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Executive Summary 

This document is the second deliverable in work package 5 of the DiscardLess project. The 

project is intended to contribute to a successful implementation of the landing obligation of the 

reformed Common Fisheries Policy of the EU. The work package 5 addresses how unwanted, 

unavoidable catches can be handled on-board the fishing vessels i.e. from catch to first sale. The 

objective of this deliverable is to identify available alternatives and recommend the most 

applicable solutions for on-board handling of these unwanted, unavoidable catches for four 

different fleet segments in three case studies. The case studies are North Sea, Bay of Biscay and 

Northeast Atlantic (Iceland and UK), but the selection of vessels has taken into consideration 

transferability to other European fleets and areas. Practical and cost efficient solutions are 

identified, adapted and developed for four different fleet segments based on input from different 

tasks in the project (1.4, 5.1, 6.1 & 6.2) and stakeholder interaction. The fleet segments selected 

are 10-15 meter hook & line coastal vessels typically operated in Northeast Atlantic, 18-30 

meter Danish seine/bottom trawl vessels typically operated in the North Sea and adjacent areas, 

34-44 meter Bay of Biscay bottom trawlers typically operated by the Spanish fleet and finally 

40-60 meter fresh-fish bottom trawlers used by most EU offshore fleets. 

 

Solutions for sorting, bleeding, cleaning, chilling, pre-processing, storing and other on-board 

handling are suggested and evaluated based on need, cost and applicability. Some parts of the 

work include elements of technological innovation, but most rely on exploiting currently 

available solutions, applying “best practice” technology and knowledge. Recommended solutions 

are presented on deck-plans (drawings) in order for stakeholders to get a clearer picture of the 

suggested changes. 

 

The work presented in this report focuses on the four previously mentioned fleet types that 

provide a relatively good cross-section of important EU fleets that are to be heavily affected by 

the landing obligation. It includes reviewing current setup of on-board handling where 

discarding is allowed and then identifies solutions applicable for those fleet types under a 

discard ban. The main challenges are connected to catches of juvenile fish, which cannot be 

utilised for direct human consumption. A number of alternatives are identified for each fleet 

segment and the most applicable solutions are discussed and demonstrated in detail e.g. in deck-

plans, mas-balance calculations, cost/benefit assessment etc.  
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CFP Common Fishery Policy 

EC European Commission 

EU European Union 

FPH Fish Protein Hydrolysate 

IBC Intermediate Bulk Container 

MCRS Minimum Conservation Reference Size 

MCS Monitoring, Control and Surveillance 

MLS Minimum Landing Size 

OTD Otter trawler targeting demersal species 

RFID Radio-Frequency IDentification 

RSW Refrigerated Sea Water 

STECF Scientific, Technical and Economic Committee for Fisheries 

UUC Unwanted, Unavoidable Catches 

WP Work Package 

  

  

High-
grading 

Selecting only the most valuable individuals 

Choke 
species 

Species with a low quota that can cause a vessel to stop 
fishing even if they still have quota for other species 
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1 Introduction 

Discards have been a part of fishing practices in most fisheries around the world since modern 

fisheries began. Fishermen have selected what fish to keep and what to release or throw back 

into the sea long before quotas and catch limits were invented. The introduction of quotas has 

however created new incentives for discarding, as fishermen try to maximise the value of their 

catches under quota regimes. Unwanted catches, such as low value bycatches, catches exceeding 

quotas and catches of target species that are unlikely to attain highest prices are thrown back 

overboard due to this, and much of these catches are dead or dying. This has been the common 

practice in European fisheries under the Common Fisheries Policy (CFP) of the European Union 

(EU). European fishermen have annually discarded more than 1.5 million tonnes of fish in order 

to maximise the value of their catch or to follow CFP legislations (EC, 2011a). This practice has 

though in recent years become more and more under debate, to a point where it has come to be 

literally unjustifiable for policy makers, fishermen and the public in general. As a result, the 

European Commission has introduced a discard ban (called landing obligation) as a part of the 

most recent reform of the CFP (EC, 2013). This means that all catches of species subjected to 

catch limits will have to be landed and will be counted against quota. The discard ban will be 

gradually implemented, as the first fisheries became subjected to this landing obligation in 

beginning of 2015 and by 2019 the entire EU fishing fleet will be required to land all catches. 

 

The landing obligation presents a number of challenges for the European seafood sector. 

Fisheries strategies of individual fishermen will have to be enhanced, selectivity of fishing gear 

will need to be improved, on-board handling, sorting, storing and monitoring of compliance will 

need to be reconsidered, land-based processing will have to adjust to different supplies and the 

markets will be affected. The aim of the DiscardLess project is to suggest solutions to these 

challenges and this report focuses on one aspect of that i.e. on-board handling of unwanted, 

unavoidable catches (UUC) in selected case studies and fleet segments.  

The objective of this report is to identify available alternatives and recommend the most 

applicable solutions for on-board handling of groundfish for four different fleet segments in 

three case studies. The case studies are North Sea, Bay of Biscay and Northeast Atlantic (UK and 

Iceland), but the selection of vessels does also have to take into consideration relevance and 

transferability to other European fleets and areas. Practical and cost efficient solutions are 

identified, adapted and developed for the four different fleet segments based on input from 

different tasks in the project (such as tasks 1.4, 5.1, 6.1 & 6.2) and from various interactions with 

stakeholders. The fleet segments selected are 10-15 meter hook & line coastal vessels typically 

operated in N-Europe, 18-30 meter Danish seine/bottom trawl vessels typically operated in the 

North-Sea and adjacent areas, 34-44 meter Bay of Biscay bottom trawlers typically operated by 

the Spanish fleet and finally 40-60 meter fresh fish bottom trawlers used by most EU offshore 

fleets. 

 

Specific handpicked vessels have been selected to represent each fleet sector in order to 

demonstrate suggested solutions in a graphical manner and to provide basis for requirement-, 
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applicability-, practicality and cost/benefit analysis. The solutions and presentation of results 

should though be transferable to most vessels within their fleet segment. 

 

The report is broken into six parts, where the first part contains general discussion on important 

considerations relevant for on-board handling of UUC, then there are specific parts devoted to 

each of the four fleet segments and finally there is a discussion part at the end. 
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2 Important considerations 

More or less all groundfish catches need to go through the same on-board handling to maximise 

quality and extend shelf life. This applies to target catches as well as UUC, because making top 

quality products from second rate raw material is impossible. The main steps in the on-board 

handling of groundfish are bleeding, gutting, cleaning, chilling, grading, storing and ensuring 

adequate traceability. There are though few exceptions when looking at UUC, as some of them 

are not intended for human consumption and do therefore not have to hold up to the same 

standards (as shown in DiscardLess deliverable D6.1). Following is a short discussion on the 

main steps in on-board handling of groundfish. 

2.1 Bleeding and gutting 
Bleeding and gutting are essential to rid the fish of contamination bacteria which reduce the 

quality of the raw material (Aðalbjörnsson & Viðarsson, 2013). These bacteria start to grow at 

accelerated rates post rigor mortis and therefore all mediums in which they linger, such as blood 

and intestines must be removed to slow the deterioration process of the fish muscles during 

storage. For most lean whitefish species such as cod and hake, given adequate cooling and 

proper bleeding and gutting, the shelf life is sixteen days at most; and for fatty species such as 

mackerel and herring this time can dip down to only nine days. Another factor to consider is the 

iron content of the blood, as iron acts as an oxidation agent when exposed to oxygen and 

therefore it can have severe impact on the quality of the fish fillets, most noticeably in colour and 

taste. This is especially noticeable for fatty species but the fat is quick to lose the freshness and 

rancidity grows exponentially. 

2.2 Cleaning and washing 
Washing should be done in seawater, which may be also chilled in order to speed up the chilling 

process. Simply immersing the fish for a few seconds is not enough time for the blood to 

completely drain from the muscles. For best results, the heart should still be beating when the 

fish is bled since then the heart acts as a pump which drains the fish quicker. Additionally, 

seawater could be drawn into the veins with the heart still beating, further aiding in rinsing the 

muscles. Special bleeding tanks are advised for these applications, thus immersing the fish for a 

few minutes after bleeding until it is gutted and sent through cooling. There are, however, both 

advantages and disadvantages that follow gutting caught fish at sea. It depends on the conditions 

on-board to properly clean the fish, the nutritional status of the catch, whether it is full of feed or 

not and how long it is until the catch will be landed. The disadvantages about gutting the fish is 

the risk of contamination since bacteria from the viscera have easier access into the fish flesh. 

2.3 Chilling 
Chilling and maintaining of unbroken chill-chain is extremely important, as it is a deciding factor 

on quality and shelf life of the catch. Cooling is generally either done with ice or slurry in 

boxes/tubs in the hold of the vessels; or with pre-chilling in purpose-build cooling tanks on the 

processing deck. It is vital that the chilling process does not take too long time and ideally the 

muscle should be close to the initial freezing point of water from the time it enters storage in the 

hold. The cooling in pre-chilling tanks can take up to an hour should it be done sufficiently, 
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depending on size of the fish, throughput and cooling media. The temperature in fish that is only 

chilled with ice in the hold can take many hours to reach the desired 0°C depending on the 

quality of the icing. Amongst the risks associated with inefficient cooling is that if the catch is not 

chilled properly from the beginning, it will have the effects that the fish will go earlier and faster 

through rigor mortis, which will result in gaping and shortening of shelf life. The effect of fish 

going fast through rigor mortis is intermuscular loosening, and the fish becomes slimy and 

undesirable. 

It is important for fishermen to understand the difference between cooling and maintaining cold 

temperatures. Maintaining cold temperatures of fresh caught fish is carried out in the storage 

hold where ice is used to eliminate thermal fluctuations of the fish, but should ideally not be 

used for specifically cooling the products. Vessels that use ice to cool down their products before 

storing are simply not cooling their fish as efficiently as possible. When fish at sea temperature 

enters a fishing tub or box full of ice, the ice starts to melt, leading to the fish being stored in 

water. Another factor to consider is that storage holds are not designed to cool products down, 

but to maintain even temperatures. If these things are misunderstood, temperature will rise in 

the storage hold. Research have shown that by pre-cooling products before going into 

temperature controlled storage, their shelf life can be extended by 1-4 days (Martinsdóttir, et al., 

2010). 

2.4 Grading 
Grading the catch according to species and size is important part of on-board handling. In many 

fisheries it is a matter of legislation to keep species separate, but it is also important with 

regards to the processing to grade according to species and size. The correct species and sizes 

can then be transferred directly to the desired processing and production can be better planned 

in advance. The grading is in most cases manual and can either be done by personnel on the 

processing deck during gutting or by the personnel in the hold during storing preparations. On-

board larger vessels it is common to send only the target species directly to the hold and store 

by-catches in purpose-built boxes on the processing deck, until all target catch from the haul 

have been handled. 

When it comes to grading of UUC it will depend upon what products are going to be made from 

the raw material and what requirements will be set by the authorities with for example 

separation between catches intended for human consumption and non-human consumption. 

There may also be potentials for grading all materials intended for non-human consumption in 

one lot, as far as catches can be registered adequately by species. 

2.5 Storing 
The container in which the fish is stored is also an important factor when considering the final 

quality of the product. Most fisheries, with the exception of Norway, Iceland, Faroe Islands and 

few more, opt to use boxes that usually store 30-50 kg of fish. These boxes are however not 

insulated, which means that the products stored in them are vulnerable to ambient temperature 

fluctuations. The other alternative is to use larger insulated tubs, which usually store 300-500 kg 

of fish. This is the alternative most seafood companies in Norway, Iceland and Faroe Islands 

have chosen. Both the boxes and the tubs have their advantages and disadvantages. In addition 
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to the insulation properties, the tubs safe a lot work for the crew as they do not constantly have 

to be stacking and filling up new boxes. The boxes can however be easily moved around, even 

with fish in them, and there is little danger of the fish sustaining pressure damages. An example 

of commonly used boxes and tubs are shown in Figure 1. 

  
Figure 1:  A 360 litre insulated tub and a 50 litre fish box 

Insulated tubs are available in different sizes and with different materials used for insulating. 

Great care should be placed on choosing a tub that best fits the catch it is intended to hold. When 

working for example with fish that is vulnerable to pressure damages, it important to choose a 

relatively “shallow” tub. Using three 360L tubs instead of two 660L ones will therefore result in 

better quality, whilst using the same amount of space in the cargo hold. Other things to consider 

is the insulation materials used. There are usually two alternatives to choose from, Polyurethan 

(PUR) and Polyethylene (PE). The former is a better insulator but due to the fact that almost all 

tubs have PE skin on the inside and outside, the PUR foam in the core doesn’t bond as well to the 

outer shell as it’s PE foam counterpart. This renders tubs with PUR foam core structurally 

inferior to those constructed with PE core. Most fisheries therefore have been using tubs made 

only with PE, instead of combination of PE skin and PUR core. However, with more interest in 

proper cooling, storing and overall material handling these things might change.  

 

How the fish is arranged in the boxes or tubs is also important with regards to maintaining 

quality. Each fish should be arranged with the head facing the tub-wall and with the belly down. 

That will allow for fluids to drain out of the cavity and through the drainage holes on the bottom 

of the boxes/tubs. Adequate amounts of ice should also be placed between each layer of fish to 

cool down the fish and maintain temperature around 0°C. 

2.6 Labelling, registration and traceability 
Labelling, registration and ensuring basic traceability is essential part of on-board handling. 

How that is handled differs depending on requirements and availability of 

equipment/technology. The most basic way of addressing that is to put stickers on each box with 
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species name, size and date of capture. This will allow for better informed decision making 

during production planning and selling of the catch. There are also numerous requirements for 

reporting of catches that depend on good traceability and registration. 

2.7 Handling of by-products and materials for non-human consumption 
Most by-products and materials for non-human consumption need to go through similar steps as 

the main product materials. There are though exceptions, as for example liver, roes, milt and 

other viscera, as well as materials that are classified as unsuitable for human consumption. 

These are to be kept separate from other catches to avoid cross-contamination. There are 

different alternatives for on-board handling of such materials, including chilling, freezing, 

fishmeal production, silage production and more. 

The materials intended for non-human consumption are going to represent the main challenges 

for the EU fleet operating under the landing obligation, as use of catches below Minimum 

Conservation Reference Size (MCRS) will be restricted to purposes other than direct human 

consumption. The MCRS is intended to ensure protection of juveniles, as fishermen will be in 

this way be motivated to avoid catching fish under MCRS. The MCRS replaces Minimum Landing 

Size (MLS), which prior to the implementation of the landing obligation was required to be 

discarded. 

