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Forward -looking Statements  
 

 

 

This handbook includes forward -looking statements that reflect Mowi 's current 

expectations and views of future events. These forward -looking statements 

use terms and phrases such as "anticipate", "should", "likely", "foresee", 

"believe", "estimate", "expec t", "intend", "could", "may", "project", "predict", "will" 

and similar expressions.  

 

These forward -looking statements include statements related to population 

growth, protein consumption, consumption of fish (including both farmed and 

wild), global supply  and demand for fish (and salmon in particular), 

aquacultureõs relationship to food consumption, salmon harvests, 

demographic and pricing trends, market trends, price volatility, industry trends 

and strategic initiatives, the issuance and awarding of new f arming licen ses, 

governmental progress on regulatory change in the aquaculture industry, 

estimated biomass utili sation, salmonid health conditions as well as vaccines, 

medical treatments and other mitigating efforts, smolt release, development 

of standing biomass, trends in the seafood industry, expected research and 

development expenditures, business prospects and positioning with respect 

to market, and the effects of any extraordinary events and various other 

matters (including developments with respect t o laws, regulations and 

governmental policies regulating the industry and changes in accounting 

policies, standards and interpretations).  

 

The preceding list is not intended to be an exhaustive list of all our forward -

looking statements. These statements are predictions based on Mowiõs current 

estimates or expectations about future events or future results. Actual results, 

level of activity, performance or achievements could differ materially from 

those expressed or implied by the forward -looking statement s as the 

reali sation of those results, the level of activity, performance or achievements 

are subject to many risks and uncertainties, including, but not limited to 

changes to the price of salmon; risks related to fish feed; economic and 

market risks; envi ronmental risks; risks related to escapes; biological risks, 

including fish diseases and sea lice; product risks; regulatory risks including  risk 

related to food safety, the aquaculture industry, processing, competition and 

anti -corruption; trade restricti on risks; strategic and competitive risks; and 

reputation risks.  

 

All forward -looking statements included in this handbook are based on 

information available at the time of its release, and Mowi  assumes no 

obligation to update any forward -looking statement.  
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The purpose of this document is to give investors and financial analysts a 

better insight into the salmon farming industry, and what Mowi  considers to be 

the most important value drivers.  



 

 

Salmon Farming Industry Handbook 20 22 

 

 

Table of content s 
1 INTRODUCTION 6 

2 POSITIONING OF SALMON 8 

 Seafood as part of global food consumption 9 
 Seafood as part of overall protein consumption 10 
 Atlantic Salmon as part of global protein consumption 11 

 Stagnating wild catch J growing aquaculture 12 

 Fish consumption 13 
 Salmonids contribute 4.5% of global seafood supply 14 
 Considerable opportunities within aquaculture 15 
 Supply of farmed and wild salmonids 16 
 Salmonids harvest 2021 17 

3 SALMON DEMAND 18 

 Global macro trends 19 
 Favourable attributes of salmon 20 
 Relative price development of protein products 24 

4 SALMON SUPPLY 25 

 Total harvest of Atlantic salmon 2002-2021 26 
 Diminishing growth expectations 27 
 Few coastlines suitable for salmon farming 28 

5 SUSTAINABLE PRODUCTION 29 

 ¦bΩǎ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ 30 
 Environmental impact of aquaculture 31 
 Material sustainability efforts 34 
 Sustainability of fish feed 35 
 Global sustainability initiatives 37 
 Transparency 38 

6 SALMON MARKETS 39 

 Global trade flow of farmed Atlantic salmon 40 
 Farmed Atlantic salmon by market 41 
 Top 10 markets by size (2021E) 42 
 Development of value (CAGR 9%) vs. volume last 10 years 43 
 Price neutral demand growth ς approx. 7% the past 20 years 44 
 Historic price development 45 
 Different sizes ς different prices (Norway) 46 

7 INDUSTRY STRUCTURE 47 

 Top 10 companies in farmed Atlantic salmon 2021 48 
 Number of companies in producing countries 49 

8 SALMON PRODUCTION AND COST STRUCTURE 50 



  

  

 

5 | P a g e   

 Establishing a salmon farm 51 
 The Atlantic salmon life/production cycle 52 
 Influence of seawater temperature 54 
 Production inputs 55 
 Cost component ς disease and mortality 57 
 Accounting principles for biological assets 58 
 Economics of salmon farming 59 
 Cost structure industry Norway 2012-2021 60 

9 FEED PRODUCTION 61 

 Overview of feed market 62 
 Relative feeding 64 
 Salmon feed producers 65 
 Salmon feed ingredients 66 
 Feed raw material market 68 

10 FINANCIAL CONSIDERATIONS 69 

  Working capital 70 
 Capital return analysis 73 
 Currency overview 75 
  Price, cost and EBIT development in Norway 77 
  Effects of geographical diversification 78 

11 BARRIERS TO ENTRY ς LICENSES 79 

 Regulation of fish farming in Norway 81 
 Regulation of fish farming in Scotland 85 
 Regulation of fish farming in Ireland 86 
 Regulation of fish farming in Chile 87 
 Regulation of fish farming in Canada 88 
 Regulation of fish farming in the Faroe Islands 90 

12 RISK FACTORS 92 

 Salmon health and welfare 93 
 Most important health risks to salmon 94 
  Fish health and vaccination (Norway) 95 
 Research and development focus 96 

13 INDICATORS DETERMINING HARVEST VOLUMES 97 

 Projecting future harvest volumes 98 
  Yield per smolt 99 
  Development in biomass during the year 100 

14 SECONDARY PROCESSING (VAP) 101 

 European value-added processing (VAP) industry 103 
 Market segment 104 
 The European market for smoked salmon 105 
 Branding and product innovation 106 

APPENDIX 107 



 

 

Salmon Farming Industry Handbook 20 22 

 

 

 

 

 

 

 

 

 

 

1  Introduction  
  



Introduction  

 

7 | P a g e   

 

 

 

 

 

 

Salmon is the common name for several species of fish of the family 

Salmonidae (e.g. Atlantic salmon, Pacific salmon), while other species in the 

family are called trout (e.g. brown trout, seawater trout). Although several of 

these species are available from both wild and farmed sources, most 

commercially available Atlantic salmon is farmed. Salmon live in the Atlantic 

and Pacific  ocean s, as well as the Great Lakes (North America) and other 

landlocked lakes.  

 

Typically, salmon are anadromous: they are born in freshwater, migrate to the 

ocean, t hen return to freshwater to reproduce.  

 

About 80% of the worldõs salmon harvest  is farmed. Farming mainly takes  

place in large nets in sheltered waters such as fjords or bays. Most farmed 

salmon come from Norway, Chile, Scotland and Canada.  

 

Salmon is a popular food. Salmon consumption is considered to be healthy 

due to its high content of protein and omega -3 fatty acids and it is also a 

good source of minerals and vitamins.  
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 Seafood as part of  global  food consumption  

 

The average human ate around 71 0 kg of food in 201 9. Most of this food is 

produce such as vegetables, fruits, and starchy roots. Animal protein, such as 

seafood, poultry, pork, and beef, amounts to 9% of the total diet.   

 

 

Meat as a food source has gradually become more important. Global per 

capita supply  has more than d oubled since 196 0, and the seafood segment is 

a big contributor to this increase. 0F

1  

 
 Source: FAO (2019) FAOstat Food Balance Sheets  

0

10

20

30

40

50

60

70

1960 1970 1980 1990 2000 2010

K
g

 p
e

r 
y
e

a
r

Per capita Meat Consumption (2019)

Other Meat Seafood Poultry Pork Beef

294

175

81
66

54
41

Produce Grain Dairy & Eggs Meat Sugar & Fat Other

K
g
 p

e
r 

y
e

a
r

Per capita Food Consumption (2019) 



Positioning of Salmon  

 

10 | P a g e   

 

 Seafood as part of overall protein consumption  

Although 70% of the Earthõs surface is covered by the oceans, fish accounts for  only 7% of all  

protein sources produced for human consumption. The UN estimates that the global 

population will grow to approximately 9.74 billion by 2050.  

 

Assuming consumption per capita stays constant, this implies a 2 8% increase in demand for 

protein.  In product we ight that means  an increased consumption of  133 million tonnes of 

meat of which  43 million tonnes of fish meat.  The UN however, estimates that demand will 

actual ly double. We know that resources for increased land -based protein production will be 

scarce, s o a key question is how the production of protein sources from the sea can be 

expanded. 1F

1  

 
Source: FAO (2018) FAOstat Food Balance Sheets, UN (2019) World Population Prospects: the 

2019 Revision 
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 Atlantic Salmon as part of global  protein consumption  

 

Most animal protein in our diets comes from  fish, poultry,  pork  and beef, with 

salmon consumption  representing a small portion of global protein 

consum ption .  

 

In 2021, FAO estimated consumption  of  160 million tonnes of fish, 133 million 

tonnes  of poultry,  113 million tonnes of pork, and 7 0 million tonnes of beef and 

veal.  

