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0. General considerations 

This report has been prepared for the benefit of (the Fisheries Information Centre of) the University of Tartu 

(registry code 74001073); address Ülikooli 18, 50090 City of Tartu, Republic of Estonia. 

Aquaculture Experience executed this “Feasibility Study Aquafeed Mill Estonia” following a stakeholders visit to 

Estonia in May 2022 in cooperation with Martti Tamm, Chief Technology Officer of the Center of Food and 

Fermentation Technologies (TFTAK) and Toomas Kevvai CEO of Est Fish Meal & Oil. 

Sidenotes has been made by Estonian Fishing Association 

The engineering and plant costing part of the project were executed by Process Integration, Denmark. 

 

This report is focused on fish farming in Estonia and associated current and perspective usage of fish feed in the 

Baltic States, and other potential target countries in the region in view of the purpose of this study to produce 

fish feed locally in Estonia. The results of this study will be presented in an (online) stakeholders meeting latest 2 

months after publication of this report. 

The study was financed by the European Maritime and Fisheries Fund (EMFF)  

 

Aquaculture Experience is not liability for any damages arising from the use of the results of this study nor the 

implementation of the recommendations. 
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1. Introduction 

The aim of this study is to explore the feasibility of establishing an aquafeed mill in Estonia. The tender for this 

study was issued by the Fisheries Information Centre, belonging to the University of Tartu, on request of the 

Estonian fishery sector.  

The Estonian fishery and aquaculture sector have intentions to extend aquaculture production to around 10 

ktons around the turn of this decennium and consider a local aquafeed production a big asset.  

In a European or regional context Estonia at present has a tiny aquaculture production to a big extend due to 

disadvantageous aquaculture conditions especially it’s long and very cold winters. 
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2. Aquafeed market in Estonia, The Baltic states, and neighboring countries 

2.1. Fish Farming Species, Volumes and Values 

2.1.1. General 

In this chapter the aquaculture sector, production volumes, feed demand including projections for 2030 are 

presented. Feed demand is estimated based on an assumed Feed Conversion Ratio (FCR) (see glossary of 

aquaculture terms in Annex 3 (§ 7.3.) which is based on industry averages. Production projections and 

associated feed demand are based extrapolation of the achieved CAGR 2010 – 2020 and on the stakeholder 

meetings in Estonia (May 2022).  

The species are subdivided in feed relevant and less relevant species for the sake of this feasibility study based 

on the economic interest of the feeds produced for these species. 

The relevant species in this study are fresh water (portion size) and large trout grown mostly in sea water, 

sturgeon that need extruded feeds and are grown in intensive farming systems. In countries outside the target 

countries species such as Atlantic salmon, seabass and seabream also within this category. 

The less relevant species in this study are carp (common, silver, grass, etc.) and other cyprinids (carp like 

species) and other freshwater fish that are grown in more extensive systems and are often fed with cereals or 

press pelleted feeds that are much cheaper than extruded feed. In case of an excess production capacity a feed 

mill could decide to produce extruded carp feed for the local and nearby markets to cover fixed costs. The 

margins on extruded carp feeds are too low to cover higher transport costs. 

In Annex 1 (§ 7.1) and overview of all markets and projections of this chapter are summarized in one table. 

*CAGR stands for is the Compound Annual Growth Rate, which is the mean annual growth percentage, in this 

case of the fish production in a country. 

2.1.2. Estonia 

In a European perspective Estonia is a tiny aquaculture producer. According to FAO statistics as shown in below 

table in 2020 Estonia produced 746 tons of rainbow trout, 124 tons of large trout in sea water, 50 tons sturgeon 

and 170 tons carp and less feed relevant species.  

The projected fish production in 2030 is 11.2 ktons at a feed demand of 12.0 ktons.  

It should be noted that the projected large trout production of 10 ktons in 2030 has been put as target in the 

State Fisheries Development Plan, which should be treated with caution and may be too optimistic considering 

the limitations of the Estonian fish farming growth perspectives as outlined in $ 2.2.2. 
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Table 1: Aquaculture production in Estonia in 2020 (volume x 1.000 MT and value x mln. US$) 2000 – 2020 and 

feed demand estimate (x 1.000 MT) incl. projections for 2030. 

  
Source: (FAOFISHSTATJ, 2022) 

* Production projections and associated feed demand are based on extrapolation of the achieved CAGR 2010 – 

2020 and on the stakeholder meetings in Estonia (May 2022).        

** According to the Estonian State Fisheries Development Plan the large trout production in seawater will grow 

to 10.000 tons in 2030 

Feed relevant species are intensely farmed species that require extruded feeds     

*** Other Carp species (silver, grass, etc.), other cyprinids (carp like species) and other freshwater fish that are 

grown in more extensive systems, less relevant species for this study       

**** Feed relevant species are intensely farmed species that require higher prized extruded feeds    
 

2.1.3. The other Baltic States (Latvia, Lithuania) 

Latvia had in 2020 an aquaculture production of totally 717 tons, 541 tons carp and other cyprinids and an 

almost negligible trout and sturgeon production. 

Lithuania produced 3.311 tons carp in 2022, 477 tons of African Catfish in RAS systems and 85 tons sturgeon. 

Table 2: Aquaculture production in Latvia and Estonia in (volume x 1.000 MT and value x mln. US$) 2000 – 2020 

and feed demand estimate (x 1.000 MT) incl. projections for 2030.

 
Source: (FAOFISHSTATJ, 2022) 

  

Country Species 2000 2010 2020
Value 

2020

Avg. 

per kg
 FCR

Feed 

demand 

CAGR     

2010- 

2020

Fish pro- 

jection 

2030*

Feed 

demand  

pro- 

jection

Rainbow trout 0 0 0.7 2.8 $3.73 1.0 0.7 4.3 1.0 1.0

Large trout (sea water)** 0 0 0.1 0.6 $4.79 1.2 0.1 10.0 12.0

Sturgeons 0 0 0.1 0.3 $6.70 1.2 0.1 7.6 0.1 0.1

Other Carp + less feed relevant*** 0 0 0.2 1.2 $7.24 1.0 0.2 0.2 0.2

Feed relevant species**** 0.2 0.5 0.9 3.7 $4.03 1.0 11.2 13.1

Total Estonia 0.2 0.5 1.1 4.9 $4.53 1.1 11.2 13.2

Estonia

Estonia

Country Species 2000 2010 2020
Value 

2020

Avg. 

per kg
 FCR

Feed 

demand 

CAGR     

2010- 

2020

Projection 

2030*

Feed 

demand  

projection

Latvia Rainbow trout 0.0 0.0 0.1 0.3 $5.39 1.0 0.1 31.3 0.1 0.1

Sturgeon 0.0 0.0 0.0 0.4 $10.97 1.2 0.0 13.2 0.0 0.1

Common carp 0.3 0.4 0.5 1.4 $2.63 1.0 0.5 2.1 0.6 0.6

Other Carp and less feed relevant species 0.1 0.1 0.1 0.3 $4.47 1.0 0.1 -2.1 0.1 0.1

Latvia Feed relevant species 0.0 0.0 0.1 0.3 $5.39 0.1 0.1 0.1

Latvia All species 0.3 0.5 0.7 3 $3.50 0.7 0.8 0.8

Lithuania Rainbow trout 0.0 0.0 0.1 0.6 $4.80 1.0 0.1 0.1 0.1

African Catfish 0.0 0.0 0.5 1.7 $3.52 1.0 0.5 0.5 0.5

Sturgeon 0.0 0.0 0.1 0.6 $6.78 1.2 0.1 17.5 0.1 0.1

Common Carp 1.9 2.9 3.3 9.9 $3.00 1.0 3.3 1.2 3.4 3.4

Other Carp and less feed relevant species 0.1 0.2 0.5 1.6 $3.34 1.0 0.5 7.1 0.5 0.5

Lithuania Feed relevant species 0.0 0.0 0.7 2.9 $4.16 0.7 0.7 0.0

Total Lituania All species 2.00 3.19 4.48 16 $3.51 4.5 4.6 0.0
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2.1.4. Finland 

Finland has a reasonable size production of large rainbow trout in sea water (11.4 ktons in 2020) and freshwater 

rainbow trout (2.9 ktons).  

Finland has its own aquafeed producer, Raisio Aqua (belonging to the Raisio Group, www.raisio.com), which has 

a majority market share in Finland and until recently was probably the biggest exporter of aquafeed to Russia. 

Table 3: Aquaculture production in Finland in (volume x 1.000 MT and value x mln. US$) 2000 – 2020 and feed 

demand estimate (x 1.000 MT) incl. projections for 2030.  

 
      

Source: (FAOFISHSTATJ, 2022) 

2.1.5. Sweden 

In 2020 Sweden produced 7.4 ktons freshwater Rainbow trout and 1.2 Kton large trout in seawater. Also some 

Arctic Char (1.1. Kton) is produced as well as some European eel (93 tons). The Estonian PR food Group 

produces ± 4 ktons of the 7.4 ktons freshwater trout (see visit report in annex 2 (§ 7.2.). The industry hasn’t 

been growing over the last 10 years and is unlikely to do in the years to come. 

Table 4: Aquaculture production in Sweden in (volume x 1.000 MT and value x mln. US$) 2000 – 2020 and feed 

demand estimate (x 1.000 MT) incl. projections for 2030.  