 

 

When considering alternatives for on-board handling of UUC, the size of the vessels, the length of 

each fishing trip and the species composition are major deciding factors on what and how many 

alternatives are available. The authors of this report have therefore selected four fleet segments 

that are important for the EU groundfish seafood sector i.e. small coastal vessels, small inshore 

trawl/Danish seine boats, intermediate sized trawlers and large offshore trawlers. For each fleet 

segment a specific handpicked vessel that provides a relatively good cross-section of the sector 

has been selected to demonstrate application of recommended alternatives. The following 

chapters address each of these fleet segments and vessels. 

 

Some of the identified alternatives may be difficult to implement under current EU legislations. 

According to EU landing regulations on registration and traceability it is problematic to land fish 

in a form where identification of its content is difficult. This particularly applies to products like 

silage, minced fish, Fish Protein Hydrolysate (FPH) and other “pulp like” products. Such on-

board processing is however being used in a number of fisheries outside EU (and occasionally 

inside EU as well), which is why they are also considered in this report. It should also be 

mentioned that the DiscardLess project is working on developing methods that will potentially 

advance monitoring, control and surveillance (MCS) of such products (Task 5.3). 

  



 
 
 
 

7                                                         www.discardless.eu                        doi:10.5281/zenodo.229325  

 

This project has received funding from 

the European Union’s Horizon 2020 

research and innovation programme 

under grant agreement No 633680 

 

3 Small coastal vessels 

Statistics for 2015 show that the EU fishing fleet consists of roughly 85 thousand vessels, of 

which 85% are small coastal vessels below 12 meters in length (EU, 2016). This coastal fleet is 

quite variable depending on geographical location, target species, age, construction material, 

engine power and design, ranging from single deck old style wooden jiggers with manually 

operated handline, gillnet, longline or pot-fishing gear and very moderate engines; to double 

decked fiberglass boats that are able to reach speeds in excess of 30 nautical miles and equipped 

with state-of-art autoline systems. Figure 2 demonstrates the variability that exists within the 

European coastal fleet, as both of these vessels fall under the 12-meter category (photos: 

Matís/Shutterstock and Seigla). 

 
Figure 2: Small coastal vessels fishing in European waters range from traditional wooden jiggers to high-tech 
fiberglass vessels with state-of-art equipment 

A common problem that all vessels in this fleet segment have with regards to the 

implementation of the landing obligation is the lack of space. There is already too little space to 

properly handle the target species and having to also take care of the UUC will only add to that 
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problem. For the majority of the fleet the only option is to treat the UUC as all other catches and 

then deal with the problem once the catch has been landed. The expected volumes of UUC 

coming from this fleet are though relatively low. For the mainstay of the EU small-scale coastal 

fleet the need for the landing obligation has been debated, as discarding problems in the EU have 

been historically associated with medium- to large-scale fleets (Veiga, et al., 2016). The small 

coastal vessels are more targeted in their catches and have higher incentives to land more or 

less everything they catch.  

Most of the small-scale coastal fleet consists of boats that are out at sea for less than 24 hours 

each trip, which means that if the UCC is treated like other catches and chilled properly, there 

should be little difficulties in utilising it once landed. The UUC will though have to be sorted so it 

can be diverted to the appropriate production streams upon landing. To demonstrate the 

current setup and on-board handling, as well as available options for “best practices” on-board 

handling of UUC in this vessel category the authors have selected a 11.3-meter fiberglass boat 

called Cleopatra 38. This is a boat that is quite common in the NE-Atlantic, North Sea and 

adjacent areas. It is manufactured in Iceland, where it has proven itself under harsh conditions. 

Being manufactured in Iceland, where there is an active landing obligation already in place and 

great emphasis on maintaining quality of all catches, has contributed to significant efforts being 

awarded to development of solutions for improved on-board handling of target and by-catches 

alike. Following is a discussion on the current setup and suggested solutions for handling of UUC 

on-board Cleopatra 38. 

3.1 Cleopatra 38 
Cleopatra 38 is a 11.3-meter-long, 3.8-meter-wide, 14.5 GT fiberglass boat manufactured by 

Trefjar in Iceland. It has an upper-deck where receiving and initial handling takes place, and a 

lower-deck where the storage hold, engine and cabins are located. Buyers can select from a wide 

range of engines, typically rendering 4-500 hp that give the boat a top speed of around 35 nm. 

Figure 3 shows a Cleopatra 38 coming to shore with a good load and another running at full 

speed with no cargo (photos: Trefjar). 

 
Figure 3: Cleopatra 38 coming to shore with load and another with no cargo running at full speed 

The working deck is just about 3.5*6 meters, or 21.7 m2, which have to be used for carrying and 

shooting the gear, receiving the catch, bleeding, gutting (if that is done on-board) and cleaning. 

The hold is 13.5 m3 that can fit in eleven 660 litre tubs that hold approximately 5 tonnes of 
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catches, but other types of tubs or boxes can also be used with similar total carrying capacity. 

Figure 4 shows the basic blueprints of Cleopatra 38, including deck-plans of upper- and lower 

deck (deck-plans: Trefjar). 

 

 
Figure 4: Basic deck-plans of Cleopatra 38 

Cleopatra 38 does comfortably accommodate 4-5 persons, but it is common to have a crew of 3-

4 when fishing for groundfish with longline or nets. 

3.2 Current on-board handling procedures 
The most common handling procedures for groundfish on-board Cleopatra 38 operated in 

Iceland, Faroe Islands, UK and Norway consist of the following steps. The fish is first removed 

from the gear, where the method is dependent on the gear used. A gaff is used to pick the head of 

the fish when fishing with handline or longline, but simply untangled when using nets. The fish 

is then usually bleed by cutting the throat and then placed in a tub or box with ice or ice slurry, 

where it bleeds out and is chilled at the same time. Figure 5 shows these main steps (photos: 

Matís) 
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Figure 5: The most common main steps in on-board handling of groundfish in this fleet segment are 1) 

removing from gear, 2) cutting throat, 3) placing in tubs or boxes with ice to allow for bleeding and chilling 

Groundfish is rarely gutted on-board these small boats that are only out at sea for less than 24 

hours. There is simply not enough space to properly gut and clean the fish on-board these 

vessels, and improperly cleaned fish will spoil quickly as enzymes and bacteria from the viscera 

penetrates the flesh. The emphasis is therefore placed on chilling the catch as fast as possible 

and maintaining temperature around freezing point until landed. Using ice slurry, that is made 

by mixing plate ice with seawater, has shown to chill catches faster under the most common 

circumstances (Þorvaldsson, Lauzon, Margeirsson, Martinsdóttir, & Arason, 2010), which is due 

to lower temperature of the solution because of the salt content of the seawater and because the 
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slurry covers the fish better. The slurry also reduces damage on the fish due to falling into the 

tub, arranges better in the tubs and has better overall appearance. 

In cases where gutting is necessary on-board the vessel, for example if the fishing trip takes 

more than 24 hours, there is a need to have a bleeding- and cleaning tank/tub on the upper deck. 

The gutting is then usually done “in air” opposed to on a table, as there is rarely a space for a 

gutting table. This means that the gutting can be tricky and has to be done carefully to avoid 

damaging the fish or allowing for cross-contamination of enzymes and bacteria from the viscera. 

Figure 6 shows a cod being gutted “in air” on-board a small fishing vessel (photos: Matís) 

 
Figure 6: Cod gutted "in air" on-board a small fishing vessel 

In cases where the fish is gutted on-board small boats the liver, roe and other viscera is almost 

always thrown into the sea, as there is no space available for storing them properly. 

Even though bleeding, cleaning and storing is usually done in the tubs and boxes that the fish is 

later landed in, there are some vessels that have bleeding and cleaning tanks/tubs on the upper 

deck. The most common setup is to simply have a large tub with fresh seawater running 

through, but there are also more purpose built solutions in operation, including the solutions 

shown in the following figures (photos: Jonas R. Viðarsson Figures 7 & 8, and Ingólfur Á. 

Haraldsson Figure 9). 
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Figure 7: Simple small bleeding tank on-board a Cleopatra 38. The bottom of the 

tank can be automatically raised with hydraulic power 

 
Figure 8: More complicated bleeding and cleaning system from 3X 

Technology specially designed for Cleopatra 50 (15-meter-long boat) 
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Figure 9: Bleeding and cleaning tank on-board Cleopatra 38 

A typical average catch volume after one day of fishing for Cleopatra 38 fishing in Iceland or 

Norway is 2-4 tonnes, consisting mainly of cod. Annual catches of this typical average Cleopatra 

38 is around 500 tonnes and the landing value is approximately 1.3 million EUR. The current on-

board handling procedures are to either (illegally) discard them, or to store them in boxes with 

as little effort as possible. The catch is almost without exception landed ungutted. 

3.3 Alternatives for on-board handling of UUC 
Estimating discard rates for this fleet segment is difficult, but the general consensus seems to be 

that small-scale coastal fisheries generate marginal discards (Veiga, et al., 2016) (Villasante, et 

al., 2015). The discard rate from longlining in Iceland is around 0.1% comprising mostly of 

juvenile fish and choke species (Pálsson, Björnsson, Guðmundsson, & Ottesen, 2015), but that 

should be a relatively good indicator on discard rates amongst small coastal vessels in those 

waters. There is no reason to expect very different numbers for discards from this vessel 

category in other NE-Atlantic waters operating within a landing obligation.  

There are very limited alternatives for making any special arrangements for UUC on-board such 

small vessels, especially since the volume of UUC in each fishing trip is likely to be only few kilos. 

What is possible to do is to handle the UUC as any other target catch, by bleeding, cleaning and 

chilling in order to maintain quality. The UUC can then be sorted into special tubs/boxes that are 

clearly labelled/coloured and can then be treated as necessary after landing.  

There are though “best practice” solutions available for this fleet segment for securing efficient 

bleeding, cleaning and chilling of all catches, including target species, by-catches and UUC. There 

are available bleeding/cleaning tanks that are specially designed for small coastal vessels. They 

have controllable throughput rate, so that each fish is in the tank for as long as needed, they also 

ensure first-in-first-out and are designed so they will not disturb the stability of these small 

vessels too much. Sufficient time in a bleeding tank with good circulation and water replacement 
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should be around 10-15 minutes (Aðalbjörnsson & Viðarsson, 2013). There are a number of 

such solutions available with for example special bucket conveyer belts or snails that control the 

time the catch is in the tank. One such solution is the RoteX system that 3X Technology has 

developed, which comes in different sizes and can be purpose-built for each vessel. A RoteX 

system for Cleopatra 38 would cost around 30.000 EUR (Högnason, 2016). These 

bleeding/cleaning tanks can also be turned into a pre-cooling tanks, by connecting them to an 

ice machine that can easily be fitted in the lower deck of the boat. There are a number of 

suppliers of such Ice machines available, one of which is ThorIce, but a slurry ice machine from 

them that can produce up to 1,5 ton/hour of 10 % slurry ice, which should be sufficient for pre-

cooling on-board Cleopatra 38, would cost around 30 thousand EUR (Víglundsson, 2016). The 

machine does not take much space (120/30/60 cm) and there are already a number of similar 

vessels that have fitted this machine in the engine room. If the crew would like to use the 

machine to also produce slurry ice to use in the hold, they would need to start production while 

steaming out and casting the lines, so that the tubs would be partly filled when they start 

hauling. For vessels using smaller boxes in the hold, it is more difficult to compile a buffer, so 

taking ice from land would be advised. Figure 10 shows the catch handling part of the upper 

deck of a typical Cleopatra 38. The hauler is to the right, a small bleeding tank behind that and 

the hatch down to the hold is in the middle.  

 
Figure 10: The upper deck of a typical Cleopatra 38 

A recommended setup for ensuring best possible on-board handling, with respect to efficient 

bleeding, cleaning, chilling, storing and delicate overall handling is shown in Figure 11. 
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Figure 11: Setup for the on-board handling on the upper deck of a Cleopatra 38, (1. 
Reception - 2. Bleeding - 3. Washing/Colling in RoteX tank) 

As shown in the figure above, the RoteX system is located on top of the hatch down to the hold, 

but can be sided on a track to the port-side during landing. It is also possible to have the RoteX 

permanently fitted in the port-side, but that would though have more effect on the stability of 

the vessel. There is a constant flow of fresh seawater and slurry ice being pumped into the RoteX 

to ensure optimal bleeding and pre-cooling. After each fish has been in the RoteX for 

approximately 30 minutes the fish should be well bleed and approaching 0°C (Arason, 

Þórðarson, Karlsdóttir, Högnason, & Flosason, 2014). The catch is then sent down to the hold in 

a slide that is designed to minimise drops or other potential impacts of any kind. A crewmember 

arranges the catch into boxes or tubs down in the hold and covers with ice or slurry. He is then 

responsible for sorting out catches under MCRS, which he places in specially coloured boxes. 

Figure 11 also shows where the stairwell down to the lower deck, located rear starboard-side i.e. 

leading to the engine and hold; and the equipment used for shooting the line is in the back. The 

large empty space in the rear is filled with longline tubs when fishing i.e. hand-baited longline in 

special round-tubs. It is also possible to have autoline systems on these vessels, but the setup is a 

little bit different then. 

 

Given that this setup should be used, the UUC will be landed at best possible quality ready to be 

used for whatever processing chosen. The value of the UUC will however be marginal, as the 

volume will be low and value of each kg is also low. The investment in the RoteX and ThorIce 

machine suggested above is around 60.000 EUR and installation cost, including hoses, valves 

and other miscellaneous is around 10.000 EUR. The potential value adding derived from their 

instalment would solely be coming from higher prices for the target catch, due to improved 

quality. Estimating potential value adding is almost impossible. The catches are sold on an 

auction market, where supply and demand is the main price decider, and the linkage between 

price and quality may not always be clear. A conservative estimate is though that quality 

improvements derived from improved bleeding, cleaning and chilling could render around 3% 

price premium (Heide & Henriksen, 2013), (Vidarsson, Margeirsson, & Arason, 2010). In the 
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case of this vessel it would increase the annual landing value by approximately 40.000 Euros. 

The payback time would therefore be roughly two years (not taking into account that the share 

of the crew can generally not be used for covering these kind of investments). 

