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Objectives of the workshop: the need to address energy 
issues, GHG emission and mitigation and FCR in 

aquaculture

A joint FAO -GSI initiative
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Contribution of  aquaculture  & 
fisheries  to carbon  emissions

ÅGreen house gas (GHG) contribution of 
fisheries, aquaculture and related supply 
chain features are being studied

ïRelatively small in global terms 

ïFuel use alone in global capture fisheries 
generates 90-130 million tonnes of CO2 

ÅEstimates vary a great deal

ïCover different parts of supply chain

ïMay not be directly comparable
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Need holistic view of GHG in 
production systems

Å A supply chain approach can identify 
hotspots for GHG emissions

Å Likely that fishing vessels are the largest 
GHG emitters in the sector

ïfollowed by processing plants

Å Aquaculture seems relatively lower than 
fisheries 

ïmain GHG emission from feed 
production & transport

Å Different transportation methods

Å Fishing vessels

ïAll vessels not the same GHG emissions
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ÅFisheries and aquaculture must do their part to reduce the 
carbon footprint

ÅAquaculture could offer consumers lower GHG emissions 
& nutritious food alternative 
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Some facts and issues
ÅIn 2012 at least 65 percent of aquaculture production relied on some 

sort of feed, and is likely that this percentage is higher today because 
of the greater increase in the production of fed species than those 
non fed.

ÅIn general, feeds account for almost 80 percent of energy 
consumption in intensive systems, and almost the entire use in the 
semi-intensive. These are likely the main sources of GHG 
contributions from the sector.

ÅFeeds are a limiting factor for aquaculture to grow at the needed rate 
worldwide.

ÅReliance on fishmeal and fish oil is not sustainable in the long term.

ÅReliance on terrestrial inputs can also be a challenge specially under 
CC scenarios and freshwater stress.

ÅFeeding can be more efficient and Food Conversion Ratios (FCRs) 
can be improved significantly.
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ÅFCRs also offer a measure of the production efficiency and 
environmental performance because they provide an 
indication of the undesirable outputs and lost nutrients to 
the environment, with potential consequences such as 
accelerated eutrophication, loss of biodiversity and other 
ecosystem impacts.
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Reducing GHG emissions in aquaculture and 
improving ecological and economic efficiency

Å Reducing fishmeal and fish oil in feeds (assuming other ingredients 
have lower GHG contributions).

Å Reducing GHG emissions (all feed components).

Å Reducing FCRs especially in the global aquaculture commodity 
species (carps, tilapia, pangasius) followingthe salmon model (??).
ï This avenue is very attractive as it is win-win!

ï Nevertheless, yields (both biomass and economic) must  be maintained

Å Reducing GHG emissions and enhancing carbon sink in pond 
aquaculture (more research needed, of course).

Å Promoting the farming of more energy efficient species and systems.

Å Enhancing non fed aquaculture systems.
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Asche&  Roll (2013) Aquaculture Economics & Management, 17(3): 300-321

Such technological advancements can be transferred to other aquaculture
systems and species to increase global aquaculture production and  its contribution 

to food security and development in a sustainable way

Trends in technical efficiency in salmon 
farming 
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Objectives of the workshop

ÅTo discuss the potential for reducing aquaculture GHG 
contributions and increasing sustainability of 
aquaculture feeding systems in general, through 
reduction of FCR.

ÅTo discuss and propose a plan of action for the sector 
through publicɀprivate cooperation.
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Workshop structure

Å Individual presentations and discussions to establish the 
baseline and common understanding

ÅWorking groups

ÅFurther reducing the FCRs in high value commodities 
(salmon, marine shrimp, marine fish)

ÅReducing the FCR in freshwater species and the 
potential for knowledge and technology transfer from 
salmon to other systems.

Å Plenary discussions 
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Expected outputs

ÅA FAO proceedings containing all technical 
inputs and deliberations and main 
recommendations especially regarding improving 
of FCR and technology transfer. 

ÅA dissemination/information document for 
common public (for well known magazine/s, 
online news, etc.).

