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1.2. About this report

This report focuses largely on salmon aquaculture. We begin 
with a detailed discussion of the sector’s performance in the 
Coller FAIRR Protein Producer Index 2021/22 before highlighting 
FAIRR’s engagement with salmon producers on climate and 
biodiversity risks in feed supply chains. Included in this report 
are insights from interviews with more than 40 investors, 
producers and civil sector organisations. The FAIRR Initiative will 
conduct a similar review of the shrimp industry in 2022.

Table 1 
Aquaculture companies in Index

Source: Coller FAIRR Protein Producer Index

Region Product Offering

Revenue 
USD 

Million

2021 
Overall 

Category

Mowi Mowi Europe & RussiaEurope & Russia Pure AquaculturePure Aquaculture  4,293  4,293 

Thai Union Thai Union AsiaAsia Pure AquaculturePure Aquaculture  4,235  4,235 

Lerøy Seafood Lerøy Seafood Europe & RussiaEurope & Russia Pure AquaculturePure Aquaculture  2,128  2,128 

Grieg Seafood Grieg Seafood Europe & RussiaEurope & Russia Pure AquaculturePure Aquaculture  467  467 

Charoen Pokphand Foods Charoen Pokphand Foods AsiaAsia Multiple ProteinsMultiple Proteins  18,863  18,863 

NH Foods NH Foods AsiaAsia Multiple ProteinsMultiple Proteins  11,094  11,094 

SalMarSalMar Europe & RussiaEurope & Russia Pure AquaculturePure Aquaculture  1,377  1,377 

Bakkafrost Bakkafrost Europe & RussiaEurope & Russia Pure AquaculturePure Aquaculture  713  713 

Salmones Camanchaca Salmones Camanchaca LATAMLATAM Pure AquaculturePure Aquaculture  539  539 

Multi XMulti X LATAMLATAM Pure AquaculturePure Aquaculture  476  476 

Tassal Group Tassal Group OceaniaOceania Pure AquaculturePure Aquaculture  371  371 

Maruha Nichiro Maruha Nichiro AsiaAsia Multiple ProteinsMultiple Proteins  8,327  8,327 

Nippon Suisan Kaisha Nippon Suisan Kaisha AsiaAsia Pure AquaculturePure Aquaculture  6,346  6,346 

Great Wall Enterprise Great Wall Enterprise AsiaAsia Multiple ProteinsMultiple Proteins  2,773  2,773 

QL Resources BerhadQL Resources Berhad AsiaAsia Multiple ProteinsMultiple Proteins  998  998 

AQUACULTURE

•	 The global output of farmed salmon reached 2.7 million 
tonnes (live weight) in 2020. This was up ~4% on the 
previous year, though the growth rate slowed from the 
~7% increase achieved in 2019.631

•	 Norway (51%) and Chile (29%) are by far the world’s 
largest producers of farmed salmon. They are followed 
by the UK (7%) and Canada (5%).632

•	 Farmed shrimp accounts for roughly 55% of the market. 
China is the largest producer, followed by Thailand.633

•	 Global shrimp supply was down 20% in 2020 
compared with 2019, when production reached 4.45 
million tonnes.634,635

•	 The EU, the US, China and Japan are the largest importers 
of shrimp, holding a combined 82% of the market.636

•	 Global shrimp production from aquaculture grew on 
average by 7.6% between 2009 and 2019. The CAGR of 
salmon, on the other hand, remained at around 5.6% 
during that same period.637

SECTOR CONTEXT

1.1. Food production’s fastest-growing sector

Aquaculture is the farming of fish, crustaceans, plants, algae 
and other aquatic species under controlled conditions in both 
freshwater and marine habitats. The industry has quickly become 
the fastest-growing food production sector and this looks unlikely 
to change in the coming decades. Its contribution to global 
fish production for human consumption reached 46% in 2018 – 
up from 25.7% in 2000 – and is expected to hit 89% by 2030.638 
Almost 190 countries cultivate approximately 550 different species 
of aquatic animals for human consumption.639 As a result, the sector 
is characterised by a variety of production systems, regulatory 
environments, certifications, unique geographic features and 
industry competition, with significant differences around the world. 

The aquaculture focus of the Coller FAIRR Protein Producer 
Index centres on two extensively farmed species, which 
dominate the sector’s listed space: salmon and shrimp. Because 
they are carnivorous fish farmed in ecologically sensitive 
habitats, their production is linked to multiple risks. As shown 
in Table 1, FAIRR’s analysis covers both pure-play aquaculture 
companies and those that offer multiple proteins.

ABOUT AQUACULTURE

EXCLUSIVE TO FAIRR INVESTOR MEMBERS. LOGIN  
AT FAIRR.ORG/INDEX TO ACCESS THE FULL REPORT.
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2.1. Overview

As detailed in Table 1, the Index covers 15 aquaculture 
companies. Ten are pure-play aquaculture producers. Five 
produce other proteins, including poultry, eggs, pork, beef and 
dairy. Together, the companies have a total of $63 billion in 
revenues (equating to 17% of the collective revenue for all Index 
companies) and a market capitalisation of $50 billion (equating 
to 14% of the Index’s total market capitalisation). 

In addition to the performance indicators that are most 
common to the listed animal protein sector, the Index assesses 
aquaculture producers on a set of specific issues that account 
for the environmental and welfare risks unique to farmed fish. 
These are shown in Table 2.

AQUACULTURE

Source: Coller FAIRR Protein Producer Index

2. AQUACULTURE SECTOR RESULTS

Deforestation & Biodiversity Animal Welfare

Ecosystem impacts

Certification

Disease management

Feed ingredients and 
conversion ratios

Aquatic animal welfare

Table 2
Aquaculture-specific indicators in the Index 
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Key findings

Most companies saw improvements in 2021, as shown in 
Figure 1, with only Bakkafrost recording a lower score than in 
2020. The Index analysed a total of 60 businesses across all 
sectors. Eight of the 15 aquaculture companies scored in the top 
quartile overall. Better performers are generally in Europe. 

Other than Thai Union, which is among the 10 lowest-risk 
producers, the riskier companies are clustered in Asia.

AQUACULTURE

Figure 1 Figure 1 
Scores for the 11 Scores for the 11 
companies in the companies in the 
Index that have Index that have 
seafood as their seafood as their 
main product main product 
offering increased offering increased 
across the board across the board 
with the exception with the exception 
of Bakkafrost. Tassal of Bakkafrost. Tassal 
boasts the biggest boasts the biggest 
improvement improvement 
into 2021into 2021

Source: FAIRR
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2.2. Ecosystem impacts

Emissions: still trending up, despite better reporting

Farmed fish is often lauded as a low-carbon protein and is 
marketed as such to consumers who wish to reduce their 
carbon footprint.

When compared to other animal proteins, such as beef or 
pork, farmed fish does boast a lower emissions intensity due to 
logistical and biological factors,640 but as shown in Figure 2, not 
all seafood is alike.

A recent analysis of farmed and wild-caught fish species 
found that salmon has a slightly lower carbon footprint than 
chicken, while shrimp comes at a higher carbon price.641,642 The 
margins of error depend on the differences in location and 
production. However, more work is required in this area and 
the good carbon credentials of salmon cannot be taken as a 
forgone conclusion.

Simply comparing the carbon efficiency of different animal 
proteins and selecting the lowest is not necessarily the goal. 
The key long-term objective is to improve production methods 
to reduce the environmental impact of all animal proteins. 
Furthermore, a carbon footprint is not the only measure of 
environmental performance. 

The major carbon-intensity driver for shrimp is mangrove 
conversion.643 Mangrove forests are highly efficient sources of 
carbon sequestration, and their loss is factored into the carbon 
footprint of any shrimp raised in their place. Half of all mangrove 
forests have been lost since 1940, with 30-50% cleared for 
farmed shrimp production.644

Encouragingly, as shown in Figure 3, aquaculture companies have 
generally stepped up their disclosure and management of GHG 
emissions. Eleven of the 15 aquaculture companies featured in the 
Index have improved their scores in this regard, largely due to more 
ambitious target-setting and better reporting of inventories.

AQUACULTURE

129

Figure 2 
Not all seafood is alike in 
terms of carbon footprint

Source: Gephart et al, Poore and Nemecek, adapted by WWF
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Figure 3 
Greenhouse Gas Greenhouse Gas 
Performance scores Performance scores 
from 2020 to 2021 from 2020 to 2021 
see wide scale see wide scale 
improvement on improvement on 
scores but limited scores but limited 
innovation from innovation from 
Asian companiesAsian companies

GriegGrieg, , LerøyLerøy  andand  MowiMowi  havehave  allall  setset  intermediateintermediate  andand  longlong--termterm  
sciencescience--basedbased  targetstargets ( (SBTsSBTs). ). AlongAlong  withwith  SalMarSalMar, , theythey  nownow  
disclosedisclose  emissionsemissions  fromfrom  feedfeed  andand  animalanimal  farmingfarming ( (thoughthough  notnot  
landland--useuse  changechange). ). MowiMowi  hashas  thethe  largestlargest  absoluteabsolute  emissionsemissions  
inventoryinventory  butbut  recordedrecorded  aa  yearyear--ovoveer-yearr-year  decreasedecrease; ; itsits  scorescore  
hashas  risenrisen  significantlysignificantly  becausebecause  ofof  betterbetter  reportingreporting  onon  climateclimate  
scenarioscenario  analysisanalysis  andand  itsits  investmentsinvestments  toto  increaseincrease  renewablerenewable  
energyenergy  purchasespurchases  andand  bringbring  feedfeed  productionproduction  inin--househouse. . 
BakkafrostBakkafrost  receivedreceived  aa  lowlow  scorescore  inin  lightlight  ofof  poorpoor  reportingreporting, , 
thoughthough  itit  isis  worthworth  notingnoting  thatthat  itit  derivesderives  muchmuch  ofof  itsits  feedfeed  fromfrom  
locallocal  sourcessources –  – givinggiving  thethe  productsproducts  aa  lowerlower  carboncarbon  footprintfootprint..

AQUACULTURE

Source: FAIRR

CruciallyCrucially, , despitedespite  aa  generalgeneral  improvementimprovement  inin  thethe  disclosuredisclosure
andand  managementmanagement  ofof  emissionsemissions, , aquacultureaquaculture  continuescontinues  toto  
generategenerate  moremore  COCO22  thanthan  inin  20182018 ( (FigureFigure  44). ). AmongAmong  thethe  fourfour  
companiescompanies  featuredfeatured  inin  thethe  IndexIndex  thatthat  havehave  fullfull  carboncarbon  
inventoriesinventories  availableavailable, , onlyonly  MowiMowi  hashas  recordedrecorded  aa  decreasedecrease  sincesince  
20182018. . FigureFigure  44  showsshows  thethe  recentrecent  emissionemission  levelslevels  ofof  fourfour  majormajor  
aquacultureaquaculture  companiescompanies ( (NoteNote: : nono  datadata  waswas  availableavailable  forfor  LerøyLerøy  inin  
20182018).).
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AQUACULTURE

Nitrous oxide: bobbing above the water and gaining attention 

A key risk identified by the latest Intergovernmental Panel on 
Climate Change (IPCC) report is that aquaculture is among the 
fastest-rising contributors of nitrous oxide (N2O) emissions.645 
N2O is what is known as a short-lived climate forcer (SLCF), 
meaning that it stays in the atmosphere for a much briefer period 
than CO2 but is considerably more potent in terms of its global 
warming potential – in this instance, 273 times more powerful.646

Although the scientific understanding of the pathways of N2O 
emissions from aquaculture remains limited, this issue is likely to 
attract greater regulatory attention,647 Figure 5, which focuses 
on four major companies that disclose a full inventory of 
emissions to CDP, confirms that N2O emissions in this sector are 
on the rise. (Note: no data was available for Lerøy in 2018).

Deforestation: spotlight on soy supply chains

Soy has traditionally been used as a key ingredient in salmon 
feed. This makes supply chain traceability a major issue given 
that soy production is frequently linked to deforestation.