 
Source: (FAOFISHSTATJ, 2022) 

  

Country Species 2000 2010 2020
Value 

2020

Avg. 

per kg
 FCR

Feed 

demand 

CAGR     

2010- 

2020

Projection 

2030*

Feed 

demand  

projection

Finland Large trout (sea water) 13.2 9.3 11.4 47.0 $4.12 1.2 13.7 2.1 11.6 13.9

Rainbow trout 2.0 1.7 2.9 12.0 $4.12 1.0 2.9 5.4 3.1 3.1

Other salmonids & others 0.0 0.0 0.4 4.3 $9.85 1.2 0.5 0.4 0.5

Other Carp and less feed relevant species 0.1 0.8 0.3 3.1 $9.44 1.0 0.3 -8.5 0.3 0.3

Finland Feed relevant species 15.2 11.0 14.3 47.0 $3.28 17.1 15.1 17.5

Finland All species 15.39 11.77 15.1 66 $4.40 17.4 15.4 17.8

Country Species 2000 2010 2020
Value 

2020

Avg. 

per kg
 FCR

Feed 

demand 

CAGR     

2010- 

2020

Projection 

2030*

Feed 

demand  

projection

Sweden Rainbow trout 2.2 5.6 7.4 28.3 $3.80 1.0 7.4 2.9 7.7 7.7

Large trout (sea water) 1.6 2.3 1.2 5.0 $4.13 1.2 1.4 -6.2 1.1 1.4

Arctic Char 0.3 1.3 1.1 4.2 $4.02 1.0 1.1 -2.2 1.0 1.0

European eel 0.3 0.1 0.1 0.7 $7.16 1.5 0.1 -0.2 0.1 0.1

Sweden Feed relevant species 4.1 9.2 9.7 38.1 $3.93 9.9 0.6 9.8 10.0

Sweden All species 4.38 9.26 9.8 38 $3.90 10.1 0.6 9.9 10.2

http://www.raisio.com/
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2.1.6. Ukraine 

The aquaculture production in Ukraine largely consists of a sizeable carp production of 8 ktons in 2020. Next to 

this there is a small production of more feed relevant species Trout, Catfish and Sturgeon of 585 tons all 

together in 2020. 

Table 5: Aquaculture production in Ukraine in (volume x 1.000 MT and value x mln. US$) 2000 – 2020 and feed 

demand estimate (x 1.000 MT) incl. projections for 2030.  

 
Source: (FAOFISHSTATJ, 2022) 

Estonian Fishing Association sidenote: Due to Estonia's good reputation, Ukrainian fishing industries are looking 

for cooperation opportunities with Estonian fish industry companies. The interest in doing business with fish 

sector has grown significantly since the war. 

2.1.7. Russian Federation 

The Russian aquaculture production reached 240 ktons in 2020 of which 109 ktons of feed relevant species such 

as 50.9 ktons, rainbow trout (portion size as well as large size) in freshwater 40.5 ktons large rainbow trout in 

seawater, 10.9 ktons Atlantic salmon in seawater, 4.8 ktons sturgeon, and 2.2 ktons of channel catfish. 

Table 6: Aquaculture production in the Russian Federation (volume x 1.000 MT and value x mln. US$) 2000 – 

2020 and feed demand estimate (x 1.000 MT) incl. projections for 2030.  

 
Source: (FAOFISHSTATJ, 2022) 

  

Country Species 2000 2010 2020
Value 

2020

Avg. 

per kg
 FCR

Feed 

demand 

CAGR     

2010- 

2020

Projection 

2030*

Feed 

demand  

projection

Ukraine Rainbow trout 0.1 0.2 0.2 1.1 $4.87 1.0 0.2 1.5 0.2 0.2

Wels/Catfish 0.0 0.0 0.3 0.7 $2.38 1.0 0.3 39.3 0.4 0.4

Sturgeon 0.0 0.1 0.1 0.5 $6.66 1.2 0.1 4.7 0.1 0.1

Common carp 20.0 19.7 8.0 12.4 $1.54 1.0 8.0 -8.6 7.3 7.3

Other Carp and less feed relevant species 10.9 3.0 10.0 9.4 $0.94 1.0 10.0 12.9 11.3 11.3

Ukaine Feed relevant species 0.1 0.3 0.6 2.3 $3.94 0.6 0.7 0.7

Total Ukraine All species 31.08 23.14 19.2 26 $1.37 18.6 19.3 19.3

Country Species 2000 2010 2020
Value 

2020

Avg. 

per kg
 FCR

Feed 

demand 

CAGR     

2010- 

2020

Projection 

2030*

Feed 

demand  

projection

Russian FederationRainbow trout 3.8 19.1 50.9 384.5 $7.56 1.0 50.9 10.3 56.1 56.1

Large trout 0.1 0.2 40.5 306.4 $7.56 1.3 52.7 70.2 69.0 89.7

Atlantic Salmon 0.0 4.5 10.9 58.6 $5.40 1.3 14.1 9.2 11.9 15.4

Sturgeon 2.1 2.1 4.8 52.2 $10.80 1.5 7.3 8.8 5.3 7.9

Channel Catfish 0.1 0.1 2.2 7.1 $3.24 1.5 3.3 37.5 3.0 4.5

Common Carp 34.2 57.0 68.5 222.0 $3.24 1.0 68.5 1.9 69.8 69.8

Other Carp and less feed relevant species 33.4 36.7 62.4 185.2 $2.97 1.0 62.4 5.5 65.8 65.8

Russian Feed relevant species 6.0 26.0 109.3 808.9 $7.40 6.6 128.2 145.2 173.6

Total Russian Fed. All species 73.63 119.59 240.2 1,216 $5.06 8.6 259.2 280.8 309.2
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2.2. Estonia’s aquaculture growth perspective  

2.2.1. Upsides 

Government  

The Estonian government has ambitious intentions to grow the aquaculture production in Estonia to 10 ktons in 

2025 but at least in 2030 in seawater/offshore farming. The question however is how realistic this ambition is. 

There is a strong interest from the industry especially from 2 industrial investor groups that have applied for 

licenses to produce big sea trout in the Baltic Sea. One industrial group already produces close to 200 tons of 

trout in the Baltic Sea which is considered as a pilot and another investment group also applied for licenses and 

has experience developing integrated production chains in other animals production. 

The ministry of Rural Affairs (also responsible for fisheries) is supporting the reshaping of the present freshwater 

farming and converting it to pre-growing smolts and creation of hatcheries in support of the intended sea 

farming operation of the investment groups in Estonia. 

The EMFF contributed to the establishment of the Fish Component Factory a cooperative fish meal and oil 

factory in Paldiski (tradename: Estonia, Pro Fish Meal and Oil), which is owned by the Fish Producers Central 

Cooperative that started production in 2019. Obviously, one may consider the factory a positive example on 

how local government enforcement together with EMFF granting leads to successful business development. 

Local fish meal and oil availability 

The availability of locally produced fish meal and oil from a somehow related fish meal and oil plant is an 

advantage in times of general scarcity of high protein level feed ingredients in general and fish meal as well as 

fish oil. Notwithstanding the fact that the fish feed factory should be considered as a separate business entity It 

may help that some of the shareholders of the present factory are partially the same as the ones that are 

interested to establish the fish feed factory.  

2.2.2. Limitations 

Climatic conditions 

Estonian ambient temperatures are too low in winter for fish production. Inland waters and even the Baltic see 

freeze completely. Therefore, the production cycle in sea cages only lasts 6-7 months1. The smolts may be 

stocked at 700 grams in April/May and harvested from October. Also, the on-land freshwater fish production 

comes to a standstill in open systems. In the few Recirculated Aquaculture Systems still some production is 

possible in winter but there are only few RAS systems in Estonia and they are uneconomic. 

1Estonian Fishing Association sidenote: Production cycles can be extended up to 8 months in the light of recent 

years climate conditions. 

Environmental issues (licensing) 

Obtaining a license to produce fish in the Baltic is a complicated and time-consuming process. The main problem 

are the environmental limitations on Phosphorous (P) and Nitrogen (N) eutrophication that need to be 

compensated to obtain a license for (a polluting activity such as) fish farming. Compensation of P and N 

retention may be achieved for instance by growing shellfish and/or algae and seaweed. Due to the low 

temperatures in Estonia shellfish grow very slowly in Estonian waters and can’t be economically exploited thus 

far. Algae production is still in its infancy (experimental stage). It is unlikely that prospective farmers will be 

capable of financing loss generating cultures of shellfish and algae on top of their business financing so a 

government support may be a way out to realize the projected growth. The Ministry of Rural Affairs is 
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investigating in consultation with the Ministry of Environment if it can reduce the environmental threshold 

measures of the licensing process by for example investing in the shellfish growing to absorb released nutrients. 

 

Stocking material  

Due to the short season sea cages need to be stocked with big smolts (600 – 800 gram) that needs to be grown 

in fresh water. The presently available freshwater capacity to grow stocking fish is at its limit (around 750 tons) 

which implies that if all freshwater trout facilities would produce stocking material for the projected sea cages 

the maximum output would be in the range of 3000 tons (incl. the freshwater production)2.  

A recent report from the University of Tartu confirms that in the most optimistic expansion scenario the fresh 

water smolt production in Estonia could reach 1.200 tons annually (Risto Kalda, 2022). For further expansion the 

smolts (stocking material) should be imported from Finland or Sweden for instance but leads to higher cost.   

2Estonian Fishing Association sidenote:  This is a current problem, in the long term stocking fish is not a problem. 

