORT.pdf, doi: 10.26356/foodfromtheoceans. 

https://www.sapea.info/wp-content/uploads/FFOFINALREPORT.pdf
https://www.sapea.info/wp-content/uploads/FFOFINALREPORT.pdf
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1.2 Fish biomass origin 

Fish biomass is produced either by capture fisheries, or by aquaculture in freshwater and marine 

environments. Some wild harvesting of seaweed also takes place. FAO (2017) gives top-level estimates 

of amounts available for utilisation50; together, c. 170Mt of fish, shellfish and crustacea were landed 

and harvested in 2015, c. 55% wild-caught, 45% from aquaculture (see Table 7). Sea and ocean fishing 

predominates for capture fisheries (81Mt vs 11.5Mt freshwater); however, the opposite is true for 

aquaculture (28Mt marine vs. 49Mt freshwater). The top-level distribution of incoming biomass can 

be seen in Tables 5, 6 and 7 and graphically in Figure 5 - Aquaculture and fisheries biomass profile ς 

fish, which also shows the by-products of harvesting and primary processing. 

Table 7 - Production of fish 2015 

Type 
Total 
Mt  

Aquaculture 
Mt  

Capture/wild harvest 
Mt  

FSC total Mt 169.2 76.6 92.6 

FSC inland Mt 60.5 48.8 11.5 

FSC marine Mt 108.2 27.8 81.2 
Source: FAO (2017); FSC = Fish, shellfish and crustacea 

Figure 5 - Aquaculture and fisheries biomass profile ς fish 

 
Source: FAO (2017), New Economics Foundation (2014); fish = finfish, shellfish and crustacea;  = biomass 

potentially available for food uses;  = biomass potentially available for non-food uses;  = biomass for fishmeal 

and fish oils, mainly for aquaculture and animal feed 

 

 

 

                                                           

50  , FAO (2017) Fishery and Aquaculture Statistics 2015, ISBN 978-92-5-009987-3. 
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1.3 Types of fish biomass 

In capture fisheries, the top 20 species account for c. 28Mt51, (30%), of the total of 92.6Mt ς 16/20 are 

bony finfish making up c. 90% of this, 2/20 are cephalopods - squid (7%) - and 2/20 are crustacea. The 

most-caught fish is however anchoveta, virtually 100% dedicated to reduction to fishmeal and fish 

oils, and very susceptible to El Niño/La Niña cycling. The second-most caught 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 

Mt  
Marine 

Mt  

Total 11.5 82.3 

Fish 10.6 67.5 

Crustacea 0.5 6.1 

Molluscs 0.34 7.1 
Source: FAO (2017) 

In aquaculture and mariculture, the top 20 species account for c. 46Mt (60%) of 77Mt harvest; 13/20 

are finfish. 

Table 9 - Production of fish and seaweed in aquaculture 

Type 
Inland 

Mt  
Marine 

Mt  

Total 48.9 57.1 

Fish 44.1 2.9 

Fish diadromous 5.0 

Crustacea 7.4 

Molluscs 16.4 
Source: FAO (2017); Categories not split between inland and marine in original 

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

by FAO. Recalculation of fisheries landings for the period 1990-2010, using the method of catch 

reconstruction, 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 

FAO52Φ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ C!hΩǎ ǊŜǇƻǊǘŜŘ ǇŜŀƪ ŎŀǘŎƘ ƻŦ усaǘ ƛƴ мффс Ƴŀȅ ǿŜƭƭ ƘŀǾŜ ōŜŜƴ ƭŀƴŘƛƴƎǎ ƻŦ 

молaǘΦ C!hΩǎ Řŀǘŀ ǎƘƻǿǎ ŀƴ ŀƴƴǳŀƭ decline since then; the decline may be 3 times that reported 

(>1.2Mt pa cf 0.38Mt per year). 

1.4 Geographic sources of fish biomass 

China has a commanding position in supply of biomass. Table 10 shows that it is at No 1 position for 

fisheries and aquaculture. No other country besides Indonesia features consistently in the Top 10 in 

all categoriesΣ ŀǘ ноaǘ ŎŦ /ƘƛƴŀΩǎ тфaǘΤ Japan, Chile and Norway appear in three categories; for the 

rest of Europe, Ireland, France and Iceland are in the top 10 only for wild-harvesting of seaweed. 

 

 

                                                           

51  All data in this section derived from FAO (2017) except where otherwise stated. 
52  Pauly D. and Zeller D. (2016) Catch reconstructions reveal that global marine fisheries catches are higher than reported 

and declining, Nature Comms 7:10244 Doi: 10.1038/ncomms10244.  



EUMOFA - European Market Observatory for Fisheries and Aquaculture Products        

Blue bioeconomy: situation report and perspectives 

 

23 

Table 10 - International landscape of fisheries production 2015 

Position Fisheries Mt Aquaculture Mt 

#1 China 17.6 China 47.6 

#2 Indonesia 6.5 India 5.2 

#3 USA 5.0 Indonesia 4.3 

#4 India 4.8 Vietnam 3.4 

#5 Peru 4.8 Bangladesh 2.1 

#6 Russia 4.6 Norway 1.4 

#7 Japan 3.5 Egypt 1.2 

#8 Chile 3.0 Myanmar 1.0 

#9 Vietnam 2.8 Chile 1.0 

#10 Norway 2.3 Thailand 0.9 
Source FAO (2017) 

Table 11 summarises the data for 2015 for total production in Europe53; in 2016, there was a slight 

increase in fisheries catch to 14.4Mt, of which 89% was whitefish and the average per capita 

consumption of fish in the EU28 was 24.5Kg pa54. TaƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ƻǾŜǊŀƭƭ ǇǊƻŘǳŎǘƛƻƴΣ ǘƘŜ ΨǊŀǿ 

ƳŀǘŜǊƛŀƭΩ ōŀƭŀƴŎŜ ŦǊƻƳ ǿƘƛŎƘ Ŏƻ-products, by-products and RRM might arise was estimated at 12.7Mt 

of raw and processed fish. Some of this is inaccessible as the waste arises towards the consumer end 

of the supply chain. FAO gives slightly different data for Europe: of total production of 16.4Mt, existing 

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 FAO (2017) 

Iceland is in the top 15 marine fisheries countries world-wide, at landings of 1.4Mt55. The total 

estimated non-food uses of the catch was c. 500Kt (36.5%). The major fish is cod; the catch in 2013 

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

food. 

Norway is a major aquaculture producer (1.4Mt in 2015, making it No 1 in Europe), and has a major 

marine fishery activity (2.3Mt catch in 2015, making it No 2 in Europe after the Russian Federation, 

which caught 4.6Mt). 

Scotland is a specific case within the UK as the main aquaculture producer (almost 170Kt fish in 2011, 

about 95% salmon at-sea and 5% trout on-land56) as well as having major capture fish landings. For 

2013, Zero Waste Scotland, in the context of a roadmap and strategy for better use of biomass57, 

reported aquaculture production of 176Kt, consisting of salmon and trout 169Kt and shellfish 7Kt, and 

fish and shellfish landings of 314Kt, consisting of pelagic fish 144Kt; demersal fish 117Kt; shellfish and 

crustacea 53Kt. This amounts to almost 0.5Mt biomass. 

                                                           

53  FAO (2017). 
54  AIPCE-CEP EU Fish Processors and Traders Association (2017) Finfish study 2017. 
55  FAO data, 2015. 
56  Meacham T (2014) The UK Aquaculture Industry, Food Security Insight Issue, 4 July 2014. 
57  Zero Waste Scotland (2018) Sector study on beer, whisky and fish, Final report ZWS645. 
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In 2001, Seafish reported that of the estimated 852Kt catch of UK fish and shellfish, 492Kt, 57%, was 

waste58; about 60% of this was generated during on-shore processing, 10% through processing at sea, 

and the remaining 30% as discards at sea. Processing suitable wastes into fishmeal earned suppliers 

only £10όϵммύ-£30όϵопύ/tonne of raw material used, compared with payments of £60όϵстύ/tonne for 

landfill disposal. In 2004, wastes were estimated at >300Kt per year59; 80% of this was finfish wastes, 

20% shellfish and crustacea. Before 2005, the estimate of waste production for Scotland was c. 77Kt 

per year, made up of 44Kt pelagic waste, 28Kt demersal waste and 4.7Kt Nephrops waste; Scottish 

Government provided data in 200560 estimating total aquaculture production at 157.5Kt with harvest 

of c. 151Kt and the remainder routine mortalities; fisheries yielded 355Kt, 47% pelagic, 45% demersal 

and 8% (28Kt) dumped at sea. From the total of c. 512Kt in 2005, c. 239Kt (47%) was processed for 

human consumption; 190Kt (37%) Category 3 wastes were produced, plus c. 25Kt wastes shipped 

outside Scotland. 

In 2008, the wastes from mollusc fishing in Scotland were c. 75Kt pa: 20Kt flesh and 55Kt shells61. 

Difficulties were noted in making use of this, due to hygiene and the costs of separation, though shells 

ƘŀǾŜ ōŜŜƴ ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ŦƭŜǎƘ όάŦǊŜŜ ƻŦ ŦƭŜǎƘ ǎƘŜƭƭέύ ŦƻǊ ǳǎŜ ƛƴ ŀƎƎǊŜƎŀǘŜǎ όǊƻŀŘǎ ŜǘŎΦύΦ Lƴ нлмл ŎΦ мл-

20Kt wastes were derived from crabs and Nephrops in the UK; however, most prawns and shrimps are 

processed outside the UK and imported in-shell or de-shelled already, so their contribution is minimal. 

There is no data for UK-produced or processed shrimp. Zero Waste Scotland in 2013 estimated bycatch 

at 183Kt-257Kt (58%-82% more than actual landings), which could have been landed and made 

available for added-value industrial use with appropriate on-board technologies and fish-landing 

policies, plus inputs of fish and shellfish to aquaculture feeds at 238Kt. Total in-processing wastes for 

landed fish and aquaculture produce were estimated at 185Kt, including fish-processing by-products 

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

Canada exported 596Kt of fish products in 2012, about 75% of total production, which is split 85% 

Atlantic, 14% Pacific and 1% freshwater62. Aquaculture production in 2011 reached 161Kt.  

China ƛǎ ǊŜŎƻƎƴƛǎŜŘ ŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǇǊƻŘǳŎŜǊΣ ǇǊƻŎŜǎǎƻǊΣ ŜȄǇƻǊǘŜǊ ŀƴŘ ŎƻƴǎǳƳŜǊ ƻŦ ŦƛǎƘ ŀƴŘ 

shellfish63; its aquaculture output was 40Mt in 2012 and c. 50Mt in 2015, when it consisted of 27Mt 

fish, 13.9Mt shellfish and 4.1Mt crustacea. Fisheries and freshwater catches totalled almost 15.5Mt in 

нлмрΦ hƴ нлмпΩǎ C!h ŦƛƎǳǊŜǎΣ China generated >37% of world aquatic output, including >60% of global 

aquaculture production64. Over 30% of its marine catches are unidentified in FAO statistics.  

In 2015, the ¦{!Ωǎ total production was 5.4Mt, mainly fisheries catch of c. 5Mt (fish, molluscs, 

crustacea) and just over 0.4Mt aquaculture65. Other sources put total fisheries catch at >4.3Mt66; c. 

88% was finfish and c. 12% shellfish, with aquaculture production of c. 0.3Mt of fish and shellfish, 

mainly pond-raised catfish. 

                                                           

58  Seafish (2001) Report SR537. 
59  Reported in ADAS (2006) Review of the application of shellfish by-products to land, SR586, Seafish 2006, ISBN 0 903941 

49 X. 
60  Scottish Government (2005) Evaluation of Fish Waste management techniques. 
61  Seafish (2008) Use of shell-fish by-products in bait. 
62  Ghaly A.E., Ramakrishnan V.V. et al. (2013) Fish Processing Wastes as a Potential Source of Proteins, Amino Acids and 

Oils: A Critical Review, J Microb Biochem Technol 5: 107-129 doi:10.4172/1948-5948.1000110. 
63  Cao L., Naylor R. et al. (2015) ChinŀΩǎ ŀǉǳŀŎǳƭǘǳǊŜ ŀƴŘ ǘƘŜ ǿƻǊƭŘΩǎ ǿƛƭŘ ŦƛǎƘŜǊƛŜǎ. Science 347(6218): 133-135 doi: 

10.1126/science.1260149. 
64  Zhao W. and Shen H. όнлмсύ ! ǎǘŀǘƛǎǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ /ƘƛƴŀΩǎ ŦƛǎƘŜǊƛŜǎ ƛƴ ǘƘŜ мнth five-year period Aquaculture and Fisheries 

1: 41-49 Doi: 10.1016/j.aaf.2016.11.001; data derived from FAO and from the China Fishery Statistics Yearbooks. 
65  FAO (2017). 
66  Delaware Sea Grant (2018) Overview of the Seafood Industry https://www.seafoodhealthfacts.org/seafood-

choices/overview-seafood-industry. 

https://www.seafoodhealthfacts.org/seafood-choices/overview-seafood-industry
https://www.seafoodhealthfacts.org/seafood-choices/overview-seafood-industry


EUMOFA - European Market Observatory for Fisheries and Aquaculture Products        

Blue bioeconomy: situation report and perspectives 

 

25 

1.5 Non-food biomass from fish 

wŜǎǘ wŀǿ aŀǘŜǊƛŀƭǎΣ ƻǊ wwaΣ ƛǎ ŀ ƭƛǘŜǊŀƭ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ ǘƘŜ bƻǊǿŜƎƛŀƴ ǘŜǊƳ άǊŜǎǘǊňǎǘƻŦŦέΣ ŀƴŘ ŎƻƳǇǊƛǎŜǎ 

all the potentially-useful material that is removed in order to prepare biomass for food use. Traditional 

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 wasted. Increasingly, efforts are 

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

are estimated at 27%-32% overall: heads 20%-25%, viscera 5%-7%, frames (skeletons), trimmings from 

primary and secondary processing and skins and scales.  

Utilisation rates in Norway appear to be very high for whole fish, 97% for pelagic fisheries and 95%-

99% for demersal67. However, utilisation of RRM from processing of demersal fish is thought to be 

much lower; for whitefish (except if exported gutted whole and gutted-without-head) discarded RRM 

is estimated at c. 37%68; the unused whitefish RRMs are 200Kt per year, mainly heads (80Kt), viscera 

(c. 58Kt), livers (c. 39Kt), roes (c. 16Kt) and frames and cut-offs (c. 8Kt), from a total catch of about 

800Kt. On-board processing and freezing in addition involves at-sea disposal of heads and viscera. 

Better compact equipment for on-board processing of high-value parts of head e.g. cheeks and 

tongues, may reduce this. The comparative figures for processed pelagic fish are 98%, aquaculture 

(farmed salmon) 90% and crustacea 36%. It should however be noted that these might be 

overestimates, as there may be further preparation and processing of RRM into e.g. soups, extracts, 

sauces and flavourings based on fish. Surimi is well-established as a major use of edible RRM from 

various species of fish and squid meat69. 

However, the split of by-products between source and type of material reveals the importance of 

better management of heads, viscera and blood (Figure 6)70. 