3.4 Summation 
Approximately 85% of the EU fishing fleet consists of vessels under 12 meters in length (EU, 

2016), this is a very important fleet segment, as it has been reported that the EU small-scale 

fisheries sector account for 25% of the revenues generated by EU fisheries (Villasante, et al., 

2015). This sector has also high social, economic and cultural importance for coastal 

communities. These small vessels have however very limited alternatives for handling UUC any 

differently from other catches, but because discard rates are for the most parts very low in this 

fleet category the recommended “best practice” solutions suggested here are to simply handle 

the UUC as any other catches and then store them in specially labelled (coloured) boxes that can 

then be diverted to the proper production lines upon landing. It may not be strictly necessary to 

treat UUC exactly the same as the target catches, as some of it will be used for non-human 

consumption, but the simplest way is to treat all catches the same to avoid cross-contamination 

and other such problems. 
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4 Small bottom trawlers and Danish seiners 

Bottom trawlers and Danish seiners ranging between 18 and 30 meters are a large and 

important part of the European fleet, especially in NE-Atlantic, North Sea and adjacent waters. 

These vessels typically target roundfish and flatfish species, as well as Nephrops. Figure 12 

shows two vessels that represent this fleet type well (photos: Willem Harlaar to the left and Ally 

1903 to the right) 

  
Figure 12: Small bottom trawlers and Danish seiners represent a big part of the North Sea fleet 

To demonstrate the current setup and on-board handling, as well as available options for “best 

practice” on-board handling of UUC in this fleet segment the authors have selected a bottom 

trawler operated from Denmark, fishing for roundfish and flatfish in the North Sea.  

4.1 Danish bottom trawler 

The Danish demersal fleet has been operating under a limited landing obligation since 1st of 

January 2016. The discard ban presents a number of challenges for the small bottom trawler 

fleet operating in the North-Sea and adjacent waters with regards to how to deal with choke 

species and what to do with fish under MCRS or other UUC that cannot be used for human 

consumption. The discard rates for the Danish bottom trawl fleet* operating in the North Sea 

was measured/estimated at 0.9% in 2014, where the discards consisted mainly of thorny skate 

(55%), cod (14%) and Grey gurnard (6%) (STECF, 2015). If Skagerrak and Kattegat are included 

as well the discard rate increases to 10%, which is primarily due to extremely high discard rates 

of Nephrops (81% discarded). Discards from the bottom trawlers in these three fishing areas 

combined in 2014 consisted primarily of Nephrops (57%), common dab (12%), European plaice 

(7%) and cod (5%). The Nephrops in Skagerrak and Kattegat is however exempted from the 

landing obligation for the time being, whilst research on survival rates are being conducted (The 

Danish Agrifish Agency, 2015). MCRS for Nephrops has also been lowered in Skagerrak and 

Kattegat, which reduces the proportion of under MCRS catches down to about 10%. Discarding 

of Nephrops heads when tailing is exempted in the North Sea and Nephrops taken in pots, traps 

                                                             

* Otter trawl fleet, including TR1, TR2 & TR3 
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or creels can be discarded due to high survivability. Nephrops under MCRS caught in 80-99 mm 

trawl is also exempted from the landing obligation on the basis of the de minimis rule.  

4.2 Current on-board handling procedures 
To demonstrate current on-board handling procedures in this fleet section and available 

alternatives for how to handle UUC, a typical Danish bottom trawler has been selected. It is a 23-

meter-long, 6-meter-wide, 165 GT, steel boat with a 500 hp engine. The boat has two decks i.e. 

the upper deck where the catch is bled, gutted and washed and the lower deck where the hold, 

cabins and engine are. The boat targets mainly cod, plaice and lemon sole in the North Sea, 

which have accounted for around 85% of its annual landings in the past. The annual catch 

volume is around 900 tonnes and the vessel is active for approximately 250 days a year. Each 

fishing trip takes 3-4 days on average and the usual landing volume is 8-14 tons. The average 

number of hauls per day is 3-4 where each haul takes 3-5 hours. There are four people in the 

crew and when the catch is being handled there are two crewmembers on the upper deck 

attending to bleeding, gutting and cleaning; one in the hold arranging the catch into boxes, icing 

and stacking the boxes; and the skipper is in the wheelhouse. 

After the fish has been lifted on-board and placed in the reception tank (1), it goes to the 

bleeding and gutting table (2), where the viscera are removed. The viscera and UUC are then 

thrown back into the ocean through the chute at the end of the table. The targeted fish is placed 

in a bleeding/cleaning tank after gutting (3), which has a bucket conveyor belt that sends the 

fish down to the hold. When the fish comes down to the hold a crewmember sorts the catch 

according to species and size, places it in 30 kg boxes with ice and then stacks the boxes. 

Approximately 700 boxes can be stored in the hold, which gives a storage capacity of about 21 

tons. The hold is refrigerated and the ice is produced with an ice-machine that are installed in 

the hold. Figure 13 shows the setup on the upper deck of the vessel. 

 
Figure 13: Setup of the on-board handling on the upper deck of a Danish bottom trawler, (1. 

Reception - 2. Bleeding and gutting - 3. Bleeding / cleaning tank) 
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The bleeding, cleaning and cooling of the catch is variable as there is generally no control on how 

long time each fish is in the bleeding/cleaning tank, there is no mechanisms for ensuring first-in-

first-out from the tank, overfilling of the tank is common and water replacement is often 

insufficient. There is also no pre-chilling available, in order to get the temperature down to 0°C 

as fast as possible.  

4.3 Alternatives for on-board handling of UUC 
It is of the upmost importance to bleed, clean and chill all catches as fast and efficiently as 

possible. This applies to target and by-catches alike, including UUC. It would therefore be an 

improvement to replace the bleeding/cleaning tank with a tank that has controllable throughput 

rate that ensures first-in-first-out. Sufficient time in a bleeding tank with good circulation and 

water replacement should be around 10-15 minutes (Aðalbjörnsson & Viðarsson, 2013). There 

are a number of such solutions available with for example special bucket conveyer belts or 

snails. One such solution is the RoteX system that 3X Technology has developed, which comes in 

different sizes and can be purpose-built for each vessel. A RoteX system for the Danish trawler 

would cost around 60.000 EUR (Högnason, 2016). It can also be turned into a pre-cooling tank, 

by connecting it to an ice machine that can easily be fitted in the lower deck of the boat. There 

are a number of suppliers of such Ice machines available. One of which is ThorIce, but the S800 

slurry ice machine from them produces up to 4 tons/hour of 20% slurry, which would be 

sufficient for the Danish trawler (Víglundsson, 2016). The S800 cost around 40.000 EUR and the 

required space it needs is (150/40/60 cm). However, if the vessel owners would like to use the 

machine to produce slurry ice for the hold, and be prepared for extraordinary good catches they 

should invest in a reservoir tank. That way they would make sure never to run out of ice. 

It is almost impossible to weight costs and benefits for an investment like this. The catches of the 

vessel are sold on an auction market, where supply and demand is the main price decider, and 

the linkage between price and quality may not always be clear. A conservative estimate is 

though that quality improvements derived from improved bleeding, cleaning and chilling could 

render around 3% price increase. In the case of this vessel it would increase the annual landing 

value by approximately 90.000 Euros. The payback time would therefore be about one year. 

 

Based on average measured discard rates in 2014 for bottom trawlers in the North Sea (STECF, 

2015) it can be estimated that about 1% of the vessel’s catches will be UUC. It is though likely 

that this portion will decrease due to efforts that will be made to avoid catching UUC, following 

the implementation of the landing obligation. The annual landings of the demonstration vessel 

have been around 900 tonnes, so UUC within a discard ban can be expected to be approximately 

9 tonnes a year, which translates to 100-150 kg per fishing trip. This will amount to only 3-5 

boxes per fishing trip on average, which hardly can justify investing in expensive equipment. 

Thorny skate will likely represent about ½ of the UUC, cod will be around 15% and grey 

gurnard, hake, dab and place around 5% each. Most of the skates and grey gurnard have been 

discarded because of low commercial value, whilst the other species have been discarded 

because of lack of quota and size limits (under MLS). The simplest and probably the most 

economically feasible alternative for handling the UUC will be to have differently coloured boxes 
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for the UUC, which will be stored in specially allocated parts of the hold. This will not require any 

additional investments, apart from investing in few boxes. 

 

The situation would though be different if they would collect the viscera in addition to the UUC 

and produce silage from it. The raw material supplies for the silage production would then be, in 

addition to the 9 ton UUC, around 100 tonnes of viscera (i.e. roe would be utilised, but all the rest 

of the viscera and offal would go to silage production, which is around 10% of total wet weight 

of the catches). The average volume of raw materials going to silage production would therefore 

be around 400 kg per fishing trip.  

Due to lack of available space on-board the Danish bottom trawler the production of fully 

processed silage is not an option. The solution suggested here is therefore aimed at preserving 

the material by means of the most economically feasible option for further processing on-land. 

What is needed for the silage production is a mincer and a tank where the acid can be added to 

the mix (see more detailed description of silage production processes in chapter 5.3.2). The 

silage tanks that are recommended for this process are IBC Food Certified storage units, as 

shown in Figure 14. These units are available at a reasonable price due to their frequent disposal 

from other value chains in the food industry. The storage tanks could then simply be hauled out 

of the ship when docking, instead of having to pump the silage out of the ship. This would limit 

the work needed by the staff working in the harbour as well as promote hygiene. The storage 

units will then be transported to their respective destination, be it a silage tank or a fishmeal 

factory. These IBC storage units are usually one cubic meter in size and their numbers could 

simply be increased for larger quantities delivered to shore. They would ideally have to be 

located on the processing deck or where there is no danger of the material getting frozen at any 

point during the fishing trip. The desired range would be from above 10°C, this leads to 

digestion time between 2-10 days determining on the temperatures. This would mean that the 

material would need further time to digest on-land before being utilised. The IBC tanks could 

also be located in the storage hold on board some ships where cooling mechanism is not present. 

This could lead to better use of space as the storage hold is not always fully utilised. In those 

cases, it would be recommended to construct simple insulated box around the tank to eliminate 

heat transfer and spillage in the hold. This would preferably require piping for the material to 

the silage tank to promote hygiene and to reduce cleaning, but in its simplest form the 

crewmembers would gather the raw materials into a bucket and then pour it into the grinder on 

top of the IBC unit. 
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Figure 14: IBC unit which can be used as a silage tank 

Acid tank with a dispenser can be located on top of the IBC unit, which means that the correct 

amount of acid can be added to the blend without the crew having to be involved. The crew 

would therefore never have to come in contact with the acid. 

 

Calculating costs and benefits of this investment is difficult, since the silage being landed is only 

on its initial stages of going through the process of becoming a silage ready for commercial use. 

The investment cost needed is in the mincer, piping from the mincer to the IBC, the acid 

dispenser and the IBC tank itself. Investment cost is estimated at around 50.000 Euros, if the 

piping from the gutting table to the mincer and IBC unit is included. The value of the silage is 

also difficult to estimate, as it depends on protein and fat content, but should be somewhere 

around 25.000 EUR/year. The payback time can therefore somewhere around two years. 

 

Figure 15 shows possible setup on the upper deck of the Danish bottom trawler with a RoteX 

system and ThorIce slurry Ice system for pre-cooling, as well as the low level silage production 

described above, with mincer, piping, acid dispenser and IBC unit.  
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Figure 15: Suggested setup of the on-board handling on the upper deck of a Danish bottom 

trawler if offal and UUC is used for producing silage, (1. Reception - 2. Bleeding and gutting- 3. 
Bleeding, cleaning and pre-chilling in a RoteX tank with slurry Ice – 4. IBC digestion tank for 

silage, connected to a mincer with an acid dispenser) 

The suggested solutions identified above are aimed at improving a vessel that is currently active 

in the fishery. The solutions are therefore purpose-built for a specific vessel, which has 

constraints on available space and total catches. The alternative of building a completely new 

vessel was however not considered at this stage. 

 

The fact that the demonstration vessel selected to represent the Danish small bottom trawl 

sector is only fishing in the North Sea and not Skagerrak or Kattegat has significant impact on 

the suggested solutions. The species composition and discard rates are quite different in 

Skagerrak and Kattegat, with Nephrops representing majority of reported discards in 2014. The 

changes that have been made regarding MLS/MCRS of Nephrops in these waters will though 

have significant impact on the volume of Nephrops UUC, if it will not be exempted due to high 

survivability. The solutions identified earlier for the bottom trawler fishing in the North Sea will 

not be applicable for Nephrops UUC, as improved bleeding, cleaning, chilling and/or silage 

production do not apply to Nephrops. There are limited alternatives available for on-board 

handling of UUC Nephrops, except for treating it as any other Nephrops catch, and then letting the 

processors deal with it once the catch has been landed. One alternative would though be to have 

a special mincing machine on-board, which makes it possible to retrieve the meat from the shells 

and separate between the two. The meat can then be chilled and sold for e.g. pet food and the 

shells can be used for making calcium for e.g. fertilizer. This would however require significant 

investment that would hardly return any profits. The storage of the minced meat is also very 

delegate, with makes the authors of this report sceptic towards recommending this solution. 

4.4 Summation 
Bottom trawlers and Danish seiners represent an important part of the EU fishing fleet in the 

North Sea and adjacent waters. They take part in a mixed fishery where there are variable target 

species. Historically this fleet segment has had fairly high portion of UUC, consisting of choke 
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species, under MLS species and species on little or no commercial value. When it comes to 

identifying alternatives for improving on-board handling within this fleet segment there are 

some general improvements that can be suggested that primarily refer to improving bleeding, 

gutting, cleaning and chilling of the catch. But when it comes to identifying alternatives that are 

solely focused at the UUC there are very few applicable options that can be identified. This fleet 

has very limited alternatives for handling UUC any differently from other catches, but because 

discard rates are for the most parts very low in this fleet category fishing in the North Sea the 

recommended “best practice” solutions is to simply handle the UUC as any other catches and 

then store them in specially labelled (coloured) boxes that can then be diverted to the proper 

production upon landing. There is through a possibility to install a low level silage production 

unit on-board this size of vessels, but the raw material volume is low and the added value is also 

quite low. The associated economic costs and benefits, in addition to the added workload on 

crewmembers make this alternative rather unappealing. The current EU legislation on 

registration and traceability of seafood products does also present a problem with regards to 

MCS of silage and other such products where their content is difficult to verify. There are 

however examples from Denmark where on-board silage production has been allowed, with the 

condition that CCTV is installed to MCS what goes into the mincer (Fiskeritidende, 2016) 
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5 Medium sized bottom trawlers in the Bay of Biscay 

Spanish bottom trawlers targeting demersal species (OTD) fishing in the Bay of Biscay represent 

an important part of the Spanish Basque fleet, which is vital for the processing industry in the 

Basque country (see DiscardLess deliverable D6.1). These bottom trawlers are typically 34 to 44 

meters in length, 8 to 10-meter-wide, around 400 GT, with 800-1200 hp engines and a crew of 8-

10 persons. Figure 16 shows a typical medium sized demersal bottom trawler fishing in the Bay 

of Biscay (photo: Jonas R. Viðarsson) 

 
Figure 16: Typical medium sized mixed demersal bottom trawler fishing in the Bay of Biscay 

Bottom trawlers fishing in the Bay of Biscay are active all year round, with slight effort reduction 

during the summer period. They can expect to get a very diverse combination of catches and 

majority of the species caught are usually not on the list of wanted catches, and are therefore 

often discarded. The main species that are landed are hake, anglerfishes, megrims and horse 

mackerel, but there are more than 65 other species landed by this fleet. In 2013 the Basque OTD 

fleet fishing in the Bay of Biscay landed 2.836 tons of catches, whilst associated discards were 

estimated in excess of 6 thousand tonnes. Table 1 shows the reported landings and discards by 

main species of the fleet in 2013 (SDSP, 2015). 