In an effort to create better traceability protocols for the sourcing 
of soy, salmon feed producers, Nutreco (Skretting), Cargill Aqua 
Nutrition and Biomar, joined forces in 2019 with the certification 
body, ProTerra, and three Brazilian soy protein concentrate 
producers, Caramuru, Imcopa and CJ Selecta. All companies said 
that they would work towards sustainable policies prohibiting the 
sourcing of soy products from illegally deforested land.648

Figure 4
Absolute CO2 emissions from 2018 to 2020 have grown from all 
companies apart from Mowi which has seen a slight decrease

Figure 5
N2O emissions are up since 2019 for Mowi, Grieg Seafood 
and SalMar. Greig and SalMar saw a levelling off however 
Mowi’s emissions continue to climb. Leroy only began 
reporting the GHG breakdown in 2021 and emissions are the 
highest of those that report 
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Amid such positive developments, the salmon-producing 
aquaculture companies performed reasonably well in the 2021/22 
Index in relation to the sourcing of certified soy. Following 
greater certification and traceability efforts, Tassal and Salmones 
Camanchaca showed the greatest improvement, up by 26% a 
piece compared to 2020. Four companies, Grieg Seafood, Mowi 
and Leroy Seafood, rank as ‘Low Risk’. All Asian aquaculture 
companies rank as ‘High Risk’ due to the lack of disclosure. 
Similarly, shrimp-producing aquaculture companies offered little 
or no disclosure on deforestation risk in their sourcing of soy. 

There is a clear regional split on this issue, with Latin American 
and European companies exposed to less risk than their Asian 
counterparts. Charoen Pokphand, Great Wall, NH Foods and QL 
Resources – all based in Asia – failed to improve their scores in 
this year’s Index.

Generally, the sector is still heavily dependent on fishmeal and 
fish oil from wild-caught pelagic stocks. Further detail on this 
matter can be found later in this chapter and in section 3.2.

Escapes: a costly problem in every respect

Millions of fish escape from fish farms every year. They mix with 
native marine populations, resulting in competition for food and 
resources, the spread of disease and parasites and – if mating takes 
place – the weakening of the genetic pool of wild stocks.649,650

Estimates vary widely, but more than five million fish are 
thought to have escaped following the 20 biggest breaches of 
the past 20 years. Small escapes – those involving fewer than 
100,000 fish – are far more frequent. 

The industry has traditionally hedged against this risk with 
insurance policies that have disincentivised prevention measures 
such as strong infrastructure, better-trained staff and superior 
deterrents against predators that cause escapes by ripping 
open nets.651 However, insurers are now looking for robust risk 
mitigation strategies to avoid repeated pay-outs for lost stock.652

Companies that suffer escapes risk both regulatory costs and 
reputational damage. For example, Cooke Inc., the Canadian 
seafood giant, lost its licence after an escape incident in 2017 led 
to a blanket ban on Atlantic salmon farming in Washington State, 
jeopardising the company’s presence in the region until it received 
approval to farm steelhead trout instead.653 With Mowi estimating 
the average cost of an escape event at around $17.5 million, salmon-
producing companies have been investing accordingly.

Escape numbers have reportedly fallen after hitting a high in 
2019.654 However, as shown in Figure 6, only seven of the 15 
companies assessed as part of this year’s Index reported escape 
data in 2020. Bakkafrost is the only company in the Index to set 
a target of zero escapes, yet it suffered the year’s largest breach 
– losing 368,998 fish in an incident blamed on extreme weather. 
Two companies, Grieg and Multi X, reported no escapes.

Based on these disclosures, we can infer that more than 700,000 
fish escaped in 2020 following breaches involving aquaculture 
companies in the Index. However, the level of non-disclosure 
leaves much uncertainty as to the true total.

AQUACULTURE

Figure 6 
Over 700,000 fish escaped from companies in FAIRR’s Index Over 700,000 fish escaped from companies in FAIRR’s Index 
in 2020. Only Grieg and Multi X reported no escapes in 2020. Only Grieg and Multi X reported no escapes 
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Nutrient pollution: from algal blooms to predators

Aquaculture production systems increase effluents of organic 
matter, nitrogen and phosphorous. In turn, these can lead 
to locally increased biochemical oxygen demand (BOD), 
eutrophication and harmful algal blooms (HABs).655

HABs – caused by the rapid growth of algae in a marine or 
freshwater environment – have previously damaged the salmon 
industry in Norway and Chile. In 2019, Norway suffered its worst 
algal bloom in 30 years, with government reports indicating the 
loss of 10,000 tonnes of salmon.656 It was estimated to have cost 
to the industry of NOK2.1-2.4 billion in lost sales and NOK1.6-
1.7 billion in other direct and indirect costs.657 In 2021, due to 
HABs and low oxygen levels on both Canadian seaboards, Mowi 
suffered the loss of a thousand tonnes of salmon worth €6 
million – an event that contributed to Q3 EBIT falling €5 million 
below consensus analyst expectations.658 

AQUACULTURE

The overloading of the seabed from uneaten feed and fish 
waste also attracts predators, with dolphins, seals and birds 
ripping nets open, releasing fish and/or stressing them in many 
cases. The industry has been criticised for its often extreme 
approach to dealing with predators – from clubbing and 
shooting seals659,660 to using acoustic deterrent devices that 
ensonify entire coastlines with distressing sounds, the effects 
of which are not restricted to target species.661 A more in-depth 
discussion of human-wildlife conflict in the aquaculture sector 
can be found in section 4.3. 

For this risk factor, aquaculture companies saw the most 
significant gains in certification and feed conversion ratios. 
Stronger targets on escapes and nutrient loading on the seabed 
are required to improve performance and reduce the industry’s 
impact on biodiversity and natural habitats.

Figure 7 
Tassal performs Tassal performs 
best with respect best with respect 
to reporting on to reporting on 
ecosystem impacts ecosystem impacts 
such as nutrient such as nutrient 
loading. Asian loading. Asian 
companies display companies display 
low transparency low transparency 
however reporting however reporting 
is poor across the is poor across the 
board on nitrogen board on nitrogen 
and phosphorous and phosphorous 
emissions  emissions  

Source: FAIRR
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2.3. Certification

More robust measures neededMore robust measures needed

AsAs  shownshown  inin  Figure 8Figure 8, , mostmost  aquacultureaquaculture  companiescompanies  inin  thethe
IndexIndex  havehave  certifiedcertified  operationsoperations. . PurePure--playplay  companiescompanies  generallygenerally  
leadlead  thethe  wayway  whilewhile  thosethose  offeringoffering  multiplemultiple  proteinsproteins  andand  thosethose  
basedbased  inin  AsiaAsia  tendtend  toto  fallfall  behindbehind..

DespiteDespite  thisthis  largelylargely  encouragingencouraging  picturepicture, , FAIRRFAIRR  understandsunderstands
thatthat  certificationcertification  bodiesbodies  strugglestruggle  withwith  volumevolume  reconciliationreconciliation  
((ee..gg., ., wherewhere  certifiedcertified  farmsfarms  reportreport  higherhigher  volumesvolumes  thanthan  wouldwould  
bebe  possiblepossible  inin  aa  givengiven  seasonseason), ), thusthus  suggestingsuggesting  fraudfraud. . AsAs  notednoted  
inin  sectionsection  2.22.2, , thethe  issueissue  ofof  traceabilitytraceability  alsoalso  stillstill  requiresrequires  aa  
significantsignificant  overhauloverhaul. . LookingLooking  aheadahead, , technologiestechnologies  suchsuch  asas  
blockchainblockchain  maymay  bebe  ableable  toto  facilitatefacilitate  moremore  robustrobust  certificationcertification, , 
butbut  wewe  havehave  yetyet  toto  seesee  substantivesubstantive  examplesexamples  ofof  this.this.

AQUACULTURE

Figure 8 
Pure-Play Pure-Play 
Aquaculture Aquaculture 
Companies are Companies are 
largely certified largely certified 
across their across their 
operations. Those operations. Those 
offering multiple offering multiple 
proteins and proteins and 
those situated in those situated in 
Asia have more Asia have more 
work to do on work to do on 
certificationcertification

Source: FAIRR
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2.4. Disease management

Disease and parasites: the race 
between innovation and evolution

Disease risks in the salmon-farming industry are driven by high 
stocking densities and the siting of multiple farms in close 
proximity. Disease and parasites represent a major cost, and 
current remedies are limited in their long-term effectiveness.

The problem of sea lice remains the industry’s principal 
biosecurity concern. Innovation in prevention and treatment is 
fairly constant, but the lice themselves are developing greater 
resistance. It has been estimated that measures, such as sea-
lice skirts, thermal licing, hydrolicing, cleaner fish, bathing and 
chemical treatments, cost the industry $636 million a year in 
Norway alone, with this figure rising sharply since 2013.662

Some treatments – for example, anti-moulting chemicals that 
prevent lice from growing – cannot be liberally administered as 
they are likely to damage all crustaceans near a farm.663

Illnesses, such as amoebic gill disease (AGD), and new viral 
infections also increase pressure on farmers to innovate and 
protect the farms against outbreaks.664,665 Vibriosis, the most 
significant plague affecting shrimp farming, can result in 100% 
mortality events and bring about early mortality syndrome (EMS); 
it reportedly costs the industry $3 billion a year globally.666

In addition, climate change is an accelerating factor in disease 
risk in both the salmon and shrimp sectors. Sea lice and AGD 
thrive in warmer waters, and studies suggest that climate 
change can also increase the risk of disease in shrimp.667

AQUACULTURE

Figure 9 
Sea lice Sea lice 
management management 
practices are practices are 
heightened in heightened in 
Europe with big Europe with big 
improvements on improvements on 
2020. LATAM lags 2020. LATAM lags 
slightly although the slightly although the 
direction of travel is direction of travel is 
positive. Significant positive. Significant 
work is required work is required 
among Asian among Asian 
companiescompanies
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Antibiotics: Asia drives global consumption

TheThe  aquacultureaquaculture  industryindustry  isis  aa  significantsignificant  consumerconsumer  ofof  antibioticsantibiotics. . 
AccordingAccording  toto  recentrecent  researchresearch, , thethe  AsiaAsia--PacificPacific  regionregion  accountsaccounts  
forfor  93.8%93.8%  ofof  consumptionconsumption  worldwideworldwide, , ledled  byby  ChinaChina ( (57.9%57.9%), ), IndiaIndia  
((11.3%11.3%), ), IndonesiaIndonesia ( (8.6%8.6%) ) andand  VietnamVietnam ( (5%5%).).668668

AntibioticsAntibiotics  areare  mostmost  oftenoften  usedused  forfor  catfishcatfish, , followedfollowed  byby  tilapiatilapia, , 
shrimpshrimp, , trouttrout  andand  salmonsalmon669669. . TheThe  issueissue  isis  particularlyparticularly  materialmaterial  
forfor  thethe  shrimpshrimp--farmingfarming  industryindustry, , withwith  thethe  USUS  FoodFood  andand  DrugDrug  
AdministrationAdministration ( (FDAFDA) ) regularlyregularly  refusingrefusing  shrimpshrimp  entryentry  lineslines  fromfrom  
AsiaAsia  duedue  toto  thethe  presencepresence  ofof  bannedbanned  antibiotics.antibiotics.670670

AntimicrobialAntimicrobial  consumptionconsumption  intensityintensity  hashas  beenbeen  estimatedestimated  atat  
46mg46mg  kgkg−−11  forfor  shrimpshrimp  andand  27mg27mg  kgkg−−11  forfor  salmonsalmon. . AA  studystudy  publishedpublished  
inin  NatureNature  recentlyrecently  suggestedsuggested  thatthat  thethe  usageusage  inin  aquacultureaquaculture  asas  aa  
wholewhole  couldcould  increaseincrease  byby  33%33%  betweenbetween  20172017  andand  20302030, , thatthat  thethe  
sectorsector  wouldwould  accountaccount  forfor  5.7%5.7%  ofof  totaltotal  useuse  byby  thethe  endend  ofof  thatthat  
periodperiod, , andand  thatthat  itit  wouldwould  havehave  thethe  highesthighest  usageusage  intensityintensity  perper  
kilokilo  ofof  biomassbiomass  produced.produced.671671

OnlyOnly  threethree  aquacultureaquaculture  companiescompanies  inin  thethe  IndexIndex  havehave  targetstargets  
forfor  antibioticsantibiotics  useuse. . BakkafrostBakkafrost  isis  aimingaiming  forfor  zerozero  byby  20232023, , MultiMulti  
XX  forfor  aa  60%60%  reductionreduction  byby  20252025  andand  SalmonesSalmones  CamanchacaCamanchaca  forfor  
aa  50%50%  reductionreduction  byby  20252025. . TheThe  biggestbiggest  leapleap  inin  scorescore  comparedcompared  
toto  20202020  waswas  achievedachieved  byby  TassalTassal, , whichwhich  improvedimproved  fromfrom  37%37%  toto  
85%85%..  BakkafrostBakkafrost’’ss  scorescore  plummetedplummeted  duedue  toto  unexplainedunexplained  useuse  ofof  
antibioticsantibiotics..