Figure 6 - Estimates of volume of unused by-products, Norway, 2013 

 
Source Olafsen et al. (2014) 

                                                           

67  http://www.discardless.eu. 
68  Jouvenot L.(2015), taken from various sources including: 
 Olafsen T., Richardsen R. et al. (2014) Analysis of marine by-products 2013, SINTEF Fisheries and Aquaculture 

http://www.kontali.no/%5Cpublic_files%5Cdocs%5CAnalysis_of_marine_by-products_2013_Summary_English.pdf;  
 Olsen R.L., Toppe J. and Karunasagar I. (2014) Challenges and realistic opportunities in the use of by-products from 

processing of fish and shellfish TIFS Tech 36(2): 144-151 doi: 10.1016/j.tifs.2014.01.007; and  
 Sandbakk M. (2002) Handling of by-products from cod-fish - a state of the art report from selected countries 

SINTEF Fisheries and Aquaculture. 
69  Vidal-Giraud B. and Chateau D. (2007) World Surimi Market FAO GLOBEFISH Research programme Volume 89. 
70  Olafsen T, Richardsen R. et al. (2014) Analysis of marine by-products 2013 English summary, SINTEF Fisheries & 

Aquaculture project No 6020 663, 6th May 2014 http://www.kontali.no/public_files/docs/Analysis_of_marine_by-
products_2013_Summary_English.pdf. 

http://www.discardless.eu/
http://www.kontali.no/%5Cpublic_files%5Cdocs%5CAnalysis_of_marine_by-products_2013_Summary_English.pdf
https://doi.org/10.1016/j.tifs.2014.01.007
http://www.kontali.no/public_files/docs/Analysis_of_marine_by-products_2013_Summary_English.pdf
http://www.kontali.no/public_files/docs/Analysis_of_marine_by-products_2013_Summary_English.pdf
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Olafsen et al. (2014)71 note that 67% of the by-products from demersal fisheries is unused, mainly due 

to discarding of processed rest raw materials on long-distance fleets that lack technical solutions for 

higher-level processing or storage on-board. In addition, there is a lack of economic incentives to land 

by-products. However, almost everything which is brought ashore is utilized as raw material for 

further processing if it cannot enter the human food chain. There are no by-products as such in pelagic 

fisheries, since all the fish 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 slightly different figures72; 62% for 

whitefish, 2% for pelagic fish and 10% for aquaculture. Richardsen et al. (2016) note for Norway that 

3.44Mt fish and shellfish produced c. 0.89Mt RRM (c. 26%), of which c. 0.68Mt (76%) was utilised73; 

the non-usage rates for RRM from different classes of fish were 52% for whitefish, 0% for pelagic fish 

and 9% for aquaculture. 

There are practical and technological difficulties concerning the space and resources on-board to 

handle volumes of obligated landings that are incidental to the main target fish and catch sizes. This 

would also have implications for making better use of by-catch, as some degree of on-board 

separation, management and even primary processing may be needed to retain maximal value74. Data 

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

thumb has been that discards and bycatch disposed of before landing amount to about 8% of 

landings75. 

In 2012, the study for Cefas that reported on discards and their potential uses noted that 27% of UK 

discards were due to over-quota catches, 30% were unusable species (no markets or not popular to 

eat), 19% were under-size or under age, and 24% were fish caught when their markets or sortability 

were not optimal76. Observations made on-board vessels by Cefas observers showed that about 26Kt 

of fish and shellfish were discarded each year in the period 2009-2010, of which fish under quota made 

up c. 9.4Kt. 

In the USA, the discards of fish from fisheries activities are estimated at 2 billion pounds fish per year, 

worth est. $1 billion (range $475 million to $2.6 billionΣ ƛΦŜΦ ϵплс Ƴƛƭƭƛƻƴ ǘƻ ϵ2.2 billion), based on 

landings of >10 billion pounds worth $5 billion όϵпΦо ōƛƭƭƛƻƴύ77. The data is founded on the National 

aŀǊƛƴŜ CƛǎƘŜǊƛŜǎ {ŜǊǾƛŎŜΩǎ нлмп National bycatch report, which covers c. 60% of the national catch 

reported in 2010, assumptions and ŜǎǘƛƳŀǘŜǎ ŦƻǊ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŎΦ пл҈ ŀƴŘ bh!!Ωǎ ŎŀǘŎƘ ǾŀƭǳŜǎ ōȅ 

species reported in 2012, and is calculated as an aggregate based on regional data. Discards include 

bycatch as well as targeted fish surplus to requirements or not landable for other reasons, and were 

estimated at 5% of total catches by weight for larger pelagic fish (>75kg) and 10% for smaller fish, 

compared with an estimate of overall discards of 20% per year. 

The world production of fish, shellfish and crustacea in 2013 was 163Mt, capture fisheries and 

aquaculture combined78; of this, 21.4Mt was estimated to be for non-food uses (i.e. 13%)79Φ /ƘƛƴŀΩǎ 

production alone was estimated at 60Mt, of which 3.4Mt was for non-food uses (5%-6%); the global 

                                                           

71  Olafsen T. et al. (2014). 
72  Carvajal A, (2014) Processing of marine oils ς from catch to final product, SINTEF Fisheries and Aquaculture Temadag: 

Marine lipider ς fra fisk til færdigvare, 25.juni, Aarhus. 
73  Richardsen R et al. (2016) Analyse marint restråstoff, 2015 SINTEF Aquaculture and fisheries Project No. 6022 353 30th 

May 2016. 
74  http://www.discardless.eu. 
75  Kelleher K. (2005) 5ƛǎŎŀǊŘǎ ƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǎƘŜǊƛŜǎΥ !ƴ ǳǇŘŀǘŜ, FAO Fisheries Technical Paper No. 470 

http://www.fao.org/docrep/008/y5936e/y5936e01.htm. 
76  Mangi S.C. and Catchpole T.L. (2012) SR661 ς Utilising discards not intended for human consumption in bulk outlets. 
77  Keledjian A., Young S. et al. (2014) Wasted cash: the price of waste in the US fishing industry Oceana 2014 
78  FAO (2017). 
79  According to the Food Balance Section of FAO Handbook. 

http://www.discardless.eu/
http://www.fao.org/docrep/008/y5936e/y5936e01.htm
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ex-China proportion of non-food use is 17.5%. Estimates of the volumes of by-products are available 

for Norway from 201380; from 3.1Mt of fish and crustacea from catches and farming, 0.9Mt of by-

products were obtained, a yield of 28% overall. Some of the estimates are based on widely-accepted 

splits between edible elements and by-products, such as for crustacea, 50:50. The relative percentage 

contributions to overall by-products estimates are demersal fish 39%; aquaculture 39%; pelagic fish 

21%; and crustacea 1.4%. 

Table 12 - Estimates of catches and harvests and resulting by-products, Norway, 2013 

 Total Demersal fish Pelagic fish Aquaculture Crustaceans 

Basis for by-
products (live 
weight) 

3.066.000 775.000 965.000 1.301.000 25.000 

Available by-
products 

867.000 340.000 178.000 336.000 12.500 

Available by-
products as 
share of basis 
for by-products 

28% 44% 18% 26% 50% 

{ƻǳǊŎŜ hƭŀŦǎŜƴ Ŝǘ ŀƭΦ όнлмпύΤ ά.ŀǎƛǎ ŦƻǊ ōȅ-ǇǊƻŘǳŎǘǎέ Ґ ǘƻǘŀƭ ƛƴƛǘƛŀƭ ōƛƻƳŀǎǎ 

Bergé notes81, with reference to tuna fisheries in the Pacific, that 40%-60% of each fish is not used 

directly for human food, and most of this is either wasted (discarded unused) or turned into low-value 

fish meal. Heads, which form 18% or more, can be sold as a low-cost food.  

The DiscardLess project82, running from 2015-2019 in Horizon 2020, seems highly relevant to policies 

related to better use of unused, under-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 estimated at 

>1.5Mt pa83; up to 23% of annual catches are discarded, and on-board processing, filleting and freezing 

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

that are currently unquantifiable. Relevant projects from the European Fisheries Technology 

PlatformΩǎ directory of discard projects84, which aimed to standardise data collection, manage catches 

better, or valorise by-products, have been summarised by DiscardLess85. 

1.5.1 Post-harvest fishing losses 

It is sometimes difficult to separate specific post-harvesting losses, due to escapes or quality-control 

checking, from other at-sea processing discards or processing losses further down the chain. 

The UK ŎƘŀǊƛǘȅ ΨWaste and Resources Action ProgrammeΩ (WRAP) reported in 2011 that, of total fish 

and shellfish inputs of 1.044Mt, 350Kt was regarded as non-edible, of which 140Kt were waste and 

co-products (including retail wastes), with 105Kt arising from finfish and 29Kt from shellfish86; most of 

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

                                                           

80  Olafsen T. et al. (2014). 
81  Bergé J.P. et al. (2014) Adding value to fish processing by-products Policy Brief 21/2014 Secretariat of the Pacific 

Community https://www.researchgate.net/publication/262808270. 
82  http://www.discardless.eu.   
83  Viðarsson J.R., Guðjónsson Þ. and Sigurðardóttir S. (2015) Deliverable 5.1 Report on current practices in the handling of 

unavoidable, unwanted catches DiscardLess project 7 December 2015. 
84  Eds. Rodriguez M. and Fernandez R. (2011) Projects and Initiatives addressing fishing discards. Compilation of discard 

projects, The Secretariat of the European Fisheries Technology Platform.  
85  Viðarsson J.R. et al. (2015). 
86  WRAP (2011) Resource maps for fish across retail & wholesale supply chains Project code RSC009-001 & RSC009-003. 

https://www.researchgate.net/publication/262808270
http://www.discardless.eu/
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regarded as unavoidable waste. The conclusion from surveying the industries was that avoidable 

wastes generated by processing are low. 

1.5.2 At-sea process discards 

At sea, 8-22% of white fish may be discarded during primary processing; oily pelagic fish, if processed 

at sea, are 98-100% utilised.  

1.5.3 Aquaculture fish wastes 

The main expectable ƭƻǎǎŜǎ ƛƴ ŀǉǳŀŎǳƭǘǳǊŜ ŀǊŜ ǊƻǳǘƛƴŜ ƳƻǊǘŀƭƛǘƛŜǎ όΨƳƻǊǘǎΩύΣ ǿƘƛŎƘ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ǘƻ 

run at about 8%. Disease outbreaks may produce losses of 20%-50%, sometimes as high as 100%. In 

either case, fish cannot enter the human food chain or be processed for human consumption, and 

ensiling, anaerobic digestion, landfill or other disposal into the environment are the end-points.  

For Scotland, the Scottish Government provided data in 200587 estimating total aquaculture 

production at 157.5Kt with routine losses of 6-8Kt morts, mainly rendered or dealt with by anaerobic 

digestion, occasional mass mortalities with a historic high of 6Kt. Scottish fisheries dumped 8% (28Kt) 

of their 355Kt catch at sea. The SARF report of 200888 estimated 9.3Kt wastes arising each year from 

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

ƻǾŜǊŀƭƭ ор҈Σ ŀōƻǳǘ оYǘΣ ǿŜǊŜ ŘŜŀŘ ŦƛǎƘ όΨƳƻǊǘǎΩύ ŀƴŘ ор҈ ǿŀǎ ǿŀǎǘŜ ǇƭŀǎǘƛŎΦ 

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% becomes fillets. However, it seems that the proportion of fish and 

fish processing volume made available for food uses has increased over the period 2000-201189, 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: Waterman (2001)90, reused by Ghaly et al. (2013) 

In typical fish processing, the critical early steps are stunning, de-sliming and de-scaling; after this, 

heads (up to 20% of weight) are round-cut or straight-cut off the fish; the total waste can be 27%-32% 

at this stage. Further stages, depending on product and market needs, generate increasing amounts 

of waste. 

                                                           

87  Scottish Government (2005) Evaluation of Fish Waste management techniques. 
88  Scottish Aquaculture Research Forum (2008) Strategic Waste Management and Minimisation in Aquaculture. 
89  Ghaly A.E., Ramakrishnan V.V. et al. (2013) Fish Processing Wastes as a Potential Source of Proteins, Amino Acids and 

Oils: A Critical Review, J Microb Biochem Technol 5: 107-129 doi:10.4172/1948-5948.1000110. 
90  Waterman J.J. (2001) Measures, stowage rate and yields of fishery products Advisory 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 4-5%, heads 21-25%, frames 24%-34% 49-64 

Oily fish filleting 40-45% wastes 40-45 

Deheading white fish 27%-32% heads and debris 27-32 

Filleting deheaded white 
fish 

frames and off-cuts 20%-30% 20-30 

Filleting ungutted oily fish viscera, tails, heads, frames 40% 40 

Skinning fish 4% skin 4 

Canning without 
precooking 

25% heads, 10%-15% frames 35-40 

Precooking fish for canning 15% inedible discards 15 

Cutting and gutting oily 
pelagic fish for canning 

heads and viscera 15%, bones and discarded meat 10%-
15% 

25-30 

Pressing oil from cooked 
fishmeal fish 

 10% residual press-cake 10 

Source: Arvanitoyannis and Kassaveti (2008)91, adapted from Ghaly et al. (2013) 

The UK Waste minimisation organisation WRAP noted that >133Kt fish wastes and by-products are 

generated each year, about 12.7% of total inputs92; at 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 utilisation can be 

generalised from a local or regional report. For example, the amount of primary fish wastes in Victoria 

state, Australia, may amount to >11Kt per year, mainly finfish and shark processing waste (5-10Kt), 

squid and shellfish (1Kt) and market discards (2-2.5Kt), plus 500 m3 of scallop shells and viscera and 

1Kt wet microalgal biomass93 from waste treatment ponds. Material from petfood manufactured in 

the state using fish by-products amounted to >3Kt of processing wastes and >11Kt of discharge sludge. 

No higher-value non-food uses were reported. 

There is a useful study of by-products in France94; this benefited from access to the 2 fish by-products 

processors operating in France at the time, Copalis and Bioceval. For the period 2004-2005, the 

volume of fish-processing by-products was estimated at >215Kt, 0.4% of total landings in France; 

discards, to incineration, of unsold, out-of-date and defective fish products from food retailers were 

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

used either direct or partly-ǇǊƻŎŜǎǎŜŘ ŦƻǊ ƘǳƳŀƴ ŦƻƻŘǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ Ψōȅ-ǇǊƻŘǳŎǘǎΩΣ ŀƴŘ ǘƘƻǎŜ ǇŀǊǘǎ 

of fish in addition to conventional fillets and gutted, de-headed, trimmed and prepared fish that can 

be eaten by huƳŀƴǎΣ ǎǳŎƘ ŀǎ ŜŘƛōƭŜ ǊƻŜǎΣ ŎƘŜŜƪǎΣ ƭƛǾŜǊǎ ŀƴŘ ǘƻƴƎǳŜǎΣ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ΨŎƻ-ǇǊƻŘǳŎǘǎΩΣ ǘƻ 

ŀǾƻƛŘ ǳǎƛƴƎ ǘƘŜ ǘŜǊƳ ΨǿŀǎǘŜΩΦ  

In 2004, OFIMER95 published an estimate of c. 144Kt of by-products produced on French territory 

(includes some external territories), of which white fish was the source of 40%, salmonids c. 31%, 

                                                           

91  Arvanitoyannis I.S. and Kassaveti A. (2008) Fish industry waste: treatments, environmental impacts, current and potential 
uses, Int J Food Sci Tech 43: 726-745. 

92  WRAP (2012) Sector guidance note: Preventing waste in the fish processing chain June 2012. 
93  Gavine F.M., Gunasekera R.M. et al. (1999) Value-adding to seafood, aquatic and fisheries waste through aquafeed 

development Project No 1999/424 Fisheries Research & Development Corporation, Victoria. 
94  Penven A., Perez-Galvez R. and Berge J.P. (2013) By-products from fish processing: a focus on French industry in Perez-

Galvez R. and Berge J.P. Eds. Utilization of Fish Wastes CRC Press 2013 ISBN 9781466585799. 
95  Andrieux G. (2004) La filière française des co-produits de la pêche 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 of by-products. This region accounted for c. 47.5% of 

French landings in 2009; by-products represented 32% of all landings. Primary fish processors 

generated 58% of the total by-products, canneries 27% and smokeries 15%.  