Table 1: Reported landings and discards of the OTD fleet in the Basque country in 2013 

Species 
Catch 

(T) 

Landed 

(T) 

Discards 

(T) 

Discard 

rate 

Anglerfish 205 200 5 2% 

Black-bellied angler 353 343 10 3% 

Blue whiting 192 1 191 99% 

Hake 499 305 194 39% 

Horse mackerel 903 121 782 87% 

Mackerel 907 9 898 99% 

Megrim 249 241 8 3% 

Other 5.771 1.616 4.155 72% 

Total 9.079 2.836 6.243 69% 

 

Landings and discards were similar in the years before 2013 and it is therefore clear that the 

landing obligation will have significant impact on this fleet. The largest part of the discards is 
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mackerel and horse mackerel, as well as hake and blue whiting. The main reasons for the 

discarding are lack of quota and MLS. Research have for example shown that 88% of the Spanish 

pair bottom trawl fleets discards of hake are because of MLS and 82 % of the discards of megrim 

by the otter trawl fleets are because of MLS (Valeiras, Pérez, Araujo, Salinas, & Bellido, 2014) 

The fleet will get some additional quota allocations when the landing obligation is implemented, 

but it is though clear that they will run into problems with choke species and a significant part of 

the catches is going to be under MCRS; even though gear selectivity will undoubtedly be 

improved to avoid catching juvenile fish.  

 

The main challenge for the OTD Bay of Biscay fleet in regards to on-board handling will be on 

how to deal with catches below MCRS, which cannot be utilised for human consumption. The 

catches that can be used for human consumption will simply be handled as before, so that will 

not present specific challenges. But there are nevertheless opportunities for improved on-board 

handling within this fleet section, with potential “best practice” technology adaption. To 

demonstrate the current setup and on-board handling, as well as available options for “best 

practice” on-board handling of target catches and UUC in this fleet segment the authors have 

selected a bottom trawler operated from Spain that is representative for Basque OTD fleet. 

5.1 Basque country trawler targeting demersal species in the Bay of Biscay 
The trawler selected for demonstrating current on-board handling practices and potential 

options for improvements in order to meet new requirements under the landing obligation is a 

39-meter-long, 9-meter-wide wetfish bottom trawler that lands iced, bled or un-bled, gutted and 

un-gutted fish to harbour (depending on the species). Figure 17 shows a technical drawing of the 

vessel.  

 

Figure 17: Technical drawing of the demonstration vessel 

This specific trawler focuses mainly on deep-sea areas, resulting in relatively long fishing trips 

which vary between 7 - 10 days, but can extend up to 16 days. It can be argued whether this time 

promotes high quality products, since it's hard to maintain quality for such a long time. The shelf 

life of lean whitefish species can hardly be extended to more than 15-18 days even under 

optimal conditions (Aðalbjörnsson & Viðarsson, 2013), but more realistic shelf life for most of 

the species landed by the Basque country OTD fleet is 8-10 days (Huss, 1995) (Garcia, et al., 

2015) (Ólafsdóttir, Traustason, Jónsson, Sveinsdóttir, & Þórarinsdóttir, 2012). 
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The main challenge for this vessel once the landing obligation is implemented is the variety of 

species caught. They can expect up to 140 species of crustaceans, fish and cephalopods, some of 

which they do not have quotas for or have no commercial value. Many of these 140 species can 

however be discarded under the landing obligation, as they are not subjected to official catch 

limits. Catch volumes and diversity of species can furthermore fluctuate dramatically between 

years, which makes the fishery even more challenging. This fact calls for intensive categorization 

on-board and restructuring of practices.  

 

The average landing volume of the vessel after each fishing trip is between 15 to 30 tons, which 

consists mainly of anglerfish, black-bellied anglerfish, blue whiting, hake, horse mackerel, 

mackerel, megrim and whiting. The vessel goes on approximately 30 fishing trips a year and the 

annual landing volume is around 600 tonnes, whilst double that amounts have been discarded. 

An average haul takes 4-5 hours and the catch volumes can be extremely variable, depending on 

what species are being caught. An overall average is though around one ton of catches in a haul, 

where about 50% are discarded. 

5.2 Current on-board handling procedures 
The current procedures for on-board handling on the vessel are as follows: The catching is 

carried out normally with an otter trawl, the trawl is hauled on to the upper deck and the fish 

released down to the reception on the processing deck (marked nr.1 in Figure 18). There it is fed 

up on conveyor belt which leads to the sorting station (2). All lean whitefish is bled, gutted and 

washed at the sorting station but other catch is carried straight through sorting without 

bleeding or gutting. The discards are also sorted out at the sorting station, and then sent 

onwards on the conveyor belt straight into the discard chute (3). The fish is sorted into plastic* 

boxes and then sent to the washing station where the fish is merged in seawater and water 

nozzle spraying used to clean blood and viscera away (4). The boxes, with the fish in it are then 

transferred to a lift (5) that sends the boxes down to the hold where a crewmember puts ice on 

it and stacks the boxes. 

                                                             
* The Basque fleet has traditionally used wooden boxes, but in 2014 the deep sea feet of Ondarroa swapped 
out all wooden boxes for plastic. 
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Figure 18: Current on-board handling procedures on the processing deck 

The sorting can be complicated, because of the share number of species and sizes, especially 

since the space on the processing deck is quite packed, as can be seen in Figure 19 (picture: 

Alberto González de Zárate).  

 

Figure 19: Bleeding, gutting and sorting on-board a Spanish trawler 

The viscera and offal are sent back to the sea along with the other discards. The hold is 

refrigerated and equipped with an ice-machine that produces all the ice needed for chilling the 

catch. 

5.3 Alternatives for on-board handling of UUC 
There are a number of available alternative for improving on-board handling on the 

demonstration vessel, both in regards to target catches and UUC. Improving bleeding, gutting, 



 
 
 
 

28                                                         www.discardless.eu                        doi:10.5281/zenodo.229325  

 

This project has received funding from 

the European Union’s Horizon 2020 

research and innovation programme 

under grant agreement No 633680 

 

cleaning and chilling will benefit the target catches in particular, but will also contribute to 

better quality of UUC in cases were unwanted catches are landed for further on-land processing. 

Ensuring best possible quality of the UUC increases opportunities for maximising value, 

particularly if they are to be used for added value production such as pharmaceuticals, 

cosmetics, food supplements, enzymes, collagen, gelatine, pet food etc. (see DiscardLess 

deliverable D6.2). 

The simplest alternative is to store all UUC in bulk in the hold, where larger tubs can be used as 

opposed to the smaller boxes used for the target catches. The catch can then be sorted when 

during landing and consequently sent to the proper production chains. There are however 

potential legal barriers for implementation of this solution, as all species are generally intended 

to be landed separately and with full traceability. It should though not be a major obstacle to set 

up a certified sorting centre in major harbours, which would then be the point of official MCS.  

It is also an option to handle UUC separately and using it for non-human consumption, such as 

fishmeal, animal feed, fertilizer or similar “low value” production. A relatively simple and low 

cost alternative for such handling is to produce silage and another alternative being explored is 

to use hydraulic press to reduce the volume of the UUC. 

 

In order to suggest and evaluate applicability of the available solutions for the demonstration 

vessel it is necessary to make some assumptions regarding total catches, species and size 

distribution, as well as whether the catches not covered by catch limits will be discarded or not. 

Given that around 69% of the total catches have been discarded in the past (as shown in Table 1) 

and that the refrigerated storage hold of the vessel can only comfortably fit 30 tons of catches, it 

seems clear that the fishing trips will become shorter when the landing obligation has been 

implemented. It is safe to assume that selectivity will be improved under a discard ban and that 

at least some of the catches not covered catch limits will continue to be discarded. We are 

therefore making the assumption, based on catch data from 2013, that the demonstration vessel 

will catch close to 1.800 tons annually, of which 800 tonnes will be target catches. Since parts of 

the historic discards of the vessel have been caused by lack of quota and we know that they will 

be compensated with additional quotas, we are assuming that 20% of historic discards have 

been catches above MLS. These 20% will therefore be regarded as target catches. We are also 

assuming that size selectivity will improve under the landing obligation so that there will be 

25% reduction in catches of fish under MCRS. Finally, we are assuming that 25% of the “other 

species” are not subjected to catch limits and can therefore be continued to be discarded. Table 2 

shows the 2013 catches of the demonstration vessel and the assumed catch composition under 

landing obligation. 
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Table 2: Assumed catch composition for the demonstration vessel under landing obligation 

Species 
Catch 
2013 
(T) 

Landed 
2013 (T) 

Discards 
2013 (T) 

Subjected 
to catch 
limits (T) 

Historic 
discards 

above 
MCRS 

Target 
catch 

(T) 

Below 
MCRS 

(T) 

Discards 
(T) 

Anglerfish 43 42 1 43 0 42 1 0 

Black-bellied angl. 74 72 2 74 0 72 1 0 

Blue whiting 40 0 40 40 8 8 24 0 

Hake 105 64 41 105 8 72 24 0 

Horse mackerel 190 25 164 190 33 58 99 0 

Mackerel 190 2 189 190 38 40 113 0 

Megrim 52 51 2 52 0 51 1 0 

Other 1.212 339 873 909 131 470 393 303 

Total 1.907 596 1.311 1.604 219 814 656 303 

 

These assumptions suggest that annual landings will be close to 1.500 tonnes, compared to 600 

tonnes in 2013. This means that if all catches are placed in boxes and stacked in the refrigerated 

hold, which stores about 30 tonnes at a time, the vessel will have to go on at least 50 fishing trips 

a year, compared to an average of around 30 trips before. Each fishing trip will be significantly 

shortened, as it will take much shorter time to fill the hold. The advantage is that this will 

contribute to increasing quality and shelf life of the catch. The disadvantage is that the vessel 

will have to use more time on steaming back and forth to the fishing grounds, which reduces the 

time available for actually fishing and increases fuel cost. 

 

It is impossible to enlarge the refrigerated hold in the vessel, which means that if the decision is 

to land all catches iced in boxes the only solution available is to split up the hold so that catches 

intended for non-human consumption can be kept separate from catches for human 

consumption. Using differently coloured boxes to clearly separate between the two categories 

would be advised and the alternative to store UUC in bulk (different species and sizes mixed 

together in large tubs) should also be considered. The current on-board handling on the 

demonstration vessel can be significantly improved by adopting “best practice” solutions for 

bleeding, cleaning and chilling the catch. There is also the possibility of introducing a new 

production line for catches intended for non-human consumption. A relatively simple and 

applicable solutions would be to utilise catches under MCRS for silage production or to 

compress it. The silage production is a well-established method that has been validated on large 

number of fishing vessels, whilst the approach of compressing the UUC is more at a development 

phase at present. The processing lines, the compressors and the silage tanks could without too 

much difficulties be fitted on the boat. These four alternatives are further expanded on below. 

5.3.1 Overhaul of bleeding, washing and cooling 

The current setup and practices on the processing deck of the demonstration vessel do not meet 

with “best practice” on-board handling procedures, especially with regards to bleeding, cleaning 

and cooling of the catches. It is therefore logical to suggest improvements, which do not directly 

address the implementation of the landing obligation, but do however have indirect impact as 



 
 
 
 

30                                                         www.discardless.eu                        doi:10.5281/zenodo.229325  

 

This project has received funding from 

the European Union’s Horizon 2020 

research and innovation programme 

under grant agreement No 633680 

 

proper on-board handling increases the options for utilising UUC and makes it easier to cope 

with increased volumes that need to be handled. 

 

Bleeding and gutting are the first issues that need to be addressed. Sometimes the bleeding and 

gutting is done simultaneously and sometimes it is done in two steps. The two step process has 

the advantage that the fish enters then the bleeding stage earlier. This is specially an issue when 

hauls are too big and it takes a long time to bleed and gut all of the catches. The volumes being 

caught in each haul on the demonstration vessel are however well manageable and therefore no 

need for having bleeding and gutting in two steps. The importance of bleeding the catch as soon 

as possible and under the right conditions is vital for its material quality and shelf life, as 

mentioned previously. There are though few species that do not need to be bled or gutted and 

there needs to be a possible line for those catches on the processing deck. 

To ensure that the catch is bled and cleaned under optimal conditions it is recommended to 

provide the crew with good facilities for bleeding and gutting, and to install a bleeding tank that 

ensures right throughput. It is also recommended to install a pre-cooling tank to make sure that 

catches are cooled down to 0°C as soon as possible. A well organised sorting station is also 

needed. A possible setup for this is shown in Figure 20, where the catch comes from the 

reception through to the bleeding and gutting station (1) from where it goes to the bleeding & 

cleaning tank (2). It takes each fish 5-10 minutes to go through the bleeding & cleaning tank 

where there is a good circulation of fresh seawater. The next station is the pre-cooling tank (3) 

which is filled with refrigerated seawater (RSW). To ensure constant supply of RSW there is a 

need to fit some sort of machine with built-in heat exchanger for the production of the RSW, 

which should ideally be located close to the pre-cooling tank. The most economically feasible 

option for creating the RSW is probably to fit a slurry ice machine down in the engine room and 

let it manufacture slurry into a reservoir tank located on the processing deck (5). The time 

needed to cool the catch down to 0°C is variable, depending on throughput and size of each fish, 

but 20-30 minutes is usually an appropriate time. Following the pre-cooling the catch is sent to 

the sorting station where the catch is sorted and arranged into boxes (4). The boxes are then 

sent as before to the elevator that sends them to the refrigerated hold. A crewmember down in 

the hold adds ice to the boxes and stacks them accordingly (separating clearly between fish 

intended for human and non-human consumption). 
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Figure 20: Suggested reconstruction of the demonstration vessel’s processing deck. (1. Sorting / 
bleeding and gutting - 2. Bleeding / cleaning tank - 3. Pre-cooling tank – 4. Sorting / packaging 
- 5. RSW tank / reservoir for slurry ice  

 

Not all species have to be bled and gutted and the processing line allows for this to go also 

straight to the sorting station, with or without going through the bleeding/cleaning & pre-

cooling stages. 