If there is sufficient demand for the purchase of stocking fish from established local offshore farms, there are 

interest groups that are ready to establish and expand stocking fish farms. 

   Competitors on the European market 

Estonia’s neighboring countries (Finland, Latvia, etc.) supply their bulk of production to the market in the same 

period as the Estonian farmers. Norway produced 96 ktons of sea-grown big trout in 2020 and by its year-round 

production will have much lower production cost than Estonia. It is unlikely that Estonian sea trout farmers will 

be competitive to export bigger volumes3.  

3Estonian Fishing Association sidenote:  Historically, the Estonian fishing sector has had a good export capacity. 

Hiiu Kalur, AS MV Wool and Avektra OÜ have been successful in both local and distant export markets. 

Estonian fish consumption 

Sources indicate that consumption of fisheries and aquaculture products in Estonia amounted to 15 kg per 

capita in 2019. The most popular species are salmon, trout, Atlantic and Baltic herring, and sprat. Consumers 

prefer to buy the fish in fresh or smoked form. The leading seafood exporters to Estonia are Finland, Sweden, 

and Latvia. Whole fresh fish was the largest imported item with 42% of total volume, followed by whole frozen 

fish with 28%, and fresh fish fillets with 15% of the total. Among the frozen fish, imports into Estonia are mainly 

salmon, herring, and sprat, while the fresh fish are mainly salmon, trout, and sprats (Eurofish, 2022) . 

There is an opportunity to replace some of salmon and trout imports by local production provided market-based 

prices can be offered. According to the interviewees Estonian consumers have a limited willingness to pay 

anything extra for locally raised fish and/or more sustainable product.  
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3. Perspectives for an Aquafeed factory in Estonia  

3.1. Market definition and size 

At present all major aquafeed companies have ceased their (aquafeed) sales to Russia and obviously nobody 

knows if and when business with Russia will resume. Therefore 2 scenarios, with and without Russia, are 

presented in this chapter. The projections shown in Table 7 have been extracted from the market overview 

shown in Annex 1) considering assumed market shares for the “Estonian Feed Mill” of 50% for the Baltic states4, 

20% for Finland, Sweden and Ukraine and 10% for the Russia federation (in the scenario incl. Russia)5. 

If we consider the Baltic states only there is no business case (6.6 - 7.0 ktons feed sales in 2030). Including an 

optimistic 20% market share in Sweden, Finland, and Ukraine there is a very thin business case for a very small 

feed mill with an annual output of 12.3 – 16.5 ktons annually. If we include a 10% market share in the Russian 

Federation feed sales volumes of 26.6 – 44.4 ktons should be within reach. 

 

Table 7: Feed demand, sales projections, and scenario’s 

  
In case aquafeed sales to the Russian Federation don’t recover obviously the lacking volume should be 

compensated by higher market shares in the other markets of this study or higher growth in these markets not 

projected yet, or feed sales to markets not included in this study.  

4Estonian Fishing Association sidenote:  In the Baltics, we can grab a market share of at least 75%. The sector's 

long-term customer relations in neighboring countries allow for such an optimistic forecast. 

5Estonian Fishing Association sidenote:  The fish feed market is global, and with similar inputs we can be 

competitive worldwide. It is possible to replace the share of the Russian Federation with other markets. In the 

first approximation, Norway and Denmark can be considered, which are not covered in this study. 

3.2. Competing feed companies 

Presently the feed suppliers in Estonia and the other Baltic states are Raisio (Finland), Alltech Coppens (the 

Netherlands), Biomar and possibly a limited amount is sold by Aller Aqua. 

The aquafeed industry in the North of Europe is dominated by three major feed producers Skretting, Biomar and 

Cargill (formerly Ewos) each of them with several bigger feed plants in Norway dedicated to the Norwegian huge 

salmon and trout industry that amounted 1.5 mln. ton fish and approximately 1.8 mln ton feed in 2020. 

FEED PROJECTION (*1000 MT) Baltic states, Finland, Sweden, Ukraine, Russia

Country Species 

Feed 

demand 

2020

Fish 

projection 

2030*

Feed 

demand  

projection 

2030

Projected 

market 

share (%)

Potential 

sales 

volume 

feed 

relevant

Potential 

sales 

volume all 

species

Potential 

sales 

volume 

feed 

relevant

Potential 

sales 

volume all 

species

Feed relevant species 1.8 12.1 13.2 50.0 6.6 6.6

All species 6.3 16.5 14.0 7.0 7.0

Feed relevant species 17.1 15.1 17.5 20.0 3.5 3.5

All species 17.4 15.4 17.8 3.6 3.6

Feed relevant species 9.9 9.8 10.0 20.0 2.0 2.0

All species 10.1 9.9 10.2 2.0 2.0

Feed relevant species 0.6 0.7 0.7 20.0 0.1 0.1

All species 18.6 19.3 19.3 3.9 3.9

Feed relevant species 128.2 145.2 173.6 10.0 17.4

All species 259.2 280.8 309.2 30.9

Total 12.3 16.5 29.6 47.4

Russian 

Federation

Baltic States

Finland

EXCL. Russian federation INCL. Russian federation

Sweden

Ukaine
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- Biomar has an export plant in Brande, Denmark (estimated capacity 130 - 150 ktons) targeting exports 

to, among others, the Baltic states, Sweden, Poland and Russia.  

- Aller Aqua based in Denmark has export plants in Christiansfeld, Denmark (estimate capacity 50 ktons), 

Poland (estimated capacity 50 ktons). They have their sales office in Ukraine since almost 20 years. 

- RaisioAqua in Finland (estimated capacity 50 ktons) is the main fish feed supplier in Finland and was 

until recently one of the market leaders in Russia where the company exported approximately 65% of its 

production volume. Their plant in Raisio, Finland is strategically well located near Karelia, the center of 

Russian trout breeding, as would be an Estonia plant (Eurofish Magazine, 2022). According to 

undisclosed sources RaisioAqua plant or equipment are for sale.  

- Alltech Coppens has its feed plant (estimated capacity 100 ktons) in Nettetal, just across the German 

border near Venlo, the Netherlands. 

 

3.3. Additional needs of an independent aquafeed company 

Product quality 

Next to a feed mill a new independent aquafeed company would need a small quality lab with at least a Near 

Infra-Red analyzer (NIR) to check incoming raw materials and complete products for the main nutritional 

parameters (protein (Dumas/Kjeldal), fat (soxhlet), ash, fiber, moisture). Wet chemistry analysis of the same are 

nice to have to verify and update NIR curves. 

Indispensable physical product quality tests:  

- Hardness (Amandus Kahl) 

- Durability (Holmen tester or alike) 

- Fines and dust (sieves of different size and shaker 

- Floatability and sinking speed (glass ware) 

- Pellet diameter (Caliper) 

-  

R&D  

Aquafeed R&D is relatively expensive due to the watery environment fish are in, the long lifecycle, the multitude 

of species, etc. There a several options: 

- Feeding trials at 3rd parties (universities and test companies); 

- Build and operate a small Recirculated Aquaculture System; 

- Team up with a client and jointly run trials. 

Sales team  

Generally, fish feeds are sold directly from supplier to fish farm. The sales team consists of technicians, that 

speak the farmers language, and commercial guys. The combination in the same person is ideal but rare to find. 

3.4. Author’s view on the viability of an aquafeed plant in Estonia 

3.4.1. General considerations  

It will be challenging for a new aquafeed company in Estonia to compete with the international competitors 

(described in this chapter) that have been in the market for decades. Estonia has no tradition/reputation as an 

aquaculture fish nor aquafeed producer6.  
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The fact that Raisio plans to stop it’s aquafeed production after losing the Russian market may be considered as 

a warning:  

- It is not easy to quickly sell a lot of aquafeed to export markets even if there is a lot of experience 

available in the company. 

- In view of the present crisis Raisio divests all its activities in Russia and Ukraine probably not expecting a 

soon (short or medium term) recovery of these markets. 

At the same time Raisio’s divestment may offer opportunities: 

- To acquire their factory and/or equipment for an interesting price. 

- Raisio’s national sales volume may boost the start of the new company feed sales. 

- Part of Raisio operational staff may be interested to join a new Estonian producer. 

Aquafeed production is relatively expensive due to the technology used and the overcapacity needed to cover 

the summer peaks in production. In the high season, the warmer summer months, sales volumes are two to 

three times the low season (cold water winter months) volumes.  

Therefore, a plant with a nominal capacity of for example 2.5 ktons/month (30 ktons/year) will only be able to 

sell 20 – 25 ktons in a year. 

Next to this it should be noted that if all fish sizes (and thus feed particle sizes) are covered of a farm very small 

(1.0 - 2.0 mm pellets) and quite big pellets (8.0 mm pellets) are required. The smaller the size, the smaller the 

production rate (ton/hour).  

 

For a good profitability an aquafeed plant must run 24-7 to avoid inefficient energy usage (stopping of the dryer 

for instance), reduce cleaning time, etc. 

 
6Estonian Fishing Association sidenote:  The opinion of the sector does not coincide with the opinion of the 

expert. History has shown that it is possible to be competitive both in the raw materials market and end 

products. International reputation of Estonian fishing companies is good. In the highly competitive fishmeal 

market, Est Fish Meal & Oil is competitive and profitable. If we produce high-quality goods, we will be 

competitive in the world, only logistics issues remain. 