1.6 Uses of fish biomass 

In Scotland, the SARF report96 noted in 2008 that the handling of mortalities was a concern; ensiling 

followed by oil extraction was a new undertaking, and there were no proper facilities local to the main 

concentration of ŦŀǊƳǎ ό{ŎƻǘƭŀƴŘΩǎ ǿŜǎǘ Ŏƻŀǎǘύ ǘƻ ƛƴŎƛƴŜǊŀǘŜ ƳƻǊǘǎ ŀƴŘ ǊŜŎƻǾŜǊ ŜƴŜǊƎȅΦ !ǎ ǇŀǊǘ ƻŦ ǘƘƛǎ 

report, a thorough table of potential destinations for RRM and by-products was drawn up (Table 15), 

which is still useful. 

Table 15 - Outputs from processing fish wastes 

Waste or 
discarded 
material 

Process Commodity Use 

Fisheries viscera 
At-sea 
disposal 

- 
Could be processed on-board if 
good materials management and 
appropriate-scale equipment 

Trimmings, 
heads and tails 

Direct sales Protein hydrolysate Pig, poultry, fish feeds and petfoods 

Mechanical 
recovery 

Fish mince and pastes 
Human food and petfood depending 
on quality 

Trimmings, 
heads and tails Fishmeal 

processing 

Oils Pig, poultry, fish feeds and petfoods 

Viscera Oils and fish meals Pig, poultry, fish feeds and petfoods 

Frames Oils Pig, poultry, fish feeds and petfoods 

Frames Direct sales Hydroxyapatite Biomaterials, food supplements 

Whole fish 
(Category 3 
ABPR) including 
bycatch 
disposals, shells 
and surplus 
trimmings, 
heads, frames 

Processing 
Protein meals, 
extracts, oils 

Pig, poultry, fish feeds and petfoods 
Biodiesel 

Anaerobic 
digestion 

Biogas energy 

Composting fertiliser Agriculture, horticulture 

Aquaculture 
morts (Category 
2 ABPR) 

Ensiling, 
rendering, 
incineration 

Industrial products 
only ς eg biodiesel 

Solid residues for landfill 

Source: SARF (2008) 

 

 

 

 

 

 

                                                           

96  Scottish Aquaculture Research Forum (2008) Strategic Waste Management and Minimisation in Aquaculture. 
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The top 10 countries for non-food uses in Europe reported using about c. 95% of the total (Table 16). 

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

Country 
Non-food uses 

Kt 

Norway 618 

Iceland 501 

Russian Federation 425 

Denmark 416 

Netherlands 124 

Faroes 124 

Spain 67 

France 60 

Poland 56 

Finland 47 
Source: FAO (2017), Fishery and Aquaculture Statistics 2015  

Some of these countries appear to be relatively low users, with respect to their indigenous chemicals, 

biotechnology and bioactives-using 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 users for non-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 for parts of capture fish not used for direct human consumption is the production of 

fishmeal and accompanying fish oils, and such processing material joins the pelagic oil-rich fish caught 

in reduction fisheries97.  

The high usage rate for pelagic fish is entirely due to their processing into fishmeal and fish oils of 

various grades, from those intended from human nutritional use to those for animal feed or for further 

processing into extracts or industrial oils. In addition, 35% of RRM is currently used to make fishmeal 

and fish oil of various qualities.  

For low-volume fish processing regions, the range of outputs is only a little wider ς e.g., in County 

Donegal, Ireland, the 3 fishing ports landed c. 157Kt fish in 2014, the vast majority pelagic fish 

(mackerels, herring, blue whiting and boarfish)98; 7 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 fish was estimated to produce 8.5Kt RRM (38%), 

used as further input into fishmeal production for aquaculture use, ingredients for pet food 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 dedicated to oil-rich small pelagic fish 
intended solely for fishmeal and fish oil production. 

98  Faulkner N. (2015) An Appraisal of Fish Waste in County Donegal, April 2015 (an activity of ReNEW ς the Resource 
Innovation Network for European Waste). 
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Figure 7 - Extent of utilisation of rest raw materials by source 

 
Source: Jouvenot (2015) 

In the Baltic, the challenges are to handle and manage unwanted catches separately, and the long 

(and costly) distances to transport fish to treatment plants99. A smaller-scale protein production plant 

now exists that can be set up at any port where fish is landed and can also be installed on vessels too 

small to carry standard-size fishmeal or fish silage production systems100. This would be used for 

fishmeal and fish oils production and there is a potential, because of the freshness of the material, for 

higher-value products. Projected production of fishmeal in 2030 is 7.6Mt, c.40% from Latin America. 

¢ƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ ǇǊƻƧŜŎǘƛƻƴ ƳƻŘŜƭ101 assumes 15% of fishmeal will be derived from Rest Raw Material 

όwwaύΣ ŎƻƳǇŀǊŜŘ ǿƛǘƘ LCChΩǎ ŜǎǘƛƳŀǘŜ ƻŦ нр҈102. There has been a steady decline in the amounts of 

fishmeal and fish oils derived from capture fish since 2008 (Figure 8)103. 

                                                           

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

100  https://hedinn.com/. 
101  Msangi S., Kobayashi M. et al. (2013) FISH TO 2030: Prospects for Fisheries and Aquaculture, World Bank Report Number 

83177-GLB. 
102  IFFO, quoted in The Marine Socio-Economics Project Sustainability Issues in Aquaculture: MSEP Facts & Figures Series 5, 

the New Economics Foundation, August 2014. 
103  Carvajal A. (2014) Processing of marine oils ς from catch to final product, SINTEF Fisheries and Aquaculture Temadag: 

Marine lipider ς fra fisk til færdigvare, 25 juni 2014, Aarhus. 
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Figure 8 ς Yields of fishmeal and fish oils 2008-2013 

 
Source: Carvajal (2014) 

Table 17 - Global production and balance of fish for Europe 2015 ς fishmeal and fish oils 

Production Mt  

Total production 17.1 

Capture fisheries 14.1 

Aquaculture 3.0 

Fishmeal production 0.5 

Fish oil production 0.19 
Source: FAO (2017); EUfishmeal104 

Most fishmeal is produced direct from small oil-rich 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 capture fish, capture fish by-products and 

aquaculture by-products is shown in Figure 9. On average, in the EU, however, more than 50% of the 

need for fishmeal is provided by RRM and trimmings from fish processing105. 

 

 

 

                                                           

104  http://www.eufishmeal.org. 
105  IFFO pers. comm. (2018). 

http://www.eufishmeal.org/
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Table 18 shows the top 10 fishmeal producers106, with China at No 3 for fishmeal production and No 

1 for both capture fisheries and aquaculture. 

Table 18 ς Fishmeal production 2015 

Position 
Fisheries 

Mt  
Aquaculture 

Mt  
Fishmeal 

production Kt 

#1 China 17.6 China 47.6 Peru 852  

#2 Indonesia 6.5 India 5.2 Thailand 420  

#3 USA 5.0 Indonesia 4.3 China 400  

#4 India 4.8 Vietnam 3.4 Chile 322  

#5 Peru 4.8 Bangladesh 2.1 Vietnam 285 

#6 Russia 4.6 Norway 1.4 USA 263  

#7 Japan 3.5 Egypt 1.2 Denmark 206  

#8 Chile 3.0 Myanmar 1.0 Japan 184 

#9 Vietnam 2.8 Chile 1.0 Norway 167 

#10 Norway 2.3 Thailand 0.9 Iceland 153 
Sources FAO (2017), Seafish (2016)107; Kt = 103 tonnes 

The total reduction catch in 2013 consisted of 1.23Mt of species not eaten by humans (such as sand 

eels, Norway pout), 11.8Mt of food grade fish from reduction fisheries (anchovies, capelin, whiting 

and sprats) and 6.25Mt of fish rejected from conventional capture fisheries as undersized, damaged 

or poor quality108. 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 used in aquaculture, the majority (almost 70%) for salmonids. Use for human foods 

is minuscule; most of the balance of fish oil enters pig and poultry feeds. Globally, the trend is to use 

more by-products and to process locally to aquaculture operations, as they grow in size and number. 

However, the change in pattern of input materials for fishmeal production may result in lower quality, 

especially for Asian production, and lower content of omega-3 fatty acids, as species utilisation 

changes109. 

Figure 9 - The main sources of biomass for fishmeal production 

 
Source: Jackson and Newton (2016) 

                                                           

106  FAO (2017). 
107  Seafish (2016) Fishmeal and fish oil facts and figures. 
108  New Economics Foundation (2014). 
109  Jackson A. and Newton R.W. (2016) Project to model the use of fisheries by-products in the production of marine 

ingredients with special reference to omega- 3 fatty acids, EPA and DHA IFFO & University of Stirling. 

Whole capture fish
71%

By-product from 
wild capture

19.1%

By-product from 
aquaculture

9.9%
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FAO110 publishes estimates of fishmeal production and reports 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 Niño and aquaculture feed market demands. 

From 2008-2013, total production of fishmeal and fish oils declined tremendously, from 2.62Mt meal 

and 0.63Mt oil to 1.48Mt meal and 0.44Mt oil (Figure 8)111. In 2016, total production was about 1.6Mt 

fishmeal and 0.43Mt fish oils112; 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 market in 2016 continued into 2017. Peru 

landed 2Mt of reduction fish in the first season of 2017, 85% of the quota, and produced 0.7Mt 

fishmeal in the first half of 2017; Chile produced 0.23Mt, both increases on the same period of 2016 

(actually, 309% and 64% respectively). 

/ƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ƛǘǎ ƘƛƎƘ ǎƘŀǊŜ ƻŦ Ǝƭƻōŀƭ ŦƛǎƘ ƻǳǘǇǳǘ όҔсл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŀǉǳŀŎǳƭǘǳǊŜ113), China has a 

correspondingly high fishmeal demand, of 1.4Mt in 2012, produced from c. 7Mt of reduction fisheries 

catch, plus the use of 0.25Mt of domestically-produced fishmeal from fish processing by-products. At 

least 3Mt of trash fish (bycatch, discards, edible but not eaten, below size, damaged etc.) were also 

used for direct feeding in aquaculture114. There is a potential production of up to 650Kt fishmeal and 

160Kt fish oils from domestic activities. The patterns of non-food 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 higher-value components. 

Some of the fishmeal and fish oils production is used for protein, peptides, hydrolysates, oils and 

refined oils (high in omega-3 fatty acids) for human consumption but the vast majority is used in 

animal feed, especially, though to a decreasing extent, in fish feeds for aquaculture. This is partly 

because of problems of collection, storage and spoilage of fish, viscera including livers, and trimmings.  

The tuna catch in 2016 was over 4.9Mt115, implying that >3Mt of material might be made available for 

higher-ǾŀƭǳŜ ƘǳƳŀƴ ŀƴŘ ŀƴƛƳŀƭ ǳǎŜΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ƛǎ ƴƻǘ άƴƻƴ-ŦƻƻŘέ ǳǎŜΤ ŎƻƴǾŜƴǘƛƻƴŀƭƭȅΣ ǘƘŜ ǘǳƴŀ 

RRM is used as fishmeal and fertiliser except in those countries where e.g. the heads are used for food. 

Lower-grade material can be used to produce ingredients for animal and aquaculture feeds and 

petfood.  

Fish oils have in the past been used as industrial lubricants and coatings, drying oils in paints and 

sealants, components of extreme-pressure paraffin-based oils, and fabric treatments116. 90% of the 

total US production of fish oils in 1966 was menhaden oil, amounting to 0.78Mt, of which about a third 

was used in drying oils. But these uses have largely been superseded. Production of isopropanol was 

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

to fatty acids and esterification to promote stability, especially as alkyds; in lubricants for metals; and 

there is potential use as a source of biodiesel and as a feedstock for biomass production of lipophilic 

organisms and generation of platform chemicals such as some alcohols117. 

                                                           

110  FAO yearbook (2015), published 2017. 
111  Carvajal A. (2014). 
112  FAO (2017) Globefish Highlights, October 2017 Issue, with Jan-Jun 2017 statistics ISBN 978-92-5-130047-3. 
113  Zhao W. and Shen H. όнлмсύ ! ǎǘŀǘƛǎǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ /ƘƛƴŀΩǎ ŦƛǎƘŜǊƛŜǎ ƛƴ ǘƘŜ мнth five-year period Aquaculture and Fisheries 

1: 41-49 Doi: 10.1016/j.aaf.2016.11.001; data derived from FAO and from the China Fishery Statistics Yearbooks. 
114  Cao L. et al. (2015). 
115  Status of the World Fisheries for Tuna February (2018), ISSF Technical Report 2018-02. 
116  Fineberg H. and Johanson A.G. Industrial use of fish oils, US Dept of the Interior Fish and Wildlife Service https:// 

spo.nmfs.noaa.gov/Circulars/CIRC278.pdf. 
117  Ahokas M. (2014) The quality of fish oil and its potential use in the chemical industry Aquarel project final seminar 18th 

September 2014 http://www.culmentor.com/aquarel/wordpress/wp-
content/uploads/WEB_Ahokas_FishOil_Quality.pdf. 

http://www.culmentor.com/aquarel/wordpress/wp-content/uploads/WEB_Ahokas_FishOil_Quality.pdf
http://www.culmentor.com/aquarel/wordpress/wp-content/uploads/WEB_Ahokas_FishOil_Quality.pdf
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1.6.2 Other uses of fish RRM 

Fish wastes were historically discarded at sea, used as landfill, or fed to animals, including other fish, 

as unprocessed material or processed into fishmeal and fish oils. With tightening controls on land 

disposal, anaerobic digestion maybe the first choice for undifferentiated fish or seaweed materials 

whose quality cannot be guaranteed or where there might be safety hazards for human, animal or 

environmental use. Seasonal variability in catch sizes may also be a factor in preventing establishment 

of new processing systems for valorising capture fish RRM. This is mostly ensiled (41%), converted to 

fishmeal and fish oil (23%), used for oil and protein for fish-feed (20%) or processed for oils and some 

other components for human use (14%)118. Fish silage can be further processed to fish protein 

concentrate for animal feed, mainly pigs (64Kt in 2014 in Norway), or fish protein hydrolysate, for 

human food and nutraceutical products and aquaculture feeds (17Kt in 2014). The production of 

fishmeal and other animal feed components from fish by-products will become increasingly important 

as pressure on wild-caught stocks grows, from the biological and ethical point of view. 

Edible-quality RRM can be valorised successfully for further food use. RRM from whitefish filleting and 

production of emulsified foods can be exploited to generate fish protein isolates, fish protein 

hydrolysate, homogenized fish protein and gelatin for human consumption119. The 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 this case, RRM also includes processing water, which 

contains fish flesh and proteins, estimated at 1% of the original input by weight, of which about 25% 

can be recovered by drying and separating by vibrating sieve. 