 

In contrast, the total consumption  of farmed Atlantic salmon was around 2 .6 

million tonnes ( GWT). This corresponds to about 1 .8 million tonnes in product 

weight. If we combine  all salmonids  (both farmed and wild ) it amounts to 3 .7 

million tonnes ( GWT) in 2021. 2F

1 

 

 

  

 
Source: OECD-FAO (2021) Agricultural Outlook 20 21-2030, Kontali Analyse  
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 Stagnating wild catch ï growing aquaculture  
 

 

 

Over the past few decades, there has been a considerable increase in total 

and per capita fish supply. As the fastest growing animal -based food 

producing sector, aquaculture is a major contributor to this, and its growth 

outpaces population growth.  

 

Aquac ulture has expanded fish availability to regions and countries with 

otherwise limited or no access to the cultured species . At the global level, 

since 2016, aquaculture has been the main source of fish available for human 

consumption. In 20 21, this share w as 55%, a figure that can be expected to 

continue to increase in the long term.  

 

In 2021, aquaculture accounted for 85 million tonnes (LW) destined for direct 

human food consumption, while wild capture accounted for 71 million tonnes 

(LW). However, fish ha s been estimated to account for only 7% of global 

protein consumption (and about 17% of total fish and animal protein supply).    

 

World aquaculture production of farmed aquatic animals has been 

dominated by Asia, with an 89 % share in the last two decades.  

3F

1  

 
Sources: FAO (2020) The State of World Fisheries and Aquaculture 2020 , OECD-FAO (2020) 

Agricultural Outlook 20 20-2029, Kontali Analyse  
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 Fish consumption  
 

 

 
 

Given the expected production  growth of 1 2% during 20 20ð2029 and the 

projected world population  growth of 9% over the same period, we will most 

likely see a global increase in the average fish consumption level.  

 

By 2029, per capita fish consumption is estimated to be 21. 4 kg (vs. 9.9kg in 

the 1960s and 20. 6kg in 20 20). This is equivalent to another 20 million tonnes of 

seafood  supply , which aquaculture is estimated to provide.  

  

According to FAO, per capita consumption is expected to increase by 4% in 

the period 2020-2029. Latin America  and Asia  are  expected to have the 

highest growth, whilst negative  growth is anticipated in Africa. In general, per 

capita fish consumption is likely to grow faster in developing countries. 

However, more developed economies are expected to have the highest per 

capita consumption. 4F

1 

 

  

 
Sources: FAO (2018) The State of World Fisheries and Aquaculture , OECD-FAO (2019) 

Agricultural Outlook 20 20-2029 
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 Salmonids contribute 4. 5% of global seafood supply  
 

Although several salmon species are available from both wild and farmed 

sources, almost all commercially available Atlantic salmon is farmed . Even 

with an increase in production of Atlantic salmon of more than 1,000% since 

1990, the total global supply of salmonids is still marginal compared to most 

other seafood categories (4. 5% of global seafood supply). Whitefish is about 

eight  times larger and comprises  a much larger number of species.   

 

In 2020, more Atlantic salmon was harvested than Atlantic cod. However,  the 

harvest of Atlantic salmon was only about 2 5% of that of two of the largest 

whitefish species, tilapia and Alaska pollock.   
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 Considerable opportunities within aquacultur e 
 

 

 

 

The illustration above shows that Atlantic salmon  (sea based)  has the highest 

level of industrialisation and the lowest level of risk compared to other 

aquaculture species.   The size of the circles indicates volume harvested.  

 

Although Atlantic salmon is relativel y small in harvest volume compared to 

other species, it is a very visible product in many markets due to the high level 

of industrialisation.   
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 Supply of farmed and wild salmonid s 
 

The general supply of seafood in the world is shifting more towards 

aquaculture as the supply from wild catch is stagnating in several regions and 

for many important species. Wild catch of salmonids varies between 500,000 

and 1 ,000,000 tonnes GWT, whereas farmed salmonids are increasing. The 

total supply of salmonids was first dominated by farmed in 1999. Since then, 

the share of farmed salmonids has increased and farmed salmonids has been 

dominant.   

 

The total supply of all farmed salmonids exce eded 2. 82 million tonnes ( GWT) in 

2021. The same year, the total catch volume of wild salmonids was approx.  

one quarter  of farmed, with pink , sockeye  and chum  being the most 

common species.  

 

Of the wild salmonids , pink is the most important specie s in ter ms of volume 

with a 67% share of global supply from wild catch . 
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 Salmonids harvest 20 21 

Atlantic salmon: By quantity, the largest species of salmonids. Farmed Atlantic 

salmon is a versatile product, which can be used for a variety of categories such as 

smoked, fresh, sushi, as well as ready -made meals. The product is present in most 

geographies and segments. Due to biological constraints, seawater temperature 

requirements and other natural constraints, farmed salmon is mainly  produced in sea 

in Norway, Chile, UK, North America, Faroe Islands,  Iceland,  Ireland, New Zealand 

and Tasmania.  

Small trout: Produced in  many countries and most often consumed locally as a 

traditional dish as hot smoked or portion fish. Small trout is not in direct competition 

with Atlantic salmon.  

Large trout:  Produced in Norway, Chile and the Faroe Islands, the main markets are 

Japan and  Russia. Trout is mainly sold fresh, but is also used for smoked production.  

Coho: Produced in Chile and is mostly used for salted products. It is a competitor of 

trout and sockeye in the red fish market. Although Russia has increased its import of 

this fish over the last few years, Japan remains the largest market.  

Pink: Caught in USA and Russia and used for canning, pet food and roe production. 

Since quality is lower than the other species it is a less valued salmonid. The fish is 

small in size (1.5-1.7 kg) and is caught over a very short time period.  

Sockeye:  Caught in Russia and Alaska. It is mostly exported frozen to Japan, but 

some is consumed locally in Russia and some canned in Alaska. Sockeye is seen as a 

high quality salmonid and is used for salt ed products, sashimi and some is smoked in 
the EU. 

Chum: Caught in Japan and Alaska. Most is consumed in Japan and China. In 

Japan, it is available as fresh, while in China it is processed for local consumption and 

re-exported. Little chum is found in the EU market. The catch v arie s in quality and 

part of the catch is not fit for human consumption.   

Chinook/King: Small volumes, but highly valued. Alaska, Canada and New Zealand 

are the main supplying countries. Most quantities are consumed locally. Chinook i s 

more in direct competition with  Atlantic salmon than the other species and is 

available most of the year.  

 -
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 Global m acro trend s1 

 
The industry is a good fit with the global macro trends, as Atlantic salmon is a 

healthy, resource -efficient and climate -friendly product produced in the sea.  

 

The global population is growing, resulting in increased global demand for 

food. The worldõs population is expected to grow to almost 10 billion by 2050. 

 

The health benefits of seafood are increasingly being promoted by global 

health authorities . The EAT-Lancet Commission  recommends  increased 

consumption of fish , dry beans and nuts as sustainable, healthy protein 

sources.  Farm-raised salmon is rich in omega -3 fatty acids, vitamins and 

minerals . 

 

Global fisheries are to a large extent  fully exploited , meaning  the supply of 

wild fish has limited potential to meet the  growing demand for marine protein .  

 

The middle class is growing in large emerging market s, allowing  more  people  

to eat  different , and more n utritious , protein rich  foods , such as  fish, meat and 

eggs. Consumption of high -quality proteins  is expected  to increase.  

 

Another demogra phic trend driving shifts in demand  is the aging population. 

Healthy  eating  becomes especially important as you grow older .  

 

Climate change  is the greatest environmental challenge the world has ever 

faced . Soil erosion is a growing  issue for food production , challenging the 

world to investigate new  ways of feeding the population. Concerns about 

climate change are influencing dietary choices. Increased consumption of 

fish can reduce global GHG emissions and improve human health .  

 
Source: Ocean Panel (2019) The Ocean as a Solut ion to Climate Change: Five Opportunities 

for Action , UN (2019) World Population Prospects: the 2019 Revision , FAO (2018) The state of 

the world fisheries and aquaculture.   
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 Favourable attributes  of salmon  
 

Demand is partly drive n by supportive megatrends, but of even greater 

importance are the characteristics of the product itself.    

 

Salmon is a healthy product and  scientifically proven natural superfood. It is 

nutritionally dense and has a  favourable nutritional content .  

 

Salmon appeals to the consumer with its top appetising taste, look, texture 

and colour. Furthermore, salmon is a versatile product suitable for both 

traditional and evolving food occasions. It is a good choice for Sunday dinner 

with the family or at the restau rant, but also a great product for food festivals 

or just as a snack . Another feature that makes salmon relevant for  multiple 

occasions is that it can be served in many forms - raw, grilled, cooked and 

smoked. It appeal s to people of all ages as it address es the health needs of 

the elderly, while being equally attractive to youngsters.  

 

There is a rising demand for more sustainable food and a willingness to pay for 

it. The sustainable properties of salmon therefore make the product attractive 

to consumers . 
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3.2.1 A healthy product 10F 

 

 

Atlantic salmon is rich in long -chain omega -3, EPA and DHA, which reduce 

the risk of cardiovascular disease. Data also indicates that EPA and DHA 

reduce the risk of a large number of other health issues.  