TheThe  reducedreduced  useuse  ofof  antibioticsantibiotics  inin  NorwayNorway  hashas  beenbeen  facilitatedfacilitated  
byby  increasedincreased  diseasedisease  controlcontrol, , extensiveextensive  vaccinationvaccination  programmesprogrammes  
andand  thethe  useuse  ofof  nonnon--medicalmedical  treatmentstreatments. . HoweverHowever, , somesome  ofof  thesethese  
treatmentstreatments –  – mostmost  notablynotably  thosethose  forfor  seasea  licelice  andand  ADGADG –  – cancan  
causecause  mortalitymortality  oror  significantsignificant  injuryinjury  toto  fishfish, , whichwhich  tiesties  intointo  thethe  
broaderbroader  questionquestion  ofof  aquaticaquatic  animalanimal  welfarewelfare..

AQUACULTURE

Figure 10 
Europe, LATAM Europe, LATAM 
and Oceania have and Oceania have 
made progress made progress 
with respect to with respect to 
antibiotics. There antibiotics. There 
is a major lack of is a major lack of 
reporting and poor reporting and poor 
performance among performance among 
Asian producers and Asian producers and 
those that produce those that produce 
multiple proteinsmultiple proteins

Source: FAIRR

  2021 increase

  2021 decrease

HIGH RISK MEDIUM RISK LOW RISK

SCORE (%)

0 10030 60 90

Grieg Seafood Grieg Seafood 

Lerøy Seafood Lerøy Seafood 

Mowi Mowi 

Bakkafrost Bakkafrost 

SalMarSalMar

Multi XMulti X

Salmones Camanchaca Salmones Camanchaca 

Tassal Group Tassal Group 

Thai Union Thai Union 

Nippon Suisan Kaisha Nippon Suisan Kaisha 

Charoen Pokphand Foods Charoen Pokphand Foods 

QL Resources BerhadQL Resources Berhad

Maruha Nichiro Maruha Nichiro 

Great Wall Enterprise Great Wall Enterprise 

NH Foods NH Foods 

BEST

EU
RO

PE
 &

 R
U

SS
IA

EU
RO

PE
 &

 R
U

SS
IA

LA
TA

M
LA

TA
M

O
C

EA
N

IA
O

C
EA

N
IA

A
SI

A
A

SI
A

PU
RE A

Q
U

A
C

U
LTU

RE
PU

RE A
Q

U
A

C
U

LTU
RE

M
U

LTIPLE PRO
TEIN

S
M

U
LTIPLE PRO

TEIN
S

0%

EXCLUSIVE TO FAIRR INVESTOR MEMBERS. 

LOGIN AT FAIRR.ORG/INDEX TO ACCESS THE FULL REPORT.



137Coller FAIRR Protein Producer Index 2021/22

2.5. Aquatic animal welfare

More scrutiny, more activism

The welfare of fish is less understood than that of terrestrial 
animals, which have long had an internationally recognised 
welfare standard: the so-called “five freedoms”. These stipulate 
that animals under human control have freedom from hunger, 
malnutrition and thirst; freedom from fear and distress; 
freedom from heat stress or physical discomfort; freedom from 
pain, injury and disease; and freedom to express normal and 
natural behaviour.672

With the aquaculture industry growing at pace, this lack of 
scrutiny is changing. The RSPCA, Compassion in World Farming 
(CIWF), World Animal Protection and the Fish Welfare Initiative 
– an organisation dedicated solely to this issue – are among 
those now applying greater scrutiny. Notably, the World 
Organisation for Animal Health (also known as the OIE) released 
its first aquatic animal health and welfare strategy in 2021 and 
committed to a further review of the scientific basis for welfare 
and sentience in aquatic animals.673 

Welfare activism now has its sights set on the aquaculture 
industry. Its tactics, which include the use of undercover videos, 
are now starting to have a similar impact on public perceptions 
and regulations as they did for terrestrial farmed animals. 
Waitrose and Co-op halted supplies after footage of poor 
practices in salmon farms.674

In July 2021, an activist entered a Mowi salmon pen in Scotland 
and filmed fish infested with sea lice, as well as deformed fish. 
This prompted the company to take legal action,675 with its 
response in many ways echoing the aggressive strategies of 
counterparts in the land-based farming space.676,677 

An evolving concept

Research has confirmed that fish feel pain and experience 
stress,678 but recognition of these realities constitutes only 
part of aquatic animal welfare. The next frontier in the efforts 
to broaden the concept is to include natural behaviours.679 
Research published in Science Advances in 2021 highlighted the 
complex welfare needs of trout and Atlantic salmon,680 noting 
the lack of studies examining fish welfare.

In the wild, salmon have complex and dynamic life cycles, 
from hatching to spawning, and can travel thousands of miles. 
Juvenile salmon are diadromous, meaning they transfer slowly 
from freshwater to saltwater, with each deciding when it is 
ready to do so. Yet, juvenile salmon in a farm environment are 
often vacuumed up, transported and deposited into the sea 
within a single day, resulting in mortalities that commonly reach 
10-20% in Norway.681

AQUACULTURE

Source: NASCO

OCEAN

RIVER

SALMON AT SEA

ALEVINS

FRY

SPAWNING ADULT

PARR

SMOLTS
RETURNING ADULT

EXCLUSIVE TO FAIRR INVESTOR MEMBERS. 

LOGIN AT FAIRR.ORG/INDEX TO ACCESS THE FULL REPORT.



138 Coller FAIRR Protein Producer Index 2021/22

Stocking densities in the sea phase are unnaturally high. Salmon 
in the wild are solitary animals for much of their life cycle,682 
making them less likely to suffer injury from aggression and less 
vulnerable to the diseases and parasites that might be prevalent 
on farms. CIWF has deemed them unsuited to intensive growth 
and has called for “a moratorium on the expansion of the 
industry with a view to phasing out intensive farming.”683

As with terrestrial farming, aquaculture breeding programmes 
that prioritise production efficiency over welfare are attracting 
particular scrutiny. Programmes intended to create larger, faster-
growing fish with increased appetites are just one example of this.684

These programmes have resulted in up to 50% of all farmed 
Atlantic salmon having inferior vaterite-based otoliths (or 
inner-ear bones) rather than aragonite. In contrast, only 10% of 
their wild counterparts have this. Otoliths are sensory organs 
that contribute to hearing, balance, gravity sensation and linear 
acceleration; they are, therefore, crucial for survival.685

AQUACULTURE

Figure 11 
Company welfare Company welfare 
scores have scores have 
moved from 21% moved from 21% 
in 2020 to 33% in in 2020 to 33% in 
2021, driven by 2021, driven by 
more attention more attention 
from pure-play from pure-play 
aquaculture aquaculture 
companies companies 

Signs of improvement

TheThe  findingsfindings  ofof  thethe  CollerColler  FAIRRFAIRR  ProteinProtein  ProducerProducer  IndexIndex  showshow  
improvementsimprovements  inin  manymany  aquacultureaquaculture  companiescompanies’ ’ managementmanagement
ofof  animalanimal  welfarewelfare, , asas  illustratedillustrated  inin  FigureFigure 11.  11. HoweverHowever, , therethere
isis  aa  significantsignificant  differencedifference  betweenbetween  thethe  averageaverage  scorescore  ofof
purepure--playplay  companiescompanies ( (44%44%) ) andand  thosethose  ofof  companiescompanies  offeringoffering  
multiplemultiple  proteinsproteins ( (7%7%).).

BakkafrostBakkafrost, , GriegGrieg  andand  MowiMowi  havehave  setset  targetstargets  onon  survivalsurvival  ratesrates, , 
butbut  soso  farfar, , onlyonly  MowiMowi  andand  TassalTassal  havehave  setset  targetstargets  onon  welfarewelfare. . 
MowiMowi  aimsaims  toto  havehave  atat  leastleast  50%50%  ofof  stockstock  withwith  realreal--timetime  welfarewelfare  
monitoringmonitoring, , whilewhile  TassalTassal  aimsaims  toto  havehave  allall  farmingfarming  employeesemployees  
completecomplete  trainingtraining  onon  animalanimal  welfarewelfare..

CompaniesCompanies, , suchsuch  asas  BakkafrostBakkafrost, , MowiMowi  andand  LerøyLerøy, , areare  beginningbeginning  
toto  disclosedisclose  informationinformation  onon  stockingstocking  densitiesdensities, , includingincluding  howhow  
optimaloptimal  densitiesdensities  areare  reachedreached –  – thoughthough  reportingreporting  isis  stillstill  limitedlimited. . 
MultiMulti  XX, , howeverhowever, , reportsreports  onon  otherother  keykey  indicatorsindicators, , suchsuch  asas  
percentagepercentage  ofof  fishfish  withoutwithout  woundswounds  andand  oxygenoxygen  consumptionconsumption  
duringduring  transporttransport..

Source: FAIRR
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2.6. Feed ingredients and conversion ratios

Food fraud: a global problem

According to a recent meta-study, 36% of seafood products 
are mislabelled – suggesting “seafood fraud on a global scale.” 686 
A 2018 analysis found nearly 70% of samples sold as snapper 
in the UK consisted of 38 different species, “including many 
reef-dwelling species that are probably threatened by habitat 
degradation and overfishing.” 687 This issue remains under-
scrutinised, and it is unclear which aspects of the sector are 
most exposed. The most common form of fraud – labelling a 
species as one that is more expensive or desirable – is  often 
practised with processed or tinned fish, where artifice is hard 
to spot. One of the difficulties surrounding the successful 
detection of fraud is that effective methods, such as DNA 
testing, are costly and time-consuming. Verification is usually 
attempted with only 1% of products.688 As with certification, 
technologies such as blockchain may have the potential to help 
reassure consumers over the longer term.689

Feed supplies: the most pressing concern of all?

Feed is a material cost for aquaculture, accounting for 40%  
and 50% of the production costs of farmed salmon and shrimp 
respectively.*690 Its main components are fishmeal, fish oil and 
vegetable ingredients, such as soy, wheat or pea protein. 
The salmon-farming industry has made strides with respect 
to certified soy sourcing, but fishmeal remains a precarious 
supply for all buyers. 

In addition, projected increases in the intensity and frequency 
of extreme events caused by climate change are likely to 
bring greater economic uncertainty, resulting in more price 
volatility, for small pelagic species and fisheries.691,692,693 Raw feed 
materials, have already hit record-high prices worldwide – partly 
driven by weather-related incidents.

AQUACULTURE

Figure 12 
Fish meal prices have 
increased 118% since 2006. 
Feed accounts for up to 50% 
of cost in salmon farming 
with fish meal accounting 
for 15-30% of feed 
formulations
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TheThe  continuedcontinued  reliancereliance  onon  marinemarine  resourcesresources  putsputs  pressurepressure  onon  
wildwild  fishfish  stocksstocks  andand  presentspresents  aa  growthgrowth  constraintconstraint  forfor  salmonsalmon  
producersproducers. . MeanwhileMeanwhile, , greatergreater  useuse  ofof  vegetablevegetable  alternativesalternatives  hashas  
increasedincreased  GHGGHG  emissionsemissions  andand  exposureexposure  toto  reputationalreputational  riskrisk  fromfrom  
deforestationdeforestation..