Some countries are advanced in their uses of fish by-products and discarded material from processing, 

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

ŀ ǊŀƴƎŜ ƻŦ ŘŜǊƛǾŀǘƛǾŜǎ ƻŦ ǘƘŜ ƳŀƧƻǊ ǿƘƛǘŜŦƛǎƘΣ ŎƻŘΣ ƛǎ ǊŜǇƻǊǘŜŘΣ ƛƴŎƭǳŘƛƴƎ άleather made from fish skins, 

pharmaceuticals and cosmetics made from bioactive compounds extracted from different parts, 

collagen made from fish skin, supplements and proteins made from different by-products, mineral 

supplements made from fish bones, enzymes extracted from viscera, skin and tissue repair patches 

made from fish skin, extracts from RRMs made into powder or bouillon (i.e. for making soups and 

sauces), silage made from viscera used for animal feed or as fertiliser, swim bladder and milt which 

ŀǊŜ ǘǊŀŘƛǘƛƻƴŀƭ ǇǊƻŘǳŎǘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǳǘƛƭƛȊŜŘ ǘƻ ŀ Ǉƻƛƴǘ ƛƴ ŎŜǊǘŀƛƴ ŦƛǎƘŜǊƛŜǎ ŀƴŘ ƳŀǊƪŜǘǎέ120.  

Tilapia production is one of the strongest-growing aquaculture sectors in the Americas and parts of 

Asia-Pacific. RRM from Tilapia are already used for a variety of non-food uses121. 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 for mammalian gelatins in pharmaceutical capsules. Tilapia scales 

have been used as decorative items. Protein meal from Tilapia has also been investigated as a 

component of poultry feed.  

                                                           

118  SINTEF Fisheries and Aquaculture, New value added products from rest raw material. Protein hydrolysates and lipids 
https://www.sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandtering/-nordic-pelagic-
workshop/11_100830-rest-raw-materials-from-herring.pdf. 

119  Arason S., Karlsdottir M. et al. (2009) Maximum resource utilisation ς Value added fish by-products, Nordic Innovation 
Centre Project number 04275. 

120  Viðarsson J.R., Guðjónsson Þ. and Sigurðardóttir S. (2015) Deliverable 5.1 Report on current practices in the handling of 
unavoidable, unwanted catches DiscardLess project, 7 December 2015. 

121  Mentioned in South G.R., Morris C. et al. (2012) Value adding and supply chain development for fisheries and aquaculture 
products in Fiji, Samoa and Tonga: Scoping study for Tilapia (Oreochromis sp), IMR Technical Report 04/2012, Institute 
of Marine Resources, School of Marine Studies Fiji, ISBN: 978-982-9143-10-5. 

https://www.sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandtering/-nordic-pelagic-workshop/11_100830-rest-raw-materials-from-herring.pdf
https://www.sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandtering/-nordic-pelagic-workshop/11_100830-rest-raw-materials-from-herring.pdf
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Looking at less high-quality RRM such as viscera, heads and bones and morts from salmon 

aquaculture122, the current usages include fish oils (Nutrimar, a Norwegian processor, can produce 

10Kt salmon oil per year from 60Kt salmon co-streams per year), salmon fishmeal and hydrolysed 

protein concentrate. Heat-processed fish wastes have been tested and used as components of diets 

for animals, especially farmed fish and pigs, but the re-use of materials of animal origin is now tightly-

regulated round the world. Frozen fish viscera can be fed to animals, for example, as feed for mink in 

Iceland or Denmark123; however, it is only small Icelandic boats that can land their catches daily who 

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

Logistics and business cases can differ according to whether the processor is co-located with the major 

source of co-streams, or has a need for distributed collection124: Akva Ren, in Norway, collects 

biowastes from processors, restaurants, hotels and produces fractionated salmon oils and feed that 

are acceptable in fur-farming but do not go directly back into human nutrition. In France, OFIMER 

compared two by-products processing plants in a study of the importance of logistics and materials 

management for how well by-products can be valorised125: Copalis used 65Kt fish by-products per 

year, coming from 380Kt primary material from landings and fish products trade on their doorstep in 

Boulogne and generated 10 different end-products, some with high value; Bioceval collected 60Kt per 

year, but from a wide geographic area, and consequently was limited by logistics and freshness of 

material ς its output of fishmeal and fish oils was all lower-value and destined for aquaculture use.  

In France, OFIMER in 2004 estimated that c. 53% of fish by-products in France were converted to 

fishmeal and fish oils for animal feeds, 22% of material was used for petfoods, 21% was hydrolysed to 

add utility, and only 4% entered higher-value markets126. 

Of LŎŜƭŀƴŘΩǎ total landings of 1.4Mt127, the total estimated non-food uses of the catch was c. 500Kt 

(36.5%); fishmeal and fish oil production was c. 120Kt in 2014 (No 3 in Europe after Denmark and 

Norway).  

Norway is in the top 10 fishmeal producers with Denmark, Iceland and the Russian Federation. In 

2014, Norway had over 420 companies involved in some part of the marine and aquaculture 

ōƛƻǊŜǎƻǳǊŎŜǎ ǎǳǇǇƭȅ ŎƘŀƛƴǎΣ ǿƛǘƘ ŀ ǘƻǘŀƭ ǾŀƭǳŜ ƻŦ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ŎΦ ро. bhY όŎΦ ϵрΦрп ōƛƭƭƛƻƴύ128; these 

are geographically spread, and many are SMEs.  

Norway has a large proportion of by-products from herring and mackerel fisheries, amounting to 

229Kt in 2012, which are mainly used for animal feed or as products after ensiling129. The yield of by-

product processing includes c. 30Kt oils and c. 34.5Kt proteins. Oils are purified further to produce 

about 4Kt omega-3 PUFA (poly-unsaturated fatty acids). Depending on the quality of the oils and 

categorisation of the source, these can be used as human nutritional supplements. More of the by-

products would be available for human use if the approach were adopted that valorising by-products 

means treating them in the same way as fish fillets, i.e. as food-grade materials. 

                                                           

122  Seppälä J. (2014) .ǳǎƛƴŜǎǎ ŎŀǎŜ ά¦ǘƛƭƛȊŀǘƛƻƴ ƻŦ ŦƛǎƘ Ŏƻ-ǎǘǊŜŀƳǎέ, Aquarel project final seminar, 18th September 2014 
http://www.culmentor.com/aquarel/wordpress/wp-content/uploads/WEB_Business_case_18-09-2014.pdf. 

123  Viðarsson J.R. et al. (2015). 
124  Seppälä J. (2014). 
125  Andrieux G. (2004). 
126  Andrieux G. (2004). 
127  FAO data (2015). 
128  Forbord M., Falk-Andersson J. et al. (2017) Current Industrial uses of biological resources and products in Norway: A 

cross-sectoral view on the bio economy norut Report 12/2017 ISBN 978-82-7492-358-4. 
129  Carvajal A. (2014). 

http://www.culmentor.com/aquarel/wordpress/wp-content/uploads/WEB_Business_case_18-09-2014.pdf
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In Norway, 40% of utilised by-products are ensiled, oils are extracted and the remainder is used to 

produce fish protein concentrate for feeds130; 23% are processed as is for fishmeal and fish oils, adding 

to the pelagic fish biomass used for this purpose. 19%, derived from aquaculture, is used fresh for 

salmon protein hydrolysate and salmon oils. Some by-product e.g. roes enter the human food chain 

directly (c. 8%) and a small proportion is used for nutritional supplements and extracts (see Figure 10). 

Overall, 87% us used for animal feeds (49% fish-feed, 25% fur animal feed, 21% farm animal feed, 5% 

petfood), 13% for human consumption and a tiny amount for bioenergy. 

Figure 10 - By-product use, Norway 

 
Source: Own elaboration from Industry survey, SINTEF 

For Scotland in 2008, the increasing value of fishmeal and fish oils is seen as a partial brake on further 

innovation in adding value to wastes and surpluses131. Some possibilities are identified but structural 

changes would be needed to capitalise on these: better on-board sorting and storage is needed to 

supply e.g. livers of food-grade quality for higher-value liver oils; better methods are needed for meat 

removal from skins in order to produce collagens; if markets for fish guts e.g. China are to be accessed, 

space to store and process safely on-board is limited. The potential added value for fish wastes and 

discards lies in pressing to extract higher-value components, refining of crude extracts and hydrolysis 

of materials, to generate minerals, better-quality oils, proteins, peptides and amino-acids for human 

and animal nutrition, including specialised high-protein foods, and other derivatives such as peptone 

powders for lab media and petfoods; thermal treatment of frames to yield hydroxyapatite as a 

biomaterial and mineral supplement, direct extraction of enzymes and proteins from viscera, and 

extraction of skins and fins for carotenoids (especially astaxanthins) and other anti-oxidants, collagens 

and guanine for cosmetics. The conclusion for Scotland was that of the total amount of c. 190Kt 

available material, arising from 2.8Kt aquaculture fish, 160.3Kt fish processing waste and 24.4Kt 

landed fish, 100% was valorised. Farmed fish mortalities and fish discarded at sea were recognised as 

ŀŘŘƛǘƛƻƴŀƭ ΨƘƛŘŘŜƴΩ ǊŜǎƻǳǊŎŜǎ ōǳǘ ǿŜǊŜ ƴƻǘ ǉuantified. The main technical added-value opportunity 

for fish wastes was seen as extracting proteins for human food supplements. 

                                                           

130  Richardsen R. et al. (2016). 
131  Scottish Aquaculture Research Forum (2008), Strategic Waste Management and Minimisation in Aquaculture. 
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In China, 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%) by-products that might be further processed into human food, animal feed, industrial and 

fertiliser products132; and presumably 3.3Mt (26%) of discarded material that might be valorisable in 

some way. In China, processed fish and shellfish products, mainly as frozen foods, surimi, dry-cured 

and canned products, processed algae, fish oils and fishmeal, totalled c. 21Mt in 2015133.   

Materials not used for human or animal consumption such as aquaculture morts and diseased or 

damaged fish from landed catches or aquaculture can be used as is to produce biogas, or balanced 

with cellulosic wastes, as at the Biokraft plant in Norway, which adds pulp and paper outflows to 

salmon morts to generate liquefied bio gas134. Fish oils can also be fractionated to generate biodiesel. 

2 Invertebrates 

2.1 Crustacea 

Crustacean biomass is derived from capture fisheries and wild harvesting and from aquaculture and 

mariculture. The Food from the Oceans report of the 9/Ωǎ {ŎƛŜƴǘƛŦƛŎ !ŘǾƛŎŜ aŜŎƘŀƴƛǎƳ (SAM)135 

pinpoints a role for currently underused species such as krill and other planktonic and mesopelagic 

crustacea in contributing to the task of finding >100Mt per year additional food output from marine 

capture fisheries and aquaculture to 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 is produced either by capture fisheries, or by aquaculture in freshwater and 

marine environments. FAO (2017) gives top-level estimates of amounts available for utilisation136; 

together, c. 170Mt of fish, shellfish and crustacea were landed and harvested in 2015, c. 55% wild-

caught, 45% from aquaculture (see Table 19). Sea and ocean fishing predominates for capture fisheries 

(81Mt vs 11.5Mt freshwater); however, the opposite is true for aquaculture (28Mt marine vs. 49Mt 

freshwater). The top-level distribution of incoming biomass can be seen in Table 19-Table 21 and 

graphically in Figure 5, which also shows the by-products of harvesting and primary processing. 

Table 19 - Production of fish 2015 

Type 
Total 
Mt  

Aquaculture 
Mt  

Capture/wild harvest 
Mt  

FSC total Mt 169.2 76.6 92.6 

FSC inland Mt 60.5 48.8 11.5 

FSC marine Mt 108.2 27.8 81.2 
Source: FAO (2017); FSC = Fish, shellfish and crustacea 

                                                           

132  Cao L., Naylor R. et al. όнлмрύ /ƘƛƴŀΩǎ ŀǉǳŀŎǳƭǘǳǊŜ ŀƴŘ ǘƘŜ ǿƻǊƭŘΩǎ ǿƛƭŘ ŦƛǎƘŜǊƛŜǎ, Science 347(6218): 133-135 Doi: 
10.1126/science.1260149. 

133  Cao L. et al. (2015). 
134  https://www.adven.com/en/news-room/latest-news/biofuel-production-can-be-intensified-biokraft-and-adven-oy-

start-cooperation-norway/?ccm_paging_p_b1853=9. 
135  European Commission High Level Group of Scientific Advisors (2017), Food from the Oceans Scientific Opinion No. 

3/2017, Doi: 10.2777/66235. 
136  FAO (2017). 

https://www.adven.com/en/news-room/latest-news/biofuel-production-can-be-intensified-biokraft-and-adven-oy-start-cooperation-norway/?ccm_paging_p_b1853=9
https://www.adven.com/en/news-room/latest-news/biofuel-production-can-be-intensified-biokraft-and-adven-oy-start-cooperation-norway/?ccm_paging_p_b1853=9
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In capture fisheries, the top 20 species account for c. 28Mt137, (30%), of the total of 92.6Mt ς 2/20 of 

these are crustacea. 

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

Type 
Inland 

Mt  
Marine 

Mt  

Total FSC 11.5 82.3 

Crustacea 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 

Type 
Inland 

Mt  
Marine 

Mt  

Total FSC 48.9 57.1 

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

2.3 Geographic sources of biomass 

China has a commanding position in supply of biomass. It is ǊŜŎƻƎƴƛǎŜŘ ŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǇǊƻŘǳŎŜǊΣ 

processor, exporter and consumer of fish and shellfish138; its aquaculture output was c. 50Mt in 2015, 

including 4.1Mt crustacea (c. 8%).  

In 2015, the ¦{!Ωǎ total production was 5.4Mt, mainly fisheries catch of c. 5Mt (fish, molluscs, 

crustacea) and just over 0.4Mt aquaculture139. Other sources put total fisheries catch at >4.3Mt140; c. 

88% was finfish and c. 12% shellfish, with aquaculture production of c. 0.3Mt of fish and shellfish, 

mainly pond-raised catfish. 

For 2013, Zero Waste Scotland, in the context of a roadmap and strategy for better use of biomass141, 

reported aquaculture production of 176Kt, of which shellfish constituted 7Kt (4%), and landings of 

314Kt, of which shellfish and crustacea were 53Kt (17%).  

Before 2005, the estimate of waste production for Scotland was c. 77Kt pa, mainly from pelagic and 

demersal fish, but including 4.7Kt Nephrops waste. In 2010 c. 10-20Kt wastes were derived from crabs 

and Nephrops in UK142; however, most prawns and shrimps are processed outside UK and imported 

in-shell or de-shelled already, so their contribution is minimal. There is no data for UK-produced or 

processed shrimp.  

Zero Waste Scotland estimated bycatch in 2013 was 183Kt-257Kt (58%-82% more than actual 

landings), which could have been landed and made available for added-value industrial use with 

appropriate on-board technologies and fish-landing policies, plus inputs of fish and shellfish to 

aquaculture feeds at 238Kt143. Total in-processing wastes for landed fish and aquaculture produce 

                                                           

137  All data in this section derived from FAO (2017) except where otherwise stated. 
138  Cao L. et al. (2015). 
139  FAO (2017). 
140  Delaware Sea Grant (2018) Overview of the Seafood Industry, https://www.seafoodhealthfacts.org/seafood-

choices/overview-seafood-industry. 
141  Zero Waste Scotland (2015) Sector study on beer, whisky and fish, Final report ZWS645. 
142  Zero Waste Scotland (2015) Sector study on beer, whisky and fish, Final report ZWS645. 
143  Zero Waste Scotland (2015) Sector study on beer, whisky and fish, Final report ZWS645. 

https://www.seafoodhealthfacts.org/seafood-choices/overview-seafood-industry
https://www.seafoodhealthfacts.org/seafood-choices/overview-seafood-industry
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were estimated at 185Kt, including fish-processing by-products and discarded material 160Kt and 

shellfish wastes c. 25Kt. 