ÅA plan for cooperation to transfer technology and 
to boost further improvement.
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Mohammad R. Hasan
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Feeding the global aquaculture: 
supply and demand of feed and feed ingredients 

with notes on access and feed quality

Liberia, Costa Rica, 9 ɀ11 November 2015
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!ÑÕÁÃÕÌÔÕÒÅȭÓ ÃÏÎÔÒÉÂÕÔÉÏÎ ÔÏ ÇÌÏÂÁÌ ÁÑÕÁÔÉÃ ÐÒÏÄÕÃÔÉÏÎ 
increased from 15% in 1988 to almost 51% in 2013

Global trends in contribution of aquaculture to fisheries production ( 1995-2013)

In 2013, global aquaculture production reached 97.2 million tonnes

Rapid growth of aquaculture has been due to technological advances in 
equipment and feed and access to greater areas under aquaculture
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Freshwater fishes
46%

Aquatic plants
28%

Molluscs
16%

Crustaceans
7%

Marine fishes
2%

Others
1%

Total global aquaculture production in 2013 ɀ97.2 million tonnes
over 200 species or species/species -groups of aquatic animals and plants

Total fish & crustaceans in 2013: 53.8 million tonnes
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CRUSTACEANS 6.7 million tonnes

In 2013, non-

fed species 

(silver and 

bighead) 

production 

7.7 million 

tonnes

In 2013, fed species 

(including Indian carps) 

contributed to 46.1 million 

tonnes or 47.6% of total 

global aquaculture 

production and 65.7% of 

total aquaculture 

production excluding 

plants

In 2013, total fish & crustaceans 53.8 million tonnes 
Fed species: 46.1 million tonnes or 47.6% of total global aquaculture production in 2013

Fed aquaculture species production ɀ2013
(commercial feeds, farm -made feeds, fresh feeds)

million tonnes
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GLOBAL AQUAFEED PRODUCTION

Å Total industrial compound aquafeedproduction has increased 
from 7.6 million tonnes in 1995 to 34.3 million tonnes (almost 4.5-
fold) in 2010, 42.6 million tonnes (4.6 fold) in 2013 with 343%and 
426%increase since 1995. These usage are only for fed species 
excluding Indian major carps.

Å Industrial aquafeedproduction growing at an average rate of 10.1%  
per year.
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LOCALLY PELLETED FEED IN CHINA
[Note the high level of disintegrated pellets and dust]
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CONCLUSION

Å Apart from ensuring the sustained availability of feed ingredients (including 
fishmeal and fish oil) to meet the growing demand of aquaculture, the other 
important areas that need to be looked into are:

ï ensuring national quality standards for feed raw materials, feed additives and 
feeds, 

ï improving on-farm feeding and feed management practices and transfer of 
ŀǎǎƻŎƛŀǘŜŘ ǘŜŎƘƴƻƭƻƎȅ ŀǘ ŦŀǊƳŜǊǎΩ ƭŜǾŜƭΣ 

ï feed formulation and production (e.g., farm-made feed, semi-commercial 
feed) at local level, and 

ï improving the capacity, production technology and associated support 
services of small-scale feed manufacturers. 
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Commercial decisions: balancing 
FCR and feed cost

David F.H. Robb
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Summary
ÅFeed cost is a major factor in aquaculture

ÅCombination of:

ïFeed price

ïHow well it converts to market size fish (eFCR)?

Å Increasing absolute efficacy (bFCR) of the feed costs 
money

ïMore digestible nutrients available

ÅMany other risk factors affecting practical efficacy

ïFor example mortalities

ÅFarmers assess the other risks of increasing eFCR

ÅOften buy the cheaper feed with a higher bFCR
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Cost drivers in aquaculture

ÅCosts of aquaculture vary greatly

ïSpecies requirements

ïIntensive vs extensive

Å In more detail:

ïInfrastructure investment

ïFish costs (purchase of fingerling)

ïLabour cost

ïHealth (cost of treatments and mortalities)

ïFeed
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Feed costs

ÅFeed costs range from 45% to 80% of cost of production

ïSalmon feed cost is relatively low compared to total, as 
other costs are quite high

ïStriped catfish feed is relatively high compared to total, 
as such little investment in the farms is carried out

ÅHowever, the price of salmon feed is three to four times 
that of striped catfish feed
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Feed costs

Å Feed costs to farmers are a multiple of:
ïFeed price
ïEconomic FCR

Å Economic FCR = 

Å Economic FCR is an important measure
Å It is the sum of impacts from:
ïBiomass growth
ïMortalities
ïPoor husbandry
ÅFeed management
ÅWater quality management
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Drivers of eFCR

Å Feed quality:  digestibility and nutritional balance

ïBiological FCR

Å Feed management

ïHow to feed and how much to feed?