 

It is difficult to estimate costs and benefits from investing in this system. A very rough estimate 

is that the conveyer belts and tables, the bleeding/cleaning tank, the pre-chilling tank and the 

slurry ice machine, the reservoir tank, along with all necessary hoses, fittings and other 

miscellaneous and installations will amount to about 215.000 EUR, as shown in Table 3.  

 

Table 3: Estimated costs of installing a brand new on-board handling line with 
"best practice" solutions for bleeding, gutting, cleaning and chilling 

Cost items EUR 

Conveyor belts and tables 22.000  

Bleeding tank 37.000  

Pre-cooling tank 50.000  

Slurry ice machine 50.000  

Reservoir tank 30.000  

Hoses, fittings, boxes and other miscellaneous 16.000  

Instillation (3 persons for a week) 10.000  

Total cost 215.000  

 

Assuming that improved handling will increase quality and subsequently the value of the target 

catches by 3% (Heide & Henriksen, 2013), (Vidarsson, Margeirsson, & Arason, 2010) and that 

average price for materials intended for non-human consumption will fetch 0.4 EUR/kg (Copalis, 
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2016) it is estimated that annual added value of the investment will be approximately 300.000 

EUR, as shown in Table 4. 

Table 4: Estimated added value gained by the installation of the new on-board handling solutions 

 
Volume 

(Ton) 
Average price 

(EUR/ton) 
Total value 
(EUR/1000) 

Added 
value 
(%) 

Added 
value 

(EUR/1000) 

Target catches 814 2.800 2.280 3% 68 

UUC / MCRS 656 400 262 100% 262 

 

The calculations of the value addition assume that the value of the UUC would be zero if it was 

not for the new on-board handling solutions, which is of course not the case in reality. There are 

other alternatives, and the UUC would probably fetch some price even though the vessel owners 

would choose not to do any changes on the processing deck. It is therefore extremely difficult to 

stipulate anything about rate of return for the suggested investment. 

5.3.2 Bulk storage of UUC 

The simplest and least expensive option for handling UUC is to treat it as any other target catch 

i.e. bled, gut, clean, chill and store in boxes. But that does however require a lot of labour and 

space, both on the processing deck and in the hold. An alternative to that could be to store all 

UUC in bulk i.e. species and sizes mixed together in larger tubs. The catch can then be sorted 

when during landing and consequently sent to the proper production chains. There are however 

potential legal barriers for implementation of this solution, as all species are generally intended 

to be landed separately and with full traceability. It should though not be a major obstacle to set 

up a certified sorting centre in major harbours, which would then be the point of official MCS.  

This alternative is currently being explored further by AZTI-Tecnalia in Spain, which are 

developing a sorting station that uses computer vision to automatically sort according to species 

and sizes (AZTI, 2016). The concept is shown in Figure 21  

 

Figure 21: AZTIs concept of landing UUC in bulk and then automatically sort in sorting 
centres using computer vision solutions 
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This is though not yet available on the market and there are no guarantees that it will work in 

reality, but the development work within AZTI shows promising results. It is really impossible to 

estimate costs and benefits of this solution, as it is still under development. 

5.3.3 Compressing of UUC 

The possibility of compressing UUC on-board fishing vessels to reduce volume are currently 

being explored by scientists (Pérez-Gálvez, et al., 2015). These are not yet marketable solutions, 

but might in immediate future become a viable alternative. The research and pilot testing show 

that the volume can be reduced by 40-45% with this method and that the product(s) can be used 

for fishmeal and value-added compounds. The production process is shown in Figure 22. 

 
Figure 22: Production process for compressing UUC 

The UUC is first cut into small pieces and then placed in a hydraulic press that compresses the 

raw material into a press cake. The liquid is filtrated to collect any proteins that would 

otherwise be lost. The press cake should ideally be frozen and stored in a freezer hold to 

maintain quality, but that is likely to present a problem on the demonstration vessel, as well as 

on most fishing vessels in this fleet group. The vessels are not equipped with a freezer hold or 

plate freezers. 

Estimating costs and benefits associated with this alternative is difficult, as this is still only at a 

research and development phase. It is nevertheless an option well worth considering. 

5.3.4 Silage preservation 

Silage preservation and/or production of fully prepared silage can be seen as one of the more 

realistic potential on-board handling methods for UUC, especially for catches that cannot be used 

for direct human consumption, such as catches below MCRS. Silage is most commonly used for 

production of animal feed and is then mixed with other less expensive ingredients in order to 

increase fat and protein content of the feed, along with contributing other positive properties 

like omega3 and variety of vitamins. The silage can be added to feed in different formats i.e. wet, 

dried or semi-dried silage. It can also be produced into fish meal, which is then used for animal 
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feed. Fish silage production is a big industry in some countries. The total annual silage 

production in Norway in 2013 was for example in excess of 80.000 tonnes (Olafsen, Richardsen, 

Nystøyl, Strandheim, & Kosmo, 2014), where much of the whitefish silage is used for production 

of aquaculture feed and the silage made from aquaculture rest raw materials is used for 

producing feed for farmed land animals, such as fur animals, pigs, chicken and cattle. There is a 

consensus not to use silage made from salmon for production of salmon feed, as that can be 

considered as cannibalism. The poorest quality silage is sometimes used as fertilizer, whilst the 

highest quality silage is used for pet food or even ingredients when making food for human 

consumption, such as stock and flavouring ingredients. There are also potentials in using silage 

as raw materials for added value production enabled biotechnology e.g. food supplements, 

pharmaceuticals and cosmetics. 

 

The production of fish silage is relatively simple, requires little energy and little extra effort for 

crewmembers, and all rest raw materials can be utilised for the production as well. The 

acidification of the silage increases the shelf life of the material which can be extended up to two 

years with only little reduction of quality. No temperature control is required in the storage and 

transportation since the acid works as a preserver of the material, which is definitely one of the 

big advantages of this method. When silage preservation is compared to other preservation 

methods such as freezing, cooling and/or maintaining material frozen or cooled through 

transport and in storage, the advantages of low energy use becomes even clearer. 

 

The silage preservation process can generally be broken into three main steps, shown in Figure 

23. 

 
Figure 23: Processing streams and setup for silage preservation 
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The mincing is necessary to get a uniform raw material of the correct size and to activate the 

enzymes in the viscera. The primary silage tank is used to blend the raw material with the acid 

and trigger the digestion; and the secondary silage tank is to store the silage and maintain 

digestion.  

 

The equipment needed for silage preservation and production of silage can be variable and are 

for example dependant on the raw material. Whole fish and pelagic species need for example 

powerful mincing before going into the silage tank, while viscera and offal require less. Small 

particles should not be any greater than 3-4 mm in diameter to get even variance in the tank. 

Mincing is also carried out to activate enzymes that will, along with the acid, work on preserving 

and breaking down the material as well as ensuring even degradation of the material. One 

example of effective and powerful mincers are macerators, they suit perfectly for mincing of 

both whole fish and viscera. These mincers consist of two rotating wheels with blades, the 

wheels are located side by side and when the material catches into the blades it is shred apart 

through the wheels, an example of that can be seen in Figure 24. These types of mincers are 

designed to handle material in different sizes without stopping the production. When big 

particles enter the blades, the mincer continues to shred the material at lower speed. The size of 

the macerator needs however to be decided according to the size of the raw material (Arason & 

Harðarson, 1982). 

 
Figure 24: drawings of macerators, which make excellent mincers for silage production 

When choosing the type of acid used for the digestion, two possibilities arise i.e. mineral acids 

and organic acids. The mineral acids that have been used include hydrochloric acid and sulfuric 

acid, while the organic ones are mainly acetic-, propionic-, formate-, acetate- and propionate 

acids to name a few. In the beginning, when silage production was on the rise, the usage of 

inorganic (mineral) acids was more common. They are less expensive than their organic 

counterparts but involve at least one relatively large disadvantage. The mineral acids don’t start 

to act as preservative mediums until their pH value is below 2, rendering the solutions made by 

those acids to be relatively strong. This requires the fishermen or the companies buying silage 

made by inorganic acids to neutralize them prior to making products. It has been suggested that 

adding 20-50 kg of chalk to a 1 tonne of silage can neutralize the solution. However, when the 

chalk binds to the acid, precipitate salts are formed which are nutritionally undesirable. 
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For organic acids, this is not needed as their preservative action starts already at pH levels of 4. 

However, these acids are more expensive than the inorganic ones, but as silage made by those 

types doesn’t require neutralization prior to processing they could be seen as the favourable 

option. The most commonly used acid in silage production is the formic acid. 

 

Handling acid on board can introduce certain difficulties if things are not carried out the right 

way. Acid of this concentration is highly hazardous if exposed to humans. The acid should 

therefore be stored in a closed system where there is no risk of leak or spillage. Crewmembers 

should never have to handle the acid at sea in other ways than pushing a button or opening 

valves. Another factor to consider is the corrosion properties of the acid. In this concentration it 

needs to be handled with extreme caution and acidity control is therefore critical. It is 

subsequently advised to install a computer-controlled system that monitors the silage and 

measures the correct amount of acid needed to be added. These systems will add more acid into 

the solution if the pH value is rising too much above the desired value. Vacuum pumps can then 

be used to circulate the silage from the bottom of the tank to the top, in order for the acidity to 

be uniform throughout the solution. The acid can also be added relative to the mass flow into the 

silage tank, thus the silage will be fully blended when it enters the storage tank. The amount of 

acid needed for production of silage is around 2-3% of 85% organic acid, or roughly 20-30 

kilograms of acid per ton of raw material (Tatterson & Windsor, 2001). This does however not 

apply for all species and raw material, since silage made of viscera and offal does not require as 

much acidification. The optimal approach is therefore to have computer control, like mentioned 

above, which doses acid according to volume added into the tank and temperature controls to 

ensure rapid digestion during the initial stages. 

 

Silage tanks are categorized into primary- and secondary silage tanks. The role of the primary 

silage tanks is to receive material from the processing line, blend it with acid by using automatic 

temperature and acidification control and to trigger the digestion. Adding primary silage tanks 

for blending of the material helps with creating uniform material for even digestion. The 

secondary silage tank is thus meant to store and maintain digestion of the material. 

The breakdown of the silage is dependent on the concentration of the acid and temperature. A 

heater is therefore often used to increase the breakdown rate. It takes silage made of whitefish 

offal around two days to break down at temperatures around 20°C and five to ten days at 

temperatures around 10°C (Tatterson & Windsor, 2001). 

The number and size of the silage tanks used for the acidification process on-board fishing 

vessels is optional, the reason is that catch sizes vary between vessels. That is due to the fact that 

silage production on sea is a batch production and is only run for a few hauls at a time. This is 

done to ensure as even breakdown as possible without investing in too many acidification tanks. 

The optimal approach would be to have a silage tank for each haul, but that would not be 

economically feasible. 

 

There are few elements that need to be considered in the design of the silage tanks. The tanks 

need to be designed without sharp corners and with smooth inner surface to eliminate the risk 

of infection from bacteria settling on the surface. The primary silage tanks need to be 
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constructed with cone in the bottom for settling of unwanted particles as stones. These tanks 

can be constructed from normal construction steel (st 37) if the temperature of the silage is 

under 18°C, since temperatures greater than 18°C can lead to corrosion of the steel. For 

temperatures up to 30°C and more, anti-corrosive stainless steel is required or even plastic 

material (Arason, 1994). It is recommended to use anti-corrosive material for the primary tanks 

since the fermentation process has an optimum temperature between 25°C to 30°C (Archer, 

Watson, & Denton, 2001). Mixing of the silage is essential to get even chemical composition. 

Mechanical stir could be considered but optimal approach is to have vacuum pumping for 

constant circulation of the material. If stirring is poorly done the silage can separate into three 

phases, a liquid protein soluble on the top, an aqueous soluble in the middle and small sediment 

of heavy and insoluble fragments at the bottom (Tatterson & Windsor, 2001). 

 

Not all species are ideal for silage production. Shells of crustaceans are for example hard to 

process into silage and species with high urea content in the meat are not ideal for silage 

production either, such as sharks and skates. It is therefore best to categorize the UUC before 

using them into silage. The crustaceans can then be processed into other products, such as 

chitosan which is used in food supplements and as colour treatment in aquaculture. 

 

The equipment needed for silage preservation can be purpose-built and adjusted according to 

the needs of each vessel i.e. catch volumes and the available space on-board. The primary tanks 

are usually located where there is easy access, but the secondary tank is often located below 

where there is unused space, such as where there were previously fuel- or ballast tanks in the 

bottom of the ship.  

Temperatures do also have to be considered when choosing locations for the silage tanks, as 

temperatures close to freezing point slows the digestion of the material. It is however highly 

unlikely that too low temperatures will affect the fleet in Bay of Biscay, due to the warm climate 

there. The digestion does not have to be fully completed on-board of the fishing vessel, since the 

main goal is to preserve the material for on-land handling. Temperatures in and around the 

silage tanks may therefore vary between 10-30°C without any problems. But, the higher the heat 

is the more digested material will be when landing occurs. 

 

As shown in Table 2, the expected annual MCRS materials will amount to 656 tons, or 

approximately 13 tons per fishing trip. That translates into 2.6 tonnes per day on average if each 

fishing trip is 5 days. Digestion in each primary silage tank is estimated to be around 24 hours 

and therefore it is required to have two primary silage tanks. They run separately to be able to 

receive material at all times. Required minimum size of each primary tank is therefore 3 cubic 

meters since density of silage is around 1.2 kilograms. The system has then extra capacities to 

use when catches are above average and if catches not subjected to catch limits and/or offal are 

used for silage production. The minimum required size of the secondary silage tank is then close 

to 15 square meters. 