2.4 Biomass with potential for non-food uses 

The world production of fish, shellfish and crustacea in 2013 was 163Mt, capture fisheries and 

aquaculture combined144; of this, 21.4Mt was estimated to be for non-food uses (i.e. 13%)145Φ /ƘƛƴŀΩǎ 

production alone was estimated at 60Mt, of which 3.4Mt was for non-food uses (5%-6%); the global 

ex-China proportion of non-food use is 17.5%.  

Estimates of the volumes of by-products are available for Norway from 2013146; from 3.1Mt of fish 

and crustacea from catches and farming, 0.9Mt of by-products were obtained, a yield of 28% overall. 

Some of the estimates are based on widely-accepted splits between edible elements and by-products, 

such as for crustacea, 50:50. The relative percentage contributions to overall by-products estimates 

are capture fish 60%; aquaculture 39%; and crustacea 1.4%.  

Table 22 Estimates of catches and harvests and resulting by-products, Norway, 2013 

 Total 
Demersal 

fish 
Pelagic fish Aquaculture Crustaceans 

Basis for by-
products (live 
weight) 

3.066.000 775.000 965.000 1.301.000 25.000 

Available by-
products 

867.000 340.000 178.000 336.000 12.500 

Available by-
products as share 
of basis for by-
products 

28% 44% 18% 26% 50% 

{ƻǳǊŎŜ hƭŀŦǎŜƴ Ŝǘ ŀƭΦ όнлмпύΤ ά.ŀǎƛǎ ŦƻǊ ōȅ-ǇǊƻŘǳŎǘǎέ Ґ ǘƻǘŀƭ initial biomass 

2.5 Uses of crustacea biomass 

For crustacea, RRM includes the chitinous shells and the flesh left inside the carapaces. 

For Nephrops, discard rates were 5%-25% in North Sea in 2011, in areas where minimum carapace 

length is 25 mm, and >40% where minimum landing size is 40 mm; a similar wide range was recorded 

in 2013, as high as 65% in small-scale fisheries. For crustacea the estimate of unused by-products is 

59%-64%, mainly due to absence of easy processes for adding value to shells147,148. 

Even if RRM are available, they may be unused: Richardsen et al. (2016) report that the non-usage 

rate for RRM from crustacea was 71%. 

 

                                                           

144  FAO (2017). 
145  According to the Food Balance Section of FAO Handbook (2015). 
146  Olafsen T. et al. (2014). 
147  Olafsen T. et al. (2014). 
148  Carvajal A. (2014). 
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2.5.1 Post-harvest losses 

¢ƘŜ ¦YΩ{ ²ŀǎǘŜ ƛƴƛǘƛŀǘƛǾŜ ²w!t ǊŜǇƻǊǘŜŘ ƛƴ нлмм ǘƘŀǘΣ ƻŦ ǘƻǘŀƭ ŦƛǎƘ ŀƴŘ ǎƘŜƭƭŦƛǎƘ ƛƴǇǳǘǎ ƻŦ м,044Kt, 

350Kt was regarded as non-edible, of which 140Kt were waste and co-products (including retail 

wastes), with 105Kt arising from finfish and 29Kt from shellfish149; most of the material arising in the 

shellfish area is regarded as unavoidable waste and 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% of Nephrops may be removed as heads and claws150. 

2.5.3 Uses of crustacea 

In 2004, UK wastes were estimated at >300Kt pa151; 80% of this was finfish wastes, 20% shellfish & 

crustacea. The finfish wastes were mainly valorisable through production of fishmeal, and the logistics 

of collection and processing were well-established. Shellfish and crustacean wastes were more 

difficult to handle because of the amount of shells, and disposal was the usual management choice, 

costing an estimated £2.7 million όϵо Ƴƛƭƭƛƻƴύ per year to the harvesting and primary processing 

industries. By 2006, landfill had been withdrawn as an option for uncooked shellfish wastes, and 

treatment of wastes to produce fertiliser or soil improver was seen as the best and most economic 

option, particularly composting. 

Non-food uses for crustacea presents challenges because of the high proportion of exoskeleton. 

Crustacean wastes already provide high-value materials, including chitins, chitosans and carotenoids 

such as astaxanthin, and very high-value laboratory reagents from e.g. shrimp meltwater.  

In Scotland, a proof of concept project showed that flesh separated from waste shells, including 

crustacea, could be formed into baits for crabs, lobsters and whelks (seafood processing materials are 

legally usable for baits in the UK)152. At then-current bait prices of £400όϵппфύ-£600όϵстоύ/tonne, the 

bait required would be about 6-7Kt per year for the estimated catch of 30-35Kt of crab, lobster and 

whelk, giving a total potential value of bait from shellfish RRM of c. £3όϵоΦоύ-£3.5όϵоΦфύ million. 

Planktonic crustacea are of increasing interest. Krill 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 high-performance paraffins153. 

2.6 Molluscs 

Molluscs consist of a wide range of bivalve and single-shelled aquatic organisms, including mussels, 

oysters, clams, scallops, abalone, whelks and other gastropods. As lower-trophic species, the 9/Ωǎ 

Scientific Advice Mechanism (SAM)154 sees them as a contributor to meeting the food needs of the 

future. In capture fisheries, molluscs are not included in the top 20 species, but 3/20 of the top 

aquaculture species are molluscan. 

                                                           

149  WRAP (2011) Resource maps for fish across retail & wholesale supply chains Project code RSC009-001 & RSC009-003. 
150  Seafish (2011) Fish Waste Production in the United Kingdom. 
151  Reported in ADAS (2006) Review of the application of shellfish by-products to land, SR586 Seafish 2006, ISBN 0 903941 

49 X. 
152  Seafish (2008) Use of shell-fish by-products in bait. 
153  Ahokas M. (2014). 
154  European Commission High Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017 

Doi:10.2777/66235. 
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Table 23 - Production of fish and seaweed in aquaculture 

Type 
Inland 

Mt  
Marine 

Mt  

Total 48.9 57.1 

Fish 44.1 2.9 

Fish diadromous 5.0 

Crustacea 7.4 

Molluscs 16.4 
Source: FAO (2017); Categories not split between inland and marine in original 

Scotland is a specific case within the UK as the main aquaculture producer (almost 170Kt fish in 2011, 

about 95% salmon at-sea and 5% trout on-land155) as well as having major capture fish landings. For 

2013, Zero Waste Scotland, in the context of a roadmap and strategy for better use of biomass156, 

reported that c. 10% of the aquaculture production of 176Kt was shellfish, and about 17% of the 

landings of 314Kt, though the data does not separate molluscs and crustacea. In 2008, the wastes 

from mollusc fishing in Scotland were c. 75Kt per year: 20Kt flesh and 55Kt shells157. Difficulties were 

noted in making use of this, due to hygiene and the costs of separation, though shells have been 

ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ŦƭŜǎƘ όάŦǊŜŜ ƻŦ ŦƭŜǎƘ ǎƘŜƭƭέύ ŦƻǊ ǳǎŜ ƛƴ ŀƎƎǊŜƎŀǘŜǎ όǊƻŀŘǎ ŜǘŎΦύΦ Lƴ нлмл ŎΦ мл-20Kt wastes 

were derived from crabs and Nephrops in UK; Zero Waste Scotland in 2013 estimated total in-

processing wastes for landed fish and aquaculture produce at 185Kt, including shellfish wastes c. 25Kt. 

Sometimes it is not clear whether the recorded proportions of waste and the utilisation can be 

generalised from a local or regional report. For example, the amount of primary fish wastes in Victoria 

state, Australia, may amount to >11Kt per year; though this is mainly finfish and shark wastes or 

market discards, c. 10% of this is squid and shellfish wastes, plus 500 m3 of scallop shells and viscera. 

2.6.1 Uses of molluscan biomass 

In Scotland, the SARF report158 in 2008 noted non-food uses of shellfish wastes as part of their analysis 

of the potential for better use of aquaculture wastes (Table 24). 

Table 24 - Outputs from processing shellfish wastes 

Waste or discarded 
material 

Process Commodity Use 

Shellfish flesh 
wastes 

Composting, AD, 
heat-treatment 

 
Digestates and residues as liquid 
fertiliser and solid soil improver 

Shellfish shell 
wastes 

Heat treatment, 
crushing 

 
Aggregate, cement; lime fertiliser; 
Calcium source for eg laying hens 

Shellfish viscera Extraction Enzymes 
Laboratory and bioprocess reagents 
eg proteases 

Shellfish and 
crustacean mixed 
wastes 

Crushing, 
binding, 
moulding 

Baits Whelk harvesting 

Source: SARF (2008) 

 

                                                           

155  Meacham T. (2014). 
156  Zero Waste Scotland (2015) Sector study on beer, whisky and fish, Final report ZWS645. 
157  Seafish (2008) Use of shell-fish by-products in bait. 
158  Scottish Aquaculture Research Forum (2008). 
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Non-food uses for molluscs presents challenges because of the high proportion of shell, which is most 

likely to be used as landfill, where this is legally possible, or crushed to provide calcareous fertiliser 

and soil improver. Molluscan shell wastes do not provide anything like the high-value chitosans and 

glucosamines obtainable from crustacean shells. They have been used as aggregate for road-building.  

In Scotland, flesh from waste mollusc and crustacean shells has been used as bait for crabs, lobster 

and whelks, with a potential value of £3-3.5M όϵоΦо-3.9) per year159. Several initiatives round the world 

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

pesticidal properties. 

2.7 Cephalopods 

The percentage of RRM available from cephalopods varies according to type: octopus produce only 

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

of ink sacs, viscera, eyes and beaks; squid RRM also includes skin, fins, the head and tentacles, the 

internal support (the squid pen) and liver (male squid milt is eaten as a delicacy in East Asia); cuttlefish 

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

2.7.1 Uses of cephalopods 

Octopus RRM (viscera) have been converted into a histamine and tyrosine-free low-microbe count 

material using microbial fermentation and ensiling160. Cephalopod meat is used as bait for sport and 

commercial line-fishing. 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. Squid pens, squid 

skins and sucker ring cartilages may be used as sources of chitin/chitosan and collagens; nutritional 

and pharmaceutical ingredients such as high-omega-3 fatty acids, taurine, anti-cancer peptides and 

protamine can also be isolated from livers, viscera oil, ink and milt161. Squid Rest Raw Materials can be 

hydrolysed as for fish trimmings to produce a liquid fertiliser162. 

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 wastage. The Food from the Oceans report of the 9/Ωǎ 

Scientific Advice Mechanism (SAM)163 and the evidence review by Science Advice for Policy by 

European Academies (SAPEA)164 pinpoint 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 lower-trophic organisms, and a contributor of c. 50% of 

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

                                                           

159  Seafish (2008) Use of shell-fish by-products in bait. 
160  Harrabi H., Leroi F. et al. (2017) Biological silages from Tunisian shrimp and octopus by-products, J Aquatic Food Prod 

Tech 26(3): Doi: 10.1080/10498850.2016.1145160. 
161  Kim S.M., Gangneung-Wonju National University, Republic of Korea, Reduction and Utilization of Squid Wastes 

http://www .fftc.agnet.org/library.php?func=view&id=20150106145750. 
162  See https://www.ams.usda.gov/sites/default/files/media/Squid-TR-011216.pdf. 
163  European Commission High Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017 

Doi: 10.2777/66235. 
164  SAPEA (2017) SAPEA Evidence Review Report No. 1: Food from the Oceans https://www.sapea.info/wp-

content/uploads/FFOFINALREPORT.pdf, Doi: 10.26356/foodfromtheoceans. 

http://www.fftc.agnet.org/library.php?func=view&id=20150106145750
https://www.ams.usda.gov/sites/default/files/media/Squid-TR-011216.pdf
https://www.sapea.info/wp-content/uploads/FFOFINALREPORT.pdf
https://www.sapea.info/wp-content/uploads/FFOFINALREPORT.pdf
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3.1.1 Biomass amounts of seaweeds 

FAO (2017) gives top-level estimates of amounts available for utilisation165; c. 31Mt aquatic plants, 

mainly seaweeds were produced in 2015, 1.1Mt wild-harvested and 29Mt from seaweed farming. 

Table 25 - Production of fish and seaweed 2015 

Type Aquaculture 
Mt  

Capture/wild 
harvest Mt 

Seaweeds 29.4 1.1 

of which 
Inland 
Marine 

 
0.1 
29.3 

 
- 

1.1 
Source: FAO (2017); FSC = Fish, shellfish and crustacea. 

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 recoverable for industrial added-value uses world-

wide. 

Production of macro- and 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 used for healthfoods, nutritional supplements 

and antioxidant pigments for humans and animals, mainly Dunaliella, Spirulina, Haematococcus, was 

produced in 2016166. 

3.1.2 Geographic sources of seaweed biomass 

Again, China has a commanding position in supply of biomass. Table 26 shows that it is at No 1 or 2 

for seaweed production. European countries are in the top 10, but only for wild-harvesting of 

seaweed. 

Table 26 - International landscape of seaweed production 2015 

Position 
Wild-harvest 
seaweeds Mt 

Farmed seaweeds 
Mt  

#1 Chile 0.35 China 13.9 

#2 China 0.26 Indonesia 11.3 

#3 Norway 0.15 Philippines 1.6 

#4 Japan 0.09 South Korea 1.2 

#5 Indonesia 0.08 North Korea 0.5 

#6 Ireland 0.03 Japan 0.4 

#7 France 0.019 Malaysia 0.26 

#8 India 0.019 Zanzibar 0.17 

#9 Iceland 0.017 Madagascar 0.015 

#10 Peru 0.015 
Solomon Islands 
0.012 

Source: FAO (2017) 

 

                                                           

165  FAO (2017). 
166  Algae Market, By Application, By Cultivation Technology, and Geography - Global Industry Analysis, Size, Share, Growth, 

Trends, and Forecast - 2016-2024, Report ID TMRGL14804, Transparency Market Research 2016 
https://www.transparencymarketresearch.com/algae-market.html. 

https://www.transparencymarketresearch.com/algae-market.html
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Norway is No 3 in the world for wild-harvested seaweed after Chile and China. 

In 2015, China produced 2Mt algae. It is also a massive consumer of seaweeds. 

The FAO database has only general information for production or harvesting of seaweeds, and none 

for some countries such as the UK, for which there are no other comprehensive estimates of seaweed 

production including wild-harvested, farmed and storm-cast167. The total wild harvest in the UK was 

estimated at c. 6Kt in 2012168; the UK macroalgae industry of 15 SMEs had a turnover of c. £1όϵмΦмнύ-

£1.3όϵмΦпсύ million. Beach-cast seaweeds, unquantified amounts, are used mainly for soil 

improvement and fertilisation169. Another estimate puts dry-weight harvest at 2-3Kt170; this is 

equivalent to wet weight of 20-30Kt, in the same range as estimates for sustainable harvestable stocks 

of 15-25Kt yield per year from c. 170Kt in the Outer Hebrides (Burrows et al. 2010)171.  

3.1.3 Seaweed potential for non-food uses 

FAO data (2017) gives the weight of wild-harvested seaweeds 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 food-chain, but also have large established markets 

for processed food ingredients, as valuable marine hydrocolloids, and non-food uses in farming, 

animal nutrition and increasingly for bioactive molecules (see Figure 11, which gives amounts in dry 

weight)172. There is a drive to increase production of farmed seaweed to develop new uses, including 

ingredients for human and animal nutrition, biomass for production of bioenergy and biomaterials, 

and sources of bioactive molecules so far not widely exploited. 

Figure 11 - Seaweeds ς inputs and processed seaweed products 2010 

Source: Nayar and Bott 2014 

                                                           

167  Capuzzo E. and McKie T. (2016) Seaweed in the UK and abroad ς status, products, limitations, gaps and Cefas role, Cefas 
contract report FC0021, 22 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 M.A. (2010) A review of initiatives and related R&D undertaken in the UK and internationally regarding the use of 
macroalgae as a basis for biofuel production and other non-food uses relevant to Scotland. Report commissioned by 
Marine Scotland. 