 

3.4.2. Preliminary conclusions 

The projected feed sales volume in 2030 (without Russia) of 13.5 ktons (Table 7, pg. 9) for which one would 

need a plant with a nominal capacity of 20 ktons isn’t an economic feasible option.  

 

However, if the Raisio option would become a reality, the projected sales to Finland of stated 3.6 ktons could be 

15 ktons instead and the total sales volume could increase to 25 ktons in 2030. More interesting even would in 

that scenario be the approximately 20 ktons of potential sales in the first full operational year. The Raisio option 

deserves some closer examination in the short term. 

 

When making market projections obviously there is a fair number of assumptions and uncertainties to keep in 

mind. 

To reach an economically viable sales volume for a new aquafeed plant in Estonia among others the following 

options may be considered: 

1. The projected market shares could be higher than assumed (also lower of course). 
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2. Other markets (countries) than the ones mentioned in this study may be targeted. 

3. Some other countries such as the other Baltic states may grow in the meantime like assumed for the 

Estonian market and thus the potential sales.   
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4. Feeding programs and formulations 

4.2. Feeding programs 

Based on the market demand identified in Chapter 1 for the scope of this study 3 in this chapter 4 indicative 
feeding programs are presented: 

- Trout feed program for freshwater production 
- Trout feed program for saltwater production 2 options 
- Carp feed program 

  
Table 8: Feeding program examples for trout (freshwater and seawater production) and carp 

 
 
Trout feeds generally are sinking diets. Slow sinking in freshwater or semi-floating in case of very shallow 
raceway production and fast sinking in seawater and big cages in freshwater lakes. 
Carp feeds can be anything between floating till slow sinking depending the culture conditions.  
 

Species: Trout fresh water

Feed

Fish size (g)

Feed Type

Feed Size

Min and Max Min Max Min Max Min Max Min Max Min Max Min Max

Protein % 50 47 44 42 40 38

Fat % 14 16 18 20 22 24

Ash (%) 12 11 10 10 10 10

Fibre (%) 1.0 1.5 2.0 2.5 2.7 2.8

DE/DP (Kcal/g) 7.5 9.0 8.0 10.0 8.5 11.0 9.0 11.0 9.5 12.0 10.5 13.0

Digestible Energy (Kcal) 4,130 4,191 4,252 4,306 4,368 4,434

Species: Trout Seawater Option 1 - Standard high energy Trout Seawater Option 2 - Maximum energy

Feed

Fish size (g)

Feed Type

Feed Size (mm)

Min and Max Min Max Min Max Min Max Min Max Min Max Min Max

Protein % 44 40 37.5 39.5 38.5 35.5

Fat % 28 33 34 29.5 33.5 35.5

Ash (%) 10 10 10 6 6 6

Fibre (%) 2.8 2.8 2.8 2.8 2.8 2.8

DE/DP (Kcal/g) 11.8 13.5 14.4 14.2 15.2 16.5

Digestible Energy (Kcal) 4,791 4,984 4,985 0 5,160 5,375 5,375

Species: Carp (common and major carps)

Feed

Fish size (g)

Feed Type

Feed Size

Min and Max Min Max Min Max Min Max Min Max Min Max Min Max

Protein % 45 42 38 32 28 26

Fat % 6 10 6 10 6 10 8 10 8 10 8 10

Ash (%) 12 12 12 12 12 12

Fibre (%) 1.5 2.5 3 5 6 6

DE/DP (Kcal/g) 7.5 10.0 8.5 12.5 9.0 12.5 9.5 12.5 10.0 12.5 10.5 13.5

Digestible Energy (Kcal) 3,372 3,286 3,195 3,125 3,020 2,982

8.0

Grower

100 - 450 450 - 1000 1000 - 4000

Pellet Pellet

Grower

5 - 7 mm 

Crumble 1 Crumble 2 Mini pellets Pellet 1 Pellet 2 Pellet 3

< 0.6 mm 0.6 - 1.2 mm 1.5 - 2 mm 2 - 3 mm 3 - 4 mm

> 500

6 8.0

Fry Fingerling 1 Fingerling 2 Grower Grower Finisher

4.5 6

< 1 1 - 5 5 - 20 20 - 200 200- 500

Pellet Pellet Pellet

4.5

Pellet

Grower

100 - 450 450 - 1000 1000 - 4000

SmoltSmolt Grower

7 - 8 mm

Crumble 1 Crumble 2 Mini pellets Pellet 1 Pellet 2 Pellet 3 

< 0.6 mm 0.5 - 1.2 mm 1.5 - 2 mm 2 - 3 mm 4 - 5 mm

> 500

Fry Fingerling 1 Fingerling 2 Grower Grower Finisher

< 1 1 - 5 5 - 20 20 - 200 200- 500



 
16 

 
 

 
 

4.3. Formulation examples main aquaculture species 

Depending on the country the feeds are aimed for as well as the aquafeed company strategy it may be decided 

to produce feeds with or without inclusion of Processed Animal Products (PAP’s). In the below overview 

examples of freshwater and seawater trout feeds with and without PAP’s are shown. Often implemented PAPs 

are hemoglobin meal, poultry-by-products meal, hydrolyzed feather meal, swine-by-products meal, and poultry-

viscera-meal. In Europe all these materials are available.  

Table 9: Feed formulation examples for trout feeds in fresh- and seawater.

 

  

TROUT GROWER FEEDS 
Trout freshwater 

4.5 mm pellet

Trout freshwater 

4.5 mm pellet

Trout high Energy 

seawater 8 mm 

pellet

Trout high Energy 

seawater 8 mm 

pellet

REMARKS Incl. PAP's Excl. PAP Incl. PAP's Excl. PAP

Analysis Formula % Formula % Formula % Formula %

Protein 42.0 42.0 37.5 37.5

Fat 22.0 22.0 34.0 34.0

Ash 7.12 7.44 5.71 6.18

Fiber 2.8 2.2 1.4 1.9

Moisture 8.0 8.0 6.0 6.0

NFE 18.1 18.4 15.4 14.4

Starch 9.0 9.0 8.6 9.0

Total % 100.0 100.0 100.0 100.0

Raw materials Formula % Formula % Formula % Formula %

Fish meal 8.0 10.0 3.0 10.0

Fish Oil 5.0 4.6 6.1 10.0

Rape seed Oil 11.8 13.1 24.2 21.0

SPC Aqua 60% 13.4 20.0 10.0 20.0

Hipro Sunflower meal (46%) 15.0 0.7 1.0

Hard wheat 2.0 6.4

Soft Wheat 12.6 10.4 7.7

Soya 46 - 48% 8.0 20.0 3.0

Vital Wheat Gluten 14.7 14.3

Hemoglobin meal 8.0 3.0

Corn Gluten Meal 15.0

Poultry-by-Product meal 8.0 9.3

Hydrolyzed feather meal 5.0 10.0

Guar meal 5.0

Faba Beans 4.0

Peas 4.0

Limestone 1.1 0.9 1.0

Premix 1% 0.8 0.8 1.0 1.0

Lysolecithin product 0.5 0.5

Liquid Lecithin 2.0 2.0 1.0 1.0

Mono Calcium Phosphate 0.6 1.3 1.1 1.8

L-Lysine 0.2 1.0 1.0 0.8

DL-Methionin 0.1 0.0 0.3 0.3

L-Histidine 0.3 0.3

Total % 100.0 100.0 100.0 100.0
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Table 10: Feed formulation examples of carp for export to target markets. 

 
Sources: ( (NRC, 2011), Aquaculture Experience company information). 

 
Most commonly the product manager/feed formulator is responsible for feed formulation and raw material 

selection. Technical input (test results of research on specific raw materials) is usually decisive for the raw 

materials and their specifications needed for feed production. The pure purchasers would then buy raw 

materials according to these specifications. However, before testing a (new) raw material or including it in a 

formula the purchaser would get an indicative price and nutritional specifications of the new ingredient before 

the formulator would consider including it and simulate its inclusion for the formulation cost.  

Feed formulation is based on least costing, a computer program helps the formulator to calculate the cheapest 

combination of raw materials to produce a feed with a given specification. The feed formulator will compose the 

ideal feed with the available pallet of raw materials and additives matching the nutritional requirements in the 

right balance at the lowest cost possible. Thus, ingredient composition i.e., chemical, nutritional, biological and 

physical characteristics together with-it price are decisive if and to what level (inclusion rate) a raw material is 

included in a feed formula.  

It should be noted that the above shown formulations are examples based on the current raw material costs in 

Europe and the materials available in Estonia either from locally sourced raw materials or imported ones. 

CARP FEEDS
Carp pre-grower 

2 mm

Carp grower        

3 mm

Carp finisher         

5 mm

REMARKS Semi-Floating Floating Floating

Analysis Formula % Formula % Formula %

Protein 36.0 32.0 28.0

Fat 8.0 8.0 8.0

Ash 7.68 6.84 7.15

Fiber 5.0 5.0 6.0

Moisture 8.0 8.0 8.0

NFE 35.3 40.2 42.9

Starch 15.0 22.8 23.1

Total % 100.0 100.0 100.0

Raw materials Formula % Formula % Formula %

Rape seed meal 18.2 23.4 31.1

Wheat  18.8 34.0 33.9

Soybean meal 46% 20.0 20.0 20.0

Poultry-by-Product meal 20.0 3.8 0.0

Hydrolyzed feather meal 0.7 8.0 3.7

Wheat bran 10.0 0.0 0.0

Fish meal 2.0 1.0 1.0

Rape seed Oil 3.9 4.2 4.7

Limestone 2.0 2.0 2.0

Fish Oil 1.0 1.0 1.0

Premix 1% 0.8 0.8 0.8

L-Lysine 0.0 0.5 0.4

Hemoglobin meal 1.6 0.0 0.0

DL-Methionin 0.4 0.6 0.5

Mono Calcium Phosphate 0.7 0.8 0.9

Total % 100.0 100.0 100.0
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The feed formula is to some extent dynamic meaning that if one ingredient becomes excessive expensive that 

the feed formulator will search for a cheaper alternative with comparable physical, nutritional and functional 

properties.  