 

Salmon is nutritious, rich in micronutrients, minerals, marine omega -3 fatty 

acids, high -quality  protein and several vitamins, and represents an important 

part of a varied and healthy diet. FAO highlights that: òFish is a food of 

excellent nutritional valu e, providing high quality protein and a wide variety of 

vitamins and minerals, including vitamins A and D, phosphorus, magnesium, 

selenium and iodine in marine fishó. 

   

The substantial library of evidence from multiple studies on the nutrients 

present in seafood indicates that including salmon in your diet will improve 

your overall nutrition and  may even yield significant health benefits. 

Considering  global obesity rates, governments and food and health advisory 

bodies around the world are encouraging peop le of all ages to increase their 

seafood intake, with particular focus on the consumption of oily fish, such as 

salmon. The U.S. Department of Health and the US Department of Agriculture 

recommend an intake of at least 237 grams of seafood per week for 

Ame ricans in general. The UK National Health Service, the Norwegian 

Directorate of Health and several other national health organisations 

recommend eating fish at least twice a week.   

  

Proteins Omega -3 Vitamins  Minerals  

High content 

of omega - 3 

fatty acids  

High quality , 

easily digestible 

proteins, and  

high content of 
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B12 vitamins  
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3.2.2 Resource -efficient production 11F 

 

 
 

To optimi se resource utilisation,  it is vital to produce animal proteins in the 

most efficient way. Protein resource efficiency is expressed as òProtein 

retentionó, which is a measure of how much animal food protein is produced 

per unit feed protein fed to the animal. Salmon has a protein r etention of 28%, 

which is more  efficient than  pork and cattle (see table above).  

 

Calorie  retention is measured by dividing calorie s in edible portion  by calories 

in feed . Salmon has a high calorie  retention of 2 5%. 

 

The main reason why salmon convert protein and energy to body muscle and 

weight so efficiently is that  they are cold -blooded and therefore do not have 

to use energy to heat their bodies.  Furthermore t hey do not expend  energy 

on standing up like land anima ls do .  

 

Å Edible yield is calculated by dividing edible meat by total body weight. 

Atlantic salmon has a high e dible yield of 73%.  

 

Å Feed conversion ratios measure how efficiently the different animal 

protein s are  produc ed . In short, this tells us the kilog rams of feed 

needed to increase the animalõs bodyweight by one kg. Feed for 

Atlantic salmon is high in protein and energy which accounts for 

Atlantic salmon õs feed conversion ratio being even more favourable 

than its protein and energy retention when compa red with the 

production  of other land animal proteins.   

 

Å Edible meat per 100kg of feed fed  is the combination of the FCR ratio 

and edible yield  and presents  salmon as giving a favourably high 

quantity of edible meat per kg of feed fed.   

Protein retention 28 % 37 % 21 % 13 %

Calorie retention 25 % 27 % 16 % 7 %

Edible Yield 73 % 74 % 73 % 57 %

Feed conversion Ratio (FCR) 1.3 1.9 3.9 8.0

Edible Meat per 100 kg fed 56 kg 39 kg 19 kg 7 kg
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3.2.3 Climate friendly production 12F 

 

In addition to its resource -efficient production, farmed fish is also a climate -

friendly protein source. It is expected to become an important solution to 

providing the world with vitally important proteins while limiting the negative 

effect on the environment.  

 

According to  Blue Food Assessment and SINTEF the carbon footprint of far m-

raised salmon is 5.1 kg of carbon equivalent per kg of edible product, 

compared with  8.4 kg, 12.2 kg and 39.0 kg carbon equivalent per kg of edible 

product of chicken, pork and beef, respectively.  For the consumer, replacing  

land -based proteins  with fish  would significantly reduce their personal carbon 

footprint (daily greenhouse gas (GHG) emissions).  

 

Freshwater is a renewable but limited natural resource, and human activities 

can cause serious damage to the surrounding environment.  Production of 

farmed Atlantic salmon requires 2,000 litres of freshwater per kg of edible 

meat,  which is significantly less than other proteins.   

 

 

 

*Total water footprint for farmed salmonid fillets in Scotland, in relation to weight and content of 

calories, protein and fat.  

 

 

  

Carbon Footprint

Kg CO2 / Kg edible meat 5.1 kg 8.4 kg 12.2 kg 39.0 kg

Water consumption

Litre / Kg edible meat 2,000* 4,300 6,000 15,400



Salmon Demand  

 

24 | P a g e   

 

 Relative price development of protein products  

 

 

Prices for all proteins have increased over the past decade, with a particular 

rise during 2021.  

 

Salmon has historically always been a rather expensive product on the 

shelves.  
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4 Salmon Supply  
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 Total harvest of Atlantic  salmon 2002-2021 
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Others (CAGR 7 %)

CAGR Global Norway Chile UK North America Others

2002-2021 5% 7% 5% 2% 1% 7%

2012-2021 4% 3% 8% 3% 0% 9%

2021-2026E 4% 3% 2% 2% 1% 9%
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 Diminishing growth exp ec tation s 

 

Supply of Atlantic salmon has increased by 549% since 1995 (annual growth of 

7%). Annual growth in the period 201 2-2021 was  4%. Kontali Analyse expects 

growth to  remain relatively stable at 4% from 2021 to 2026.   

  

The background for this trend is that the industry has reached a production 

level where biological boundaries are being pushed. It is therefore expected 

that future growth can no longer be driven only by the industry and regulators 

as measures are implemen ted  to reduce its biological footprint. This requires 

progress in technology, development of improved pharmaceutical products, 

implementation of non -pharmaceutical techniques, improved industry 

regulations and intercompany cooperation.   

 

Too rapid growth w ithout these measures in place adversely impacts 

biological indicators, costs, and in turn output.  
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 Few coastlines suitable for salmon farming  
 

 
The main coastal areas adopted for salmon farming are depicted on the 

above map. The coastlines are within certain latitude bands in the Northern 

and Southern Hemisphere s. 

 

A key condition is a temperature range between zero and 20 oC. The optimal 

temperatu re range for salmon is between 8 and 14 oC. 

 

Salmon farming also requires a certain amount of current to allow a flow of 

water through the farm. The current must however be below a certain level to 

allow the fish to move freely around in the sites. Such con ditions are typically 

found in waters protected by archipelagos and fjords and this rules out many 

coastlines.  However, o ffshore farming is an emerging approach . Offshore  

farms are positioned in deeper and less sheltered waters, where ocean 

currents are st ronger than they are inshore , and they therefore  require more 

robust cages .  

 

Certain biological parameters are also required to allow efficient production. 

Biological conditions vary significantly within the areas adopted for salmon 

farming and are prohibitive in certain other areas.  

 

Political willingness to permit salmon farming and to regulate the industry is 

also required. Licen se systems have been adopte d in all areas where salmon 

farming is carried out.  

 

Land based salmon farming (full -cycle) has attracted increased investments 

in the past years. To date, only limited volumes have been harvested on land, 

however, this could change going forward as new pr oduction technologies  

continue to mature.   



 

 

Salmon Farming Industry Handbook 20 22 

 

 

 

 

 

 

 

 

 

 

 

 

5 Sustainable production  
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 UNõs Sustainable Development Goals 
 

 

The SDGs, which were agreed by all 193 UN member states in 2015 , guide 

governments, civil society and the private sector in a collaborative effort for 

change towards sustainable development. Out of the 17 SDGs, the industry 

can contribute significantly to at least ten: good health and well -being ; 

gender equality ; decent work and economic growth; reduced inequalities, 

sustainable cities and communities ; industry, innovation and infrastructures; 

responsible consumption and production; climate action; life below water 

and partnership s for the goals.  
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 Environmental impact of aquacultur e 
 
It is important first to understand the impact of aquaculture on the environment in 

order to be come  even  more  sustainable.  

 

Carbon footprint  

Fish farming is among the most climate -friendly forms of animal husbandry. 

According to the Blue FoodAssessment (Environmental performance of blue foods, 

Gephart et al., 2021)  the carbon footprint is only 5.1 kg of carbon equivalent per kg 

of edible product, compared with 8.4 kg of carbon equivalent per edible kg of 

poultry, 12.2 kg per edible kg of pork and 39.0 kg per edible kg of beef.   

 

By replacing land animal protein production with farmed salmon, signi ficant CO 2 

emissions are avoided. Assuming that global salmon production replaced a mix of 

poultry, pork and beef production in 2021, 11.3 million tonnes of CO 2 emissions were 

avoided.  

 

 

 

Genetic changes in wild salmon  

Most escaped farmed salmon disappear into the open sea. They are likely to die 

from starvation  or disease, or be eaten by predators. Still, some survive after 

escaping, and migrate into the rivers each year, posing a risk of genetic changes in 

a river's wild salmon population.  

 

The Institute of Marine Research considered seven out of 13 production areas in 

Norway to  be at high risk for further genetic changes. Three production areas are 

considered to be at moderate risk and three production areas are considered to be 

at low risk.   
 