AssumingAssuming  currentcurrent  approachesapproaches  toto  feedfeed  formulationformulation  continuecontinue, , thethe  
potentialpotential  productionproduction  inin  globalglobal  finfishfinfish  aquacultureaquaculture  willwill  bebe  unableunable  
toto  exceedexceed  14.414.4  millionmillion  tonnestonnes694694    comparedcompared  toto  sevenseven  millionmillion  
tonnestonnes  currentlycurrently  produced.produced.695695

AmidAmid  suchsuch  challengeschallenges, , MowiMowi  hashas  recordedrecorded  aa  significantsignificant  
improvementimprovement  afterafter  publishingpublishing  thethe  industryindustry’’ss  firstfirst  targettarget  forfor  
feedfeed  innovationinnovation. . ThisThis  isis  shownshown  inin  FigureFigure  1313; ; howeverhowever, , itit  hashas  yetyet  toto  
outlineoutline  itsits  strategystrategy  forfor  achievingachieving  thisthis  ambitiousambitious  goalgoal..

Low scores on this indicator paint an alarming picture. They Low scores on this indicator paint an alarming picture. They 
suggest aquaculture is still a long way from successfully suggest aquaculture is still a long way from successfully 
addressing the urgent issue of feed-source sustainability, not addressing the urgent issue of feed-source sustainability, not 
least in relation to major considerations such as climate change least in relation to major considerations such as climate change 
and biodiversity loss.and biodiversity loss.

For this reason, FAIRR has launched an unprecedented global For this reason, FAIRR has launched an unprecedented global 
engagement to explore the climate and biodiversity risks linked engagement to explore the climate and biodiversity risks linked 
to salmon producers’ feed supply chains. Our broad aim is to to salmon producers’ feed supply chains. Our broad aim is to 
encourage aquaculture companies to disclose suitable science-encourage aquaculture companies to disclose suitable science-
based strategies and better manage the risks associated with based strategies and better manage the risks associated with 
sourcing ingredients. The results of this exercise to date are sourcing ingredients. The results of this exercise to date are 
discussed in detail in the following chapter.discussed in detail in the following chapter.

AQUACULTURE

Figure 13 
The vast majority The vast majority 
of Index companies of Index companies 
score poorly on score poorly on 
plans to diversify plans to diversify 
feed sources. In 2021, feed sources. In 2021, 
Mowi released the Mowi released the 
industry’s first feed industry’s first feed 
innovation target; innovation target; 
inclusion of 10-inclusion of 10-
15% emerging feed 15% emerging feed 
ingredients by 2030. ingredients by 2030. 
This accounts for the This accounts for the 
company’s significant company’s significant 
increase in scoreincrease in score
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Strategy

AQUACULTURE

1.	 Conduct and disclose a forward-looking risk assessment 
examining how marine and soy ingredient sources 
could constrain production and increase exposure 
to environmental, social and governance (ESG) risks, 
including climate risk.

2.	 Disclose strategies to increase the use of trimmings and 
processing waste, as informed by the risk assessment.

3.	 Disclose strategies to increase the use of alternative feed 
ingredients* (e.g., algae, insects, single-cell proteins), as 
informed by the risk assessment. These strategies may be 
in the areas of R&D, new product lines, etc. 

Targets

1.	 Disclose a target to increase the use of alternative feed 
ingredients, as informed by the risk assessment.

2.	 Commit to sourcing certified soy and/or being 
deforestation/conversion-free (DCF) for 100% of soy, 
including all third-party suppliers and regions, and 
disclose progress against this commitment (included for 
companies without current commitments).

Disclosure/performance

1.	 Disclose R&D spend directed towards novel feed ingredients.

2.	 Disclose absolute volumes of fishmeal and fish oil (FMFO) 
sourced through aquafeed, including a percentage 
breakdown of FMFO sourced from whole fish and fish 
by-products.

3.	 Disclose the average level of EPA and DHA for finished 
products.

4.	 Disclose the forage fish dependency ratios for fishmeal 
(FFDRm) and fish oil (FFDRo) and achieve a downward 
trend over a three-year period.

5.	 Disclose the quantity of greenhouse gas emissions from 
feed production and achieve a downward trend over a 
three-year period.

*The choice of alternative feed ingredient is a complex 
question. The nutritional pattern and digestibility 
must line up with cost, scale, climate and biodiversity 
impact. The engagement, therefore, does not 
mandate one ingredient over another; rather, it 
asks for R&D, targets and disclosure to shore up the 
industry-wide understanding of pathways.

ENGAGEMENT ASKS

3.	ENGAGEMENT ON CLIMATE AND BIODIVERSITY RISKS 
IN SALMON PRODUCERS’ FEED SUPPLY CHAINS
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Table 3 
Company progress through Phase 1

Met with Investors C-suite Attendees

Implemented 
Some Investor 

Recommendations

BakkafrostBakkafrost

Grieg Grieg 

LerøyLerøy

MowiMowi

Multi XMulti X

SalMarSalMar

Salmones Salmones 
CamanchacaCamanchaca

TassalTassal

AQUACULTURE

3.2. Key findings from the engagement

i. Feed efficiency metrics lack consistency and transparency

Metrics present only a partial view of efficiency
To evaluate the efficiency feed production in salmon farming, 
several reporting metrics have become critical for comparing 
the sustainability performance of companies. These are 
explained in the box below.

Fish in: fish out (FIFO) ratio: FIFO is used to analyse the 
efficiency of the use of wild fish in feed. It “measures 
the amount of fishmeal and fish oil used to produce one 
weight equivalent of farmed fish”.697

Feed conversion ratio (FCR): FCR is a measure of production 
efficiency. Among farmed species, it represents “the 
weight of feed administered over the lifetime of an animal 
divided by weight gained”.698,699 It can be split into two 
sub-categories: biological FCR (bFCR), which is based solely 
on feed eaten, and economic FCR (eFCR), which includes 
production losses (e.g., uneaten feed, mortalities, escapees).700

Forage fish dependency ratio (FFDR): FFDR is the 
“amount of wild-caught fish used to produce the amount 
of fishmeal and fish oil required to produce 1 kilogram of 
salmon”.701 It takes into account eFCR.702

3.1. Overview

As Figure 14 shows, feed is the largest material cost component 
of salmon aquaculture production. For the biggest listed salmon 
producer, Mowi, it accounts for around 45% of costs.696

FAIRR’s analysis shows that there has been extensive research and 
development (R&D) into identifying sustainable and alternative 
feed sources. However, current projects lack scalability; they 
are not run with an overarching goal that suggests where the 
sector should be by a certain point; and they are not aligned with 
specific, science-based, industry-wide objectives.

In light of these shortcomings, we devised our engagement on this 
issue. Launched in January 2021, the initiative – which is ongoing – is 
backed by 37 investor signatories with assets under management 
totalling $5.3 trillion. In this chapter, we present some of the 
findings and insights gained from Phase 1 of the engagement. 

We began by selecting eight pure-play salmon producers: 
Bakkafrost, Grieg, Lerøy, Mowi, Multi X, SalMar, Salmones 
Camanchaca and Tassal. We then facilitated investor meetings 
with seven of these companies between May and July 2021. Tassal 
alone did not meet with investors. Each company’s progress to 
date is summarised in Table 3.

Figure 14 
Production cost per kg by cost component (averages 
for Norway, Chile, Scotland, Faroes, Canada)

Data source: Iversen et al (2020)
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AQUACULTURE

ExcludingExcluding  FCRsFCRs, , whichwhich  areare  commonlycommonly  usedused  forfor  allall  typestypes  ofof  
animalanimal  farmingfarming, , thesethese  metricsmetrics  werewere  specificallyspecifically  conceivedconceived  
forfor  aquacultureaquaculture. . HoweverHowever, , ourour  analysisanalysis  indicatesindicates  thatthat  theythey  
presentpresent  crucialcrucial  shortcomingsshortcomings  thatthat  negativelynegatively  impactimpact  on theon the  
comparabilitycomparability  ofof  performanceperformance..

FCRsFCRs  onlyonly  accountaccount  forfor  thethe  weightweight  ofof  feedfeed  inputinput  andand  notnot  itsits  
nutritionalnutritional  contentcontent, , thethe  nonnon--edibleedible  partsparts  ofof  thethe  inputinput  animalanimal  
oror  thethe  nutritionalnutritional  qualityquality  ofof  thethe  endend  product.product.703703  SimilarlySimilarly, , FIFOFIFO  
andand  FFDRFFDR  dodo  notnot  incorporateincorporate  anyany  measuremeasure  ofof  thethe  statusstatus  ofof  fishfish  
stocks.stocks.704704  NoneNone  considersconsiders  nutritionalnutritional  differencesdifferences  inin  aquafeedaquafeed  
ingredientsingredients –  – anan  importantimportant  criterioncriterion  fromfrom  thethe  perspectiveperspective  ofof  
resourceresource  efficiencyefficiency705705 –  – andand  ignoringignoring  thesethese  isis  likelylikely  toto  promotepromote  
biasedbiased  assumptionsassumptions  thatthat  aquafeedaquafeed  ingredientsingredients  areare “ “merelymerely  
providersproviders  ofof  proteinprotein  andand  energyenergy  inin  feedfeed”,”,706706 rather rather  thanthan  foodfood  fitfit  
forfor  humanhuman  consumptionconsumption  inin  itsits  ownown  rightright..

Underlying assumptions are often not reported

InsufficientInsufficient  disclosuredisclosure  ofof  underlyingunderlying  assumptionsassumptions  andand  
methodologymethodology  workwork  toto  furtherfurther  erodeerode  comparabilitycomparability. . ByBy  wayway  ofof  
illustrationillustration, , GriegGrieg  disclosesdiscloses  itsits  bFCRbFCR, , eFCReFCR, , FFDRmFFDRm  andand  FFDRoFFDRo  
alongalong  withwith  underlyingunderlying  assumptionsassumptions  onon  forageforage  fishfish  typetype  usedused, , 
whereaswhereas  TassalTassal  disclosesdiscloses  onlyonly  FFDRmFFDRm  andand  FFRDoFFRDo  andand  includesincludes  
nono  suchsuch  assumptionsassumptions. . ThisThis  lacklack  ofof  transparencytransparency  couldcould  allowallow  forfor  
manipulationmanipulation  acrossacross  allall  metricsmetrics. . 

InternationalInternational  standardsstandards  forfor  calculationcalculation, , reportingreporting  andand  
certificationcertification  dodo  existexist  andand  areare  widelywidely  usedused. . TheyThey  includeinclude  thethe  
GlobalGlobal  SalmonSalmon  InitiativeInitiative ( (GSIGSI) ) 707707, , thethe  AquacultureAquaculture  StewardshipStewardship  
CouncilCouncil ( (ASCASC))708708  andand  thethe  BestBest  AquacultureAquaculture  PracticesPractices ( (BAPBAP) ) 
initiativeinitiative709709. . HoweverHowever, , theythey  useuse  differentdifferent  methodologiesmethodologies, , oftenoften  
addingadding  toto  thethe  confusionconfusion  insteadinstead  ofof  encouragingencouraging  uniformityuniformity. . 
ThereThere  isis  aa  clearclear  needneed  toto  harmoniseharmonise  underlyingunderlying  methodologiesmethodologies  
andand  establishestablish  agreedagreed--uponupon  definitionsdefinitions  ofof  whatwhat  toto  disclosedisclose  andand  
howhow  toto  disclosedisclose  itit..

Disclosure on how efficiencies are gained is lacking 
MostMost  companiescompanies  communicatecommunicate  onon  aa  highhigh  levellevel  howhow  theythey  gaingain  
feedfeed  efficienciesefficiencies, , butbut  theythey  dodo  soso  withwith  varyingvarying  degreesdegrees  ofof  clarityclarity. . 
AsAs  aa  resultresult, , theirtheir  claimsclaims  cancan  bebe  difficultdifficult  toto  verifyverify. . WeWe  observeobserve  
generalgeneral  improvementsimprovements  inin  keykey  metrics yearmetrics year--ovoveer-yearr-year, , thoughthough  
therethere  isis  oftenoften  littlelittle  oror  nono  narrativenarrative  toto  supportsupport  howhow  thesethese  havehave  
beenbeen  achievedachieved  inin  practicepractice..