 

5. Feed Ingredients 

5.1. Feed ingredients for a feed mill in Estonia (and associated target market) 

In this paragraph the main feed ingredients/raw material base suitable for fish feed production in Estonia are 

summarized.  There is a strong preference to utilize locally available raw materials to reduce transportation cost, 

mitigate the risk of shortages and maximize sustainability.   

Table 11: Feed raw material requirements for aquafeed production in Estonia.

 
 

5.2. Developing local new aquafeed ingredients 

The most promising development of locally available feed ingredients is the production of pea and faba bean 
protein meals. Several European companies are looking into this option. Especially for high energy seawater 
feeds high protein vegetable meals are very interesting for the aquafeed producer in the present escalating 
ingredient prices for high quality feed proteins.   

Raw materials Origin 
Source of 

information
Other information

Fish meal Local Est Fish Meal & Oil. 7 Kton 2021

Fish Oil Local Est Fish Meal & Oil. 2.8 Kton 2021

Rape seed Oil Local Kevili Processed locally

Rape seed meal Local Kevili Processed locally

Faba Beans Local Kevili 10 Ktons 2021

Peas Local Kevili

Hard wheat Local Kevili

Soft Wheat Local Kevili

Wheat bran Local Kevili

SPC Aqua 60% Import Europe/Others

Hipro Sunflower meal (46%) Import Easily replaced by alternatives

Soybean meal 46 - 48% Import Europe/Others

Vital Wheat Gluten Import Europe 

Corn Gluten Meal Import Europe 

Hemoglobin meal Import Europe 

Poultry-by-Product meal Import Europe 

Hydrolyzed feather meal Import Europe 

Guar meal Import India

Limestone Import

Vitamin and mineral premix Import

Lysolecithin product import

Liquid Lecithin import

Mono Calcium Phosphate import

L-Lysine import

DL-Methionin import

L-Histidine import
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6. Economic projections  

During the project, it became apparent that the Estonian stakeholders in this study were interested in the 
planning of a 25 or 50 ktons feed plant. 25 ktons and 50 ktons capacity are generally accepted as the very 
minimum size for economic feasibility (depending on markets and product mix) and a safe minimum size 
respectively. Thus, the technical study (engineering proposal) considers 2 scenarios, 6 tons and a 12 tons per 
hour nominal capacity extrusion plant. The economic evaluation presented in this chapter considers these same 
two options. A funding of 40% on the building and mill equipment & installation are considered but not for the 
depreciation of building and equipment. Interest rate was set at 5 %. The economic projections are presented in 
Annex 3. The economic model is available in excel from the authors. 
 

6.1. Investment (Annex 3.1.) 

The total investments in the 25 and 50 ktons plants amount 19.3 and 22.7 mln € respectively. In the envisaged 

worst-case scenario (+ 20 % CAPEX) the investment could amount 22.8 and 26.8 mln €. 

 

6.2. Variable cost (Annex 3.2.) 

The variable costs are strongly influenced by the high electricity cost and range from € 88/ton for the 50 ktons 

plant running at full capacity to € 110/ton for the 25 ktons plant. Ter illustration also the variable costs of the 25 

ktons plant is calculate, which amounts € 121/ton. 

 
  

INVESTMENT in EURO
Full capacity             

6 tons/hr plant

Full capacity             

12 tons/hr plant

CAPEX +20%              

6 tons/hr plant

CAPEX +20%             

12 tons/hr plant

Total Building and infrastructure 9,150,000 10,050,000 10,980,000 12,060,000

Total Mill Equipment & Installation 10,178,000 12,672,000 11,778,000 14,745,600

Total investment (*) 19,328,000 22,722,000 22,758,000 26,805,600

Total depreciation (fixed costs) per ton feed 58.54 €                      30.72 €                      68.52 €                      36.07 €                      

(*) NOTE: The estimated cost of building and process line in based on a +/-20% budget.

WORST CASE SENARIO (investment)

VARIABLE COSTS
Full capacity                           

6 tons/hr plant

Full capacity                         

12 tons/hr plant

50% capacity                          

6 tons/hr plant

Personnel cost € per ton feed 43.53 21.97 54.69

Electrical energy consumption € per ton feed 40.5 40.5 40.5

Thermal energy consumption € per ton feed 11.38 11.38 11.38

Wear parts and maintenance € per ton feed 7.65 7.65 7.65

Various (Water, waste, etc) € per ton feed 6.75 6.75 6.75

Total variable cost € per ton feed 109.80 88.25 120.96

*Energy cost are extremely variable in this period. The indicated figurs are best estimates but should be considered with caution
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6.3. Plant economics (Annex 3.3.) 

The plant economics are summarized in the below table. At full capacity the 6 tons/hr. factory is profitable but 

not too much above break-even and no space for setbacks such as lower margins, increasing energy and labor 

cost etc. The 12 tons/hr. factory would show a good profitability (EBIT is € 10.5 mln) which guarantees some 

buffer for financially less favorable conditions even if the plant is running at 70 – 80% capacity for example. 

From the 50% scenario of the 6 tons/hr. plant it’s evident that economic case becomes very weak and infeasible. 

   

ECONOMICS PLANT
Full capacity 6 

tons/hr plant

Full capacity 12 

tons/hr plant

50% capacity 6 

tons/hr plant
CAPEX +20% CAPEX +20%

Annual production 25,200 57,600 11,700 25,200 57,600

Total variable cost 109.80 88.25 120.96 109.80 88.25

Total depreciation (fixed costs) per ton feed 58.54 30.72 117.09 68.52 36.07

Net Margin € per ton  feed 131.65 181.03 61.95 121.67 175.68

Interest per ton feed 53.01 41.83 76.02 57.09 43.96

Annual Profit at full production before interest 3,317,695 10,427,235 724,817 3,066,195 10,119,375

Interest 1,335,840 2,409,660 889,423 1,438,740 2,532,168

Annual Profit at full production after interest 1,981,855 8,017,575 -164,606 1,627,455 7,587,207

WORST CASE SENARIO investment
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7. Annexes  

7.1. Annex 1 – Fish production, feed demand 2010 – 2030  

 

Country Species 2000 2010 2020
Value 

2020

Avg. 

