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Contribution of aquaculture &
fisheries to carbon emissions

A Greenhousegas(GHG) contribution of
fisheries, aquaculture and related supply
chain features are being studied

I Relatively small in global terms

I Fuel use alone in global capture fisheries
generates 90130 million tonnes of CO

A Estimates vary a great deal
I Cover different parts of supply chain
I May not be directly comparable
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Need holistic view of GHG In
production systems

A A supply chain approach can identify
hotspots for GHG emissions

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

I followed by processing plants

A Aguaculture seems relatively lower than
fisheries

I main GHG emission from feed
production & transport

A Different transportation methods
A Fishing vessels

T All vessels not the same GHG emissions
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A Fisheries and aquaculture must do their part to reduce the
carbon footprint

A Agquaculture could offer consumers lower GHG emissions
& nutritious food alternative
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Some facts and issues

Aln 2012at least65 percent of aquaculture production relied on some
sort of feed, and is likely that this percentageis higher today because
of the greater increase in the production of fed species than those
non fed.

Aln 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 olGHG
contributions from the sector.

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

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

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

AFeeding can be more efficient and Food Conversion Ratios (FCRS)
can be improved significantly.
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A FCRsalsooffer a measure of the production efficiency and
environmental performance becausethey provide an
Indication of the undesirable outputs and lost nutrients to
the environment, with potential consequences such as
acceleratedeutrophication, loss of biodiversity and other
ecosystemimpacts.
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Reducing GHG emissions in aquaculture and
Improving ecological and economic efficiency

Reducing fishmeal and fish oil in feeds (assuming other ingredients
have lower GHGcontributions).

Reducing GHG emissions(all feed components).

Reducing FCRsspeciallyin the global aquaculture commodity
species(carps, tilapia, pangasius) followingthe salmon model (?7?).
I This avenue is very attractive as it is wirwin!
I Nevertheless, yields (both biomass and economic) must be maintained

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

Promoting the farming of more energy efficient species andsystems.
Enhancing non fed aquaculturesystems.
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Trends in technical efficiency in salmon
farming
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FIGURE 9 Trends in technical efficiency over time.

Asche& Roll (2013) Aguaculture Economics & Management,7(3): 306321

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
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FCRin S. salar

1970 1980 1990 2000 2010 2020
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Objectives of the workshop

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

A To discuss and propose a plan of action for the sector
through public zprivate cooperation.
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Workshop structure

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

A Working groups

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

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

A Plenary discussions
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Expected outputs

A A FAO proceedingscontaining all technical
Inputs and deliberations and main
recommendations especially regarding improving
of FCR and technology transfer.

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

A A plan for cooperation to transfer technology and
to boost further improvement.

&'/ ¥ 3) 71 O0EOEI B 11 O2AA0AET C ZAZAAA AT 1 OAOOEI T OAOEI O ET OEA cCcii1A

ET AOAAOA A IRAE NoketnbeA20Th fiLiberia, Costa Rica 15



Thank You

Return o content 1N

16



\v/ Food and Agriculture Y GLOBAL
M Organization of the 8SI TSN 2
United Nations
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supply and demand of feed and feed ingredients

with notes on access and feed quality

Liberia, Costa Rica, 9 z 11 November 2015

Mohammad R. Hasan
Fisheries and Aquaculture Department
FAO, Rome
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Increased from 1% in 1988to almost 51%in 2013

Global trends in contribution of aquaculture to fisheries production ( 19952013)
In 2012, s Aquaculture s Capture fisheries In 2013,
200 60
90 mt, 180 i Total fisheries ~—% of aquaculture to total fisheries production 97.2 mt,
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In 2013 global aguaculture production reached  97.2million 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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Total global aquaculture production in 2013 7z 97.2million tonnes
over 200 species or species/species -groups of aguatic animals and plants

Aquatic plants
Crustaceans
Freshwater fish
W EV L EREWES
Mollusks

Others

Crustaceans
7%

Others

Molluscs
16%

Freshwater fishes
46%

= : . ‘
Aquatic plants

28%

Total fish & crustaceansin 2013:
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Global output of aquaculture in volume and in percentage during
2010 and2013by species group

m Freshwater fishes B Aquatic plants m Molluscs  mCrustaceans  m Marine fishes m Others