ForFor  exampleexample, , TassalTassal’’ss  20202020  sustainabilitysustainability  reportreport  statedstated  onlyonly  thatthat  
““keykey  projectsprojects” ” enabledenabled  feedfeed  efficiencyefficiency  improvementsimprovements, , withwith  nono  
furtherfurther  explanation.explanation.710710  ByBy  contrastcontrast, , SalMarSalMar  hashas  documenteddocumented  
projectsprojects, , suchsuch  asas  thethe  installationinstallation  ofof  underwaterunderwater  CCTVCCTV  camerascameras  
andand  thethe  developmentdevelopment  ofof  remoteremote  automatedautomated  feedingfeeding  centres.centres.711711

EnhancedEnhanced  disclosuredisclosure  onon  howhow  efficienciesefficiencies  areare  gainedgained  wouldwould  buildbuild  
confidenceconfidence  inin  thethe  sectorsector, , asas  wellwell  asas  helphelp  keykey  metricsmetrics  evolveevolve  
fromfrom  blackblack--boxbox  indicatorsindicators  toto  meaningfulmeaningful  measuresmeasures  ofof  progressprogress. . 
ItIt  wouldwould  alsoalso  serveserve  toto  passpass  knowledgeknowledge  toto  firmsfirms  withwith  fewerfewer  
resourcesresources  forfor  RR&&DD..

ThisThis  isis  whywhy  FAIRRFAIRR  hashas  calledcalled  forfor  absoluteabsolute  volumesvolumes  ofof  purchasedpurchased  
FMFOFMFO  toto  bebe  discloseddisclosed, , therebythereby  providingproviding  aa  muchmuch  truertruer  picturepicture  
ofof  aa  givengiven  companycompany’’ss  exposureexposure  toto  wildwild  stocksstocks –  – oneone  ofof  thethe  mostmost  
importantimportant  issuesissues  toto  establishestablish  feedfeed--sourcesource  sustainabilitysustainability. . AsAs  TableTable  
44  showsshows, , progressprogress  inin  thisthis  respectrespect  hashas  beenbeen  mixedmixed  toto  datedate..

Table 4 
A mixed response to calls for enhanced disclosure

Source: Annual company reports

Abolute Volumes 
of FMFO Purchased 

Abolute Volumes 
of Trimmings Used

BakkafrostBakkafrost

MowiMowi

Greig SeafoodGreig Seafood

LerøyLerøy

SalMarSalMar

Salmones CamanchacaSalmones Camanchaca

Multi XMulti X

TassalTassal
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ii. Consensus on key issues is worryingly elusive

Companies lack forward-looking Companies lack forward-looking 
analyses on availability and price surgesanalyses on availability and price surges
ItIt  hashas  beenbeen  reportedreported  thatthat  currentcurrent  useuse  levelslevels  couldcould  seesee  forageforage  
fishfish  stocksstocks  collapsecollapse  byby  asas  earlyearly  asas  2030.2030.712712  ThisThis  disasterdisaster  asideaside, , itit  
isis  alsoalso  wellwell  establishedestablished  thatthat  stocksstocks  areare  fullyfully  utilisedutilised713713 –  – meaningmeaning  
anyany  increaseincrease  inin  inputsinputs  willwill  havehave  toto  comecome  fromfrom  trimmingstrimmings  oror  otherother  
sourcessources..

FMFOFMFO  pricesprices  havehave  beenbeen  trendingtrending  upup, , asas  notednoted  inin  ChapterChapter  22, , 
withwith  aa  fivefive--yearyear  highhigh  reachedreached  inin  20202020  andand  pricesprices  ofof  fishmealfishmeal  
16%16%  higherhigher  thanthan  inin  2019.2019.714714  CoupledCoupled  withwith  ambitiousambitious  productionproduction  
targetstargets  inin  ChinaChina, , NorwayNorway, , andand  Scotland,Scotland,715715,,716716,,717717  thisthis  trajectorytrajectory  
bringsbrings  mountingmounting  concernconcern  thatthat  thethe  industryindustry  isis  headingheading  towardstowards  aa  
supplysupply  shockshock..

AlthoughAlthough  theythey  acknowledgedacknowledged  thethe  riskrisk  ofof  wildwild  stocksstocks  collapsingcollapsing, , 
thethe  companiescompanies  withwith  whichwhich  wewe  engagedengaged  differeddiffered  onon  urgencyurgency  andand  
timelinestimelines. . NoneNone  sharedshared  anyany  forwardforward--lookinglooking  analysisanalysis  ofof  futurefuture  
pricesprices  andand  availabilityavailability; ; nornor  diddid  theythey  offeroffer  assumptionsassumptions  onon  thethe  
pacepace  ofof  increaseincrease  inin  FMFOFMFO  usageusage  oror  whenwhen  andand  howhow  certifiedcertified  
supplysupply  mightmight  becomebecome  constrainedconstrained. . 

Ingredient pricing is a major barrier to meaningful changeIngredient pricing is a major barrier to meaningful change
DuringDuring  thethe  engagementengagement, , wewe  heardheard  fromfrom  severalseveral  salmonsalmon  farmersfarmers  
whowho  lamentedlamented  aa  lacklack  ofof  reasonablyreasonably  pricedpriced  alternativealternative  feedfeed  
ingredientsingredients. . AlgalAlgal  oiloil, , aa  keykey  substitutesubstitute  forfor  fishfish  oiloil, , waswas  citedcited  asas  aa  
primeprime  exampleexample718718. . AlternativeAlternative  ingredientingredient  pricingpricing  isis  expectedexpected  toto  
remainremain  highhigh  forfor  atat  leastleast  thethe  nextnext  fivefive  toto  1010  yearsyears..

HoweverHowever, , traditionaltraditional  andand  alternativealternative  feedfeed  providersproviders  alikealike  havehave  
criticisedcriticised  companiescompanies’ ’ unwillingnessunwillingness  toto  paypay  aa  premiumpremium  inin  thethe  
shortshort  termterm  toto  helphelp  drivedrive  investmentsinvestments  andand  scalescale  productionproduction. . OneOne  
companycompany  describeddescribed  itselfitself  asas  uniqueunique  givengiven  thatthat  itit  isis  preparedprepared  toto  
paypay  aa  premiumpremium  toto  incorporateincorporate  novelnovel  ingredientsingredients  atat  aa  largelarge  scalescale, , 
addingadding  thatthat  itit  considersconsiders  suchsuch  anan  approachapproach  essentialessential  eveneven  thoughthough  
thethe  marketmarket  hashas  yetyet  toto  rewardreward  itit. . 

ThereThere  isis  littlelittle  signsign  ofof  thisthis  impasseimpasse  beingbeing  overcomeovercome. . NoNo  companycompany  
hashas  sharedshared  anyany  forwardforward--lookinglooking  assessmentassessment  ofof  whenwhen  novelnovel  feedfeed  
ingredientsingredients  mightmight  reachreach  priceprice  parityparity  withwith  conventionalconventional  sourcessources, , 
oror  whichwhich  ingredientingredient  areare  bestbest  positionedpositioned  forfor  aa  surgesurge  inin  demanddemand. . 
MowiMowi  waswas  alonealone  inin  presentingpresenting  investorsinvestors  withwith  aa  riskrisk  analysisanalysis  ofof  
variousvarious  leadingleading  alternativealternative  ingredientsingredients, , butbut  eveneven  thisthis  waswas  highhigh--
levellevel  andand  lackedlacked  costcost  informationinformation  andand  availabilityavailability  projectionsprojections..

AQUACULTURE

“It would be great to see increased 
knowledge-sharing and transparency 
within the global aquaculture industry 
to work towards improved sustainability. 
Identification of knowledge gaps across 
stakeholder groups would be hugely 
beneficial and allow a science-based 
scaffold to support further developments.”

Aisla Jones 
Head of Aquaculture, Co-op
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“Nutreco’s Roadmap 2025 target is quite 
challenging because a 5% inclusion 
rate in our product portfolio represents 
almost 400,000 metric tonnes of 
novel ingredients by December 2025. 
Today, there isn’t a quarter of that 
volume even close to being available 
on the market. In addition, some of 
the novel ingredients offered are at 
a price multiple of the conventional 
commodity ingredient that they are 
designed to replace, with variable and 
sometimes only marginal improvement 
in their carbon footprint. That equation 
will not work well in the animal and 
aquafeed industry. In the short term, 
there will be a premium on these 
ingredients until scale is achieved, and 
that premium would be more digestible 
if absorbed across the whole value 
chain. The feed industry is willing to 
take on this challenge, but it cannot 
achieve it without the cooperation of 
retailers, farmers and consumers.”

Jose Villalon 
Sustainability Director, Nutreco

iii. Inconsistencies around alternative feeds plague the sector

Insect meal: emerging solution or confused folly?Insect meal: emerging solution or confused folly?
TheThe  engagementengagement  highlightedhighlighted  aa  numbernumber  ofof  inconsistenciesinconsistencies  aroundaround  
thethe  viabilityviability  andand  suitabilitysuitability  ofof  alternativealternative  feedfeed  ingredientsingredients. . LackLack  
ofof  clarityclarity  aroundaround  thethe  potentialpotential  ofof  insectinsect  mealmeal  asas  aa  fishmealfishmeal  
replacementreplacement  waswas  aa  consistentconsistent  themetheme..

NumerousNumerous  startstart--upsups  areare  exploringexploring  insectinsect  mealmeal’’ss  wouldwould--bebe  rolerole  
inin  animalanimal  feedfeed  andand  aquaculture.aquaculture.719719  AmongAmong  themthem  isis  ŸnsectŸnsect, , whichwhich  
waswas  setset  upup  byby  scientistsscientists  andand  environmentalenvironmental  activistsactivists  inin  20112011  andand  
hashas  attractedattracted  severalseveral  hundredhundred  millionmillion  dollarsdollars  inin  funding.funding.720720

SomeSome  companiescompanies  inin  thethe  engagementengagement  werewere  optimisticoptimistic  aboutabout  
insectinsect  mealmeal  andand  alreadyalready  incorporateincorporate  itit  intointo  theirtheir  feedfeed  inputsinputs. . 
HoweverHowever, , othersothers  sharedshared  concernsconcerns  thatthat  teststests  withwith  insectinsect  proteinsproteins  
demonstrateddemonstrated  poorpoor  digestibilitydigestibility, , whilewhile  scientistsscientists  fromfrom  oneone  
companycompany  expressedexpressed  scepticismscepticism  overover  theirtheir  viabilityviability  fromfrom  aa  
nutritionalnutritional  perspectiveperspective –  – reflectingreflecting  recentrecent  research.research.721721

SomeSome  studiesstudies  havehave  shownshown  thatthat  insectinsect  mealmeal  isis  suitablesuitable  forfor  
upup  toto  30%30%  inclusioninclusion  inin  feedfeed  basketsbaskets  forfor  aquafeedaquafeed  withoutwithout  
compromisingcompromising  onon  performance.performance.722722  YetYet  therethere  areare  reasonsreasons  toto  
believebelieve  thatthat  settingsetting  targetstargets  forfor  insectinsect  mealmeal  inclusioninclusion  couldcould  bebe  
precariousprecarious..

TheThe  EuropeanEuropean  UnionUnion  designatesdesignates  insectsinsects  asas “ “farmedfarmed  animalsanimals” ” andand  
hashas  strictstrict  requirementsrequirements  forfor  theirtheir  feedfeed, , whichwhich, , broadlybroadly  speakingspeaking, , 
cancan  onlyonly  consistconsist  ofof  feedfeed  gradegrade  materialsmaterials  ofof  vegetablevegetable  origin.origin.723723  
FeedFeed  millersmillers  andand  salmonsalmon  producersproducers  maymay  lobbylobby  forfor  thisthis  toto  changechange, , 
thoughthough  thethe  removalremoval  ofof  thesethese  regulationsregulations  wouldwould  notnot  ensureensure  
suitabilitysuitability..

InIn  territoriesterritories  wherewhere  differentdifferent  regulationsregulations  applyapply, , thethe  useuse  ofof  wastewaste  
asas  feedfeed  substratesubstrate  causescauses  problemsproblems  ofof  itsits  ownown724724. . SupplySupply  couldcould  
bebe  variablevariable  andand  uncertainuncertain  ifif  insectsinsects  areare  fedfed  onon  wastewaste, , andand  mealmeal  
producersproducers  maymay  stillstill  needneed  toto  buybuy  feedfeed--gradegrade  materialsmaterials  toto  ensureensure  aa  
goodgood--qualityquality  andand  consistentconsistent  productproduct..