170  Schlarb-Ridley B. and Parker B. (2013) A UK Roadmap for Algal Technologies, NERC-TSB Algal Bioenergy-SIG.  
171  Burrows M.T., Macleod M. and Orr K. (2010) Mapping the intertidal seaweed resources of the Outer Hebrides SAMS 

Internal Report No 269 SAMS/Hebridean Seaweed. 
172  Nayar S. and Bott K. (2014) Current status of global cultivated seaweed production and markets, World Aquaculture, 

June 2014. 

http://www.netalgae.eu/uploadedfiles/UK_1.pdf
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In Ireland and France, a heavily-calcified seaweed, maerl (Phymatolithon calcareum and 

Lithothamnion glaciale), 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 harvested from the 30 or so species commonly used is directly 

consumed as food or processed for food ingredients such as flavourings. 20% is used for its 

hydrocolloid content (agar, alginates and carrageenans), with a long history as ingredients in foods, 

microbiology media, pharmaceutical excipients, cosmetic ingredients, research reagents, water-

treatment flocculants and other specific uses. Approx. 1Mt wet weight of seaweeds yields 55Kt of 

hydrocolloids173. Derivatised hydrocolloids and other components of seaweeds such as phlorotannins 

and fucoidans have also been used in cosmetics, cosmeceuticals and nutraceuticals. Some seaweeds 

are used for animal feed ς Norway pioneered the use of seaweed meal in feed; it takes 5kt of wet 

seaweed to produce 1kt of dried and milled meal. Seaweed is also used in agriculture and horticulture, 

dried and applied as fertiliser or liquefied as an extract; it takes 10kt wet weight to yield 1kt extract. 

Residual material may be processed for its content of phlorotannins and other bioactive ingredients 

and is then suitable for anaerobic digestion. Newer uses might include production of biochar and 

pyrolytic conversion for biodiesel, or deliberate use within multitrophic aquaculture systems as 

remediators of nutrient over-supply, and there are also moves to establish seaweed biorefineries. It 

ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŜŜ ǿƘŀǘ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ΨǿŀǎǘŜǎΩ ƻǊ ΨǳƴŘŜǊ-ǳǎŜŘΩ ƳŀǘŜǊƛŀƭǎ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǎŜŀǿŜŜŘΥ 

examples might be the residues from extraction of hydrocolloids; and storm- or tidal-cast seaweed.  

More optimistically, it has been proposed that seaweed farming be intensified to yield 500Mt dry 

weight per year by 2050174. This amount could produce 150Mt of algal protein for animal feeds, and 

c. 15Mt of algal oil, with positive impacts on the marine environment through removal of 135Mt 

carbon, 10Mt nitrogen and 1Mt phosphorus and on the terrestrial environment by sparing 1M Km2 of 

agricultural land. However, in 2015, c. 27M tonnes wet weight of seaweed were produced175; it is 

difficult to see how and where sufficient wet weight to produce 500Mt dry weight 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 aquaculture and mariculture than wild-harvested. An 

estimated 16.7Kt dry mass of species used for healthfoods, nutritional supplements and antioxidant 

pigments for humans and animals, mainly Dunaliella, Spirulina, Haematococcus, was produced in 

2016176. The global market is projected to grow in value by 7.4% per year between 2016 and 2024, 

from $0.6B όϵлΦр.ύ to $1.1B όϵлΦф.ύ, and in volume by 5.3% per year to reach 27.6Kt dry weight. 

3.2.2 Microalgal biomass with potential for non-food uses 

Microalgae are not usually wild-harvested and there are no estimates of the total mass of wild 

microalgae that could be utilised. Farmed algae include Dunaliella and Spirulina, used for their 

carotenoid, antioxidant and pigment content as powdered whole organisms or extracts, cultivated in 

ponds or raceways in warmer and sunnier countries. These and other microalgae are currently under 

research and development for water remediation, production of algal oils (replacing fish oils), 

                                                           

173  McHugh D.J. (2003) A guide to the seaweed industry. FAO Technical Paper No. 441. 
174  Seaweed Aquaculture for food security, income generation and environmental health in tropical developing countries, 

World Bank Group. 
175  FAO (2017). 
176  Transparency Market Research (2016) https://www.transparencymarketresearch.com/algae-market.html. 

https://www.transparencymarketresearch.com/algae-market.html
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production of algal proteins for animal and human feeding, and high-energy oils for biofuels. 

Microalgae require open ponds with access to sunlight, photobioreactors with daylight-wavelength 

artificial light or fermentation vessels with added nutrients.  

The major uses are oil production for biofuel, docosahexaenoic acid for nutritional and pharmaceutical 

uses, residual proteins and carotenoid anti-oxidants. Algal biomass provides c. 42% of current biofuels 

including biodiesel, fuel alcohols, kerosene and jet fuel. In 2015, c. 54% of the total market revenue 

came from DHA sales. Production is mainly low-technology; open ponds, concentrated in sub-tropical 

regions and zones of high sunshine, provided almost $0.5B όϵлΦпн.ύ product sales. Photobioreactors 

and fermenters are a growing segment mainly dedicated to higher-value products. North America, 

which houses >130 companies active in microalgal production and processing, has developed this 

position due to heavy investment in biofuels ς one tonne of algae yields >100L biodiesel. In other 

regions, algal systems are emerging for wastewater processing and CO2 capture and use. Algal 

bioplastics are also being developed. 

Because of the costs of establishing large-scale facilities, the concept of algal biorefineries is driving 

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 available for other value-added uses. Although 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 even near-potable 

quality. Data for several fish and shellfish processing activities from Canada suggests that biological 

oxygen demand (BOD) and total suspended solids are far higher than for meat rendering and 

household wastewater outflows177; this would make them good candidates for microalgal 

remediation. 

Table 27 ς Typical wastewater discharge characteristics 

Processing sector BOD mg/L TSS mg/L NH3 mg/L 

Crab processing 180-1280 80-815 6-13 

Shrimp processing 530-1240 240-660  

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 Thomas (2003) 

Microalgae can be used for water remediation of processing plants, but there are inevitable residues 

to deal with, e.g. in Victoria state, Australia, the management of >11Kt fish wastes pa involves the 

production of 1Kt wet microalgal biomass from the waste treatment ponds178. Material from petfood 

manufactured in the state using fish by-products amounted to >3Kt of processing wastes and >11Kt 

of discharge sludge, but there is no mention of whether microalgae were used for remediation or 

digestion.  

                                                           

177  Park L. and Thomas T. (2003) Management of Wastes from Seafood Processing 
http://coinatlantic.ca/images/documents/presentations/46mfpw.pdf. 

178  Gavine F.M., Gunasekera R.M. et al. (1999) Value-adding to seafood, aquatic and fisheries waste through aquafeed 
development Project No 1999/424 Fisheries Research & Development Corporation, Victoria. 

http://coinatlantic.ca/images/documents/presentations/46mfpw.pdf
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4 Current practices 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 the landing obligation, 

rather than being discarded at sea179. 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, and freezing (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 considered. The general view for finfish is that the largest potential 

for by-product valorisation lies in better utilisation of the wastes from on-board processing180. 

Therefore, there is some way to go in overcoming entrenched attitudes, if innovative approaches are 

to be developed and taken up. 

It is recognised that there is a need for improvement in the management of aquatic and marine 

biomass, for both food and non-food purposes. In October 2016, the European Commission (DG 

Research & Innovation) held a workshop on making better food use of marine and aquaculture 

biomass and the steps needed to achieve this181. The three main topics were Underused fish biomass, 

New algae value chains for food and Consumer acceptability of aquaculture products. This workshop 

could be a model for one focusing on non-food uses of fish, shellfish and seaweeds and new non-food 

uses for microalgae, organised by DG MARE. 

The World Bank projection182 is that, by 2030, total fish supply will be c. 187 million tonnes (Mt), 50:50 

capture and aquaculture; c. 152Mt will be used for human consumption, 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 uses (including fishmeal), an increase of 16% biomass volume since 2008. Aquaculture is 

expected to show the greatest growth in supply, with production increased by >75% over a 20+-year 

period and consumption almost doubling, but the World Bank expects all of the aquaculture 

production to be used for human food (see Table 28). In this scenario, development of additional non-

food uses is dependent on the gap between a small increase in landings from capture fisheries and fall 

in their overall consumption. This in turn suggests 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 

Source of fish 
Total supply (Mt) Total consumption (Mt) 

2008 
Projected 
to 2030 

Growth 
% 

2008 Projected 
to 2030 

Growth 
% 

Capture fisheries 89.4 93.2 +4.2% 64.5 58.2 -9.0% 

Aquaculture 52.8 93.6 +77% 47.2 93.6 +98% 

Total 142.3 186.8 +31% 111.7 151.2 +35% 

Surplus for non-food use 30.6 35.6 +16% 
Source: adapted from Msangi et al. (2013) 

                                                           

179  Mangi S.C. and Catchpole T.L. (2012) SR661 ς Utilising discards not intended for human consumption in bulk outlets, 
Cefas and Seafish ISBN 978-1-906634-67-4. 

180  Jouvenot L. (2015). 
181  Aquatic food products and new marine value chains ς reinforcing EU Research and Innovation policy for food & 

nutrition security. Report of a workshop, EU 2016. 
https://ec.europa.eu/info/sites/info/files/conferences/food2030_2016/w2_aquatic_food_new_marine_value_chains_f
ull_report.pdf. 

182  Msangi S. et al. (2013). 

https://ec.europa.eu/info/sites/info/files/conferences/food2030_2016/w2_aquatic_food_new_marine_value_chains_full_report.pdf
https://ec.europa.eu/info/sites/info/files/conferences/food2030_2016/w2_aquatic_food_new_marine_value_chains_full_report.pdf
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Lƴ ǘƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ ǎŎŜƴŀǊƛƻΣ ǘƘŜ ƘŀǊǾŜǎǘǎ ƛƴ 9ǳǊƻǇŜ ŀƴŘ /ŜƴǘǊŀƭ !ǎƛŀ όƛƴŎƭǳŘƛƴƎ ǘƘŜ /ŀǎǇƛŀƴΣ !Ǌŀƭ ŀƴŘ 

Black Seas and landlocked aquaculture areas between Russia and China) increase by 8.5% from 14.6Mt 

in 2008 to 15.8Mt in 2030, when they represent 8.45% of the total. Comparable figures for China and 

for the rest of Asia, including Asia-Pacific, are an increase of 40% to 70Mt and 60.5Mt respectively, 

representing 37% and 32.4% resp. of the total. The majority of production, 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 ingenuity could be applied to the 

material other than turning it into fishmeal and fertiliser. The head may occupy 20-25% of the fish, the 

viscera including guts and roes a further 10%-25% of whole fish. Gutted fish is 62% edible flesh, 

including 46% skinless fillet, but is still 38% wastes. Headless fish may have >50% easily-usable meat 

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

scraps 8%.  

Consumer behaviour is often cited as a reason for slow rate of change in sectors where change is 

needed for improved use of resources. Consumption patterns show that consumer preferences can 

change over a period. In the US, for example, annual consumption of aquaculture salmon tripled from 

0.3 kg per person to 1 kg in the period 1990-2016 and annual tilapia consumption rose from c. 0.2 kg 

per person each year to c. 0.7Kg between 2001 and 2010183. With landing obligations and other 

instruments bringing unfamiliar species to land, and projected increases in aquaculture output targets, 

there will be increased biomass available, where ingenuity and market adaptations 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 progress in use of marine and aquatic biomass are: 

¶ Better and more consistent information about biomass types and sources; 

¶ Technological innovations for processing and value-preservation of biomass; 

¶ Policy frameworks that support supply chains in developing and marketing new products. 

Improving the efficiency of capture fisheries requires radical change such as removing overcapacity in 

ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǎƘƛƴƎ ŦƭŜŜǘǎΣ ƛƳǇƻǎƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ƻƴ ƻǾŜǊ-exploitation, redressing the balance 

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 $400BΣ ƛΦŜΦ ϵопн.Σ food fish market), 

and improving access to and use of under-used species184. Losses at production level due to structural 

problems are estimated at a mean of $50B όϵпо.ύ ǇŜǊ ȅŜŀǊ.  

Policy changes that incorporate technological changes to capture methods and fishing equipment may 

be needed to deal with some structural challenges to reduction of discards. Historical figures for the 

North, Celtic and Baltic Seas and west of Scotland show the scale of loss of biomass to further use185. 

For cod, in 2011 overall 25%-35% of total catch was discarded, mainly due to undersize/underage ς 

the majority of discards from 1-2-year-old 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 Grant (2018) Overview of the US seafood supply https://www.seafoodhealthfacts.org/seafood-
choices/overview-us-seafood-supply. 

184  Willmann R., Kelleher K. et al. (2009) The Sunken Billions: The economic justification for fisheries reform, The 
International Bank for Reconstruction and Development/World Bank, Doi: 10.1596/978-0-8213-7790-1. 

185  Green K. (2012, 2013, 2014) ICES advice - commentary on discards, Seafish. 

https://www.seafoodhealthfacts.org/seafood-choices/overview-us-seafood-supply
https://www.seafoodhealthfacts.org/seafood-choices/overview-us-seafood-supply
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in 2013); the Irish Sea 36% of 324Kt in 2013; the Baltic Sea, about 7% of the cod catch was discarded, 

but unwanted flatfish (unquantified) are also caught in trawl-nets. For haddock from Celtic Sea and 

west of Scotland, discard rates ranged from 20%-53%, except in Irish Sea from Nephrops fleets, where 

haddock by-catch discards were as high as 93%-100% of fish aged 1-2 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 in Rockall, the 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, by-catch and mismatch between net mesh sizes and 

fish sizes and reached 17% of est. 109Kt catches in 2013. For plaice, mismatch between mesh size and 

minimum landing size also results in high to very high discard rates, of 30%-70%. The multiplicity of 

reasons for discards, even though the overall rates may now be falling, means there is not likely to be 

ŀ ΨƻƴŜ ǎƛȊŜ Ŧƛǘǎ ŀƭƭΩ ƻǇǇƻǊǘǳƴƛǘȅΦ 

The EU Aquatic Food Products workshop (2016) recommended a number of initiatives spanning these 

areas, including producing a roadmap, supporting regional pilot plants at semi-industrial scale and 

funding larger regional bio-refineries or algal lighthouse projects186. Discussion also mentioned a need 

to better monitor the types and amounts of marine and aquaculture biomass that might be directed 

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

landing obligation regulations. 

It could be realistic to recommend that consideration of non-food 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 

development of EU aquaculture187 more relevant in the context of the Circular [Blue] Bioeconomy. 

An analysis of Pacific tuna fisheries noted a number of structural aspects of ensuring that the full value 

of wasted or under-used material could be retrieved188. These included consistent quantity and 

geographical concentration of by-products; suitable type and quality of by-products for their proposed 

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 support decision-making for development. Policy 

recommendations were 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 approaches are needed; encourage cooperation between biomass producers to create enough 

volume for new business opportunities; improve sanitary standards in managing by-product materials; 

and enhance distribution channels for market development (i.e. promote enhancement of existing 

value chains and development of new ones). This analysis and recommendation, though developed in 

the Pacific, could equally apply to Europe. 

                                                           

186  Report of the Aquatic Food Products workshop EU (2016). 
187  COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN 

ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS Strategic Guidelines for the sustainable 
development of EU aquaculture, COM (2013), 229 final, 29.4.2013. 