Million tonnes % of total production
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Fed aquaculture species production 7z 2013
(commercial feeds, farm -made feeds, fresh feeds)

CRUSTACEANS 6.7 million tonnes

In 2013, fed species

(including Indian carps)
In 2013, non- contributed to 46.1 million
fed species tonnes or 47.6% of total
(silver and global aquaculture
bighead) FINFISH production and 65.7% of
production 471 total aquaculture
7 7 million million tonnes production excluding
tonnes plants

In 2013, total fish & crustaceans 53.8 million tonnes
Fed species46.1million tonnes or 47.6%o0f total global aquaculture production in 2013
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GLOBAL AQUAFEED PRODUCTION

A Total industrial compound aquafeedproduction has increased
from 7.6 million tonnes in 1995 t034.3 million tonnes (almost4.5
fold) in 2010, 42.6 million tonnes (4.6 fold) in 201%ith 343%and
426%increase since 1995. These usage are only for fed species
excluding Indian major carps.

A Industrial aquafeedproduction growing at an average rate of 10.1%
per year.
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Contribution of silver carp, grass carp and Indian major carps to global
aquaculture production

m Bighead carp m Silvercarp  m Indian major carps

Chinese non- 14,000,000
fed carp

production 12,000,000
average APR

is 4.64% 10,000,000
from 1995 to

2013 8,000,000
Indian major 6,000,000 -
carp

production 4,000,000 |
average APR

is 891% 2,000,000
from 1995 to

2013 .
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Chinese non-fed carp production increased from 3.84 MT in 1995 to 7.65 MT in 2013
while their contribution to global aquaculture decreased from 12.3% in 1995 to 7.87% in
2013

Production of Indian major carps increased from 1.41 MT in 1995 to 4.89 MT and maintained
their contribution to global aquaculture between 4.5% in 1995 and 5.0% in 2013
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Estimated global production of commercial aquaculture feeds
by major species groups in 2013: 42.6 million tonnes (Mt)

Fed carps
 Eels078 Mifs;'h::’s';‘.";te' Fed carps, 31.32 Shrimps
Trouts, 2.55 M”kﬁSh'z'M_\ Tilapias
Freshwater\_{g*’;& ® Fed carps Catfish
crustaceans, 4.62“/'_7,56'4“{. X ® Shrimps SiEailCs
— Marine fishes
H Marine fish Sa|m0ns
= Catfishes FW crustaceans
m Salmons Tro uts
W Freshwater crustaceans M i I kfiSheS
i Misc FW fishes
Milkfish
Eels
m Eels

TOTAL

Misc. freshwater fishes

Shrimps, 14.90

Marine fish , 7.04 Global aquafeed in 2013 is
42.6 million tonnes
Tilapias, 16.94
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GLOBAL FARM-MADE AQUAFEED = 18.7-30.7 MT, 2006

Current and projected use (mt) of single ingredient and farm-made feeds in aquaculture in
selected Asian countries

[ Feeds | Bangladesh| ____ Chinal _____India| _Indonesia| Philippines| __Thailand

2005 0.07 10.88 6.16 0.27 0.38 0.76 0.80
2013 0.09 17.69 827 0.36 0.83 0.99 2.50
= Thailand . Current use, 2005 philippines Projected needs: 2013

Bangladesh
0%

4% 3%

= Viet Nam ~ ® Bangladesh Thailand

B Philippines 3%
B Indonesia

2% Indonesia

1%

B China
56%

Farm-made feed in 2013 = 30.7 mt
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Global consumption of fishmeal (% of total usage in compound aquafeed) by
major aquaculture species groups in 2013

Miscellaneous freshwater

fishes, 5.28 Milkfish, 1.01

-

Eels, 3.60 Marine shrimps, 25.39

Bl Shrimps
Tilapias, 5.76 Marine fishes
Salmons
A Fed carps
Catfishes, 5.51 — 8 FW crustaceans
Trouts
Trouts, 5.23 Catfishes
Tilapias
Eels
Freshwate;'gzjstaceans, M isc FW
fishes
Marine fishes, 17.60 M ilkﬁSh
TOTAL
Fed carps, 7.12
Salmons, 15.84
W Marine shrimps M Marine fishes m Salmons
M Fed carps ® Freshwater crustaceans ® Trouts
w Catfishes m Tilapias Eels

m Miscellaneous freshwater fishes = Milkfish
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Global consumption of fish oil (% of total usage in compound aquafeed) by r
—aquactiture-species groups in2013 —