Trimmings: a question of pros and consTrimmings: a question of pros and cons
TrimmingsTrimmings  areare  offcutsoffcuts  fromfrom  fishfish  productionproduction (e.g.,  (e.g., headsheads, , tailstails, , 
spinesspines  andand  gutsguts) ) andand  havehave  nono  humanhuman  consumerconsumer  valuevalue, though , though 
they they cancan  bebe  usedused  forfor  petpet  foodfood  oror  otherother  animalanimal  feedfeed. . AcademicsAcademics  
andand  salmonsalmon  farmersfarmers  areare  optimisticoptimistic  aboutabout  theirtheir  increasedincreased  useuse  
asas  aa  feedfeed  sourcesource, , withwith  thethe  FAOFAO  ofof  thethe  UnitedUnited  NationsNations  statingstating: : 
““WithWith  nono  majormajor  increasesincreases  inin  rawraw  materialmaterial  expectedexpected  toto  comecome  
fromfrom  wholewhole  wildwild  fishfish ( (inin  particularparticular  smallsmall  pelagicspelagics), ), anyany  increaseincrease  
inin  fishmealfishmeal  productionproduction  willwill  needneed  toto  comecome  fromfrom  byby--productsproducts.”.”725725  
HoweverHowever, , aa  wholesalewholesale  reliancereliance  onon  trimmingstrimmings  maymay  notnot  bebe  
achievableachievable, , letlet  alonealone  sustainablesustainable..

TrimmingsTrimmings  cancan  bebe  expensiveexpensive  toto  handlehandle, , asas  theythey  requirerequire  quickquick  
stabilisationstabilisation  toto  preventprevent  spoilingspoiling  beforebefore  processingprocessing  andand  
redistributionredistribution. . FactoryFactory  trawlerstrawlers  alsoalso  needneed  toto  bebe  retrofittedretrofitted  toto  
keepkeep  themthem  storedstored  onon  boardboard  ratherrather  thanthan  havinghaving  toto  dumpdump  themthem  
overboardoverboard, , asas  isis  currentcurrent  practicepractice. . FurthermoreFurthermore, , nono  companiescompanies  inin  
this year’sthis year’s  IndexIndex  havehave  targetstargets  forfor  thethe  useuse  ofof  trimmingstrimmings, , signallingsignalling  
thatthat  therethere  isis  nono  demanddemand  forfor  thesethese  byby--productsproducts  toto  bebe  salvagedsalvaged. . 
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3.3. Next steps

PhasePhase  22  ofof  thethe  engagementengagement  willwill  commencecommence  inin  FebruaryFebruary  20222022, , 
takingtaking  thethe  aboveabove  intointo  accountaccount. . InvestorsInvestors  willwill  continuecontinue  thethe  
dialoguesdialogues  begunbegun  inin  PhasePhase  11, , andand  wewe  willwill  addadd  moremore  specificspecific  
requirementsrequirements  andand  recommendationsrecommendations  basedbased  onon  ourour  findingsfindings  alongalong  
withwith  aa  subsequentsubsequent  stakeholderstakeholder  reviewreview –  – moremore  detailsdetails  ofof  whichwhich  
cancan  bebe  foundfound  inin  thethe  followingfollowing  chapterchapter..

TheThe  FAIRRFAIRR  InitiativeInitiative  alsoalso  intendsintends  toto  facilitatefacilitate  roundtableroundtable  talkstalks  
thatthat  includeinclude  retailersretailers, , traditionaltraditional  feedfeed  producersproducers  andand  alternativealternative  
feedfeed  producersproducers. . GivenGiven  thethe  lacklack  ofof  clarityclarity  aroundaround  bottlenecksbottlenecks  
withwith  respectrespect  toto  adoptingadopting  alternativealternative  ingredientsingredients, , wewe  believebelieve  thatthat  
thethe  entireentire  valuevalue  chainchain  wouldwould  benefitbenefit  fromfrom  openopen  discussionsdiscussions. . 

AQUACULTURE

iv. Investor confidence in aquaculture 
hinges on more granular detail

WhatWhat  wouldwould  itit  taketake  forfor  investorsinvestors  toto  firmlyfirmly  believebelieve  inin  
aquacultureaquaculture’’ss  abilityability  toto  overcomeovercome  thethe  constraintsconstraints  linkedlinked  toto  
feedfeed--sourcesource  sustainabilitysustainability? ? TheThe  engagementengagement  identifiedidentified  severalseveral  
requirementsrequirements; ; allall  centredcentred  onon  greatergreater  disclosuredisclosure  andand  nspancynspancy..

What aquaculture companies must 
do to boost investor confidence

•	 Disclose data to help facilitate comparisons of 
approaches to sustainable feed, including:

–	 Complete definitions of reported metrics
–	 Justification of their use
–	 Full calculation methods, including worked examples 
–	 Reporting and calculation standards used, if any 

(e.g., GSI, ASC, BAP)
–	 Detailed assumptions regarding production 

parameters (e.g., forage fish oil concentration 
per species used, development stage of fish at 
mortality etc.)

•	 Disclose absolute volumes of FMFO purchased annually, 
complete with species and country of origin (companies 
would need to source this data from their feed millers)

•	 Outline risk assessments on traditional and alternative 
feed sources, with clear implications for cost, availability 
sustainability, certifications and future availability

•	 Disclose the use of trimmings, including any targets, 
and how these will be achieved from a logistical basis

•	 Send a clear signal to the alternative ingredients 
market by setting time-bound targets 

•	 Work with feed companies to agree on a strategy for 
all feed aspects
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4.1. Overview

In this chapter, we present our outlook for the salmon sector 
in aquaculture for the coming decade. Our predictions are 
informed by an extensive stakeholder review involving more 
than 40 experts in this field, including farmers, investors, feed 
millers, alternative ingredient providers, start-ups, academics, 
NGOs and community groups.

Respondents were questioned about risks and opportunities in 
the sector, risk mitigants and accelerants, industry preparedness, 
technological advances and supply chain management. The 
results of the review were then combined with academic 
literature and market analyses. This process resulted in three 
main predictions for the years ahead:

“There will be a major shift 
driven by digital technology. 
The industry is currently 
reliant on experienced 
professionals’ individual 
judgement rather than 
codified data and knowledge. 
There will be a tipping point, 
as the former is a limiting 
factor to scale.”

Dag Sletmo 
Senior Vice President, 
Seafood Division, DNB Bank

4. OUTLOOK FOR THE SALMON AQUACULTURE SECTOR

•	 Technology will change the nature of how salmon 
is farmed, opening the sector to newcomers and 
disruptors.

•	 Expansion of the industry will exacerbate three key risks: 
biosecurity, animal welfare and community resistance.

•	 Alternative seafood (i.e., plant-based and cell-cultured) 
and lower trophic options are in a strong position to 
scale and gain market share.

We discuss each of these predictions in detail in the 
following sections.

4.2. Technology and disruption

Given the pressure on wild stocks, aquaculture has a key role 
to play in improving the resilience of food supplies. Although 
innovation and productivity have stalled in recent years,726 we 
expect the industry to modernise, digitise, and adopt new 
technologies. This process should make way for previously 
untapped resources and markets.

Digitisation

Digitisation, including the use of artificial intelligence (AI), is 
a major source of momentum and optimism in the sector. 
The remote, real-time monitoring of fish stocks and their 
environment allows for early intervention, feeding efficiencies 
and potentially fewer instances of infrastructure collapse, 
mortalities, escapes and predator attacks.727,728

Investment in digitisation brings value for money in terms of 
driving the industry forward in efficiency, animal welfare and 
environmental protection. Software programmes and sensory 
systems can be replicated on multiple farms and adapted for 
the management of other species more nimbly than large and 
static infrastructure projects. 

Yet, digitisation is not without risks. Cybersecurity should be 
a priority for any farmer, given the likely impact of breaches. 
Documented incidents of cyber-attacks have so far centred 
on data theft (e.g., the January 2021 attack on aquaculture 
equipment manufacturer AKVA, which cost the company 
$6 million).729 Attacks that affect automatic feeding systems 
could have catastrophic impacts, including overfeeding or the 
triggering of mass escapes.730
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Investment in digitisation by companies in the engagement

•	 In 2019, Tassal invested $20 million in a centralised feeding In 2019, Tassal invested $20 million in a centralised feeding 
centre, using digital tools such as data analytics and AI to centre, using digital tools such as data analytics and AI to 
improve production. The project has been conducted in improve production. The project has been conducted in 
collaboration with Steinsvik and Intuit Technologies.collaboration with Steinsvik and Intuit Technologies.731731

•	 As part of its Digital LAB programme, Multi X announced As part of its Digital LAB programme, Multi X announced 
the implementation of AI-based software to improve the implementation of AI-based software to improve 
feed efficiency. The project was launched as a pilot in 2019 feed efficiency. The project was launched as a pilot in 2019 
and scaled in farms during 2020.and scaled in farms during 2020.732732

•	 Mowi has launched an underwater sensing and software Mowi has launched an underwater sensing and software 
analysis platform that gathers live data on salmon analysis platform that gathers live data on salmon 
growth, weight distribution and feeding control, as well growth, weight distribution and feeding control, as well 
as sea lice. The system tracks and models fish behaviour, as sea lice. The system tracks and models fish behaviour, 

environmental variables and salmon health over time by environmental variables and salmon health over time by 
using a mix of camera technology and machine learning. using a mix of camera technology and machine learning. 
The project has been conducted in collaboration with The project has been conducted in collaboration with 
Tidal (Alphabet X).Tidal (Alphabet X).733733

•	 Grieg’s precision farming project entails a set of digital Grieg’s precision farming project entails a set of digital 
innovations, such as AI tools, using environmental data innovations, such as AI tools, using environmental data 
collection (e.g., temperatures and wave measurements) collection (e.g., temperatures and wave measurements) 
to improve sustainability, productivity and fish welfare in to improve sustainability, productivity and fish welfare in 
farming operationsfarming operations734734..

•	 In collaboration with Altum Lab, Salmones Camanchaca In collaboration with Altum Lab, Salmones Camanchaca 
has launched a project involving an AI tool that will analy has launched a project involving an AI tool that will analy 
number of production parameters (e.g., harvesting times).number of production parameters (e.g., harvesting times).735735
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In theory, an RAS creates a perfect environment to grow 
fish to maturity without infection, predation, escape or 
environmental damage. Controlling temperature, oxygen and 
light can reduce fish stress and improve growth and FCRs738. 
There is also an opportunity for such systems to lower the 
sector’s carbon footprint by cutting the Scope 3 distribution 
emissions of a product with a decentralised supply. Decreased 
distribution costs can also be achieved with near-market supply. 
Crucially, RAS technology does not need to be sited near a 
coastline – unlike open-net-pen farming, which requires a 
specific coastal environment.739 

Atlantic Sapphire, the world’s largest RAS operator, completed 
a round of private placement in June 2021, raising a further $121 
million following $100 million raised in September 2020.740,741

A report by EY found that the planned RAS production 
capacity in 2020, including announced projects without licences 
or funding to become fully operational, was 2.3 million tonnes. 
By contrast, the total production of Atlantic salmon in 2020 was 
2.7 million tonnes.742

“New digital and sensory solutions can 
optimise how the sector deals with 
biological risk, manages farms, buys 
and uses inputs or sells products and 
even accesses capital. This can be done 
relatively efficiently from a capital 
standpoint – thus in a short time, new 
digital technologies can proliferate.”