188  Bergé et al. (2014). 
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4.2.1 Better information 

¢ƘŜ 9/Ωǎ {!a189 and the SAPEA190 note that it is difficult to take action on eliminating waste from 

harvested wild stocks because of lack of data and traceability mechanisms. They advise that the 

EUROSTAT/EUMOFA EU data collection framework should be used to record more reliable data.  

The Scottish Aquaculture Research Forum has noted that, to understand and make better use of the 

materials, more-detailed definitions are needed, especially in terms of classifying waste in relation to 

its constituent parts, and getting more-detailed data, rather than top-line aggregated data191.  

4.2.2 Technological needs 

Within Europe and North America, current constraints on better non-food use of aquaculture and 

marine biomass are a lack of easy-to-access appropriate-scale processing systems for transformations 

such as better-quality fish oils, and absence of rigorous sorting, lower temperature processes and 

rigorous traceability, for the highest-value transformations such as pharmaceuticals and 

nutraceuticals. 

Innovation and technology development is needed to provide more capacity for on-board storage, 

delivery and processing of discards and offal and on-board assessment of the suitability of the 

processed material for feed ingredient use further along the value chain192. 

For shellfish and crustacea, waste processing plants need to be built into the food processing plants 

to avoid the usual charges for collection and disposal by anaerobic digestion, landfill, incineration, 

rendering, ensiling or composting; in 2007, charges ranged from £25-£160 όϵну-ϵмулύ per tonne, plus 

transport costs193. Disposal costs for shellfish wastes can be high ς in Scotland, £30-£60/t όϵоп-ϵстκǘύ 

was reported in 2008194, which might be thought of as providing an incentive for innovation in finding 

added-value uses - in 2009, c. 63Kt shellfish waste cost almost £3 million όϵоΦп Ƴƛƭƭƛƻn) to dispose of195.  

4.2.3 Policy initiatives 

In the USA, the policies suggested to reduce bycatch and at-sea discards include bycatch quotas, 

ōȅŎŀǘŎƘ ǘŀȄŜǎ ŎƻƳōƛƴŜ ǿƛǘƘ Ŧǳƭƭ ƻōǎŜǊǾŜǊ ŎƻǾŜǊŀƎŜ ŀƴŘ ƭŀƴŘƛƴƎǎ ƛƴǎǇŜŎǘƛƻƴΣ ŀ ΨŘŜŜƳŜŘ ǾŀƭǳŜΩ 

approach as in New Zealand, over-quota auctions as in Iceland, and value-chain approaches such as 

eco-labelling and traceability196. Better recording of bycatch and discards and improved fishing gear 

with associated incentive funding will also contribute. 

Drivers for change include both availability and price: in the period 2000-2008, global aquaculture 

production increased by 62% while fishmeal supply fell by 12%, indicating strong efforts to make fish-

feeds less reliant on inclusion of fishmeal and fish oils. However, in the 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 Commission High Level Group of Scientific Advisors (2017) Food from the Oceans Scientific Opinion No. 3/2017 
doi:10.2777/66235. 

190  SAPEA (2017) SAPEA Evidence Review Report No. 1: Food from the Oceans https://www.sapea.info/wp-
content/uploads/FFOFINALREPORT.pdf, Doi: 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 shell-fish by-products in bait. 
195  Seafish (2009) Use of anaerobic digestion for shellfish waste in Orkney. 
196  Keledjian A., Young S. et al. (2014) Wasted cash: the price of waste in the US fishing industry, Oceana 2014. 

https://www.sapea.info/wp-content/uploads/FFOFINALREPORT.pdf
https://www.sapea.info/wp-content/uploads/FFOFINALREPORT.pdf
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oils by 70%, but with only an 85% increase in availability from reduction fisheries and capture fishery 

RRM197. Use of alternative sources for protein and oils and lower-trophic species is expected to grow. 

The current re-working of the EU Bioeconomy Strategy, to recognise the changes since 2012 in what 

is feasible and what is needed in terms of updating policy and actions, supports better understanding 

of the environmental impacts of biomass production and an increased use of waste and aquatic 

resources not competing with food production198. 

There are also ecological challenges to reducing discards. In the Mediterranean, though there are only 

30 regularly-marketed 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 exist199. A full listing is available of 

the extensive range of species that may eventually be brought to land in the EU with no obvious 

market for them200. These species might be usable for non-food purposes but the difficulty lies in 

managing inconsistent quantities through the year.  

Some factors to consider in biomass availability for non-food use: 

Å 75%+ of fish is potential by-product source; uses are already established and practices may be 

difficult to change. 

Å Geography of major fishing/production: of the Top Ten countries, 6 in marine fisheries and 6 

in Freshwater capture, and the majority of aquaculture and seaweed producers are in Asia not 

Europe, so may not be influenceable directly. 

Å Trends in fisheries catches: discards and landing obligation; species brought to market; fishing 

technologies to reduce bycatch ς may decrease or increase available non-food biomass. 

Å Trends in shifting small oil-rich pelagic fish from fishmeal to human consumption; increased 

retention and use of all edible trimmings for fish mince, extracts, fishmeal/fish oil may 

decrease availability of higher-value RRM. 

Å Smaller-scale on-land and on-board technical systems for more efficient processing will 

decrease availability of RRM. 

Å Geographical logistics of collecting and transporting make valorisation difficult in some areas. 

4.3 End procedures 

Currently, the final procedures used for different types of fisheries and aquaculture by-products and 

wastes include: 

¶ Chemical or enzymatic hydrolysis 

¶ Composting 

¶ Ensiling 

¶ Anaerobic digestion 

¶ Landfill. 

There is no data on how much material enters the current final-stage processes. Hydrolysis has the 

potential to generate higher-value material if the inputs are of high quality and indeed is used on 

edible trimmings and other food-grade materials to produce fish protein hydrolysates, concentrates 

and flavouring products for human consumption. Especially in fisheries where a high percentage of 

                                                           

197  Msangi S. et al. (2013) World Bank. 
198  https://ec.europa.eu/info/law/betaater-regulation/initiatives/ares-2018-975361_en.  
199  Fitzpatrick M., Quetglas T. et al. (2017) Year 2 of the Landing Obligation: Key Issues in Mediterranean fisheries DiscardLess 

Policy Brief Number 2 doi:10.5281/zenodo.573666. 
200  EU Discard Annex: Studies in the Field of the Common Fisheries Policy and Maritime Affairs, Lot 4: Impact Assessment 

Studies related to the CFP, EU, March 2011. 

https://ec.europa.eu/info/law/betaater-regulation/initiatives/ares-2018-975361_en
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the fish remains after filleting, such as tuna, where only about 30% is used directly for food, hydrolysis 

to high-quality fish protein hydrolysate and concentrate seems promising201. 

Anaerobic digestion could deal with mollusc shell+flesh wastes and crustacean carapace wastes, 

generating biogas, reducing volume of material, and yielding land or horticulture fertiliser as residue, 

but the mineral content makes the process rather difficult. Dealing with crustacean shell e.g. crab 

requires a redesign of conventional anaerobic digestion to prevent particles settling and clogging the 

anaerobic digestion reactor, but it is possible: shells are crushed and pasteurised then heated at 

>90degC for one hour before adding to the anaerobic digestion reactor, then >70degC for 1 hr. before 

adding digestate then fermenting202. 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 large-scale work is commissioned. However, anaerobic digestion as a means 

of disposing of such wastes is still viable here, provided smaller-scale digesters are used that can be 

transported as needed, according to the supply-points of material; this argues for appropriate logistics 

to cope with geography. 

Composting fish waste, including co-composting with seaweeds, has been shown to produce a high-

performance fertiliser for horticulture203. 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 the source biomass (food-quality or not), including extraction of 

oils, phospholipids, soluble proteins, fish protein isolate, astaxanthins and other antioxidants. As it is 

often used for materials such as fish morts or diseased and damaged material, there will usually be 

regulations controlling what the outputs can then be used for. AD is a useful tool for reducing plant 

energy costs. 

Norway possibly leads the way in in Europe in developing new value-added uses, or making existing 

ones more feasible technically and logistically204. SINTEF notes that 290Kt of high-quality RRM is 

capable of producing 43Kt lipids, which can be fractionated to yield 6.5Kt of higher-value omega-3 

lipids for human consumption, and 58Kt fish proteins for human consumption also. The oils come from 

RRM from salmon and trout aquaculture and the pelagic filleting industry, livers from cod or other 

white fish species (both wild and farmed), and oils from crustacea such as Calanus and krill. Fish 

proteins from RRM can be further processed by hydrolysis 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, approximately in degree 

of ease and timescales for achievement, are: 

¶ 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 N.H., Rosma A. and Wan Nadiah W.A. (2011) The tuna fishing industry: a new outlook on fish protein isolates, 
Comp Rev Food Sci Food Safety 10: 195-207 Doi: 10.1111/j.1541-4337.2011.00155.x. 

202  SeaFish Authority (2009) Anaerobic digestion food waste, Orkney. 
203  Illera-Vives M., Seoane Labandeira S. et al. (2015) Evaluation of compost from seaweed and fish waste as a fertilizer for 

horticultural use, Scientia Hort 186: 101-107. 
204  SINTEF Fisheries and Aquaculture, New value added products from rest raw material. Protein hydrolysates and lipids, 

https://www.sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandtering/-nordic-pelagic-
workshop/11_100830-rest-raw-materials-from-herring.pdf. 

https://www.sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandtering/-nordic-pelagic-workshop/11_100830-rest-raw-materials-from-herring.pdf
https://www.sintef.no/globalassets/upload/fiskeri_og_havbruk/foredling/forstehandtering/-nordic-pelagic-workshop/11_100830-rest-raw-materials-from-herring.pdf
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¶ Moving the utilisation of pelagic catches from reduction for fishmeal and fish oils to human 

consumption. 

¶ Innovation in aquaculture feeds, replacing fish-origin materials by plant-, algal- and insect-

origin materials (proteins, oils, bioactives), releasing fish biomass for other uses. 

¶ Maturing technologies for cultivating microalgae on a larger scale. 

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

hydrocolloids. 

¶ Growing interest in farmable marine invertebrates as food and sources of bioactives ς an 

example is sea cucumbers. 

¶ Exploration of the potential of mesopelagic catches (fish and invertebrates) for by-products 

conversion or for direct human consumption. 

Conventional fisheries take demersal (bottom-dwellers such as flatfish) or pelagic (upper-layer) 

species. A new trend is exploitation of mesopelagic areas of the seas. The imposition of landing 

obligations for species currently covered by quota, fish from target species that would previously have 

been disposed of, and bycatch may well increase fishing for mesopelagic species205. Mesopelagic 

biomass lies at depths between 100 metres and 1000 metres below sea-level and often undertakes 

diurnal migrations from lower to upper depths of the water column. It has been estimated there is 

anywhere between 1 billion and 10 billion tonnes206 of harvestable biomass. Squid fisheries are an 

example of an established mesopelagic activity, and krill trawling is an example of a developing 

mesopelagic fishery. Fishing for the copepod Calanus finmarchicus has been in experimental status in 

Norwegian waters for some time207. Because of size (often small), appearance (e.g. large eyes, large 

ǘŜŜǘƘύ ƻǊ ōƻŘȅ ŎƻƳǇƻǎƛǘƛƻƴ όǾŜǊȅ ΨŦƛǎƘȅΩ ƻƛƭǎ ŀƴŘ ǿŀȄȅ ŜǎǘŜǊǎύΣ ƛǘ ƛǎ ǘƘƻǳƎƘǘ ǘƘŀǘ Ƴƻǎǘ ƛŦ ƴƻǘ ŀƭƭ 

mesopelagic fish would 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 oil-rich fish from animal feed to human food. Purification of oils to generate omega-3 

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 2000s208. The Icelandic experience 

has not been completely successful209; early work in local deeper waters found 99 species from 43 

families of fish, including the beaked redfish Sebastes mentella, a target for mesopelagic fishing, plus 

krill and jellyfish. Experimental fishing for pearlside (Maurolicus spp) began in the late 2000s; total 

catch size fell from >46Kt in 2009 to 18Kt in 2010 and none in 2013-2016, when lanternfishes, krill and 

jellyfish formed the major part of the catch. 

Some mesopelagic organisms such as lanternfishes appear to have a very large role in carbon cycling 

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

                                                           

205  Prellezo R. (2018) Exploring the economic viability of a mesopelagic fishery in the Bay of Biscay, ICES J Marine Sci, Doi: 
10.1093/icesjms/fsy001. 

206  St John M.A., Borja A. et al. (2016) A dark hole in our understanding of marine ecosystems and their services: Perspectives 
from the mesopelagic community, Frontiers Marine Sci 3:31, Doi: 10.3389/fmars.2016.00031. 

207  Forbord M., Falk-Andersson J. et al. (2017) Current Industrial uses of biological resources and products in Norway: A 
cross-sectoral view on the bio economy, Norut Report 12/2017 ISBN 978-82-7492-358-4. 

208  Sigurðsson (2017) Mesopelagic fish. The Icelandic case, North Atlantic Seafood Forum 2017, Bergen 7.3.2017. 
209  Sigurðsson (2017) Mesopelagic fish. The Icelandic case, North Atlantic Seafood Forum 2017, Bergen 7.3.2017. 
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mesopelagic depths may well have a significant upward impact on the amount of by-products and rest 

raw materials available for non-food uses. 

What also prevents larger-scale mesopelagic fishing at the moment is the cost and effort of access to 

these deeper waters and the need to redesign fishing gear to catch the target fish and not by-catch. 

Technology innovation is needed, with a focus on efficiency and cost of capture and processing. 

Other wild catches with potential non-food use include invertebrates such as krill and other planktonic 

crustacea (251Kt wild-caught in 2015); jellyfish; seasquirts and tunicates (3.8Kt); coelenterates such 

as sea cucumbers (30Kt-50Kt est. in 2008210; $4.6B όϵп.ύ global sales211); echinoderms (114.5Kt); and 

aquatic plants other than seaweeds.  

Currently underutilised resources of increasing interest are mesopelagic fish and invertebrates, low-

trophic plankton & vegetation eaters, macro- and microalgae, if suitable cost-effective ways can be 

found of catching or wild-harvesting them.  This may generate additional biomass for non-food uses, 

including e.g. high-value pharmaceutical molecules, nutritional ingredients for animals and humans, 

seaweed for bioplastics. 

In the context of trends in policy, DiscardLess212 has reviewed the situation in Alaska, where a discard 

ban was introduced in 1998 and stringently enforced since then; discard rates for Pacific cod fell from 

c. 7% to 0.4% and for pollock to <1%. Bycatch rates are <2% for mandatory pelagic trawls. Such policy 

changes, if successful, have the effect of reducing the amount of biomass that might be available for 

non-food utilisation. 

¢ƘŜ h9/5Ωǎ ǊŜǇƻǊǘ ƻƴ ƳŀǊƛƴŜ ōƛƻǘŜŎƘƴƻƭƻƎȅ Ǉƻƛƴǘǎ ǘƻ ƛƴǘŜƎǊŀǘŜŘ ƳŀǊƛƴŜ ōƛƻǊŜŦƛƴŜǊƛŜǎ ŀǎ ōŜƛƴƎ ǘƘŜ 

most viable way forward213. 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 

aquaculture. The concepts involved in the Circular Economy and Circular Bioeconomy have meshed 

with the concept of biorefineries, originally envisaged for carbohydrate-rich cereals or sugarcane 

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

the biorefinery is seen as a valorising and value-recovering tool to deal with undifferentiated biomass 

of variable quality and input specifications. This approach is partly developed for fish and algal 

biomass:  

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

¶ microalgal biomass may be grown on fish-processing waters (a waste material not considered 

often enough as a source of value) or on hydrolysed fish and shellfish wastes, for direct feeding 

to animals;  

¶ the residues from biorefineries and from microalgal cultivation, liquid or solid, may be used in 

anaerobic digesters or other energy-recovery systems as the final stage after extracting other 

components or functions at a higher value plane.  