Milkfish, 1.2
Freshwater crustaceans, Fed carps, 0.0

2.8 Eels,l-Z\:\.—:'v _\

Miscellaneous freshwater
fishes, 4.6

AN Salmons
Salmons, 41.2 Marine fishes
Trouts
Marine shrimps
Misc FW fishes
Eels
FW crustaceans
Milkfish
Fed carps
Tilapias
Catfishes
TOTAL

Marine shrimps, 13.2

Trouts, 15.1

Marine fishes, 20.8

® Salmons ® Marine fishes W Trouts

® Marine shrimps m Miscellaneous freshwater fishes ™ Eels
Freshwater crustaceans % Milkfish Fed carps

» Tilapias Catfishes
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ESTIMATED USE-OF-FEEDS;-FI: EAL AND FISH OIL FOR THE PROD

SALMONIDS IN 2010

Production Feeds used Fishmeal used Fish oil used
(thousand (thousand (thousand (thousand
tonnes) tonnes) tonnes) tonnes)

Salmons 1603 2084 500 271
Trouts 171 1002 210 130
Total salmonids 2 374 3086 710 401
Total all fed species 20 439 34 286 3712 766
Salmonids, % of
total 11.6 9.0 19.1 52.3
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Salmons

Trouts

Total salmonids

Total all fed species

Salmonids, % of

total
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SALMONIDS IN 2013

ESTIMATED USE-OF-FEEDS;-FI: EAL AND FISH OIL FOR THE PROD

°
GLOBAL
SALMON

INITIATIVE

Production Feeds used Fishmeal used Fish oil used
(thousand (thousand (thousand (thousand
tonnes) tonnes) tonnes) tonnes)
2283 2 968 504 356
837 1088 196 131
3120 4 056 790 487
26 061 42 594 3754 865
11.97 9.53 21.0 56.3
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Actual fishmeal and use production and actual and predicted fishmeal use re
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Actual and prédicted reduction 6f f:i‘Sﬁirh'e'al use relative to the global produ

-

Thousand tonnes mmm Total fishmealuse =% of total aquafeed

4,500 30.00
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FIS CLUSION IN COM OUND AQ ~OF-DIEEERENT
GROUPS

I -5 2008 2020
Fedcap |8 3 1
Tilapias I8 : :

Catfishes 5 7 2
15 ; 2

fishes

Salmons 45 25 12
Trouts 40 25 12
65 48 30

Marine fishes 50 29 12

28 20 8
Freshwater crustaceans 25 18
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CHANGES IN THE INCLUSION OF FISHMEAL (FM) AND FISH OIL (FO) IN THE FEEDS FOR SALMO

~ OVER RECENTDE! ES AND PREDICTED FURTHER REDUCTIONS
Y

Changes in the inclusion of fishmeal (FM) and fish oil (FO) in the feeds for salmonids
over recent decades and predicted further reductions

=@= Salmon FM == Salmon FO  =se= Trouts FM Trouts FO

45

40

35

30

257

20—

15

Inclusion level in feeds (%)

10

O I T 1 I T 1 T T 1 T 1 1 T T I T T
\e) © A ol ) Q N V ) > H o 4 > Q \2) Q
) ) ) ) ) Q Q Q L S L Q N N &
SO T S S S, S S S S S S S S
Years

Source: Adapted from Tacon, Hasan and Metian (2011).
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BETTER IEEED MANAGEMENT-F REDUCTION OF FCR AND DECREASED-FISHNV

@

&! [ T

INCLUSION

With increased feed efficiency and better feed management:

it is projected that there will be reduction of feed conversion for many
aquaculture species (e.g., fed carps, catfishes, tilapias, milkfish, eel, marine
fishes, marine shrimps and freshwater crustaceans) dependent on industrially
manufactured compound aquafeeds.

The reported FCR of fed carps dependent upon industrial compound aquafeed
is 1.8 in 2008 and it is expected to be reduced to 1.6 in 2020, for catfishes from
1.5 to 1.3 and milkfish from 2.0 to 1.6.