Gorjan Nikolik 
Senior Analyst, Rabobank International

Recirculating aquaculture systems (RAS)

Recirculating aquaculture is a land-based, closed-loop system 
for farming fish or other aquatic organisms by biological and 
mechanical filtration and the reuse of water. In principle, this 
method – the workings of which are shown in Figure 15 – can be 
used for any aquatic species, including clams and seaweed, but 
the technology is primarily used for fish.736

Waste is treated by concentrating solids and removing them 
from the system, reducing disease risk and, by extension, the 
need for veterinary treatment and antibiotics. Biofiltration is 
used to reduce ammonia toxicity in the water, while oxygenation 
increases oxygen levels to improve fish productivity.737

Figure 15 
How Recirculating Aquaculture Systems Work
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% Share Price Change Between 23/03 – 24/03​

Aquabounty -17%​

Atlantic Sapphire -12%

The Kingfish Company​ -6%​

Proximarseafood -5%​

Nordic Aqua Partners​ 4%​

Andfjordsalmon -2%

Salmon Evolution -1%​

AQUACULTURE

Data source: EY

Figure 16 
The rise of land-based salmon farming by 2040

It should be noted that RAS technology currently entails high 
energy and infrastructure costs.743 In 2020, a review by the 
European Market Observatory for Fisheries and Aquaculture 
Products (EUMOFA) found that the miscellaneous costs of 
conventional aquaculture, including energy, accounted for 
approximately 25% of total expenditure, with this figure 
increasing by up to 50% with RAS technology.744

In addition, under current design parameters, human error and 
technical faults in RAS facilities can result in catastrophic system 
failure and high mortalities.745 ​In March 2021, Atlantic Sapphire 
suffered a mass mortality event at its facility in Miami, Florida, 
resulting in the loss of 500 tonnes of fish,746 while in September 
2021, its Denmark facility lost its entire biomass in a fire.747

Atlantic Sapphire’s shares fell 12% following the March incident. 
As Table 5 shows, the stock prices of similar companies were 
also affected748. By 28 October 2021, Atlantic Sapphire’s shares 
were down 67%, severely underperforming both the relevant 
benchmark (+17%) and peers such as Mowi (+29%) while reflecting 
investors’ fears over the risk of similar events in the future.

Table 5 
The share-price fallout from Atlantic 
Sapphire’s March 2021 RAS mortality event

Data source: Intrafish 2021

Yet mass mortalities also abound in traditional net-pen farming. 
In September 2021, for example,  Mowi lost 450,000 fish due to 
low dissolved oxygen levels at one of its Newfoundland sites.749

Although still in the early stages of development, modular 
designs have begun to make headway in reducing the impact 
that an RAS failure can have. The proposed Nordic Aquafarms 
modular RAS production sites in Maine and California, US, 
are examples of this approach.750,751 Modular systems require 
each tank to run on its own filtration system, preventing the 
“runaway train” effect of mortality events.

  Conventional          Land-based          Offshore
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Semi-closed containment systems still sit within the 
sea, but novel cage designs allow for approximately 90% 
of fish faeces to be captured and removed. These cages 
reportedly eliminate the risk of sea lice infestation. Semi-
closed systems originated in Norway in the last decade, 
but optimism is picking up in Scotland with Loch Long 
Salmon trialling this novel design. Proponents highlight the 
benefit of retaining coastal salmon farming jobs, which 
may otherwise move onshore to RAS systems without the 
environmental price tag. Operating costs are estimated to 
be comparable to open-net pens with savings on sea lice 
treatment costs.755,756

A crucial point about RAS technology at this stage is that it will 
not address key issues around feed or animal welfare; it may even 
exacerbate the latter since the stocking densities required to be cost-
effective are significantly higher than in open-net-pen farms. The 
ideal maximum stocking density for Atlantic salmon is 15kg/m3,752 but 
Atlantic Sapphire reportedly applies stocking densities of 85-100kg/
m3.753 As explained in section 2.5, high stocking densities lead to stress 
and aggression among fish.754 RAS technology could, therefore, be 
seen as another step away from fish’s natural environment.

Figure 17 
Risks associated 
with RAS grow-out 
vs. open-net-pen 
grow-out

Data Source: RSPCA 2021, Fish Farming Expert 2018, Salmon Business, 2020
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Figure 18 
Stocking densities climb with each level of containment

Source: Bergman, Henriksson, 
Hornborg, et al. (2020)
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Investment in RAS by companies in the engagement

In 2019, Tassal bought land for $30 million to build an RAS In 2019, Tassal bought land for $30 million to build an RAS 
smolt facility.smolt facility.757757

In 2020, in collaboration with Billund Aquaculture, Mowi In 2020, in collaboration with Billund Aquaculture, Mowi 
announced plans to build two 5,000mannounced plans to build two 5,000m33-capacity RAS -capacity RAS 
production lines in Hauka, Norway. The facilities are production lines in Hauka, Norway. The facilities are 
expected to be operational in March 2022.expected to be operational in March 2022.758758

In 2020, in collaboration with RAS company Nofitech, In 2020, in collaboration with RAS company Nofitech, 
Bakkafrost announced plans to expand its existing smolt Bakkafrost announced plans to expand its existing smolt 
hatchery in Glyvradal, Norway, by 13,000mhatchery in Glyvradal, Norway, by 13,000m33. . 759759

In 2021, in collaboration with Krüger Kaldnes, SalMar In 2021, in collaboration with Krüger Kaldnes, SalMar 
announced the construction of a 4,000-tonne-capacity announced the construction of a 4,000-tonne-capacity 
RAS facility with a view to accelerating its smolt RAS facility with a view to accelerating its smolt 
development process. The project is estimated to cost development process. The project is estimated to cost 
NOK1.2 billion.NOK1.2 billion.760760

In 2021, in collaboration with Årdal Aqua, Grieg In 2021, in collaboration with Årdal Aqua, Grieg 
announced plans to build a 5,000-tonne-capacity RAS announced plans to build a 5,000-tonne-capacity RAS 
facility in Rogaland, Norway, with construction due to facility in Rogaland, Norway, with construction due to 
start in autumn 2021.start in autumn 2021.761761

In 2021, Multi X announced plans to build an RAS facility In 2021, Multi X announced plans to build an RAS facility 
in Los Lagos, Chile, with the expected production in Los Lagos, Chile, with the expected production 
exceeding four million post-smolts in the first stage. exceeding four million post-smolts in the first stage. 
Production is expected to begin in Q3 2022.Production is expected to begin in Q3 2022.762762

In 2021, Lerøy announced plans to build an RAS facility In 2021, Lerøy announced plans to build an RAS facility 
consisting of three 2,000-tonne modules in Kjærelva, consisting of three 2,000-tonne modules in Kjærelva, 
Norway, at an estimated cost of around NOK1 billion.Norway, at an estimated cost of around NOK1 billion.763763
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Offshore farming

Offshore farms are set up in open water rather than sheltered 
bays. They contain fish in submerged nets secured from floating 
platforms, with the whole operation anchored to the ocean 
floor. After being moved from the hatchery as juveniles, the 
fish remain in the nets for as long as two years. In theory, this 
higher-energy environment – with stronger and faster currents 
– is better able to disperse waste and sea lice.

The investment required for offshore aquaculture is considerably 
higher than for nearshore equivalents. For a modest operation 
of 500 tonnes of fish, for example, capital investment of $7-10 
million is needed, along with $5 million in annual operating costs,764 
compared to an estimated $2.2 million in annual operating costs 
for traditional aquaculture765. SalMar has reported that its Ocean 
Farm 1 facility cost approximately NOK1 billion ($115 million) to 
design and develop766.

Six giant offshore farms are already operational in Norway, with 
Approval in Concept provided for more in Singapore and China767 
– the latter is tipped to be a major player in the offshore 
aquaculture sector. Although information is sparse, there is a 
supportive regulatory environment in the region and an influx 
of expertise from the burgeoning European offshore market768. 
Rabobank analysts predict that offshore aquaculture could 
account for as much as 10% of global salmon supply by 2030769.

EXCLUSIVE TO FAIRR INVESTOR MEMBERS. LOGIN  
AT FAIRR.ORG/INDEX TO ACCESS THE FULL REPORT.
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4.3. Expansion and exacerbation 

The salmon-farming industry has ambitious targets to expand. 
The Norwegian government hopes to increase production 
by 500% by 2050777, while the Scottish government wants to 
facilitate a doubling of production by 2030778. China is expected 
to need an additional 9-27% in farmed fish supply by 2030 to 
keep up with demand for marine finfish779.

We believe that this expansion will exacerbate risks and costs in 
three main areas: new diseases, growing scrutiny of welfare and 
conflict with local communities and wildlife. 

Threat of catastrophic disease outbreaks 

High stocking densities, single-species dependence, free 
movement of personnel and waterborne pathogens make 
the salmon-farming industry a powder keg for disease.780 A 
significant expansion of the industry could exacerbate the 
risk of new viral diseases, such as pasteurellosis and infectious 
salmon anaemia (ISA). In the words of Ingunn Sommerset, Head 
of Fish Health at the Norwegian Veterinary Institute: “Salmon 
lice get a lot of attention, but the fish health situation...in 
aquaculture is under-communicated. Little public funding is 
given for research on infectious diseases”.781

Due to the high transmissibility of waterborne pathogens, 
viruses can be transferred between countries and to wild 
populations. In May 2021, it was reported that piscine 
orthoreovirus had been detected in wild Chinook salmon in 
British Columbia, Canada, which had possibly originated in 
farmed salmon in Norway.782

Climate change will further exacerbate these issues. Warming 
waters reduce the suitable latitudes for Atlantic salmon 
farms783 and heighten the risk of sea lice and gill disease.784,785 
The limitations of current data mean that climate impacts 
on individual farms are often drastically overestimated or 
underestimated, and much more work is required to reach the 
desired granularity.786 Opportunities for disease to break out 
will further increase if the industry continues to add farms and 
site them closer together. Disease outbreaks also bring a heavy 
burden of reputational risk, especially given the origins of the 
COVID-19 pandemic. 

New technologies, such as Benchmark’s CleanTreat®, have 
created a buzz in the market by cleaning sea lice, antibiotics and 
other contaminants from the water after fish have been treated 
in wellboats.787 However, feedback from farmers suggests that 
this is costly and logistically intensive, casting doubts on its 
uptake at scale.

Of those qualified to answer, the vast majority of participants 
in FAIRR’s aquaculture stakeholder review said that they had not 
heard enough about the risks of offshore farming. While early 
results from Ocean Farm 1 suggest that the project has been 
a success,770 the academic community claims more research is 
needed – particularly with regard to how “offshore” is defined 
in terms of the distance from shore, nutrient accumulation and 
water depth.771

Given that facilities such as Ocean Farm 1 can hold up to 1.5 
million salmon, triple the average net-pen farm’s 500,000, 
expert stakeholders have highlighted the greater risk of fish 
escapes. Escaped salmon can compete with wild salmon for 
resources and, in many cases, threaten salmon populations.772 
Research has shown that farmed salmon can be made sterile 
using the CRISPR Cas-9 method,773 but this technology has yet 
to be widely adopted amid ethical and safety concerns.774

Other issues raised by stakeholders include the impacts of 
operations and noise on migratory patterns, predator conflict, 
continued reliance on stressed feed supply systems and capital 
expenditure. In 2019, Denmark’s Minister for the Environment 
called a halt to offshore aquaculture farms, citing environmental 
risk as a cause for concern.775

Investment in offshore farming by 
companies in the engagement

In 2021, SalMar announced plans to create a 23,000-tonne In 2021, SalMar announced plans to create a 23,000-tonne 
capacity offshore farm, expected to be operational incapacity offshore farm, expected to be operational in

In 2021, Grieg announced plans to build an offshore farm In 2021, Grieg announced plans to build an offshore farm 
in Rogaland, Norway, based on technology used by the in Rogaland, Norway, based on technology used by the 
country’s oil and gas industry.country’s oil and gas industry.776776

EXCLUSIVE TO FAIRR INVESTOR MEMBERS. LOGIN  
AT FAIRR.ORG/INDEX TO ACCESS THE FULL REPORT.
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Welfare, mitigation and costs

As discussed in section 2.5, aquaculture’s growth has seen 
greater attention directed towards aquatic animal welfare. 
This issue will increase in materiality for producers and as 
more welfare measures are adopted, costs will rise as research 
continues to build on the complex needs of different species.788 

One of the most effective means of improving fish welfare is 
to reduce stocking densities, which are unnaturally high in farm 
settings. Regulation was introduced in Chile in 2014 to lower 
densities for salmon, and we have already noted how some 
companies are now disclosing information on achieving optimal 
densities. Then again, lower density means higher costs – between 
$0.50 and $0.70 per kilogram, according to estimates.789

There is also nascent evidence of increased monitoring and 
measurement in response to welfare concerns, reflecting a 
trajectory seen in land-based sectors. As welfare in aquaculture 
continues to evolve, expectations will intensify and current 
commitments – only two of the companies in the engagement 
have set targets on welfare, and only one of these entails real-
time welfare monitoring – will not be acceptable. Here, too, 
companies must expect higher costs.