Environmental effects of discharges of dissolved nutrients  

Dissolved nutrient salts a re released into coastal waters by population (sewage), 

industry, agriculture and aquaculture. In aquaculture, when salmon eat, dissolved 

nitrogen and phosphorus will be released via the gills and also a smaller proportion in 

the form of urea. Even though increased concentrations of dissolved nutrients in 

coastal waters may cause adverse ecosystem changes, the risk of regional 
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environmental impacts as a result of dissolved nutrients from fish farming is 

considered low in all production areas according to th e Institute of Marine Research.   
 

Environmental impact on the seabed as a result of particulate organic emissions  

Open pens release organic particles directly into the environment in the form of 

faeces from the fish and feed that is not eaten. Such dischar ges can affect the 

environment to a greater or lesser extent around the fish farm. However, the 

emissions mainly consist of easily degradable compounds, the impact is reversible, 

and the seabed can fully regenerate over a few months to a few years. Farmers  are 

obliged by law to monitor the seabed continuously in accordance with NS 9410 or 

other national regulations, so that the environmental impact of aquaculture is within 

acceptable limits. If the environmental impact on the seabed is not acceptable, the 

site may be fallowed, production reduced or the site reallocated to a different 

location.  

 

Based on reporting made through today's monitoring  system, the condition of soft -

bottom sites is considered to be good in all production areas in Norway and the risk 

of unacceptable environmental impacts due to particulate organic emissions is low. 

As of today, there is no good monitoring of hard -bottom sites and this has therefore 

not been evaluated.  

 

Mowi measure s the potential impact of organic loading on the s eabed according to 

national seabed quality standards. Results show that, on average, 9 5% of its sea sites 

surveyed in 20 21 have a minimal impact on faunal communities and/or sediment 

chemistry near to the fish pens.  
 

Environmental effects on non -target spe cies when using medicine 16F

1 

Sea lice belong to the animal group of crustaceans, and medicine s that treat sea 

lice can potentially  affect other species.  

 

There are differences in the way treatments may affect non -target species. Bath 

treatments may have  a short -term effect, while oral treatment s may affect non -

target species over a longer period of time. Bath treatments include hydrogen 

peroxide, azamethiphos, cypermethrin and deltamethrin, and the trea tment takes 

place either directly in the pen or in a  well boat. If treatment is done in pens, the 

bath treatment is released directly into the sea. When the treatment takes place in a 

well boat, the bathing agent is released while the vessel is in motion. However, 

purification systems that remove the medicine used in well boat -delivered bath 

treatments have are being introduced to the market. The oral treatment s considered 

are  diflubenzuron, teflubenzuron and emamectin, and a proportion of these can be 

released to the environment via feed and faeces.  

 

The Institute of Marine Researchõs risk assessment is a comprehensive assessment and 

emphasi ses, among other things, total consumption, toxicity and occurrence in the 

environment in Norway. Of the treatments c onsidered, azamethiphos is considered 

to have low risk, while  hydrogen peroxide, cypermethrin, deltamethrin, diflubenzuron, 

teflubenzuron and emamectin  are considered to have moderate risk. However, the 

number of prescriptions was highest in the years 201 4 and 2015, respectively 3,477 

and 3,285, whereas for 2018 this was reduced to 501. Overall, this presents a 

significant reduc tion in the environmental risk. 

 

 
Source: Institute of Marine Research (20 21) Risk assessment of Norwegian fin fish aquaculture 

2021, Mowi  
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Mowi only uses licensed medicines when other measures are not sufficient or when 

fish welfare may  be compromised. In 202 1, 56% of sea lice treatments were non -

medicinal, compared with 12% in 2015, showing the significant reduction in the use 

of medicines to manage sea lice, itself made possible by the increased use of non -

medicinal tools.  

 

Fish welfar e 

In Norwegian farm pens, there is a maximum of 200,000 fish per pen at any given 

time. These are individuals which, according to the Animal Welfare Act, have the 

right to be kept in an environment that provides good welfare based on species and 

individual needs, and the opportunity for stimulating acti vity, movement, rest and 

other natural behaviour. Farmers must also ensure that feed is of good quality and 

meets the fish's needs, and that the farmed fish is protected against injury, disease 

and other hazards. The farmed fish must be robust enough to wi thstand farming 

conditions, and they should not be subjected to unnecessary stress.  

 

The challenges in the north of Norway are primarily related to low temperatures and 

bacterial wound infections, while Western Norway has challenges with PD and 

injuries in connection with lice treatment.  

 

Survival rate is commonly used as a measure of animal health and welfare. Improved 

survival can be achieved through good husbandry and management practices, 

vaccination etc. In 20 21, the average monthly survival rate of fa rmed salmon in 

Norway was 99. 3%. The monthly survival rate for poultry was 98.8%, for pork 99.5% and 

for beef 99.8%  on a global basis. 17F

1 

  

 
* Average monthly survival (Individuals) / Inventory beginning of year (Individuals)  

Source: Institute of Marine Research (20 21) Risk assessment of Norwegian fin fish aquaculture 

2021, Vetnosis, Mowi  

Monthly surv ival rate* 99.3 % 98.8 % 99.5 % 99.8 %
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 Material sustainability efforts  
 
Carbon footprint  

The industry is constantly working to make the value chain more energy efficient and 

has set targets for reducing greenhouse gas (GHG) emissions. Sourcing of feed raw 

materials is the largest contributor of GHG emissions in salmon farming.  

 

Plastic manage ment  

The presence of microplastic in the worldõs ocean is an emerging issue that fish 

farmers have started to focus on. Fish farmers are undertaking various initiatives to 

reduce plastic waste, such as improving waste management, engaging in beach 

clean -up  events around the world, using improved packaging and monitoring the 

presence of microplastic s and plastic -related contaminants in fish.  

 

Escape prevention  

Because escaped farm -raised salmon may have a negative impact on the 

environment due to interactio ns and interbreeding with wild populations, fish farmers 

have a target of zero escapes.  

 

Sea lice  

Effective sea lice management is important for fish welfare and to ensure sea lice on 

our farms do not negatively impact wild salmonids. Farmers work intensively to 

improve their approach to sea lice management and to minimise the number of 

adult female se a lice, especially during the period when wild salmon migrate to sea. 

A number of non -medicinal tools have been developed over the last years reducing 

significantly the use of medicines to manage sea lice.  

 

Medicine use  

Licensed medicines may have a negati ve environmental impact if used too 

frequently. Farmers use antimicrobial medicines only when fish health and welfare 

are at risk from bacterial infection and only when absolutely necessary. 

Antimicrobials are not used for growth promotion, prevention of i nfectious diseases or 

for control of dissemination.  

 

Fish health and welfare  

Caring about fish welfare is an ethical responsibility. The industry works every day to 

safeguard the health and welfare of fish through effective sea lice management, 

and to redu ce medicine use by optimi sing fish survival and preventing disease. 

Operational welfare indicators are also monitor ed  during production.  

 

Biodiversity  

The industry needs healthy oceans to drive sustainable salmon farming  and f armers 

must pay attention to the critical and highly sensitive environment  they operate in . In 

all farming countries there are regulations in place to safeguard farmingõs impact on 

the seabed by monitoring the physical, chemical and biodiversity characteristics of 

the ben thic environment.  
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 Sustainability of fish fee d  
 

Fish feed is a key component in ensuring the best possible fish health and 

performance. In any life cycle assessment (LCA)* of salmon farming, feed also 

makes the largest contribution to its environmental footprint. Important 

parameters for the carbon footprint arising from feed consumption are  feed 

efficiency and feed ingredients.  

 

Feed efficiency  

The feed conversion rat io (FCR) describes the amount of feed used to 

produce a certain amount of salmon. Effic ient feeding, that is to say releasing 

the minimum amount of  feed beyond  what is actually eaten , is important 

since the footprint of the feed released dominates the overall carbon 

footprint of the product. Improvements in feed formulations and in feed 

manufacture, combined with better on -farm feed management, can hugely 

reduce the quantit y of feed (and thus the  feed raw materials) used per 

kilogram of farmed aquatic food produced.  

 

Feed ingredients  

The current carbon footprint of farmed salmon shows th at it is critical to 

change what the salmon is fed. Simply shifting between existing feed inputs, 

such as  from marine to terrestrial inputs only leads to trade -offs between 

environmental impact categories.  

 

In 1990 the average Norwegian salmon diet conta ined 65% fish meal and 24% 

fish oil. Marine ingredients have been reduced over time and in 20 21 Mowi 

used 18% fish meal and 11% fish oils in its salmon feed. Production of f ish meal 

and fish oil s uses species  from reduction fisheries and trimmings not suitable  for 

human consumption.  
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Recaptured Fish in- fish out ( rFIFO) 

Recaptured Fish in- fish out (FIFO) express the number of kg of wild fish 

(excluding trimmings  and the fish meal and oil produced from by -products 

originated from salmon processing ) it takes to produce 1 kg of salmon. In 20 21 

Mowi used 0.6 8 kg of low consumer preference wild fish (like anchovy and 

sardine) to produce 1 kg of Atlantic salmon.  