 

The suggested setup for silage preservation/production on-board the demonstration vessel is 

shown in Figure 25. 
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Figure 25: Suggested setup for silage preservation on-board the demonstration vessel 

The UUC is separated from the target catches at the sorting/bleeding & gutting station (1), the 

UUC subjected to the landing obligation is then placed on a conveyor belt (2) that sends it to a 

mincer (3). UUC not subjected to catch limits are either discarded through the discard chute (6) 

or used for silage. After mincing the raw material is pumped to the primary silage tanks (5) and 

the acid dispenser (4) measures correct amount of formic acid to be added. The secondary silage 

tank is located on the deck below and the rest of the processing line is the same as shown in 

Figure 20. 

 

The cost of setting up this silage system can vary depending on the equipment and 

manufacturers chosen. But given the specifications already discussed the total cost of the silage 

preservation system could be around 140.000 EUR, as shown in Table 5. 

 

Table 5: Estimated costs of installing a silage preservation system on-board the demonstration vessel 

Cost items EUR 

Mincer 45.000 

Acidification equipment 4.000 

Primary tanks 12.000 

Secondary tank 15.000 

Conveyor belts 4.000 

Vacuum pumps 11.000 

Hoses, fittings and other miscellaneous 20.000 

Instillation (5 persons for two weeks) 32.000 

Total cost 143.000 

 

Estimating the potential added value from the investment can be difficult, as there are 

uncertainties about both future supplies of UUC and the price of silage. Basing estimates of 

future supplies under a landing obligation on data on discards where discards are permitted or 
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required involves making assumptions that are questionable at best. The value of silage is also 

difficult to estimate, as it depends on protein and fat content, which varies extremely depending 

on species and time of year. The value also depends on various quality parameters and for what 

the silage is going to be used for. Given that the conclusions shown in Table 2 are correct and it 

is assumed that all catches below MCRS, all viscera and offal from target species and 2/3rd of 

catches of species not covered by catch limits are used for silage production, it can be expected 

that over 900 tonnes of raw materials will be utilised into silage preservation / production. If it 

is then presumed that the silage is going to be sold to a fishmeal factory it is possible to estimate 

the value, based on world prices of fishmeal and fish oil, as well as from general knowledge on 

chemical composition of the UUC. Mass balance calculations suggest then that it will be possible 

to produce 200 tonnes of fishmeal and 110 tonnes of fish oil from the silage. The price per ton of 

fishmeal and fish oil is also dependant on a large number of factors, but in this case it is assumed 

that a fishmeal factory will buy the silage and produce from it low quality feed grade fishmeal 

and fish oil. Basing the estimates on world market prices of such fishmeal and fish oil and 

assuming that the fishmeal factory will buy the silage for 65% of the final end product value, it is 

estimated that the annual value of the silage will be close to 260.000 EUR, as shown in Table 6. 

Table 6: Estimated volume of silage and its potential value for the demonstration vessel 

Raw material 
Raw 

material 
(T) 

Moisture 
(%) 

Protein 
(%) 

Fat 
(%) 

Minerals 
& other 

(%) 

Fish-
meal 
(T) 

Fish 
oil 
(T) 

Fish-
meal 

(EUR)* 

Fish 
oil 

(EUR)* 

MCRS catches 656 65% 18% 16% 1% 144 98 116.345 90.532 

Species not subjected 
to catch limits 

200 80% 17% 2% 1% 42 2 34.016 1.631 

Viscera & offal from 
target species 

81 70% 13% 14% 3% 15 11 11.756 9.764 

Total 937     200 110 162.117 101.927 

 

According to these calculations the payback time for the investment would be less than one year. 

These estimations are though based on a large number of assumptions. The value could of 

course be lower or higher, but the precautions have been made in the calculations to use only 

prices for low quality feed grade fishmeal and fish oil, whilst there are potentials to use the 

silage for more valuable fishmeal and oil. The form of the silage is also a factor, as silage which 

moisture has been removed from fetches higher prices. Allowing water to evaporate from the 

silage could therefore potentially increase the value. 

5.4 Summation 
Medium sized bottom trawlers targeting demersal species in the Bay of Biscay represent an 

important part of the Spanish Basque country fleet. This fleet does also play an important role in 

supplying the Basque country fishing villages with raw materials. Historically this fleet segment 

has had high portion of UUC, consisting of choke species, under MLS species and species on little 

                                                             
* 65% of final product value 
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or no commercial value. When it comes to identifying alternatives for improving on-board 

handling within this fleet segment there are some general improvements that can be suggested 

that primarily refer to improving bleeding, gutting, cleaning and chilling of the catch. But when it 

comes to identifying alternatives that are solely focused at the UUC there are few applicable 

options that can be identified. There are possibilities in sorting and storing the UUC in boxes in 

the refrigerated hold, which means that the UUC is then diverted to the appropriate supply 

chains once landed. This would however mean that fishing trips would have to be significantly 

shortened, due to limited available space in the hold. This would increase fishing costs, but this 

could also increase the quality of the catch landed for human consumption. There is also an 

option to install a silage preservation system, which seems to be a practical and economically 

applicable solution.  
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6 Large wetfish bottom trawlers 

Large wetfish bottom trawlers targeting demersal species represent an extremely important 

part of the European fishing fleet. Spain, Portugal, France, Netherlands, Germany, Denmark, UK, 

Ireland, Norway, Faroe Islands and Iceland are amongst the European countries that depend on 

this fleet for significant parts of their seafood supplies, particularly when it comes to demersal 

species in deeper waters. These vessels are generally between 40 and 60 meters in length and 

ranging from 200 to 1000 GT, with 1.000 to 6.000 hp engines. Figure 26 shows a vessel that is 

fairly representative for this fleet segment (picture: Jonas R. Viðarsson) 

 
Figure 26: Large wetfish bottom trawler typically operated in the NE-Atlantic 

The discard rates amongst this fleet are highly variable, depending on target species, fishing 

area, gear selectivity measures, legislations (such as CFP vs. non-CFP countries) etc. Discard 

rates of otter trawlers in the North Sea have for example been reported at 18% of total catch, 

whilst English Channel, Irish Sea and Celtic sea trawlers’ discard rates have been up to 36% of 

total catch. Most of the discards have been catches below MLS and primarily made up of dab, 

gurnards, plaice, lesser-spotted dogfish, whiting, boar fish, poor cod, great silver smelt, horse-

mackerel and dragonets (Enever, Revill, & Grant, 2009). Discard rates of this fleet further south 

are even higher, as for example 2/3rd of the fleets’ catches in the Bay of Biscay have been 

discarded (SDSP, 2015). Discards amongst the large wetfish bottom trawler fleet in non-CFP 

countries have however been reported much lower, as discard rates of Norwegian trawlers 

fishing for cod in the Barents Sea have for example been estimated at 1-5% (Valdemarsen & 

Nakken, 2002) and discard rates trawlers fishing in Icelandic waters have been estimated below 

2% (Pálsson, Björnsson, Guðmundsson, & Ottesen, 2015). It is therefore clear that estimating 

UUC of this fleet under a landing obligation is challenging and that solutions for on-board 

handling of UUC may differ depending on fishing areas, target species and other influencing 

factors.  

 

To demonstrate the current setup and on-board handling, as well as available options for “best 

practice” on-board handling of UUC in this fleet segment the authors have selected a bottom 

trawler operated from UK, fishing for demersal species in NE-Atlantic. 
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6.1 Wetfish bottom trawler from UK fishing in in the Northeast-Atlantic 

The trawler selected for demonstrating current on-board handling practices and potential 

options for improvements in order to meet new requirements under the landing obligation is a 

51-meter-long, 12.8-meter-wide wetfish bottom trawler that lands fresh whole gutted head-on 

demersal round- and flatfish catches. The trawler is 880 GT and the engine is 3.000 hp. Figure 27 

shows a 3D drawing of the vessel (drawing: SkipaSýn).  

 

Figure 27: 3D drawing of the demonstration vessel 

This specific (hypothetical)* trawler focuses mainly on deep-sea areas in the North Western 

Waters, North Sea, West of Scotland and goes occasionally as far north as the Norwegian Sea, Jan 

Mayen and Barents Sea. The vessel has a crew of 14 persons working on six hour shifts. The 

length of the fishing trips depends on catch volumes, the location of the fishing grounds and 

where the catch is landed. The average fishing trip is though somewhere around 6-8 days, but 

the longest trips can stretch up to two weeks when fishing on grounds further away. The 

number of fishing trips per year can vary a bit, but are generally somewhere around 60. The 

refrigerated hold can store around 150 tonnes of catches, but the vessel is rarely full when 

landing. Annual catches can fluctuate a little between years and the catch composition does also 

vary, but total landings are generally somewhere around six thousand tonnes, consisting mainly 

of cod, saithe, redfish, whiting and haddock. Discard rates for the vessel have been around 20%, 

consisting mainly of MLS and choke species. Table 7 shows the average annual catch 

composition by main species and estimated discards prior to the implementation of the landing 

obligation. 

  

                                                             
* The trawler used for demonstration is “hypothetical” in the sense that it is really a mixture of a vessel that is 
currently being built in China and will be delivered to its owners in few months and its predecessor that is a 
similar sized trawler built in 1988. The catch and discard numbers used for reference are based on actual 
numbers from the older vessel, as well as national averages and published data on discards in this fleet 
sector. The design of the processing deck is made for the new trawler. 
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Table 7: Average annual landings and estimated discards of the demonstration vessel 

Species 
Catches 

(T) 
Landings 

(T) 
Discards 

(T) 
Discard 

rate 

Cod 1.800 1.700 100 6% 

Saithe 1.530 1.500 30 2% 

Redfish 1.500 1.100 400 27% 

Whiting 700 400 300 43% 

Haddock 500 300 200 40% 

Atlantic Argentine 310 300 10 3% 

Hake 150 3 147 98% 

Mackerel 100 0 100 100% 

Ling 55 50 5 9% 

Flatfish species 13 10 3 23% 

Wolfish 13 12 1 8% 

Tusk 3 3 0 0% 

Other 350 200 150 43% 

Total 7.024 5.578 1.446 21% 

 

Majority of cod, saithe, redfish whiting and haddock discards is explained by MLS, but discards 

of the other species is largely due to lack of quota. The annual landing value of the vessel is 

around 15 million EUR. 

 

Vessels in this fleet sector are generally owned by big companies that operate several trawlers. 

Investment in technology has been relatively high as the companies have tried to optimise their 

operation and maximise profits. Automation level is fairly high and emphasis on utilisation and 

quality is huge. The current on-board handling procedures and the available technology for 

maximising value and maintaining quality are therefore well in order. 

6.2 Current on-board handling procedures 
When the catch arrives on board it is released from the trawl down to the reception unit. From 

there it is fed onto a conveyor belt to the processing line. The processing depends on which 

species are being caught, as some species can be sent directly down to the hold, whilst others 

need to be bled, gutted and cleaned. Redfish is for example not bled or gutted and cannot be sent 

through cleaning stations designed for the other catches, because it will then loose colour and as 

results be downgraded in price. Figure 28 shows how one of the processing lines (red arrow) 

bypasses the gutting and cleaning stations and goes straight to the grading station (8) and goes 

from there down to the hold (9) where the fish is arranged and iced into 460 litre tubs, which 

hold around 300 kg of fish each. On its way the crewmembers remove the under MLS catches 

and other UUC and discard it thorough the discard chute (13). 

Most catches do however have to be bled and gutted. Mixed catches do therefore go from the 

reception (1) to the bleeding and gutting stations (2). Main target catches are after bleeding and 

gutting sent to the bleeding/cleaning- and pre-cooling tanks (5 & 6), but by-catches and stored 

in collection boxes (3) where they wait in RSW until the target catches from the haul have been 

taken care of. UUC, MLS, viscera and offal are sent on conveyor belts to the discard chute (13), 

with the exception of roe and liver that go on different conveyor belts leading to a special 
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storage box intended for such materials (11). The automated gutting machine (4) is sometimes 

used, particularly when mainstay of the catches is small saithe, but manual gutting is preferred 

because of quality concerns. Each fish is in the bleeding/cleaning tank for 5 minutes, where 

there is good circulation of fresh seawater. The fish goes from the bleeding/cleaning tank to the 

pre-cooling tank (6) where RSW cools the catch down to approximately 0°C in 30 minutes. The 

RSW used for the collection boxes (3) and pre-cooling tanks come from the slush reservoir tank 

(12) which is fed by slurry Ice machines located in the engine room. After pre-cooling the fish is 

sent to sorting and grading station (7 & 8) where there is an option to sort the catch by species 

and size. That sorting can be programmed so that each lot is divided into 300 kg portions, which 

then fit into one tub in the hold. The on-board setup is showed and explained in Figures 28-34 

(drawings and photos: 3X-Technology and Matís). 

 
Figure 28: Processing line the demonstration vessel (1. Reception unit - 2. bleeding/gutting/sorting station - 

3. Collection boxes for by-catches – 4. Gutting machine - 5. Bleeding in fresh sea water - 6. Pre-cooling in RSW 

- 7. Measuring & monitoring - 8. Sorting – 9. Hatch down to hold – 10. Access panel to the hold for landing the 

catches - 11. Storage for liver and roe – 12. RSW reservoir tank 13. Discard chute. 
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Figure 29: 3D drawing of the processing deck 

 
Figure 30: Mixed catches coming from the reception 
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Figure 31: Mixed catches entering the bleeding and gutting station 

 
Figure 32: Redfish going straight through the bleeding and gutting station - 

only MLS and other UUC removed 

 
Figure 33: Bleeding and gutting. Offal goes into the round hole, roe and liver into the square holes 
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Figure 34: Catches placed in 460 litre tubs down in the hold 

There have been a lot of expensive investments made in this vessel in recent years to optimise 

quality, efficiency and utilisation of catches. This is a development that has taken place on a big 

part of this particular fleet sector. Most of the catches that are permitted to land have been 

utilised and by-products such as roe and liver have been collected as well. The impact of the 

landing obligation on the vessel are therefore primarily going to be with regards to MCRS and 

choke species. The implementation of the landing obligation will undoubtedly improve 

selectivity, so that MCRS and choke species catches will be reduced. Quota top-ups will also help 

with regards to accidental catches of choke-species. The landing obligation will nevertheless 

have significant impact on on-board practises when it comes to handling the catch, particularly 

regarding UUC. 