Welfare must also be integrated into disease management 
systems, some of which remain controversial. For example, 
thermal licing treatments require salmon to be vacuumed into 
freshwater tanks at around 35°C, which can lead to bruising and 
damage to the eyes, ears and other vital organs.790

This is typical of the uncomfortable trade-offs that salmon 
farmers face. On the one hand, treatments are stressful and can 
cause injury; on the other, it is inhumane to allow fish to suffer 
parasites and diseases. Moreover, these processes are costly: 
the global cost of lice treatments was estimated at $720 million 
in 2019, up from $487 million in 2013.791

Human-animal conflict, activism and regulation

The unintended consequences of aquaculture can extend 
to other animals, particularly predators – many of which are 
protected species – that are attracted to fish farms, raising 
welfare concerns beyond farmed fish.

For example, the Scottish Salmon Producers Organisation 
reported £13 million in losses as a result of seal attacks in the year 
to May 2020.792 In the same year, Scottish salmon farmers were 
banned from shooting seals793 to bolster conservation efforts.

Many of the current “solutions” to human-wildlife conflict 
bring problems. Scottish salmon farmers are permitted by the 
RSPCA certification to use acoustic deterrent devices (ADDs) to 
deter seals and other predators, but these can harm non-target 
species, such as cetaceans. There is no conclusive evidence 
to date that ADDs are effective, and many seals have become 
habituated to them.794

The regulatory crackdown and public concern over the salmon 
industry’s treatment of predators are likely to result in enhanced 
separation requirements.795 More effective options are currently 
available – but at a premium. The likes of steel-core nets – costing 
approximately $200,000 per net – and closed containment 
systems will incur further costs for the industry.796

The impact of salmon aquaculture on wildlife could also inflame 
activism and generate negative public sentiment about the 
industry. The 2021 documentary, Seaspiracy, which is highly 
critical of the seafood industry’s practices, was featured on 
Netflix’s “Most Watched” list – inviting parallels with Blackfish, 
a 2013 documentary that criticised SeaWorld Entertainment 
Inc. over the deaths of two animal trainers in whale attacks and 
mistreatments of whales. This ultimately led to the SeaWorld 
settling a $65 million lawsuit pertaining to having allegedly mislead 
investors over the impact the documentary had on ticket sales.797

AQUACULTURE

”If ADDs are used, then disclosure of the following metrics is recommended 
to enable a more fulsome understanding of ADD noise pollution: device 
model, duty cycle, number of devices and the time operational each day, and 
over the entire finfish production cycle. Regular checks and calibration of the 
acoustic outputs of ADDs, conducted by a third party, is also recommended 
Alternative strategies for predator mitigation prior to the use of ADDs is also 
recommended to reduce potential impacts from underwater noise pollution.”

Charlotte Findlay 
Marine Ecologist and Post-Doctoral Research Fellow, University of the Highlands and Islands
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not supported by independent experts or scientific facts”.805 
However, it announced several targets in its sustainability 
roadmap, released October 2021, addressing key issues raised by 
Flanagan – including the continued phasing out of seal deterrents, 
maintaining and improving local community sentiment by 10% by 
2023, and moving to 100% RAS hatchery facilities by 2030.806 

Mounting evidence of salmon farms’ impact on wild populations,807 
in addition to the increased publicity of associated environmental 
harm and externalities,808 could further galvanise activist groups 
in other salmon-producing nations. A report by Just Economics 
estimated that the global environmental cost of salmon farming 
could amount to more than $47 billion between 2013 and 2019, 
with $1.4 billion in Scotland alone.

The FAIRR Initiative has learned that social licence to operate is a 
key concern for many salmon farmers in Scotland and one that 
does not have an easy solution, with gaining community trust being 
a slow and protracted process. According to the Global Salmon 
Initiative, reputation is often based on sector performance rather 
than company performance809 – meaning individual companies or 
farms engaging with communities will have only a minor impact on 
increasing their social licence to operate.

Community resistance and indigenous alienation

Many salmon farms are sited in places of high spiritual, 
economic, ecosystem or recreational importance, including the 
Norwegian fjords, the Scottish Highlands, the Salish Sea and the 
Tasmanian and Chilean coasts. This can lead to limitations in the 
locations available for expansion or, in some cases, to existing 
access being revoked. 

In recent years, we have observed a general toughening of 
regulation in favour of local communities’ opposition to salmon 
farming. For example, in June 2021, in the province of Tierra 
del Fuego, Argentina became the first country to impose an 
outright ban on salmon farming, with pressure from activists 
and scientists contributing to the rationale for the move.798,799

In 2018, the provincial government of British Columbia, Canada, 
strengthened the veto powers of indigenous people, requiring 
fish farmers to gain consent from local communities for the 
waters in which they operate.800 This was seen as a major win 
for communities opposed to fish farming and has created an 
additional barrier for firms operating in the area. In 2021, under 
these rights, Kwakwaka’wakw Nation leaders objected to a 
newly proposed Grieg farm on the coast of British Columbia801.

Similarly, in 2021, the Kawésqar and Yaghan indigenous leaders 
called for a halt to salmon farming on the reserve in the 
Kawésqar National Park, Chile. Their rationale was that the main 
species farmed in Chile is Atlantic salmon, which is non-native 
and could threaten wild populations and food supply for 
indigenous people if able to escape.802 

In 2021, Richard Flanagan, author and Booker Prize winner, 
published Toxic: The Rotting Underbelly of the Tasmanian 
Salmon Industry. The book detailed alleged incidents of undue 
influence of salmon producers, including Tassal and Huon 
Aquaculture, and the negative experiences of local communities 
with issues ranging from noise and light pollution to degradation 
of the local environment.

Flanagan accused the Tasmanian government of being in 
“curious servitude” to the industry. Examples included failure 
to reprimand a company for overstocking Macquarie Harbour, 
a World Heritage site, causing a mass mortality event and 
environmental damage, and  a salmon review panel dismissing 
the recommendations of two renowned environmental 
consultants advising against expansion.803

The book brought national attention and further scrutiny to 
the rationale behind growing Atlantic salmon in Tasmania, 
where frequent hot weather results in raised mortality.804 Tassal 
has said that many of its criticisms are “inaccurate, baseless or 

“Salmon-farming companies are 
aggressively seeking to expand 
in Scotland. The industry says 
it engages constructively with 
coastal communities, but that is 
not the experience of the people 
we represent... When these 
communities point out that they 
do not agree with how the fish 
are treated in many farms – and 
that they do not want a large farm 
nearby that will harm their coastal 
environment and local jobs – the 
companies press ahead anyway. 
The Scottish government favours 
expansion, and the planning 
system is biased in its favour.”

John Aitchison 
Coastal Communities Network, Scotland
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4.4. Scale and gains in market share

The rise of alternative seafood

There will be a greater focus on meeting fish demand through 
different species and new production methods in the coming 
years. The salmon aquaculture sector, in particular, could 
be pushed to diversify its offering and improve resilience to 
disease, supply shocks and changing consumer preferences. 

Conventional aquaculture faces disruption from alternative 
seafood products and new production methods. Cultured seafood 
is grown from aquatic animal cells in a laboratories, whereas plant-
based fish is made wholly from plant-derived ingredients to mimic 
seafood. Finally, fermentation uses yeast and other microorganisms 
to produce plant-based alternatives and facilitate cultivated 
product production.810

Cell-cultured fish offers a promising alternative, with some strong 
initial results from companies such as Blue Nalu, Shiok Meats and 
Wild Type, though issues of cost and scale remain. Efficiencies, 
however, are gained on all aspects of sustainability, from water 
use and carbon emissions to welfare and biodiversity. 

Big Meat companies are also muscling in on aquaculture – JBS 
recently acquired Huon Aquaculture in Tasmania, while both 
Cargill and Nutreco are moving into the RAS space. 

According to the Good Food Institute, alternative seafood 
accounted for only 1% of plant-based investment in 2019, with 
meat alternatives taking the other 99%. In the cell-cultured space, 
alternative seafood took 26% of investments, compared with 74% 
for alternative meat.811 Alternative seafood companies raised $80 
million in investment in 2020, quadrupling the 2019 figure.812

Alternative seafood has clearly been slower to take off than 
alternative meats. Replicating texture, mouthfeel and aroma 
has proved difficult, and innovation in this space has been 
slower. However, the sector is predicted to experience boosted 
development following the recent increase in investment.813,814

The alternative seafood industry is expected to grow 28% 
annually over the next decade and reach $1.6 billion. By 
comparison, the current seafood sector has a market size of 
$160 billion and a CAGR of 2.5%.815

AQUACULTURE

“Barriers to scale include large-scale equipment/bioreactors 
and the infrastructure, price of media/nutrient solution 
for the cells, talent, and eventually logistics, supply chain, 
cold chain transportation when the industry reaches mass 
production. Cultivated seafood is expected to take a major 

share of the market in the next decade. 

Dr Sandhya Sriram 
Group CEO & Co-founder, Shiok Meats

Lower trophic options

Lower trophic options, such as tilapia, carp, mussels, clams 
and other bivalves, have the potential to provide high-quality 
protein at a modest environmental price tag. 

Invertebrates, such as bivalves, fall into the category of “non-
fed aquaculture”, sifting nutrients directly out of the water 
column816 and requiring no external sources of feed. Moreover, 
bivalve shells have by-product applications in cosmetics, 
pharmaceuticals, food, beverages, animal feed and water 
treatment,817 adding economic value and contributing to the 
circularity of the global food system.

Bivalves currently account for approximately 20% of global 
aquaculture production.818 Estimates for the potential economic 
value of bivalves from provisioning (food) and regulating 
(sediment and nutrient regulation) services are $30 billion.819

Another production method receiving optimism in the market 
is integrated multitrophic aquaculture (IMTA). This involves two 
or more species being cultivated in close proximity, with the 
waste of one becoming the feed for another – bivalves are 
often incorporated. IMTA methods diversify species offerings 
and can provide a buffer for farmers against disease or market 
shocks. IMTA’s positive public perception can raise margins, as 
consumers are willing to pay a premium for such products.820,821

China’s uptake of IMTA ramped up after 2000, when the market 
turned from co-culture (just two species) to integrated systems 
to avoid the “self-pollution” that resulted from intensively fed 
aquaculture, leading to eutrophication and red tides. Today, as 
much as 80% of freshwater aquaculture in China is IMTA.822

The risks of habitat destruction and community resistance may 
force companies to invest in this kind of natural abatement 
system, with molluscs and seaweed helping regulate the 
nutrients emitted from salmon farms.823. Lerøy has already 
invested in these types of systems, with its 2014 Ocean Forest 
project featuring sugar kelp, blue mussels and algae.824
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Is the era of capital-light farmed fish nearing its end? 
Aquaculture as a whole, rather than marine fin-fish farming, does 
have a significant role to play in global food supply resilience 
as we head towards 2050, but the industry needs to diversify, 
digitise, professionalise, and become more transparent and 
traceable. Closed and semi-closed containment offer a viable 
opportunity for salmon farming to continue if welfare, feed and 
cost concerns are addressed. Cheaper coastal open-net-pens are 
responsible for much of the issues discussed in this report, such 
as community resistance, disease and environmental degradation. 
Although there is a high CapEx associated with new technologies 
and marketing new options to consumers, the operating costs 
of traditional farming will continue to creep up with rising feed 
costs, environmental abatement and disease management. 
Beyond new technologies, lower trophic options and alternative 
seafood are well-positioned in terms of technology and 
marketability to buttress food supply and take a greater market 
share in the next five to 10 years.

Figure 19 
Salmon squeezed as production costs 
creep up and prices take a downturn

“Choosing the right species for 
domestication is a complex question. 
From a behaviour and welfare 
perspective, aquaculture with large 
carnivorous predators like tuna or 
salmon will repress a different suite of 
natural behaviours related to feeding 
and hunting compared with lower 
trophic species such as carp. Some lower 
trophic species seem to be less costly 
to feed and domesticate than higher 
ones. We can compare this with the 
logic of terrestrial farmed domesticated 
animals – it isn’t wise to breed a lion to 
feed yourself. Informed decisions are 
crucial, and decisions taken based on 
a superficial understanding can have 
serious consequences.”

Dr Sonia Rey Planellas 
Lecturer in Animal Behaviour and Welfare, 
Stirling University

5. CONCLUSION
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