 

 
 

 

Substitution of marine raw materials has not been found to have any negative 

effect on growth, susceptibility to disease, or quality of the fish if the fishõs own 

nutrient requirements are being covered.  

 

Major reduction s in carbon footprint could potenti ally come from exploring 

and developing feed ingredients that close the nutrient loop in the salmon 

industry ( that increase overall resource efficiency) and develop ing  ingredients 

from resources that are not utili sed today. For example, products derived fr om 

insects, alcohol fermentation, CO 2 capture and forestry are currently being 

explored.  

 

Traceability is important to make sure that no raw materials originate from 

illegal, unregulated and unreported (IUU) catches, or from fish species 

classified as end angered on the International Union for the Conservation of 

Nature (IUCN) red list. Sustainable sourcing of vegetable feed raw materials 

such as  soy is ensured by purchasing from Proterra -certified (or equivalent)  

deforestation -free  suppliers. 
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 Global sustainability initiative s 
 

Achieving a sustainable future will require concerted action and new forms of 

partnership. One e xample of a key partnership is the Global Sustainable 

Seafood Initiative  (GSSI). GSSI plays an important role in providing cl arity on 

seafood certification. Third-party certification s can give consumers and 

stakeholders confidence that a product is sustainable.  The Aquaculture 

Stewardship Council (ASC)  and Global G.A.P. are examples of third -party 

certifications.  

 

Global Sustainable Seafood Initiative (GSSI) aligns global efforts and resources 

to address seafood sustainability challenges . Governed by a Steering Board 

representing the full seafood value chain  ð companies, NGOs, 

governments  and  international organi sations , includi ng the FAO ð GSSI 

promotes sector -wide collaboration to drive forward more sustainable 

seafood for everyone  and maintains a benchmarking tool to assess 

sustainability standards . 

 

The Aquaculture Stewardship Council (ASC)  is an independent non -profit 

organi sation with global influence.  The ASCõs primary role is to manage the 

global standards for responsible aquaculture.  The ASC works with aquaculture 

producers, seafood processors, retail and foodservice companies, scientists, 

conservation groups and consumer s.  

 

Global G.A.P .  is a recogni sed standard for farm production. Its goal is safe 

and sustainable agricultural production to benefit farmers, retailers and 

consumers throughout the world.   

BAP (Best Aquacul ture  Practices), is a third -party certification program me  that 

certifie s every step of the production chain. BAP is part of GSA (Global 

Seafood Alliance), an international, nonprofit trade association dedicated to 

advancing responsible seafood practices through education, advocacy and 

third -party assurances.  
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 Transparency  
 

Being transparent about environmental, social and product performance is 

key for building trust and correcting misinformation. The sustainability data is 

audited by third parties and reported according to global standards such as 

CDP (formerly the Carbon D isclosure Project) and FAIRR.  

 

CDP is a not -for-profit charity that runs the global disclosure system for investors, 

companies , cities , states and regions  to manage 

their environmental impacts. CDP supports 

thousands of companies, cities, states and 

regions to measure and manage risks and 

opportunities  relating to  climate change, water 

security and deforestation.  

 

The FAIRR Initiative20F

1is a collaborative investor network that raises awareness of 

the material ESG risks and opportunities caused by intensive livestock 

production. The  Coller FAIRR Index ranks the l argest global meat, dairy and fish 

producers by looking at risk factors ranging from use of antibiotics to 

deforestation and labour abuses. The index is the worldõs only benchmark 

dedicated to profiling animal protein producers 

and showcasing critical gaps  and areas of best 

practice in the sector. Mowi is ranked as overall 

best performer, and there are three salmon 

producers in the top five.  

 

The WBA Seafood Stewardship Index  (SSI) measures the worldõs 30 most 

influential seafood companies and presents an overall ranking based on the 

results in five measurement areas. These areas reflect where stakeholders 

expect corporate action, pinpointing where companies can have the most 

impact; Governance and management of stewardship practices, 

Stewardshi p of the supply chain, Ecosystems, Human rights and working 

conditions and Local communities. Mowi ranks 

2nd in the benchmark and demonstrates a 

strong performance in all measurement areas.  

 

 

 
Source: www.cdp.net, www.fai rr.org, www.seafood.worldbenchmarkingalliance.org  

https://www.cdp.net/en/investor
https://www.cdp.net/en/companies
https://www.cdp.net/en/cities
https://www.cdp.net/en/cities/states-and-regions
https://www.fairr.org/article/coller-fairr-protein-producer-index-2019/
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 Global trade flow of farmed Atlantic salmo n 

 

The main market s for each production origin:  

Å Norway ð Europe  and Asia  

Å Chile ð USA, South America and Asia  

Å Canada ð USA  

Å Scotland ð Domestic within UK, France  

 

Each producing region has historically focused on developing the nearby 

markets. As salmon is primarily marketed as a fresh product, time and cost of 

transportation ha ve  driven this trend.  

  

A relatively high price differential is therefore required to justify transa tlantic 

trade as this incur s the cost of airfreight. Such  trade varies from period to 

period and depends on arbitrage opportunities arising from short -term 

shortage s and excess volume s from the various producing countries.  

  

The Asian market is generally shared as transportation cos ts are broadly similar 

from all producing regions.  

 

Distribution of frozen salmon is much more straightforward . 

 

Norway / Faroe Islands / 

Iceland:

Harvest 1,511,000

Market 43,000
North America:

Harvest 145,000

Market 634,000

Latin America:

Harvest 646,000

Market 184,000

Oceania:

Harvest 79,000

Market 63,000

Asia:

Harvest -

Market 375,000

EU:

Harvest 194,000

Market 1,156,000

Russia:

Harvest 21,000

Market 86,000
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 Farmed Atlantic salmon by marke t 
 

EU+UK and  USA are by far the largest markets for Atlantic salmon. Emerging 

markets such as Brazil and Asia have been growing at significantly higher  

rates than traditional markets . However, t hese markets have a higher food 

service share compared to traditional markets  and growth  rates in 202 1 were 

hampered due to Covid -19 restrictions . On average consumption of  Atlantic 

salmon has increased by 4% in all markets over the last 10 years.   
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 Top 10 mar kets by size (2021E) 

In the 10 largest markets by country, consumption per capita varies from 0.06 

kg WFE (China / Hong Kong) to 4.11 kg WFE (France).  In Norway, Sweden and 

Finland, consumption per capita is between 6 -8 kg WFE. This means that there 

is significant growth potential among the largest markets.  
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 Development of value  (CAGR 9%) vs. volum e last 10 years  
 

 

The value of salmon sold ha s increased by 120% from 2012 to 2021  (CAGR 9%), 

while  volume  has increased by  45% (CAGR 4%) in the same period . This 

illustrates the strong underlying demand for salmon . In 2021 the value of 

salmon consumed recovered to a large extent from Covid -19 curtailments, 

however, some markets are still to fully recover in terms of foodservice 

consumption.  

 

  

0

500

1,000

1,500

2,000

2,500

3,000

3,500

0

3

6

9

12

15

18

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

V
o

lu
m

e
 (

th
o

u
s

a
n

d
 t

o
n

n
e

s
 G

W
T

)

V
a

lu
e

 (
E

U
R

 b
il

li
o

n
)

Global Value Global Volume

Value growth 2012 -2021: 120%

CAGR: 9%



Salmon Markets  

 

44 | P a g e   

 

 Price neutral demand growth  ð approx . 7% the past 20 year s 
 

 

 

 

 

 

The correlation  between change in global 

supply and average FCA Oslo price (EUR) is very 

strong . In the period  2001-2011, change in 

supply explain ed  84% of the change in price 

using linear regression.  In 2012 and 2013  

demand for salmon significantly overperformed.  

 

Price correlation across regional markets is 

generally strong for Atlantic salmon.  

  

Growth in global supply of Atlantic salmon was  

192% in the period 200 1-2021 (CAGR 5%), 

varying between -4% and 2 2% annuall y. 

Variation in growth rates has been the main 

determinant for the variation in prices. However, 

in 2020, demand was impacted by  Covid -19 

restrictions  which  reduced foodservice activity . 

Demand partially recovered in 2021 as the 

pandemic waned and market c onditions 

improved .  

 

Since 2013, prices have varied between EUR 6.72 per kg (2016) and EUR 4.70 

per kg (2014).  YTD 2022 prices have reached new record high levels 

exceeding EUR 8.50 per kg on strong demand and limited supply.  
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2001 15% -25%

2002 8% -3%

2003 7% -11%

2004 6% 7%

2005 5% 23%

2006 1% 23%

2007 10% -21%

2008 5% 1%

2009 3% 12%

2010 -4% 35%

2011 12% -17%

2012 22% -10%

2013 2% 42%

2014 8% -5%

2015 5% -4%

2016 -4% 46%

2017 2% -5%

2018 7% -2%

2019 6% -6%

2020 4% -14%

2021 9% 14%

Change in avg. 

price FCA Oslo 

(EUR)

Year
Global supply 
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 Historic price developmen t 

As salmon is perishable and marketed fresh, all production in one period must  be consumed 

in the same period. In the short term, the production level is difficult and expensive to adjust 

as the planning/production cycle is three years long. Therefore, the supplied quantity is very 

inelastic in the short term, while demand shifts according to the season. This is the main 

reason for the price volatility in the market.  