per kg
 FCR

Feed 

demand 

CAGR     

2010- 

2020

Fish pro- 

jection 

2030*

Feed 

demand  

pro- 

jection

Rainbow trout 0 0 0.7 2.8 $3.73 1.0 0.7 4.3 1.0 1.0

Large trout (sea water)** 0 0 0.1 0.6 $4.79 1.2 0.1 10.0 12.0

Sturgeons 0 0 0.1 0.3 $6.70 1.2 0.1 7.6 0.1 0.1

Other Carp + less feed relevant*** 0 0 0.2 1.2 $7.24 1.0 0.2 0.2 0.2

Feed relevant species**** 0.2 0.5 0.9 3.7 $4.03 1.0 11.2 13.1

Total Estonia 0.2 0.5 1.1 4.9 $4.53 1.1 11.2 13.2

Rainbow trout 0.0 0.0 0.1 0.3 $5.39 1.0 0.1 31.3 0.1 0.1

Sturgeon 0.0 0.0 0.0 0.4 $10.97 1.2 0.0 13.2 0.0 0.1

Common carp 0.3 0.4 0.5 1.4 $2.63 1.0 0.5 2.1 0.6 0.6

Other Carp + less feed relevant 0.1 0.1 0.1 0.3 $4.47 1.0 0.1 -2.1 0.1 0.1

Feed relevant species 0.0 0.0 0.1 0.3 $5.39 0.1 0.1 0.1

All species 0.3 0.5 0.7 3 $3.50 0.7 0.8 0.8

Rainbow trout 0.0 0.0 0.1 0.6 $4.80 1.0 0.1 0.1 0.1

African Catfish 0.0 0.0 0.5 1.7 $3.52 1.0 0.5 0.5 0.5

Sturgeon 0.0 0.0 0.1 0.6 $6.78 1.2 0.1 17.5 0.1 0.1

Common Carp 1.9 2.9 3.3 9.9 $3.00 1.0 3.3 1.2 3.4 3.4

Other Carp + less feed relevant 0.1 0.2 0.5 1.6 $3.34 1.0 0.5 7.1 0.5 0.5

Feed relevant species 0.0 0.0 0.7 2.9 $4.16 0.7 0.7 0.0

All species 2.00 3.19 4.5 16 $3.51 4.5 4.6 0.0

Feed relevant species 0.2 0.5 1.7 6.9 $4.13 1.8 12.1 13.2

All species 2.5 4.3 6.3 23.2 $3.69 6.3 16.5 14.0

Large trout (sea water) 13.2 9.3 11.4 47.0 $4.12 1.2 13.7 2.1 11.6 13.9

Rainbow trout 2.0 1.7 2.9 12.0 $4.12 1.0 2.9 5.4 3.1 3.1

Other salmonids & others 0.0 0.0 0.4 4.3 $9.85 1.2 0.5 0.4 0.5

Other Carp + less feed relevant 0.1 0.8 0.3 3.1 $9.44 1.0 0.3 -8.5 0.3 0.3

Feed relevant species 15.2 11.0 14.3 47.0 $3.28 17.1 15.1 17.5

All species 15.39 11.77 15.1 66 $4.40 17.4 15.4 17.8

Feed relevant species 15.4 11.5 16.0 53.9 $3.37 18.9 27.2 30.7

All species 17.9 16.0 21.3 89.5 $4.19 23.8 32.0 31.8

Rainbow trout 2.2 5.6 7.4 28.3 $3.80 1.0 7.4 2.9 7.7 7.7

Large trout (sea water) 1.6 2.3 1.2 5.0 $4.13 1.2 1.4 -6.2 1.1 1.4

Arctic Char 0.3 1.3 1.1 4.2 $4.02 1.0 1.1 -2.2 1.0 1.0

European eel 0.3 0.1 0.1 0.7 $7.16 1.5 0.1 -0.2 0.1 0.1

Feed relevant species 4.1 9.2 9.7 38.1 $3.93 9.9 0.6 9.8 10.0

All species 4.38 9.26 9.8 38 $3.90 10.1 0.6 9.9 10.2

Rainbow trout 0.1 0.2 0.2 1.1 $4.87 1.0 0.2 1.5 0.2 0.2

Wels/Catfish 0.0 0.0 0.3 0.7 $2.38 1.0 0.3 39.3 0.4 0.4

Sturgeon 0.0 0.1 0.1 0.5 $6.66 1.2 0.1 4.7 0.1 0.1

Common carp 20.0 19.7 8.0 12.4 $1.54 1.0 8.0 -8.6 7.3 7.3

Other Carp + less feed relevant 10.9 3.0 10.0 9.4 $0.94 1.0 10.0 12.9 11.3 11.3

Feed relevant species 0.1 0.3 0.6 2.3 $3.94 0.6 0.7 0.7

All species 31.08 23.14 19.2 26 $1.37 18.6 19.3 19.3

Rainbow trout 3.8 19.1 50.9 384.5 $7.56 1.0 50.9 10.3 56.1 56.1

Large trout 0.1 0.2 40.5 306.4 $7.56 1.3 52.7 70.2 69.0 89.7

Atlantic Salmon 0.0 4.5 10.9 58.6 $5.40 1.3 14.1 9.2 11.9 15.4

Sturgeon 2.1 2.1 4.8 52.2 $10.80 1.5 7.3 8.8 5.3 7.9

Channel Catfish 0.1 0.1 2.2 7.1 $3.24 1.5 3.3 37.5 3.0 4.5

Common Carp 34.2 57.0 68.5 222.0 $3.24 1.0 68.5 1.9 69.8 69.8

Other Carp + less feed relevant 33.4 36.7 62.4 185.2 $2.97 1.0 62.4 5.5 65.8 65.8

Feed relevant species 6.0 26.0 109.3 808.9 $7.40 6.6 128.2 145.2 173.6

All species 73.63 119.59 240.2 1,216 $5.06 8.6 259.2 280.8 309.2

** According to the Estonian State Fisheries Development Plan the large trout production in seawater will grow to 10.000 tons in 2030

**** Feed relevant species are intensely farmed species that require extruded feeds 

Source FAO. 2022. Fishery and Aquaculture Statistics. Global aquaculture production 1950-2020 (FishStatJ). 

*** Other Carp species (silver, grass, etc,), other cyprinids (carp like species) and other fresh water fish that are grown in more 

extensive systems, less relevant species for this study

Latvia

Estonia

Estonia

Ukaine

Russian 

Federation

Baltic States & 

Finland

Finland

Baltic States

Lithuania

Latvia

Russian 

Federation

Sweden

Ukraine

Sweden

Finland

Lithuania

* Production projections and associated feed demand are based on extrapolation of the achieved CAGR 2010 – 2020 and on the 

stakeholder meetings in Estonia (May 2022). 

Fish production (x 1.000 MT) and value (x mln US$) 2000 -2010 - 2020 and feed demand estimate (x 1.000 MT) Baltic states, Finland, 

Sweden, Ukraine, Russia
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7.2. Annex 2 – Visit report of Hans Boon to Estonia 

 
Visit Report – ESTONIA, 9 – 14 May 2022 

Date:  17-05-2022 

From:  Hans Boon 

Accompanied by: Toomas Kevvai, CEO of Est Fish Meal & Oil (Monday, Wednesday, and Thursday) 

Martti Tamm, Chief Technology Officer of the Center of Food and Fermentation 

Technologies (TFTAK) 

Itinerary 

Mon. 9 May 2022 Amsterdam – Tallinn 

   Visit PRO fish meal & oil plant 

Tue. 10 May 2022 Tallinn meetings with: 

1. Magnus Rebane - Red Storm  

2.  Siim Tiideman - Undersecretary for i.a. fisheries  

3. Toomas Koukna - Hiiu Kalur, Tonis Leetjoe - Eesti Viljasalv, Hans Kruusamagi, 

George Linkov.  

Wed. 11 May 2022 1. Hans Kruusamagi – Simuna Ivax OÜ  

   2. André Veskioja -Estonian Crop Research Institute (Eesti Taimekasvatuse Instituut)  

   3. Toomas Armulic - Fisheries Information Centre 

Thu. 12 May 2022 1. Veiko Saluste, Rutikvere mõisa kalakasvatus 

   2. Janno Toomet -   Kevili, Feed ingredient Cooperative 

 

Monday 9 May 

PRO FISH MEAL & OIL, Paldeski, fish meal & oil plant – Toomas Kevvai 

PRO FISH MEAL & OIL, Paldeski, fish meal & oil plant – Toomas Kevvai 

Nice new plant (3 years old) owned by fisheries cooperative 

Strong seasonality (too few fish generally in Q2 and 3) 

Output 7 ktons fish meal and 2.8 ktons fish oil. 

PRO FISH MEAL & OIL is profitable despite its small production! 

The company is owned by the fishermen cooperative and obtained a 6 mln € grant from the EU. 

 

Tuesday 10 May 

09.00 hrs. meeting at TFTAK, Akadeemia tee 15a, 12618 Tallinn with Margus Rebane head of Saare Kala 

(Director of Sea Trout Farm, Saaremere Kala AS and aquaculture division) of PR food Group of Mr. Kasela. 

In Estonia the company is called Redstorm Aqua. 

The group is producing ± 4 ktons trout in Swedish lakes and ± 200 tons sea trout in Estonia (Saaremere 

Kala) in sea cages. 

Applied for several feed quota licenses in Baltic Sea of 2.400 tons feed (close to being received) and 

another of the same amount which may take 2-3 more years to be obtained. Total 7.500 tons but realistic 

to achieve 4.800 tons. 
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Have been using feed from Raisio (Finland), Alltech Coppens, Skretting and Biomar but are favoring Biomar 

with because of their innovative power and open cooperation. (Used Dana Feed (Provimi group) in the past 

which was acquired by Biomar in 2008). Co-developing Blue impact feed (23 MJ digestible energy /23.8 MJ 

gross energy) extremely low in phosphorous (P) specifically for the Swedish nutrient poor lakes. Using algae 

oil, single cell proteins and insect meal. Target to farm with negative carbon footprint.  

 

Foresees extra potential for extra exports in case Raisio (Finland), that was until recently selling 65% of 

their production to Karelia region in Russia, stops production. Raisio recently invested 5 mln. Euro in 

automation from Siemens. Potential to acquire the equipment for a mill in Estonia?    

 

Estonian Baltic farming conditions are not so good due to cold winter (Baltic is frozen). Growing season is 

April – October! 

Estonia market is estimated 5 ktons (big) trout  

Allegedly Norwegian trout production decreased to ± 20 ktons recently (which could not be confirmed by 

the author). Year round growing season. 

All coming to market from October to January. 

Realistic expectation that production in Estonia will increase to 7.500 tons by 2030. 

 

Novel feed ingredients: 

Use at present (Biomar feed) with Poultry meal, plant proteins, Single cell proteins (SCP), insect meal. 

Currently Fish-In-Fish-Out ratio of 1.2.  

Use 19% real fish oil, salmon oil and (DHA) algae to produce a salmon fillet with higher EPA/DHA level.  

Interested in Veramaris oil contrary to DHA Algae used by Biomar at this moment. 

EPA in feed gives better result than DHA only feed in Nordic conditions. 

All feed in Europe is non-GMO but non-GMO soya is becoming difficult to obtain. Sourcing in Europe. 

Tested SCP has issues with Digestibility. 

Knip Bio from USA uses corn but is all GMO in USA. 

 

In Sweden obtain FCR of 0.93 in 1st year (till 800 gr) and 1.08 in second year (800 – 3.000 gr.), Finland 1.05 – 

1.08. Can be improved with proper monitoring of feed (too high at present due to overfeeding 

(automation)). 

 

Rebane is skeptical about ongrowing of salmon in Recirculated Aquaculture Systems (RAS). Most of the 

companies that tried have failed or only produce half the fish they should. 

 

Finding skilled staff for the feed mill is an attention point. 

According to Margus the only realistic option for an aquafeed plant in Estonia is achievable if exports to 

Russia and Ukraine resume.  