6.3 Alternatives for on-board handling of UUC 
Unlike with the other demonstration vessels discussed in this report the on-board handling 

procedures and available technology to optimise quality and utilisation of target catches have 

already been optimised. There are also little obstacles in the way of sorting MCRS catches and 

storing them separately from target catches intended for human consumption in the refrigerated 

hold for processing on-land.  

There are as well few other plausible alternatives that can be identified to handle, store and 

utilise UUC on-board this type of vessel. Having compact protein plant or fishmeal factory on-

board a vessel of this size is difficult, but might be a plausible alternative. Mincing or 

compressing UUC to store fresh or frozen is also a remote possibility. More realistic alternatives 

are silage preservation or production units, and production of Fish Protein Hydrolysate (FPH) 

could even be an option. Following is a discussion on the the alternatives regarded as most 

realistic in regards to handling of UUC on-board the demonstration vessel. 

6.3.1 Classification of UUC for processing on-land 

The simplest way of dealing with UUC on-board the demonstration vessel under landing 

obligation is to use the current setup. Species not subjected to catch limits can continue to be 
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discarded and species for which the vessel does not have quota for will have to be handled as 

target catch. The only catches needing to be handled differently under the landing obligation is 

therefore catches under MCRS. Since MCRS catches cannot be utilised for human consumption 

there will be a need to separate between the two categories. It is relatively simple and 

inexpensive to separate between human and non-human consumption catches on the processing 

deck and in the hold. The by-catch collection boxes (see Figure 29) can be used to store the UUC 

while the target catches are being processed; and the UUC then handled afterwards. A part of the 

hold can be boxed off for storing catches intended for non-human consumption and having 

differently coloured tubs for those catches will also be beneficial. The MCRS catches should 

ideally be sorted by species into the tubs, but it could also be an option to do the sorting during 

landing. Storing the UUC in the hold will of course have effect on how much target catch can be 

fit in the hold and potentially result in shortening of fishing trips as the hold will fill up quicker. 

This should however not be a major problem as the vessel rarely came to port fully loaded prior 

to the implementation of the landing obligation. Discards have accounted for approximately 

20% of the vessel’s catches in the past. If it is assumed that 50% of the discards have been below 

MCRS and that the implementation of the landing obligation will contribute to 25% reduction in 

catches of below MCRS, due to improved size selectivity measures; the below MCRS catches will 

account for 7.5% of total catches. That will translate to roughly 500 tonnes of MCRS catches a 

year, which are likely to fetch a landing value of around 200.000 EUR, assuming that average 

prices will be 0.4 EUR/kg. The added value will give good return on the required investment 

within months, as the only investment required will be in few differently coloured tubs and 

setting up movable panels in the hold to separate human and non-human consumption catches. 

The fact is tough that the added value will only account for 1.3% of the annual landing value and 

the on-board handling will add to the already busy schedule of the crew. Also, in some instances 

the space occupied by MCRS catches in the hold will result in shortening of fishing trips, which 

may lead to increased oil consumption as extra fishing trips will be needed to fill the quota. 

This alternative is therefore simple, inexpensive to implement and applicable in most respect. 

But does require significant efforts from the crew and gives little economic incentive. 

 

There is an option to install an automated size grader on the vessel and in some instances it is 

even theoretically possible to have an automated species grader; but such a solution is not 

commercially available yet. These are however solutions that are not permitted on-board EU 

vessels, as they can enable automated high-grading. Automated size graders are though being 

used on-board Norwegian, Icelandic and Faroese fishing vessels; and the experience they have is 

that the graders have not been used to assist with high-grading (as far as the authors are aware 

of at least). These are therefore solutions that should be considered as alternatives, even though 

current legislation does not permit their use. 

In cases where all catches being sent through the processing line are of the same species, which 

is quite common when fishing in the NE-Atlantic, it is possible to have an automated grading 

system on-board the vessel. These grading systems are for example being used on some 

Icelandic wetfish trawlers and amongst the equipment providers are Marel and 3X-Technology. 

The demonstration vessel has the system partly set-up, shown as stations 7 & 8 on Figure 28. 

Station 7 would then be a belt weigher that weighs each fish and decides to which batch it 
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should belong. The fish goes then onto station 8 where it is diverted to the right batch according 

to the weight. Each batch is then ready to be sent down to the hold when the pre-decided batch 

size has been reached, which in the demonstration vessel’s case would be 300 kg. Each tub will 

then contain the right amount of fish, which will all be of similar size. It is even possible to let the 

data follow the tub, given that the tubs are fitted with a microchip (RFID) and the crew down in 

the hold have handheld scanners to connect the chip to the data collected by the grader. During 

on-land processing the production managers will then have detailed information on the raw 

material they have and can scan each tub to see what is in it, as well as where and when it was 

caught etc. This is a system that has for example been partly in operation at FISK Seafoods and 

Gunnvör in Iceland; and HB Grandi is considering to adopt this system on all new wetfish 

trawlers, but they have currently three large wetfish trawlers in construction. This kind of size 

grading system would be very helpful in separating between MCRS catches and catches intended 

for human consumption; in addition to allowing for better production management after 

landing.  

Species grading is currently only at an experimental stages and there is probably some time until 

it will be a marketable solution. The concept and approach discussed in chapter 5.3.2. shows 

clearly the advantages of such solutions. There are already prototypes available that can 

separate between limited number of species, which could then work in NE-Atlantic fisheries 

where species diversity is not that variable. Star-Oddi in Iceland, Marine Scotland in UK, as well 

as AZTI and CSIC in Spain are amongst the companies/institutions that have been working on 

using computer vision to identify species at sea, but this is a field that is still on development 

stages. 

The economic benefits of investing in size- or species graders are not that clear, as the manual 

grading does not really cost anything for the vessel owners. It is a task that is simply a part of 

what the crew does on-board the vessel. Improved grading, more uniformed batches and 

increased data availability are however factors that could potentially be of economic benefit for 

the vessel owners. 

6.3.2 Fishmeal factory or protein plant 

There are available compact fishmeal and protein plants which could potentially be fitted on a 

vessel of this size, although most likely not realistically feasible, due to lack of space. There are 

such factories available that are only 8*4*4 meters in size. But finding such a large space is 

difficult on a trawler of this size, and in addition it is needed to store the products in special 

storage holds. An example of a compact fishmeal factory is shown in Figure 35 (picture: Amof-

Fjell) and an example of a protein plant is shown in Figure 36 (picture: Héðinn). 
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Figure 35: Compact fishmeal factory from Amof-Fjell 

 
Figure 36: Héðinn Protein Plant 

These kind of production plants are often on-board larger processing vessels, but require still a 

bit more space than is available on-board fresh-fish trawlers of this size. These alternatives will 

before be explored in more detail later in the DiscardLess project when the attention will be on 

larger processing vessels. 

6.3.3 Compressing or mincing of UUC 

As discussed in chapter 5.3.3 there are some experimental developments going on in regards to 

compressing UUC to reduce volume. The challenge with compressing or mincing the fish is that 

such products will have very short shelf life if not frozen immediately. As soon as the fish tissue 

is opened up like that, the microbial degradation speeds up and oxidation increases. The 

compressed fish cake or minced fish will therefore have to be frozen to maintain quality. Fresh 

fish trawlers of this size are generally not equipped with freezers or freezer storage, which 

makes this alternative a bit far-fetched. 

6.3.4 Silage preservation 

A relatively simple way of handling the UUC is to make silage out of it for preservation purposes, 

as suggested for the Bay of Biscay trawler in chapter 5. The wet silage will then be sold as raw 
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material for further processing upon landing. The raw materials used for producing the silage 

will consist of below MCRS catches, species not subjected to catch limits that would otherwise 

have been discarded and viscera/offal from target catches. The process, the technology and 

required equipment have been explained in chapter 5. The expected raw material used for silage 

preservation could be close to 1.000 tonnes, given that 50% of discards in the past have been 

below MCRS and that the implementation of the landing obligation will improve size selectivity 

by 25%. It is also assumed that all catches not subjected to catch limits will be used for the silage 

preservation (with the exception of the 20% size selectivity improvements and release of 

species that are not suitable for silage production, such as skates, dogfish and sharks) and that 

viscera/offal from target species (where applicable) will be used as raw material for silage (with 

the exception of roe and liver). These estimates are based on a number of “best available” 

assumptions, but it is clear that margin of error can be significant. The estimated raw materials 

for the silage preservation by main species/material group are shown in Table 8. 

 
Table 8: Estimated volumes of raw materials that can be used for silage preservation on the 
demonstration vessel under landing obligation 

Raw material 
MCRS catches 

(T) 

Species not 
subjected to catch 

limits 
(T) 

Viscera & offal from 
target species 

(T) 

Cod 38  170 

Saithe 11  150 

Redfish 150   

Whiting 113  40 

Haddock 75  30 

Atlantic Argentine 4   

Hake 55  0 

Mackerel 38   

Ling 2  5 

Flatfish species 1   

Wolffish 0  1 

Tusk 0  0 

Other 56 28 5 

Total 542 28 401 

 

The equipment needed for silage preservation of these materials is very similar to the one 

suggested for the Bay of Biscay trawler in chapter 5. The processing capacity needed will be 

around 5-6 tonnes a day, given that the shortest full-load fishing trips will be 5 days and 15-20% 

of the catches will be used for silage preservation. Digestion in each primary silage tank is 

estimated to be around 24 hours and therefore it is required to have two primary silage tanks. 

They run separately to be able to receive material at all times. Required minimum size of each 

primary tank is therefore 6 cubic meters since density of silage is around 1.2 kilograms. The 

system has then a little extra capacity to use when catches are “abnormal”. The minimum 

required size of the secondary silage tank is then close to 30 square meters. The primary tanks 
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can be located port-side next to the discard chute and the secondary tank can be fitted on a 

lower deck. 

The cost of setting up this silage preservation system can vary depending on the equipment and 

manufacturers chosen. But given the specifications already discussed, the total cost of the silage 

preservation system could be around 190.000 EUR, as shown in Table 9. 

 

Table 9: Estimated costs of installing a silage preservation system on-board the demonstration vessel 

Cost items EUR 

Mincer 45.000 

Acidification equipment 4.000 

Industrial computer 20.000 

Primary tanks 14.000 

Secondary tank 20.000 

Conveyor belts 5.000 

Vacuum pumps 15.000 

Hoses, fittings and other miscellaneous 25.000 

Instillation 6 persons for two weeks 38.000 

Total cost 186.000 

 

Estimating the potential added value from the investment can be difficult, as there are 

uncertainties about both future supplies of UUC and the price of silage. Basing estimates of 

future supplies under a landing obligation on data on discards where discards are permitted or 

required involves making assumptions that are questionable at best. The value of silage is also 

difficult to estimate, as it depends on protein and fat content, which varies extremely depending 

on species and time of year. Given that the estimates shown in Table 8Table 2 are correct and it 

is assumed that all of those raw materials are used for silage preservation, mass balance 

calculations can be used to estimate potential value of the silage. Silage in this form can be sold 

to fishmeal factories for further processing. The price is then decided based on how much 

fishmeal and fish oil can be produced from it, and a number of quality parameter that decide 

what grade fishmeal and fish oil it will be. Given some assumptions regarding chemical 

composition of the UUC, the mass balance calculations suggest that the silage could be used to 

produce approximately 180 tonnes of fishmeal and 50 tonnes of fish oil annually.  

Prices per ton of fishmeal and fish oil is dependent on a large number of factors, but in this case 

it is assumed that a fishmeal factory will buy the silage and produce from it low quality feed 

grade fishmeal and fish oil. Basing the estimates on world market prices of such fishmeal and 

fish oil and assuming that the fishmeal factory will buy the silage for 65% of the final end 

product value (which is a common practice in the fishmeal industry), it is estimated that the 

annual value of the silage will be close to 200.000 EUR, as shown in Table 10. 
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Table 10: Estimated volume of silage and its potential value for the demonstration vessel 

Raw material 
Raw 

material 
(T) 

Moisture 
(%) 

Protein 
(%) 

Fat 
(%) 

Minerals & 
other (%) 

Fishmeal 
(T) 

Fish 
oil 
(T) 

Fishmeal 
(EUR) 

Fish oil 
(EUR) 

MCRS catches 542 73% 18% 8% 1% 122 34 96.476 31.592 

Species not subjected 
to catch limits 

28 75% 18% 4% 3% 7 1 6.184 562 

Viscera & offal from 
target species 

401 83% 10% 4% 3% 58 13 49.850 10.577 

Total 937 
    

184 52 153.949 42.731 

 

According to these calculations the payback time for the investment would be just under one 

year. These estimations are though based on a large number of assumptions. The value could of 

course be lower or higher, but the precautions have been made in the calculations to use only 

prices for low quality feed grade fishmeal and fish oil, whilst there are potentials to use the 

silage for more valuable fishmeal and oil.  

 

Important differences in the calculations for the NE-Atlantic case compared to the Bay of Biscay 

case are explained by differences in catch composition and on-board processes. The UUC in Bay 

of Biscay consist primarily of fatty fish, whilst UUC in NE-Atlantic are mainly lean fish, which 

translates into higher fat content and lower water content in Bay of Biscay. The viscera and offal 

do also have very different chemical composition, as all roe and liver are collected separately in 

the NE-Atlantic case, whilst being used for silage preservation in the Bay of Biscay case. 

 

The form of the silage is also a factor, as silage which moisture has been removed from fetches 

higher prices. Allowing water to evaporate from the silage could therefore potentially increase 

the value. 

6.3.5 Full on-board silage production 

It is possible to take the silage production process further on-board the demonstration vessel, 

which allows for more value adding. But it also means increased investment costs and much 

more complicated processes. The end products coming from this process are fish oil and de-

oiled silage. The fish oil can be sold directly, for example to feed producers. The de-oiled silage is 

also a marketable product that can for example be sold to fishmeal factories, feed producers and 

to farmers as feed supplements or fertilizer. One of the major benefits of this process is that 

water and acid are removed from the final product de-oiled silage, which gives a product that is 

easier to store, takes much less space, has longer shelf life and is more valuable.  