 

Factors affecting market price for Atlantic salmon are:  

- Supply (absolute and s easonal variations)  

- Demand (absolute and seasonal variations)  

- Globalisation of the market (arbitrage opportunities between regional markets)  

- Presence of sales contracts reducing quantity availab le for the spot market  

- Flexibility of market channels  

- Quality  

- Disease outbreaks  

- Food scares  

 

Comparing FCA Oslo, FOB Miami and FOB Seattle, there is a clear indication of a global 

market as prices correlate to a high degree.  

 

As in most commodity industries, producers of Atlantic salmon experienc e high volati lity in the 

price achieved for the product.  The average price ( GWT based) for Norwegian whole 

salmon since 20 12 has been about EUR 5.6/kg, for Chilean salmon fillet ( 3-4lb)  D-trim fillet  USD 

4.8/lb (USD 10.6/kg), and for Canadian salmon ( 10-12lb) USD 3.2/lb (USD 7.0/kg). The pricing 

of Scottish and Faroese salmon is linked to the price of Norwegian salmon. The price of 

Scottish salmon normally has a premium to Norwegian salmon. Faroese salmon used to trade 

at a small discount to Norwegian salmo n. However, due to geopolitical events in last 

decade , salmon from the Faroes now trades at a premium over Norwegian salmon in 

selected markets.  
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 Different sizes ð different prices (Norwa y) 

The main reason for differen ces in  size is the  biological production process in 

which in dividual  fish grow at different speed s. A farm holding  fish of  

harvestable size will show a norm ally distributed size distribution . This leads to  

the  majority of fish being  harvested at 4/5 kg GWT with smaller  quan tit ies of 

smaller and large r fish.  

 

The processing industry in Europe mainly uses 3 -6 kg GWT but  niche markets 

exist for small er and large r fish. As these markets are minor compared to the 

main market, they are easily disrupted if quantities become too large . 

Generally, small fish are discounted,  and large fish are sold at premium  as 

show n in the graph above .  

 

The graph to the left shows 

Norwegian harvest 

distribution for 2021, with the 

harvest size of 4 -5 kg ( GWT) 

being  the  most frequent . In 

addition to catering for 

production process and 

market requirement, an other 

driver behind th is size 

fluctuation is that farmers 

want to balance out  market risk and biological risk. Drivers behind smaller  

harvest  size can be disease, early harvest when there is a need for cash flow , 

or early harvest to realise ongoing capacity. Larger fish (6 -7kg+) may be a 

result of economies of scale/lower productio n costs, production for niche 

markets or other market requirements . 
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 Top 10 companies  in farmed Atlantic salmon  2021 

 

Mowi Group represents the largest total production , harvest ing  one fifth of the 

salmon produced in Norway  and approx. one  third  of total production in both  the  UK 

and North America.  

 

In Norway and Chile there are several other producers of significant size. In Chile, 

several of the companies also produce other salmo nids, such as Coho  and large 

trout.  
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Harvest volume Atlantic Salmon 2021

Mowi Others

Top 10 - Norway H.Q. Top 4 - United Kingdom H.Q. Top 4 - North America H.Q. Top 10 - Chile H.Q.

Company GWT Company GWT Company GWT Company GWT

1 Mowi 273,000    Mowi 64,500   Cooke Aquaculture 47,000   Aquachile (Agrosuper) 128,000 

2 Salmar 170,500    Scottish Sea Farms*** 46,000   Mowi 45,500   Multi X (Multiexport) 88,000   

3 Lerøy Seafood 161,500    Bakkafrost 30,000   Mitsubishi / Cermaq 20,000   Mitsubishi / Cermaq 79,000   

4 Mitsubishi / Cermaq 92,000      Cooke**** 26,000   Grieg Seafood 14,500   Mowi 66,000   

5 NTS** 70,000      Australis Seafood (Joyv io) 64,000   

6 Grieg Seafood 61,000      Salmones Blumar 60,000   

7 Nova Sea 43,500      Salmones Camanchaca 36,000   

8 Nordlaks 35,000      Salmones Austral 25,000   

9 Alsaker Fjordbruk 34,000      Invermar 22,000   

10 Sinkaberg-Hansen 33,000      Salmones Yadran 21,500   

Top 10 973,500    Top 4 166,500 Top 4 127,000 Top 10 589,500 

Others 405,400    Others 12,800   Others 17,900   Others 57,000   

Total 1,378,900 Total 179,300 Total 144,900 Total 646,500 

* The industry in the UK and North America are best described by top 4 producers

**Including Norway Royal Salmon where NTS acquired a majority stake in 2021

*** Includes acquisition of GSF Shetland

*** 2020 estimate

Source: Kontali Analyse AS



Industry Structure  

 

49 | P a g e   

 Number of companies in producing countrie s 

The graph shows the number of companies  producing 80% of the farmed 

salmon and trout in each major producing country.  

 

Historically, the salmon industry consisted of a large r number of smaller firms. 

As illustrated above, this was the case in Norway, and to some extent in 

Scotland and Chile.  

 

During the last decade s the salmon farming industry has been through a 

period of consolidation in all regions and this is expected to continue.  

 

There are  approx. 1 20 companies own ing  commercial licen ses for salmon 

and trout in Norway, however some of thes e are controlled by other 

companies. The total supply is produced by around 90 companies ( directly or 

through subsidiaries).  

 

There are approximately 1,3 60 commercial licen ses for the on -growing of 

Atlantic salmon, trout and  Coho  in Chile. The 10 largest firms account  for 90% 

of the total licen ses. Only around  400 licen ses are in operation . 
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 Establishing a salmon farm  
 

The salmon farming production cycle is about 3 years.  

During the first year of production eggs are fertilised and fish are grown to 

approximately 100 -250 grams in a controlled freshwater environment.  In 

recent years , the industry has  invested in freshwater facilities that can grow 

the smolt  larger, up to 1,000 grams , thus shorten ing  the time at sea . 

  

The fish are  then transported to seawater cages where they are  grown to 

around 4 -5 kg over a period of 12 -24 months. The growth of the fish is he avily 

dependent on seawater temperatures, which vary by time of year and across 

regions.  

 

When they reach harvestable size, the fish are transported to processing 

plants where they are  slaughtered and gutted. Most salmon is sold gutted on 

ice in a box ( GWT).  
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 The Atlantic salmon life/production cycl e 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The freshwater production cycle  until smolt  takes approximately 1 0-16 months 

and the seawater production cycle lasts around 12 -24 months, giving a total 

cycle length  of  on average about 3 years , including fallowing . Postsmolt will 

normally  have a longer production cycle  in freshwater and a shorter  

production cycle  in seawat er depend ing  on smolt size . In Chile, the cycle is 

slightly shorter as seawater temperatures are more optimal with fewer 

fluctuations.  

 

In autumn, broodstock are stripped for eggs , and ova inlay takes place 

between  September  and April . The producer can sp eed up the growth of the 

juveniles with light manipulation which accelerates the smoltification process 

by up to 6 months.  

 

Freshwater 10-16 months

Seawater 12 -24 months

Eggs

Growth phase in sea

Primary processing & packaging

Hatchery
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Spring and autumn are the two main periods to release smolt in Norway. 

However, there are smolt being released in all twelve months of the year.  

Harvesting is spread across  the year, although most harvesting takes place in 

the last half  of the year as this is the period of best growth. During summer the 

harvesting pattern shifts to a new generation, and consequently weight 

dispe rsion between large and small harvested salmon is greater at this time 

than for the rest of the year.  

 

After a site is harvested, the location is fallowed for between 2 and 6 months 

before the next generation is put to sea at the same location. Smolts may be 

released in the same location with a two year cycle.  
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 Influence of seawater temperatur e 
 

 
 

Seawater temperatures vary considerably throughout the year in all 

production regions. While the production countries in the northern hemisphere 

see low temperatures at  the beginning of the year and high temperatures in 

autumn varying by as much as 10 oC, the temperature in Chile is more stable 

varying between 10 oC and 14 oC. Chile has the highest average temperature 

of 12 oC, while Ireland has 11 oC and the four  other regions have an average 

temperature of about 10 oC. 

 

As the salmon is a cold -blooded animal (ectotherm), water temperature 

plays an important role in its growth rate. The optimal temperature range for 

Atlantic salmon is 8 -14oC, but they thrive well from 4 -18oC. Temperature is one 

of the most important natural competitive advantages that Chile has 

compared to the other production regions as production time there has 

historically been shorter by a few months.  

 

With high seawater temperatures  the  risk of disease i ncreases, and with 

temperatures below 0 oC, mass mortality becomes more likely, both of which 

cause the growth rate to fall.  
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 Production inputs  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Eggs 

There are several suppliers of eggs 

to the industry. AquaGen,   

Benchmark Genetics and Rauma 

Stamfisk are some of the most 

significant by quantity. In addition 

to these suppliers, Mowi  produces 

its own eggs based on the Mowi 

strain.  