 

Tuesday 10 May 

11.00 hrs. meeting at the Estonian Ministry of Rural Affairs with Siim Tiideman, Undersecretary who is 

responsible also for fisheries 
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PRO FISH MEAL plant in Paldiski was supported by the European Fisheries Fund (EFF) for ± 6 mln and the 

Fisherman Cooperative by like 10 mln. 

Estonian Fishing Association (Eesti Kalapüügiühistu TÜ) association is a producer’s organizations that 

cooperate among others in the marketing of Baltic Herring and Sprat among others exporting to Ukraine. 

New support measure of the EFF probably available in 2023. 

The ministry of Rural Affairs more occupied with funding and support to fisheries and aquaculture and the 

ministry of Environment is in charge of licensing of production sites. 

In the Aquaculture Strategy of Estonia, a goal was set at 10.000 tons in 2025. 

The environmental limitation for new licenses is related with the limits of Phosphorous and Nitrogen 

eutrophication. Compensation by P and N retention is possible for instance by growing shellfish and algae. 

However, shellfish grows very slowly in Estonian waters and can’t be economically exploited thus far and 

algae production is in a kind of experimental stage. The farmers will hardly be capable of financing so a 

government support may be a way out to realize the projected growth. 

10 ktons may be realistic target as 4 companies have been applying for licenses. This is a time-consuming 

process, and some may have just applied to get the permit and have no defined plans of farming yet. The 

initiative of Mr. Kasela group and Mr. Kõuhkna seem serious and quite realistic. 

The ministry is trying to support the development by: 

1. Reducing the environmental threshold measures by for example investing in the shellfish growing 

to absorb released nutrients. 

2. Reshaping the present freshwater farming and converting is to pre-growing smolts and creation of 

hatcheries in support of the sea farming operation of Mr. Kasela’s group 

Redstorm group has license for 200 tons feed and is considered like a pilot operation. 

 

Market in Estonia is 10 – 15 ktons of fish.  

 

Estonian consumers may be willing to pay a small premium for “Green” fish but not too big. 

 

13.00 hrs. meeting at Hiiu Kalur Office, Peterburi tee 2f, Tallinn. Fisheries company. 

Meeting with: 

1. Toomas Kõuhkna, Owner of Hiiu Kalur, Investor in among others the fishmeal and oil factory, and 

initiator of the feed mill project study. Also, Chairman of the Estonian Association of Fisheries.  

2. Tonis Leetjoe, partner/owner of Eesti Viljasalv which is a feed ingredient trader and distributor. 

Trades 600 ktons commodities. Estonia only has local fish meal and oil and cereals. 

Protein concentrates of sunflower, rapeseed, and other meals were easily imported till a few 

months ago in smaller consignments necessary for a small feed mill such as the projected 

aquafeed mill. 

3. Hans Kruusamagi, owner of 5 fish farms, Sturgeon, Rainbow trout and Arctic char (own feed). 

Visiting his farms on Wednesday. 

4. Georg Linkov georg@eestiforell.ee. Board member of the Eesti Avamere Vesiviljelejate Ühistu 

(Estonian Offshore Aquaculture Association).  
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Estonian Offshore Fish Farm Association (Eesti Avamere Vesiviljelejate Ühistu) established 3 years ago to 

jointly achieve the goal that the government has set, 10 ktons in 3 years which is ambitious, but 2.500 tons 

should be feasible for starters. 

 

Target markets for Estonian sea trout would be 50% Baltic states via established retail channels and 50% 

exports. 

 

Semi-integrated approach for the feed mill in combination with the other cooperatives may be helpful. 

The model worked for swine production in Estonia where the cooperative “advises” on genetics and feed 

and buys and markets the meat. 

 

Wednesday 11 May 

Simuna Ivax OÜ, o Rakvere meeting with the owner Mr. Hans Kruusamägi (also met on Wednesday) 

5 farms and a hatchery. 

Growing totally 200 tons fish annually but need a standing stock of 300 tons to reach that. 

Diploid and triploid Rainbow trout, Arctic char (60 tons) and Sturgeon (all female stock 10 tons for caviar 

production). 

Farm soon delivering 80 tons ± 700-gram fish to a sea farm (probably Red Storm farm) for ongrowing. 

Water temperatures reach 4 0C in winter and max. 12 0C in summer. The growing season is very short and 

max. growth rates not very high due to low max. T. Fish are vaccinated in October before going to sea the 

next spring. The fish needs 3 years to reach market size. The trout are harvested at approximately 3 kg fish 

after being in sea for 5-6 months.  

Trout eggs originate from Poland at present while in the past they bought from Denmark? 

We visited 1 RAS unit in which water is pumped around by airlifts. Allegedly it is just e semi-flowthrough 

system only operated as RAS in time of serious drought. 

 

Wednesday 11 May 

Estonian Crop Research Institute (Eesti Taimekasvatuse Instituut) in Jogeva (since 1920), meeting André 

Veskioja (director). 

Core business are breeding programs for all plant crops except fruits. 

130 total staff of which 40 researchers, 1.300 ha land, etc. Increasing office and lab space from 2.600 m2 at 

present to 

Grass, cereals, protein crops (incl. lupins), soya (too low seed quality for propagation when produced in 

Estonia), linseed and organic rape seed (brassica nigra).  

Sunflower, soya and rapeseed are mostly imported. 

Goals: 

to release 2 new varieties each year and 10 -20 publications. Long term to maximize yield but even more 

importantly economic sustainability. 

Local feed 

Reduced crop protection aids (pesticides) 

Optimized fertilization 

Drones for crop monitoring 
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PRACTICAL SOLUTIONS for the farmers. 

SEA to LAND project – How to use side streams of fisheries as fertilizer (sustainability???). 

Lupin, hemp, ± 25.000 ha Faba beans in best years. 

Crop rotations are a necessity. 

Generally, rye and potatoes are going down, winter wheat and winter barley are increasing in volumes, 

 

Wednesday 11 May 

Fisheries Information Centre, Pärnu and Tartu, meeting at private home of Toomas Armulic, (director) and Risto 

Kalda (aquaculture specialist) @ Fisheries Information Centre. His family has an extensive carp farm feeding 

cereal only.  

Toomas’ institute issued the Feasibility Study mostly on request of the fisheries sector. 

They see little potential for growth of the sector due to: 

- Short growing season. 

- Lack of stocking fish for seawater cages (or must be imported); 

- Limited interest of consumer to pay anything extra for locally raised fish and/or more sustainable 

product.  

- Much better farming condition in nearby Norway that can grow fish in less than 2 years and 

virtually year-round supply. 

- Nearby neighboring countries (Finland, Latvia, etc.) supply the bulk of fish in the same period as 

Estonia. 

- Slow and complicated farming license issuance (environmental constraints). 

- Ergo the competitive force of Estonia aquaculture is absent. 

Guestimate a max. aquaculture output of 2.500 – 5.000 tons fish in 5 years’ time max. 

 

Thursday 12 May 

Rutikvere mõisa kalakasvatus, Veiko Saluste (owner)  

Fish farm producing 120 tons/year of trout and Siberian sturgeon (20 tons stock) 

Partly indoor RAS system (20 tanks @ 15 0C) and partly outdoor flow through (presently @ 10 0C) 

Indoor 20 tanks (Danish trad. RAS) 

Outdoor 1.6 m deep raceways which have 20 cm ice in winter. 

600 – 700 g fish moved outside. Surgeon kept outside as well. 

Using feed from Raisio (3 – 4 bigger sizes) and Veronesi (small sizes till 3 mm) for trout (22% fat)  

and Alltech Coppens for sturgeon (10% fat). 

The RAS isn’t profitable, but the sturgeon eggs is paying the bills.  

At the time of our visit, he had 15 tons caviar ready females. Feeding 0.3%/day. 

Only farm in Estonia able to produce black caviar figures. 

Veiko questions how other farmers obtained EU funding as the real figures in Estonia don’t show black 

figures. Generally skeptical (and a bit frustrated) about the opportunities for Estonian fish farming and 

stopped investing himself.  

Inland production max. 700 tons which may only support a “marine sector” of max. 3.000 tons? 

  

Thursday 12 May 
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Kevili, Feed ingredient Cooperative, Rõngu Kevili terminal. Meeting Janno Toomet (Trader). 

Members/shareholders are 160 local farmers totally 90 kha and also buy from external farmers. 

Silo capacity 50 ktons at this location and another 75 ktons in another terminal. 

Services: 

Drying, storage and export next to providing all inputs (credit) at favorable interest rate (diesel, seed, 

fertilizers). Also, agronomist advice on optimizing economic performance in the broadest sense. 

Profit sharing according to internal turnover. 

Main crops are wheat, barley, and rapeseed (the latter 50% for 1 local processing plant and the rest for 

export). Total turnover 300 ktons in 2020 and 225 ktons in 2021. 

Cooperative also grows peas and faba beans (all export to Norway) 20 ktons in 2020 and 10 ktons in 2021. 

Also, Latvia has a pea protein project. 

Estonian peas are high in protein (24 – 25%, 21% guaranteed). 

Obtaining good price (>450 € /ton). 

Prices connected to Euronext futures. 