 

This production process is similarly to the silage preservation process to begin with. In the first 

stages, material is minced and then mixed thoroughly in one of the primary acidification tanks 

along with acid. The material is treated with temperature and acid control to enforce rapid and 

powerful start of the digestion. By optimising all necessary conditions, such as temperature, acid 



 
 
 
 

54                                                         www.discardless.eu                        doi:10.5281/zenodo.229325  

 

This project has received funding from 

the European Union’s Horizon 2020 

research and innovation programme 

under grant agreement No 633680 

 

control and other relevant factors, the silage can finish digesting in two days (Tatterson & 

Windsor, 2001). The secondary silage tank is therefore not necessary, since the melted silage 

can be utilized right away. There might however be necessary instead to have three primary 

silage tanks, as full digestion takes two days. Once the silage is digested it is sent through a heat 

exchanger where much of the water is removed from the silage. It then goes into a centrifuge, 

where the wet silage is separated into fish oil and de-oiled fish silage. The fish oil is then ready as 

a final product, but the de-oiled fish silage is sent into an evaporator where most of the 

remaining water is removed. The final de-oiled silage is then ready as a powder with very low 

water content, which takes relatively little space, is easy to store and has long shelf life. The 

processing steps are shown in Figure 37. 

 
Figure 37: Processing streams and setup for full silage production on-board the demonstration vessel 

 

The ratio of oil in the de-oiled silage can be adjusted according the buyer's requirement, as for 

example feed producers would like to have some oil content in the silage powder. Silage is 

normally priced by the fat and protein content. But there are few other quality factors that can 

also influence the price. Higher fat content increases the risk of rancidity which reduces the shelf 

life of the silage. 

 

The investment cost for a system like this one installed on the demonstration vessel is estimated 

to be 365.000 EUR, as shown in Table 11. 
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Table 11: Estimated costs of installing a full silage production system on-board the demonstration vessel 

Cost items EUR 

Mincer 45.000 

Acidification equipment 4.000 

Industrial computer 20.000 

Primary tanks 21.000 

Heat exchanger 25.000 

Centrifuge 50.000 

Fish oil tank 4.000 

Evaporator 20.000 

Storage tank for de-oiled silage 25.000 

Conveyor belts 5.000 

Vacuum pumps 25.000 

Hoses, fittings and other miscellaneous 25.000 

Instillation (10 persons for three weeks) 96.000 

Total cost 365.000 

 

Estimating added value of this investment depends on a number of factors and can vary 

significantly depending on what assumptions are given. Given that raw material supplies are the 

same as in the previous silage preservation example (chapter 6.3.4) and that all of the available 

fish oil is removed from the de-oiled silage, it can be expected that the volume of fish oil and 

silage powder produced will be similar as if the silage would have been otherwise processed in 

the fishmeal factory (see Table 10). Assuming same final prices as in that example i.e. world 

market prices for low quality feed grade fishmeal and fish oil, the added value of the investment 

would be around 300.000 EUR a year. The difference being that the fishing vessel would get the 

full final value of the products, instead of selling silage to a fishmeal factory at 65% of final value. 

The payback time for the investment would therefore be little over a year, not taking into 

account the share of the crew in the landing value or the production costs.  

 

The Norwegian freezer trawler Molnes was recently equipped with a full on-board silage 

production system. This was a part of a major renovation that was done on this 66-meter-long 

and 14-meter-wide fresh fish bottom trawler. The vessel has only been in operation after the 

renovation for few months, but they have not run into any major problems with the system yet 

and the products have been favourably received by their customers (Roaldsnes, 2016). The 

experience gained by Molnes will give valuable insight into the applicability of having full silage 

production systems on-board fishing vessels. 

6.3.6 Fish protein hydrolysate (FPH) 

Producing FPH on-board fishing vessels is an alternative that could be considered plausible, 

even though the process can be quite complicated and requires using hazardous materials, such 

as acids and enzymes. FPH in its simplest form is minced fish, viscera and offal which are 

processed and separated down to three streams. The first one is FPH which is protein rich 

powder. The second one is cake which consists of bones and skin. Finally, there is the third 

stream of fish oil. The aim of FPH production is to produce material with high protein content, 
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therefore whole demersal fish is most favourable since it is relatively high in protein and with a 

controllable level of fat. Species higher in fat content such as pelagic will need further processing 

to remove oils before being processed into FPH. That is done to prevent strong fishy flavours of 

the material. 

The UUC of the demonstration vessel are excellent raw materials for FPH, as they are high 

protein and relatively low in fat. But as with the silage production there might be some legal 

barriers for implementing this solution at the moment in the EU fleet, since CFP landing 

regulations require full traceability of all catch under MCRS and UUC. Blending of these parts of 

the catch with viscera and offal, as well as with species not subjected to catch limits could 

therefore be problematic. 

 

The first steps of producing FPH are quite similar to silage production. The material needs to be 

minced before it goes into the digestion tank to increase the surface area of the material and to 

promote uniformity. Unlike during silage production, enzyme microbial starters are added along 

with the acid to accelerate proteolysis and the breakdown of proteins down to amino acids. The 

blending tank needs to be equipped with stirring of some kind to get uniform material 

throughout the digestion. It can either have a built in mechanical stir or vacuum pump to ensure 

circulation in the tank.  

 

The digestion of the material is controlled by acidity (pH), temperature, proteolytic activity, 

reaction mixture and the protein percentage (Archer, Watson, & Denton, 2001). To control the 

digestion, the most common approach is to add acid along with enzymes while temperature 

control speeds up the process. The material is digested at temperatures around 50-55°C which 

shortens the digestion time down to about 30 minutes. Enzyme microbial starters are 

deactivated by heating the material up to 70-75°C. This procedure can be carried out in the 

digestion tank where heat elements or heat exchangers control the temperature. The heating 

also promotes better conditions for sieving since the material is warmer where oils and liquids 

separate more easily from the mass. 

When the enzymes have finished digesting the material and proteins have broken down into 

amino acids, the liquefied proteins are drained off and filtered by a sieving procedure. This 

procedure separates digested material into two streams. The former part consists of proteins 

and oils and the latter is cake, consisting of bones, skin and other particles. This cake is well 

suited for further utilization such as in a fishmeal factory or it can be utilized into fertilisers. 

Drum sieves are well suited for this process, the drum spins as the liquefied solubles are forced 

out of the drum and form liquid with high fat and protein content. After the sieving, the solubles 

are separated into oils, liquefied protein and cake. This is conducted with a dual stage centrifuge. 

The first centrifuge separates cake from the solubles and the second one separates solubles 

down to FPH and Fish oil. The on-board drying of FPH is optional since the procedure is highly 

energy demanding. The drying is usually conducted with spray, drip or freeze dryers. The 

processing steps in producing FPH are shown in Figure 38. 
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Figure 38: Processing streams and setup for FPH production 

 

As in the silage production the material streams can be adjusted with the aim of increasing the 

final value. The degree of processing can also be selected as two stage centrifuge would not be 

considered necessary except to get clearer fish oil.  

FPH is most commonly used in animal feed and is particularly sought after in aquaculture and 

pet food production. High-grade FPH are also increasingly being used for producing fish protein 

powders, which are then used as additives for making food supplements, functional foods and 

nutraceuticals, as an example. 

 

Estimating potential costs and benefits for this kind of processing is challenging, as this is a 

novel approach being proposed. The optimal setup for FPH production on-land is known, but 

this kind of processing has rarely been attempted on-board fishing vessels before. Estimating 

the cost of setting up the FPH production is therefore subjected to considerable uncertainty and 

more or less based on cost estimates for similar on-land production units. The estimated cost of 

setting up the production unit on-board the demonstration vessel is around 400.000 EUR, as 

shown in Table 12. 
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Table 12: Estimated costs of installing a FPH production system 
on-board the demonstration vessel 

Cost items EUR 

Mincer 45.000 

Acidification equipment 4.000 

Industrial computer 20.000 

Primary tank 14.000 

Digestion tank 15.000 

Heat exchangers 20.000 

Centrifuge 60.000 

Storage tanks 20.000 

Drum siever 30.000 

Storage tank for cake 25.000 

Conveyor belts 5.000 

Vacuum pumps 25.000 

Hoses, fittings and other miscellaneous 25.000 

Instillation (10 persons for three weeks) 96.000 

Total cost 404.000 

 

The biggest uncertainty in estimating the cost is in the time an effort needed to install the 

production plant. The estimated 30 person-weeks shown in the table above is though probably 

more than enough if no severe problems arise. 

 

Estimating the total value of the products is also challenging, particularly since prices of FPH 

have enormous range, depending on quality. Prices can for example easily vary from 1.000 EUR 

to 6.000 EUR per ton. The estimated volume is however a different story. Mass balance 

calculations show that 52 tons of fish oil, 65 tons of dried FPH and 269 tons of fish cake can be 

produced out of the raw material. The fish oil and the FPH can fairly easily be sold as final 

products, for example to feed producers. The fish cake is however most likely to be sold to a 

fishmeal factory, which could produce 119 tons of fishmeal from the cake.  

The expected landing value of these products could be around 365.000 EUR a year, assuming 

that a) the fish oil will be sold for 1.424 EUR/ton (1.600 USD/ton), which is the lower end of the 

world market price over the past five years (FAO, 2016), b) the FPH will be sold for 3.000 

EUR/ton which is around the average prices paid for such materials today, c) the fish cake will 

be sold to a fishmeal factory for 65% of the final product value i.e. the fishmeal factory will be 

able to sell the fishmeal for 1.246 EUR/ton (1.400 USD/ton), which is the lower end of the world 

market price over the past five years (FAO, 2016). the fishmeal factory is therefore expected to 

pay 810 EUR/ton. The expected volumes and values are shown in Table 13. 
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Table 13: Expected volumes and values of FPH 
production on-board the demonstration vessel 

Product Ton EUR/ton Total 

Fish oil 52 1.424 74.048 

FPH 65 3.000 195.000 

Cake / fishmeal 119 810 96.378 

Total 236  365.426 

This suggests that the payback time for the investment could be less than two years. These 

estimates do however, not take into account the share of the crew in the landing value or the 

production costs. There is also a considerate uncertainty regarding the efficiency of the 

equipment, for example with the purity of fish oils. It could well be the case that these products 

would need some kind of secondary-processing post landing. 

6.4 Summation 
Large wetfish bottom trawlers targeting demersal species represent an extremely important 

part of the European fishing fleet. Spain, Portugal, France, Netherlands, Germany, Denmark, UK, 

Ireland, Norway, Faroe Islands and Iceland are amongst the European countries that depend on 

this fleet for significant parts of their seafood supplies, particularly when it comes to demersal 

species in deeper waters. Discards within this fleet sector is highly variable, depending on target 

species, geographical location and the management system they operate within. Discards rates 

among larger EU wetfish bottom trawlers targeting demersal round fish species have for 

example been estimated from 20% up to 40%, whilst similar vessels operated in Norway, 

Iceland and Faroe Islands are reported to have discard rates well below 5%. 

This fleet sector has a number of available alternatives for on-board handling of UUC, since 

available space is not as much a limiting factor as on most other fishing vessels. The simplest 

alternative is to sort and categorise the UUC for further processing on-land. This is an alternative 

that does not need much investment, but value addition is limited and the required work for 

crewmembers is significant. It is also possible to make silage and FPH from the UUC, provided 

that EU legislations will allow for such on-board processing. But the current landing legislations 

concerning registration and traceability makes implementation of these solutions problematic at 

present. These are however production methods that are currently in use in fisheries outside EU. 

The investment cost and potential added value makes these alternatives interesting, as rate of 

return on investment is extremely short. Solutions for monitoring, control and surveillance of 

production such as these are being worked on in another task (T5.3) in the DiscardLess project, 

which will hopefully enable the EU to allow for on-board production of silage, FPH and other 

products where the content is difficult to identify.  
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7 Discussion 

The objective of this report has been to identify available alternatives and recommend the most 

applicable solutions for on-board handling of UUC for four different fleet segments in three case 

studies. The case studies are North Sea, Bay of Biscay and Northeast Atlantic (Iceland and UK), 

but the selection of vessels has taken into consideration transferability to other European fleets 

and areas. Practical and cost effective solutions have been identified, adapted and developed for 

four different fleet segments, which are10-15 meter hook & line coastal vessels typically 

operated in the Northeast Atlantic (UK, Iceland, Norway, Faroe Islands), 18-28 meter Danish 

seine/bottom trawl vessels typically operated in the North Sea and adjacent areas, 34-38 meter 

Bay of Biscay bottom trawlers typically operated by the Spanish fleet and finally 45-60 meter 

fresh-fish bottom trawlers used by most EU offshore fleets. Specific vessels have been chosen as 

demonstration vessels to represent the above mentioned fleet segments. These are all vessels 

that provide a good cross-section of the segment they represent. 

 

Solutions for “best practice” sorting, bleeding, cleaning, chilling, pre-processing, storing and 

other general on-board handling have been identified and their applicability for the 

demonstration vessels evaluated, based on need, catch volumes and catch composition, 

availability of space, costs and economic benefits. Solutions focusing solely on utilisation of UUC 

and potential alternatives for on-board handling of such materials have also been identified and 

their applicability evaluated. The most promising alternatives have been further analysed, 

including assessment of costs and benefits, mass balance calculations and potential setup 

designs presented on deck plans. 

 

When it comes to identifying applicable alternatives for on-board handling of UUC the most 

important factors are the size of the vessel and the catch composition. There are very limited 

alternatives available for smaller vessels, as they do not have the space for adding equipment or 

for storing of the products. For those vessels the most realistic alternative is to simply handle 

the UUC as any other catch, by bleeding, gutting, cleaning, chilling and storing in appropriate 

boxes. The possibility these vessels have for storing UUC in bulk tubs/containers might be an 

interesting alternative, as far as the legislations will allow for it, but this might be an issue in 

regards with current MCS rules. 

As the vessels become larger the more alternatives become available, which is perfectly 

demonstrated in the four fleet segments discussed in this report. The coastal vessel has very 

limited alternatives to choose from, the North Sea Danish seiner has a little bit more to choose 

from, the Bay of Biscay trawler has fairly many options and the UK trawler has a number of 

available alternatives. The most promising alternative for handling MCRS catches seems to be 

silage production. It is simple, inexpensive and does not require a lot of effort from the crew. 

Silage production is a known production process and has been used on a number of vessels for 

many years. The products are maybe not categorised as major added-value products, but the 

cost-benefit calculations presented in this report suggest that these are economically feasible 

alternatives. There are also other options identified, some of which are ready to be implemented 

and others that are still being researched and designed.  
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Many of the identified alternatives seem to be somewhat in contradiction with EU regulations on 

MCS issues e.g. silage, fishmeal, minced fish or compressed fish cakes, FPH and mixed bulk 

landings may be considered in breach of documentation and traceability regulation. Some of 

these have though been occasionally allowed in EU fisheries and new technology (some of which 

are being developed within the DiscardLess project) will hopefully remove any doubts that these 

alternatives are subjected to. 
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