 

Egg suppliers can tailor their 

deliveries through use of 

broodstock with favourable 

genetics for different traits desired 

by customers, and several 

suppliers are able to produce 

eggs throughout the whole year. 

The market for salmon eggs is 

international, although this can be 

subject to import/export 

restrictions imposed by different 

count ries. 

Smolt  

The majority of smolt are 

produced óin-houseó by vertically 

integrated salmon farmers. This 

production is generally for a 

companyõs own use, although a 

proportion may also be sold to 

third parties. A smolt is produced 

over a period of 8-12 months from 

startfeeding  to a mature smolt 

weighing 100 -250 grams. Postsmolt 

production (250 -1,000 grams) has 

become more common in recent 

years, accounting for 17% of the 

smolt release in 20 21 in terms of 

individuals.  The idea behind larger 

smolt is to shorten  production  time 

at sea, thus reducing exposure to 

sea lice, disease etc.  and 

improving fish welfare.  
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Labour 30F

1 

According to The Directorate of Fisheries the Norwegian aquaculture industry 

employed 9,743 people in 20 21. A Nofima report stated that 15 ,000 people 

were employed in businesses involved in activities connected with the 

aquaculture industry in 2013. In total there are over 22 ,000 people employed 

full-time either directly or indirectly by the aquaculture industry in Norway.   

 

According to the Scottish Salmon Producers Organisation (SSPO), almost 2 ,300 

people are employed in salmon production in Scotland. The Scottish 

Government estimates that over 8 ,000 jobs are generated directly or 

indirectly by the aquaculture industry.  

 

Estimates on Canadian employment say that around 14 ,000 people are 

employed in aquaculture, where Canadaõs farmed-salmon industry pro vides 

more than 10 ,000 jobs. Direct employment in Chilean aquaculture ( including 

processing ) was estimated at around 30 ,000 people in 2014.  

 

Mowi Group  employed  13,984 people  (including third -party employees ), in 25 

countries worldwide as at 31 Dec ember  2021.  

 

 

Electricity   

Electricity is mainly used in the earliest and last stage s in the salmonõs life 

cycle. To produce a good quality smolt, production normally takes place in 

tanks on land where the water temperatu re is regulated and  water may be  

recirculated , which requires energy (accounting for 4 -5% of smolt cost in 

Norway). The cost of energy consumption will depend on the price of 

electricity and the temperature. A cold winter will demand more electricity to 

heat the water used in the smolt facility. The s ize of the smolt will also influence 

electricity consumption as a larger smolt has a longer production cycle in the 

smolt facility. More energy is consumed w hen the salmon is processed. 

However, this depends on the level of automation (2 -3% of harvest cost  in 

Norway).  

 

 

  

 
Source: Mowi, Kontali Analyse, Directorate of Fisheries, SSPO, Government of Canada, Estudio 

Situaci·n Laboral en la Industria del Salm·nó, Silvia Leiva 2014 
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 Cost component ð disease and mortality  
 

 
 

Production  costs per kg decline with increasing harvest weight. If fish is 

harvested at a lower weight than optimal (caused by diseases for example), 

production  costs per kg will be higher.  

 

During the production cycle, some mortality will occur. Under normal 

circu mstances, the highest mortality rate will be observed during the first 1 -2 

months after the smolt is put into seawater, while subsequent stages of the 

production cycle normally have a lower mortality rate.  

 

Elevated mortality in later months of the cycle i s normally related to outbreaks 

of disease, treatment for  sea lice or predator attacks.  

 

There is no strict standard for how to account for mortality, and there is no 

unified industry standard. Three alternative approaches are:  

¶ Charge all mortality to expe nse when it is observed  

 

¶ Capitalise all mortality (letting the surviving individuals carry the cost of 

dead individuals in the balance sheet when harvested)  

 

¶ Only charge exceptional mortality to expense (mortality, which is higher 

than what is expected und er normal circumstances)  

 

It is not possible to perform biological production without any mortality. By 

capitalising the mortality cost, the cost of harvested fish will reflect the total 

cost for the biomass that can be harvested from one production cycle.  
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 Accounting principles for biological assets  
 

 
 

Biological assets are measured at fair value less cost to sell, unless the fair 

value cannot be measured reliably.  

  

Effective markets for the sale of live fish do not exist so the valuation of live fish 

implies establishment of an estimated fair value of  the fish in a hypothetical 

market. Fair value is estimated by the use of a calculation model, where cash 

inflows are functions of estimated volume multiplied by  estimated price. Fish 

ready for harvest (4 kg GWT, which corresponds to 4.8 kg LW) is valued a t 

expected sales price with a deduction of costs related to harvest, transport 

etc. to arrive at back -to -farm prices. For fish not ready for harvest (i.e. below 4 

kg GWT), the model uses an interpolation methodology where the known 

data points are i) the v alue of the fish when put to sea and ii) the estimated 

value of the fish when it has reached harvest size. The valuation reflects the 

expected quality grading and size distribution.  

 

Broodstock and smolt are measured at cost less impairment losses, as fai r 

value cannot be measured reliably.  

 

The change in estimated fair value is recognised in profit or loss on a 

continuous basis and is classified separately (not included in the cost of the 

harvested biomass). On harvest ing , the fair value adjustment is re versed on 

the same line.  

 

Operational EBIT  

Operational EBIT and other operational results are reported based on the 

realised costs of harvested volume and do not include fair value adjustments 

on biomass.  
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 Economics of salmon farming  
 

 
 

The salmon farm ing industry is capital -intensive and volatile. This is a result of a 

long production cycle, a fragmented industry, market conditions and a 

biological production process which is affected by many external factors.  

 

Over time, production costs have been red uced and productivity has 

increased on the back of  new technology and improved techniques. In 

recent years, costs have trended upwards due to several factors including 

rising feed costs, biological costs and more stringent regulatory compliance 

procedures.  

 

Reported revenues: Revenues are a gross figure; they can include invoiced 

freight from reference place (e.g. FCA Oslo) to customer, and have 

discounts, commissions and credits deducted. Reported revenues can also 

include revenues from trading activity, s ales of by -products, insurance 

compensation, gain/loss on sale of assets etc.  

 

Price : Reported prices are normally stated in the terms of a specific reference 

price e.g. the Nasdaq price for Norway (FCA Oslo) and UB price for Chile 

(FOB Miami). Reference prices do not reflect freight, and other sales reducing 

items mentioned above. Reference prices are for one specific product 

(Nasdaq price = sales price per kg head on gutted fish packed fresh in a 

standard box). Sales of other products (frozen products, f resh fillets and 

portions) will cause deviation in the achieved prices vs. reference price. 

Reference prices are for superior quality fish, while achieved prices are for a 

mix of qualities, including downgrades. Reference prices are spot prices, while 

most  companies will have a mix of spot and contract sales in their portfolio.  

 

Quantity: Reported quantity can take many forms. Quantity harvested = Fish 

harvested in a specific period in a standardi sed term; e.g. Gutted Weight 

Equivalent ( GWT), which is the s ame weight measure as Head -on -Gutted 

(HOG), or Whole Fish Equivalent (WFE), the difference being gutting  loss. 

Quantity sold can be reported using different weight scales:  

Å Kg sold in product weight.  

Å Kg sold converted to standard weight unit ( GWT or WFE). 

Å Quantity sold could also include traded quantity.   
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 Cost structure industry Norway 2012-2021 

 
Feed:  As in all animal production, feed makes up the largest share of the total cost. 

The variation in costs between countries is based on somewhat dif ferent inputs to the 

feed, logistics and the feed conversion ratio.  

 

Smolt: Atlantic salmon smolt is largely produced at land -based hatcheries either in 

flow -through or RAS systems. Cost per kilo is increasing as farmers inc rease the size of 

the smolt in t he hatchery before release to sea. The cost is expected to be offset by 

shorter time in sea, less lice treatment etc.  

 

Labour cost: Salmon production is a capital -intensive  industry and labour cost  

account s for a m inor part of total cost s. However, labour cost  increas ed  in the period 

2014-2017, partly be cause of  increased employment in relation to  lice issues. It has 

been stable the last few years.   

 

Harvest/ Packing/ Well boat : Costs relating to  transportation of live fish, slaughtering, 

processing and packing are all heavily dependent on quantity, logistics and 

automation.  

 

Depreciation : The industry is investing heavily in new technology and automation, 

but also in equipment used to treat lice, which in turn leads to higher depreciation 

costs. 

 

Misc.  operati ng  costs: Other costs include direct and indirect costs, administration, 

insurance, biological costs (excluding mortality), etc.   
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 Overview of feed marke t 

 

Global production of manufactured feed was around 1, 235 million tonnes in 

2021. The majority wa s used for land -dwellin g animals, where 8 6% wa s used in 

the farming of poultry, pig and ruminants. Only 4%, or 51 million tonnes, of 

global producti on of manufactured feed was used in aquatic farming . 