 

End of notes and report, Hans Boon 
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7.3.1. Annex 3 – Economical projections - Investment 

  

INVESTMENT in EURO
Full capacity             

6 tons/hr plant

Full capacity             

12 tons/hr plant

50% capacity            

6 tons/hr plant

CAPEX +20%              

6 tons/hr plant

CAPEX +20%             

12 tons/hr plant

Nominal capacity MT/H 6 12 6 6 12

Operation hours/year 6000 6000 3000 6000 6000

O.E.E. (Overall Equipment Effectiveness) 70% 80% 70% 70% 80%

Annual production 25200 57600 12600 25200 57600

Actual average capacity/hour 4.2 9.60 4.2 4.20 9.60

Extruder
Single screw Dia. 

175/210 mm

Single screw Dia. 

185/210 mm

Single screw Dia. 

175/200 mm

Single screw Dia. 

175/210 mm

Single screw Dia. 

185/210 mm

Raw material storage ± 2 weeks MT 1008 2304 504 1008 2304

Building and Infrastructure

Total Building and infrastructure 9,150,000 10,050,000 9,150,000 10,980,000 12,060,000

Funding % 40% -3,660,000 -4,020,000 -3,660,000 -4,392,000 -4,824,000

Net investment 5,490,000 6,030,000 5,490,000 6,588,000 7,236,000

Mill Equipment & Installation 25.000 Ton/year 50.000 Ton/year 25.000 Ton/year 25.000 Ton/year 50.000 Ton/year

Plant control and el. installations 1,815,000 1,920,000 1,815,000 2,178,000 2,304,000

Process plant 8,363,000 10,752,000 8,363,000 9,600,000 12,441,600

Total Mill Equipment & Installation 10,178,000 12,672,000 10,178,000 11,778,000 14,745,600

Funding % 40% -4,071,200 -5,068,800 -4,071,200 -4,711,200 -5,898,240

Net investment 6,106,800 7,603,200 6,106,800 7,066,800 8,847,360

Total investment (*) 19,328,000 22,722,000 19,328,000 22,758,000 26,805,600

Total Net Investment 11,596,800 13,633,200 11,596,800 13,654,800 16,083,360

Depreciation  

Depreciation building (20 years) 5% 457,500 502,500 457,500 549,000 603,000

Process and installations (10 years) 10% 1,017,800 1,267,200 1,017,800 1,177,800 1,474,560

Total depreciation (fixed costs) per ton feed 58.54 €                      30.72 €                      117.09 €                    68.52 €                      36.07 €                      

Working Capital % of annual turnover 40% 15,120,000 34,560,000 7,560,000 15,120,000 34,560,000

Interest  Per year

Interest on net investment 5% 579,840 681,660 579,840 682,740 804,168

Interest on investment € per ton feed 23.01 €                      11.83 €                      46.02 €                      27.09 €                      13.96 €                      

Interest on workingcapital 5% 756,000 1,728,000 378,000 756,000 1,728,000

Interest on workingcapital per ton feed 30.00 €                      30.00 €                      30.00 €                      30.00 €                      30.00 €                      

Total interest per ton feed 53.01 €                      41.83 €                      76.02 €                      57.09 €                      43.96 €                      

(*) NOTE: The estimated cost of building and process line in based on a +/-20% budget.

WORST CASE SENARIO (investment)
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7.3.2. Annex 3 – Economical projections – Variable costs 

  

VARIABLE COSTS
Full capacity                           

6 tons/hr plant

Full capacity                         

12 tons/hr plant

50% capacity                          

6 tons/hr plant

Nominal capacity MT/H 6 12 6

Operation hours/year 6,000 6,000 3,000

O.E.E. (Overall Equipment Effectiveness) 70% 80% 65%

Annual production 25,200 57,600 11,700

Actual average capacity/hour 4.2 9.60 3.9

No. of 8 hours shift per year 750 750 375

Average personnel per shift 6.5 7.5 6.5

Personnel hours/year 36562.5 42187.5 18281.25

Personal cost (Euro per hour) 30.00 30.00 35.00

Total staff cost 1,096,875 1,265,625 639,844

Personnel cost € per ton feed 43.53 21.97 54.69

Electrical energy consumption kWh per ton feed 135 135 135

Electricity cost € per kWh)* 0.30 0.30 0.30

Electrical energy consumption € per ton feed 40.5 40.5 40.5

Thermal energy consumption kWh per ton feed 175 175 175

Thermal energy cost per € per kWh* 0.065 0.065 0.065

Thermal energy consumption € per ton feed 11.38 11.38 11.38

Wear parts and maintenance € per ton feed 7.65 7.65 7.65

Various (Water, waste, etc) € per ton feed 6.75 6.75 6.75

Total variable cost € per ton feed 109.80 88.25 120.96

*Energy cost are extremely variable in this period. The indicated figurs are best estimates but should be considered with caution
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7.3.3. Annex 3 – Economical projections – Economics plant 

 

ECONOMICS PLANT
Full capacity 6 

tons/hr plant

Full capacity 12 

tons/hr plant

50% capacity 6 tons/hr 

plant
CAPEX +20% CAPEX +20%

Nominal capacity MT/H 6 12 6 6 12

Operation hours/year 6,000 6,000 3,000 6,000 6,000

O.E.E. (Overall Equipment Effectiveness) 70% 80% 65% 70% 80%

Annual production 25,200 57,600 11,700 25,200 57,600

Actual average capacity/hour 4.2 9.60 3.9 4.2 9.60

Average Feed Formula cost 1500 1500 1500 1500 1500

Gross margin % 20% 20% 20% 20% 20%

Gross margin € per ton feed 300 300 300 300 300

Variabel costs

Personnel cost € per ton feed 43.53 21.97 54.69 43.53 21.97

Electrical energy consumption € per ton feed 40.50 40.50 40.50 40.50 40.50

Thermal energy consumption € per ton feed 11.38 11.38 11.38 11.38 11.38

Wear parts and maintenance € per ton feed 7.65 7.65 7.65 7.65 7.65

Various (Water, waste, etc) € per ton feed 6.75 6.75 6.75 6.75 6.75

Total variable cost 109.80 88.25 120.96 109.80 88.25

Fixed costs

Total depreciation (fixed costs) per ton feed 58.54 30.72 117.09 68.52 36.07

Net Margin

Net Margin € per ton  feed 131.65 181.03 61.95 121.67 175.68

Net Margin % 8.8 12.1 4.1 8.1 11.7

Interest per ton feed 53.01 41.83 76.02 57.09 43.96

Annual Profit at full production before interest 3,317,695 10,427,235 724,817 3,066,195 10,119,375

Interest 1,335,840 2,409,660 889,423 1,438,740 2,532,168

Annual Profit at full production after interest 1,981,855 8,017,575 -164,606 1,627,455 7,587,207

WORST CASE SENARIO investment
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7.4. Annex 4 - Glossary of aquaculture terms 

Feed Conversion Ratio (FCR) – In all animal groups the amount of feed needed per unit of growth is expressed 

as FCR. FCR = kg feed/kg growth. From the FCR and the cost of feed per kg the feed cost can be calculated. Feed 

cost of production = FCR x Feed cost per kg. 

Specific Growth Rate (SGR) – Unlike most other production animals generally the growth of fish is expressed as 

a percentage of weight increment in a percentage of bodyweight per day.  

SGR = ln (end weight/start weight) / no. days of growth period * 100% or 

SGR = (ln end weight - ln start weight) / no. days of growth period * 100%  

Thus SGR may be calculated from individual bodyweight per animal or from a bigger group of fish (total 

biomass) in a fish tank, net pen/cage or pond at the beginning of the growth period (stocking) and at the end 

(harvest). 

Specific Feeding Rate (SFR) – SFR is the feed ration per day in a percentage of the fish bodyweight or biomass.  

SFR = SGR * FCR 

For each fish size there is an optimal and a maximum feeding rate. The optimal feeding rate is the feeding % at 

which the lowest FCR is obtained. The maximum feeding rate is the feeding rate at which the maximum growth 

rate (SGR) is obtained. Giving more feed that the maximum feeding rate leads to less efficient feed use, waste 

and an unnecessary increase of the FCR. At the optimal feeding rate the lowest feeding cost per kg produced 

fish will be obtained. This also explains why farmers check on the actual feed uptake. Remaining uneaten feed 

indicates overfeeding and leads to increasing feeding costs and spoiling of the water quality. 

 

The relation between feeding rate, specific growth rate and feed conversion ratio is illustrated in figure 13. 

 

7.2.1. Figure 13: Relation Ration, SGR and FCR 

 

Fish size, SGR and FCR – Smaller fish have a higher SGR and lower FCR compared to bigger specimens of the 

same species. In absolute weight (gram per day) the weight increase of bigger fish is higher. 
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Water temperature – Fish and shrimp are cold blooded animals, their body temperature is virtually the same as 

that of the surrounding water they swim in. The water temperature has a big impact on the feed intake and 

growth rate. Each species has its optimum growing temperature. The higher the temperature the higher the 

growth rate till the optimum is reached after which the growth rate declines again. All species have also a lethal 

temperature below and above which the fish will die. The optimum rearing temperature varies a lot between 

fish species and even life stage and ranges from approximately 15 0C for salmonids to around 30 0C for Tilapia. A 

salmon and trout would die at a T over 22 -23 0C and a Tilapia dies below 12 0C but survives temperatures up to 

35 0C. 

 

Fish in Fish out Ratio (FIFO) 

As many aquafeeds still contain fish meal and oil as an ingredient and public opinion tends in the direction that 

fish should not be used to produce other fish the FIFO ratio was invented. FIFO is a calculation on what amount 

of wild fish is caught for the purpose of fish meal and oil production to produce 1 kg of farmed fish.   
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