ÅWater quality

ïOxygen is required for good digestion

ïOther issues will impact fish health

Å Fish health

ïHow well can the fish actually digest the feed and grow?

ÅMortalities

ïHow much feed was used to grow fish that died before 
harvest?

ïMortality of small fish costs less than of large fish
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Nutritional balance

ÅFish require certain nutrients for healthy growth

ïExcess of a nutrient will cause:

ÅWaste 

ïDeficiency of a nutrient will cause:

ÅNeed to eat more to obtain that nutrient

ïWaste other nutrients

ÅSlower growth

ÅPossible nutritional deficiency disease

ÅFeed formulators should balance the content of the feed 
with the known nutrient requirements of the fish
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Nutritional balance

ÅThe major nutrients groups are:

ïProtein

ÅFocus on amino acids (especially essential ones)

ïLipid

ÅFocus on fatty acids

ïCarbohydrates

ÅEspecially starch

ïVitamins and minerals
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Nutritional balance
ÅPrimary considerations are:

ïTotal protein available for growth

ïProtein to energy ratio

ÅEnergy comes from protein, lipid and carbohydrate

ÅThese determine potential growth rate for given conditions

ÅWithin the protein, the focus is on supplying essential 
amino acids in the ratio required

ïNon-essential amino acids are not normally limiting

ÅNormally use lipid and carbohydrate for energy

ïSpares protein (expensive)

ïUse of carbohydrate depends on species 
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Feed digestibility
Å Although nutrients may be in the feed, it is important that they 

are absorbed by the fish and are available for growth

Å Different protein sources have different digestibilities

ïCrude protein per seis not a good indicator

ïProtein content and protein digestibility are expensive

Raw material Crude 
protein (%)

Digestible
protein (%)

Digestibilit
y (%)

Fishmeal (Peru) 65 64 98

Blood meal (batch dried) 77 57 75

Blood meal (spray dried) 81 65 80

Soybean meal 42 37 88

Wheat bran 11 5 44

Rice bran 8 3 38

Source:  NACA feed calculator and personal database
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Drivers of feed price
ÅCapital cost:  equipment (fixed/tonne)

ÅEnergy (fixed/tonne)

ÅLabour (fixed/tonne)

ÅRaw materials: feed ingredients (variable/tonne)

ÅProfit margin added

ï4-8% EBIT is expected range

ïProfits not large, but stable

ÅHave to price the feed to be attractive to farmers

ïThey have to be profitable too
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Drivers of feed price
Å Raw materials are the major cost of production of feed

Å Prices are driven by:

ïProtein content of proteinaceous materials

ïGlobal market

ïLocal availability

Å In general:

ïVitamins, minerals and additives have the highest cost/tonne

ÅUsed in very small doses

ïFishmeal, fish oil and high protein ingredients are next most 
expensive

ïCarbohydrate providers (e.g. cassava) are generally cheaper

ïLow quality protein materials are the cheapest
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Feed quality
Å The quality of the feed is set by:

ïNutritional balance

ïDigestibility

Å Feed price is determined by the desired quality and the raw 
material cost

ïFormulators use least cost formulation to achieve a given 
nutritional goal from raw materials available

Å Achieving greater nutritional balance and digestibility will cost 
more

Å But it will also reduce the biological FCR

ïThe best potential FCR for a fish eating this feed

ÅGenerally, feed producers will offer what the farmers will pay for
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Example of FCR and feed cost
ÅStriped catfish typically receive a diet of 25 to 28% protein

Å Is this optimal?

ÅTrial from 12 g to harvest
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Example of FCR and feed price

ÅLook at costs and benefits:

ÅOver focus on FCR has a high cost
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