 

 
 

Most aquatic feed produced globally is used for carp as this is the 

predominant farmed fish species. Feed for salmonids only accounts for 9% of 

the total production of aquatic feed.  
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Atlantic salmon is the most farmed species of salmonids and is therefore the 

largest consumer of salmonid feed. 33F

1 

 

Most of the feed used in farming of salmonids is produced close to where it is 

farmed . Norway used 4 6% of the global feed directed towards the salmonid 

segment in 20 21 and Chile used 28%. 

 

 

 

  

 
Source : Kontali Analyse  
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 Relative feedin g 
 

 
 

The production of feed around the world varies as there are large deviations 

in sea temperature. Norway has the greatest seasonality in production. The 

low season is from February to April and the high season is from July to 

October, with the mid -season in between. Production in the low season can 

be as low as only 30% of the high seasonõs production. Over a year, Chile has 

the highest relative feeding , measured by feed sold or fed during a month 

relative to the incoming biomass . Feed is considered a perishable product 

with limited opportunities to store.  
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 Salmon feed producers  
 

During the last decade, the salmonid  feed industry has become increasingly 

consolidated. Together with Mowi, three producers now control the majority 

of salmon feed output; Skretting (subsidiary of Nutreco which has been 

acquired by SHV), EWOS (Cargill),  and  BioMar (subsidiary of Schouw). Th ese 

companies all operate globally.  

  

In mid -2014, Mowi began production of feed from its first new feed plant. In 

2019, Mowi completed its second feed plant located in Kyleakin, Scotland.  

Mowi has a total production capacity of 6 40,000 tonnes. In 2021 Mow i 

produced 482,000 tonnes compared with total  global salmonid feed 

production of around 4 .7 million tonnes.  

 

The major cost elements when producing salmonid feed are the raw 

materials required and production costs.  

  

The feed producers have historically operated on cost -plus contracts, leaving 

the exposure to  raw material prices with the aquaculture companies.  
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 Salmon feed ingredients  

 

 
 
Atlantic salmon feed should provide proteins, energy and essential nutrients 

to ensure high muscle growth, energy metabolism and good health. 

Historically, the two most important ingredients in fish feed have been fish 

meal and fish oil. The use of these t wo marine raw materials in feed 

production has been reduced in favour of  ingredients such as soy, sunflower, 

wheat, corn, beans, peas, poultry by -products (in Chile and Canada) and 

rapeseed oil. This substitution is mainly due to heavy constraints on the 

availability of fish meal and fish oil.  

 

Atlantic salmon have specific nutrient requirements for amino acids, fatty 

acids, vitamins, minerals and other lipid - and wate r-soluble components. 

These essential nutrients can in principle be provided by the range  of different 

raw materials listed above. Fish meal and other raw materials of animal origin 

have a more complete amino acid profile and generally have a higher 

protein concentration compared to proteins of vegetable origin. As long as a  

fish receives the amino acid it needs it will grow and be healthy and the 

composition of its muscle protein is the same irrespective of feed protein 

source. Consequently, feeding salmon with non -marine protein sources results 

in a net production of marine fish protein.   

 

During the industryõs early phases, salmon feed was moist (high water 

content) with high levels of marine protein (60%) and low levels of fat/oil 

(10%). In the 1990s, feed typically consisted of 45% protein, made up mostly of 

marine protein. Today, the marin e protein level is lower due to cost 

optimisation and the availability of fish meal. However, the most interesting 

development has been the increasingly higher inclusion of fat. This has been 

made possible through technological development and extruded fee ds.  

Growth intervals 0.1 - 0.2 kg 0.2 - 1 kg 1 - 2 kg 2 - 3 kg 3 - 4 kg 4 - 5 kg

Feed consumption 

(Norway)
0.08 kg 0.75 kg 1.00 kg 1.05 kg 1.10 kg 1.20 kg

Time, months 2 4 4 3 2 2

17%

59%

24%

Global 1990

5%

46%

20%

18%

11%

Norway 2021

14%

42%
22%

1%

7%

14%

Chile 2021

Other raw materials

Veg meal

Veg oil

Fish meal

Fish oil

Avian meal
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Feed and feeding strategies aim to grow a healthy fish fast at the lowest 

possible cost. Standard feeds are designed to give the lowest possible 

production cost rather than maximised growth. Premium diets are formulated 

to  giv e amongst other things better growth rate and higher survival.  

 

Feeding control systems are used at all farms to control and optimise feeding. 

Feeding is monitored for each net pen to ensure that fish are fed to maximise 

growth (measured by the Relative Gro wth Index - RGI). At the same time 

systems ensure that feeding is stopped immediately when the maximum feed 

intake has been provided to prevent feed waste. The fastest growing fish 

typically also have the best (i.e. lowest) feed conversion ratio (FCR).  
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 Feed raw material marke t 

 

Fish oil: In general, fish oil  prices are more volatile than vegetable sources 

mainly due to volatile supply  as result of the quota systems for fisheries . The 

average price of fish oil was about USD 2,100 per tonne in 20 21.  

 

Fish meal:  Fish meal has seen stable  price  development over the past ten 

years . Although  prices  have been stable  based on a yearly average , there 

are  large variations  within the years . The market for fishmeal is small 

compared with  that for  vegetable proteins . 

 

Rapeseed oil:  Up until 2011, rapeseed oil  price development was correlated 

with  fish oil but f rom 2011  to 2015 prices fell each year and it trad ed  

significantly below fish oil. Th e price  ha s been hovering around USD 800-900 

per tonne in recent years , but in 2021 the price increased .  

 

Soy meal: Soy and corn have traditionally been very important vegetable 

protein sources in fish feed. Prices have been under pressure in the last few 

years as a result of increased supply, especially  from expanded production in  

Brazil. However, in 2021 soy prices in creased in line with other soft commody 

prices.  

 

Wheat:  Prices for wheat have remained stable over the years with generally 

good production  and balanced supply/demand.  
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  Working capita l 

The long production cycle of salmon requires significant working capital in the 

form of biomass.  

  

Working capital investments are required for organic growth, as a larger 

òpipelineó of fish is needed to facilitate larger harvest volumes . On avera ge, a 

net working capital investment of approximately EUR 3 .1/kg is required, split 

between the year of harvest and the year  immediately  preceding harvest, in 

order to obtain an increase in harvest volume of 1 kg. The working capital 

requirement has increa sed over time and fluctuates with variations in 

currenc y exchange rates  and production costs .  

  

Net working capital varies during the year. Growth of salmon is heavily 

impacted by changing seawater temperatures. Salmon grows at a higher 

pace during summer /autumn and more slowly during winter/spring when the 

water is colder. As the harvest pattern is relatively constant during the year, 

this leads to large seasonal variation s in net working capital. For a global 

operator, net working capital normally peaks around year -end and bottoms 

out around mid -summer.  
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For illustration purposes, the farming process has been divided into three stages of 12 

months. The first 12 -month period is from production from egg to finished smolt. 24 

months of on -growing in the se a follows  this. When the on -growing phase ends , 

harvest takes place immediately (illustrated as òMonth 37ó). In a steady state there 

will always  be three different generations at different stages in their life cycle. 

Capital expenditure is assumed equal to depreciation for illustration purposes. The 

working capital effects are shown above on a net basis excluding effects from 

accounts receivable a nd accounts payable.  

 

By the point of harvest there ha ve  been up to 36 months of costs to produce the fish , 

comprising  the cost of  produc ing  the smolt two years ago, further costs incurred to 

grow the fish in seawater , and some costs related to harvest (óMonth 37ó). Sales price 

covers the se costs and provide s a profit margin (represented by the green 

rectangle).  

 

Cash cost for the period in which the fish are  harvested is not large compared to 

sales income, creating a high net cash flow. If production goin g forward (next 

generations) follows the same pattern, most of the cash flow will be reinvested into 

salmon at various growth stages. If the company wishes to grow its future output, the 

following generations need to be larger requiring even more of the ca sh flow to be 

reinvested in working capital.  

 

This is a rolling process and requires substantial amounts of working capital to be tied 

up, both when in a steady state and especially when increasing production .38F

1  

 
Source: Mowi  
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The illustration above shows how capital requirements develop when 

production/biomass is being built òfrom scratchó. In phase 1, there is only one 

generation (G) of fish produced and the capital requirement is the 

production cost of the fish. In phase 2, t he next generation is also put into 

production, while the on -growing of G1 continues, rapidly increasing the 

capital invested. In phase 3, G1 has reached its last stage, G2 is in its on -

growing phase and G3 has begun to increase its cost base. 39F

1 

 

At the end of phase 3, the harvest starts for G1, reducing the capital tied -up, 

but the next generations are building up their cost base. If each generation is 

equally large and everything else is in a steady state, the capital requirement 

will peak at the  end of phase 3. With growing production, the capital 

requirement will also increase after phase 3 as long as the next generation is 

larger than the previous (if not, the capital base is reduced). We see that 

salmon farming is a capital -intensive industry.  

 

To equip a grow -out facility you need cages (steel or plastic), mooring s, nets, 

cameras, feed barge/automats and work boats.  

 

 

  

 
Source: M owi  








































