In horticulture, vertical farming and aquaponics are growing in importance. Composting fish wastes 

and seaweeds together have been shown to produce a fertiliser with higher nutrient content. The 

combined biomass may 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 hydrolysing combined biomasses to make 

                                                           

210  FAO (2008) Sea cucumbers: a global review of fisheries and trade, FAO Fisheries and Aquaculture Technical Paper 516.  
211  Mentioned (no background data) on http://www.pacinternational.org/Sea_Cucumber_Projects.html. 
212  http://www.discardless.eu. 
213  OECD (2015) The long term prospects for marine biotechnology, OECD working party on biotechnology, nanotechnology 

and converging technologies 2015, report DSTI/STP/BNCT(2015)21. 

http://www.pacinternational.org/Sea_Cucumber_Projects.html
http://www.discardless.eu/
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liquid fertilisers may therefore become more viable. A challenge would be overcoming regulatory 

hurdles based on formulaic definition of materials as wastes, limiting their uses.  

4.4.1 Seaweeds 

To make better use of seaweeds, there is a need for a full-scale programme that determines the 

seaweed standing stock and the amount of 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 seaweed-related products; and establishes knowledge transfer between research 

and industry, with development of algal business clusters. This approach, proposed for the UK214, is 

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

harvesting or farming. 

4.4.2 Fish 

The DAFIA project215 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 composting, will make it more difficult to turn fish viscera and skin, not valorised 

by hydrolysis, into profitable products.  

The Aquarel project, a Finnish-Russian collaboration 2012-2014, looked at bioenergy from fish 

wastes216. Transesterification of fish oils using alcohol and a catalyst results in 100% conversion to 

biodiesel, with glycerol production by conversion of the added alcohol. This produces >2x the energy 

content than the combined heat and power from anaerobic digestion. The potential for Karelia was 

seen as 2.6Kt fish waste pa yielding 10GWH of power per year, with a higher greenhouse gas reduction 

than conversion of the same amount of waste to fishmeal. 

{ƻƳŜ ŎƻǳƴǘǊƛŜǎ ƳŀƴŀƎŜ ǳǘƛƭƛǎŀǘƛƻƴ ōŜǘǘŜǊ ǘƘŀƴ ƻǘƘŜǊǎΣ ŜΦƎΦ LŎŜƭŀƴŘΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ŎƻŘΥ άeverything 

except the oinkέΦ Of LŎŜƭŀƴŘΩǎ total landings of 1.4Mt217, the major fish is cod; 84% of the 2013 catch 

of 236Kt of cod was eaten or exported for human food, including parts that would in other countries 

be discarded during processing, such as heads (28% of total catch-weight), livers (4.5%), edible 

trimmings used for mince (2%) and roes (1.3%)218. The catch in 2015 was 244Kt, of which 75% was 

used for human food. High-value non-food uses include leather from fish skin, skin & tissue repair 

patches from skin collagen, which are regulated medical devices, and cosmetics ingredients. A more 

ǊŜŎŜƴǘ ŜǎǘƛƳŀǘŜ ƻŦ ΨǿŀǎǘŜΩ ƳŀǘŜǊƛŀƭǎ ŦǊƻƳ ŦƛǎƘ, available for higher-value processing, was 43%219.  

The R&D support programme HAVBRUK2 in Norway provides funding for projects into cultivation and 

use of lower-trophic species (including seaweeds, microalgae and molluscs) as biomass for non-food 

uses such as bioenergy220. This ƛǎ ǇŀǊǘƭȅ ǘƻ ŜȄǇŀƴŘ bƻǊǿŀȅΩǎ ŀǉǳŀŎǳƭǘǳǊŜ ŀǿŀȅ ŦǊƻƳ ŀƴ ŜƴƻǊƳƻǳǎ 

                                                           

214  Capuzzo E. et al. (2016). 
215  http://www.dafia-project.eu/. 
216  Havukainen J. (2014) Fish waste utilization in Republic of Karelia ς potential and environmental impact, Aquarel project 

final seminar, 18th September 2014 http://www.culmentor.com/aquarel/wordpress/wp-
content/uploads/WEB_Havukainen-Bioresources-utilization.pdf. 

217  FAO data (2015). 
218  http://www.discardless.eu. 
219  Fish Waste for Profit 2nd Icelandic Fisheries Conference, 14 September 2017. 
220  The Research Council of Norway (2016) Work programme from 2016 Large-scale programme on Aquaculture Research 
ς HAVBRUK2, ISBN 978-82-12-03514-0. 

http://www.dafia-project.eu/
http://www.culmentor.com/aquarel/wordpress/wp-content/uploads/WEB_Havukainen-Bioresources-utilization.pdf
http://www.culmentor.com/aquarel/wordpress/wp-content/uploads/WEB_Havukainen-Bioresources-utilization.pdf
http://www.discardless.eu/
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reliance on salmon and partly to provide substitutes for fishmeal and fish oils in aquaculture feeds. 

Interaction with other national funding programmes in energy, biotechnology and sustainable 

innovation in the food and biobased industries is expected. 

The Nordic Council exists to provide inter-parliamentary cooperation and includes representatives of 

Denmark, Finland, Iceland, Norway and Sweden and the autonomous regions of Greenland, the Faroe 

Islands and the Åland Islands. The Nordic Bioeconomy Initiative was a cooperation programme 

between the Nordic Councils of Ministers, 2014-2016, that generated 5 programmes and 4 further 

projects and has also established a Nordic Bioeconomy Panel221 (phase 1 2016-2018) and Nordic 

Bioeconomy Strategy (version 1, 2017) to take recommendations forward. The programmes relevant 

ǘƻ ŀǉǳŀŎǳƭǘǳǊŜ ŀƴŘ ŦƛǎƘŜǊƛŜǎ ƛƴŎƭǳŘŜŘ ΨLƴƴƻǾŀǘƛƻƴ ƛƴ ǘƘŜ bƻǊŘƛŎ .ƛƻŜŎƻƴƻƳȅΩΣ ǿƘƛŎƘ ǎǳǇǇƻǊǘŜŘ 

projects to increase the sustainability of food production and create value from side-streams of food 

processing, in Faroes, Greenland and Iceland, by making innovation vouchers available for specific 

challengeǎ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǘƘŜ ŦƻƻŘ ŎƻƳǇŀƴƛŜǎ ǘƘŜƳǎŜƭǾŜǎΤ ŀƴŘ Ψ.ƛƻŜŎƻƴƻƳȅ ŎƻƴǎƻǊǘƛǳƳǎΩΣ ƻƴŜ ƻŦ ǿƘƛŎƘ 

focused on agricultural side streams and rest raw materials and another on new methods of 

aquaculture feed production using wastes and insects. Of the further projects, Mapping the Nordic 

bioresources and Innovation from organic waste (primarily fish and meat, with some domestic wastes) 

are relevant. 

¢ƘŜ tŀƴŜƭ ƛŘŜƴǘƛŦƛŜŘ нр ŎŀǎŜ ǎǘǳŘƛŜǎ ŦŀƭƭƛƴƎ ƛƴǘƻ ǘƘŜ ŦƻǳǊ Ψ{ǘǊƻƴƎƘƻƭŘǎΩ ƻŦ ǘƘŜ bƻǊŘƛŎ ōƛƻŜŎƻƴƻƳȅ - 

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 products, recycling 4.3Kt of CO2 and using the residual materials as fertilisers and bioenergy 

biomass; a 4-University collaboration, Seafarm in Sweden, is similarly using seaweed as biorefinery 

input, for fatty acids, protein and other elements. Codland in Iceland is developing new products from 

underutilised or waste parts of cod, and also integrating the processes needed for this alongside a 

conventional fish-drying plant. The main target is to convert viscera and skin into higher-value 

products, such as good-quality fish oils and collagen peptides, using non-chemical 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% to 90% and targeting higher-

value uses of the rest raw materials than pet-food. Biomega Norway uses enzymatic hydrolysis to 

release nutrients from fish rest raw materials (heads, fins, frames, guts and tails) from salmon 

processing plants, producing salmon oil, salmon meal and peptides for human and pet nutrition. Royal 

Greenland converts prawn shells, formerly disposed of in the coastal waters or processed for animal 

feeds, into high-quality flour for human nutrition. 

4.5 Potential Case Studies 

1. In 2017, Norway established the Norwegian Mesopelagic Initiative, an international 

consortium of researchers, to develop sustainable fishing of mesopelagic species and the gear, 

vessels and detection methods to help achieve this222. In 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 work-packages concern management of catch for valorisation, 

                                                           

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

222  Institute of Marine Research, Nofima, University of Bergen and NIFES (2017) Mesopelagic Initiative: Unleashing new 
marine resources for a growing population. 

http://www.norden.org/en/theme/nordic-bioeconomy/nordic-bioeconomy-panel/about-the-nordic-bioeconomy-panel
http://www.norden.org/en/theme/nordic-bioeconomy/nordic-bioeconomy-panel/about-the-nordic-bioeconomy-panel
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including on-board processing; land-based processing, analysis of components, generation of 

products and their validation as safe food and feed ingredients. 

2. The Sociedad Nacional de Pesquería (SNP) of Perú is developing a suite of projects focused 

on improving the management and utilisation of anchoveta and other fishmeal reduction 

species223. Direct consumption of species used for fishmeal is extremely low world-wide; 

anchoveta begin to spoil rapidly after bringing on-board, 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 on-board processing and preservation, improved 

processes for protein extraction and production of protein concentrates and development of 

new nutritional supplements based on deodorised omega-3 fatty acids from the fish oils. This 

programme will begin shortly and continue until the early 2020s. There is also a much larger 

$120M όϵмлоaύ innovation programme, funded jointly by the Government of Perú and the 

World Bank, to increase direct consumption through product innovations, launched in 2017224.  

3. As a result of work carried out under the Nordic Bioeconomy Initiative225 into the utilisation 

of biodegradable wastes, the Environment Agency of Iceland has set up an on-line 

marketplace for different types of biowastes including fisheries and meat, the Resources 

Square or Auðlindatorgið226. It is expected to become fully-operational 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. Iceland has also instituted on-board processing using the Héðinn Protein Plant, which turns 

edible trims and wastes into fish oil and fish meal227. Héðinn is a long-standing Icelandic 

engineering company which has designed and built all the on-shore fishmeal and fish oil 

production plants. The key to the on-shore and the more compact on-board systems is 

replacement of the conventional screw-press and liquid evaporation process by a two-stage 

drying process 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, and uses 10% 

of the water usually needed in scrubbing and condensing.  

5. In the USA, a company, Bloom, has been established as a merger between a long-standing 

algal clean-up and polymer manufacturing company, Algix, and a green product development 

consultancy, Effekt228Φ ¢ƘŜ ŎƻƳǇŀƴȅ ǳǎŜǎ !ƭƎƛȄΩǎ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ƘŀǊǾŜǎǘ ƴǳisance blue-green 

algae (Cyanobacteriaceae) with the aim of producing biopolymer-plastic flexible and 

compressible foams for a range of products including footwear, joint-support 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 heat-dried using solar energy to a powder and mixed 

at 15%-60% levels with [poly]ethylene vinyl acetate before extruding with air to form foam 

                                                           

223  Innóvate Perú/Sociedad Nacional de Pesquería (2016) Agenda de Innovación Tecnológica para la Utilización de la 
anchoveta (Engraulis ringens) en el enriquecimiento de aliimentos de consumo humano. 

224  http://projects.worldbank.org/P155902?lang=en. 
225  Gíslason S. and Bragadóttir H. (2017) The Nordic Bioeconomy Initiative NordBio Final Report TemaNord 2017:526, Doi: 

10.6027/TN2017526. 
226  http://www.audlindatorg.is/, Icelandic only. 
227  https://hedinn.com/fishmeal-processing/. 
228  http://bloomfoam.com. 

http://projects.worldbank.org/P155902?lang=en
http://www.audlindatorg.is/
https://hedinn.com/fishmeal-processing/
http://bloomfoam.com/
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pellets. The technology is promoted as an ecologically-sound way of valorising microalgae that 

are wild-harvested.  

6. In the USA, Delmonte has established an algal fertiliser system in Arizona in which microalgae 

are grown in simple photobioreactors adjacent to melon fields and algal cells are continuously 

distributed to the melon plants through the drip-irrigation system229; melons matured a week 

earlier and were 40%-50% larger than control fruit.  

7. In the UK, seaweed and plant biomass is being turned into liquid containers by Skipping Rocks 

Lab230, a small and young design company working in sustainable packaging. Their idea, 

OOho!, is a sphere intended for drinking water, soft drinks, spirits and liquid cosmetics. The 

company says that it is cheaper than conventional plastics, with a shelf-life of a few days, and 

completely biodegrades within 4-6 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 of PET.  

8. In Spain, the mussel producers Frinsa and Amegrove are 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 mussel-growers and 

processors are based. Mussel shells are used as a pH-corrector and general fertiliser231. In New 

Zealand, a similar operation has been producing calcium-containing fertiliser from finely 

crushed mussel shells since 2014232, as Havelock Shell Processors233. Currently tests are being 

carried out in New Zealand on edible horticulture soils to assess the possibility of controlling 

nematodes using crushed mussel shells; it has also been suggested that the reflectivity of the 

mussel shells round vines may enhance ripening of the grapes234. 

9. The EU-funded project MIRACLES, 2013-2017, worked on integrated biorefineries for 

microalgae235. The aim was to produce omega-3-rich microalgae for feeding to aquaculture 

fish and partners included Ewos, Unilever and DSM as well as SMEs involved in aquaculture, 

feed, cosmetic ingredients, biopolymers and processing.  

10. Jellyfish are an increasing nuisance and hazard in Mediterranean and coastal waters. The UK-

based company Jellagen uses jellyfish caught off the coast of Wales as the source of high-

quality collagen for research and medical biomaterials. 

11. Benthos Bioscience is 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 are a class 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 China 

was 100,000 tons in 2010; 80% 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 12 2018. 

230  http://www.skippingrockslab.com. 
231  Álvarez-Rodríguez E. et al. (2012) Use of mussel shells as a soil amendment: effects on bulk and rhizosphere soil and 

pasture production, Pedosphere 22(2): 152-164. 
232  http://www.stuff.co.nz/business/farming/agribusiness/9849293/Farmer-develops-mussel-shell-fertiliser. 
233  http://www.havelockshellprocessors.co.nz.  
234  pers. comm. B Brownlee (2018) Havelock Shell Processors. 
235  http://miraclesproject.eu. 

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/
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5 Introduction ς some main trends 

5.1 Fish waste and fishery by-products 
One of the main non-food uses (by-products) from seafood is fishmeal and fish oil236. 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 meal are becoming limited resources thus 

leading to higher prices, see figures below. 

Figure 12 - Fishmeal and Fish oil prices from 1981 to 2014  

 
Source: FAO (2016) 

The aquaculture sector is expected to grow, while captures ς for food and in total ς are expected to 

more or less remain at the level of today, see figure below. Thus, fishmeal and fish oil resources are 

expected to remain scarce resources in the future. 

Figure 13 - Expectation for capture and aquaculture 

 
Source: Vannuccini (2016)237 

                                                           

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 at the Symposium on future perspectives of fishmeal and fish oil, Hirtshals, Denmark, 
29-30 August 2016. 




























































































































