If this materializes coupled with lower fishmeal inclusion in the diets for the
above species/species groups, it can be calculated that there will be about 6
percent reduction in the volume of fishmeal use in spite of the projected 143
and 168 percent increase in the estimated total aquafeed and fed aquaculture

production respectively.
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IMPROVEMENT IN-FEED EEFICIENCY INATLANTICSALMON PRODUCTION 1975 - 20%

/// \\ ——
e — :/
Improvement in feed efficiency in Atlantic salmon production 1975-2010
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Years
Source: Myrseth (2005) and unpublished data of S.J. Kaushik .
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FEED INGREDIENT (PROTEIN MEAL AND OIL) USAGE (% INCLUSION LEVEL) FOR M
e AQUACULTURE SPECIES GROUPS ——

[ |  Feedingredients | Inclusion level (%) in compound aquafeed

Plant protein meal

Soybean meal 3-60

- Wheat gluten meal 2-13
- Corn gluten meal 2-40
- Rapeseed/canola meal 2-40
- Cottonseed meal 1-25
- Groundnut/peanut meal =30
- Mustard oil cake ~10
- Lupin kernel meal 5-30
- Sunflower seed meal 5-9
- Canola protein concentrate 10-15
- Faba bean meal 5-8
- Field pea meal 3-10

Plant oil

- Rapeseed/canola oil 5-15
- Soybean oil 1-10
- Rapeseed/canola oil 5-15
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Cost of feed as percentage of production cost for selected countries and pond-cul
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Feed as %0 of

Yield

Country Species mix Production system production (tonnes/ha)
cost
China Tilapia Ponds — tilapia main crop polyculture + 7_9
commercial feeds 68 — 84
Ponds — monoculture + commercial feed Q12
Philippines Tilapia Ponds — monoculture + commercial feed 7 —15
Ponds — monoculture 50-60 1—3
Farm-made +commercial feed
Viet Nam Striped catfish Monoculture + commercial feed 83 325
Monoculture + farm-made feed 77 398
India Indian major Typical Indian major carps- mash 54 7
carps . : :
Zero point culture — Indian major carps 48 5—-6
Zero point culture — Indian major carps-
49 2
mash-pellet
Zero point culture —Indian major carps- 41 P
mash :
Viet D Whi / - i
iet Nam I}xteleg Monoculture + commercial feed 66 — 69 9_15
shrimp
Bangladesh Giant river Extensive + snail meat 15 0.35
prawns
Improved extensive + farm-made aquafeed 25 0.48
Semi-intensive - commercial feed 33 0.72
India Black tiger Extensive + farm-made feed 52 0.38
shrimp = =
Modified extensive 59 13
Commercial feed + farm-made feed %
Semi-intensive shrimp 62 58

Commercial feed
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= Feed type eFCR Species Rearing Country
system

Farm-made feed
Mash 2.311 - 4.111 Major carps Pond India
Mash + pellet 1.9:1 Major carps Pond [ndia
Moist pellets 2.911 Striped catfish Pond Viet Nam
Manufactured pellets
Sinking pellets 1.511 Nile tilapia Cage Egypt
Sinking pellets 1.6:1 - 2.0:1 Nile tilapia Pond China
Sinking pellets 1.311 - 2.111 Major carps Pond Bangladesh
Extruded pellets 2.01 Nile tilapia Pond Ghana
Extruded pellets 1.6:1 Striped catfish Pond Viet Nam
Extruded pellets 1.51-171 Nile tilapia Pond Philippines
Extruded pellets 1.2:1 - 1.4:1 Nile tilapia Cage Ghana
Extruded pellets 1.0:1 — 1.2:1 Whiteleg shrimp Pond Viet Nam
Extruded feeds 1.2:1 - 1.5:1 Nile tilapia Cage China
Extruded feeds 4 Nile tilapia Cage Egypt
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LOCALLY PELLETED FEED IN CHINA
[Note the high level of disintegrated pellets and dust]

Locally pelleted feed in China
[Note the high level of disintegrated pellets and dust]
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Source: Liu et al. (2013).
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Focus areas ‘advocated for improving aquafeed peﬁw
/’/ ~andredueing feed cos

Diet performance Feed management

Promote nutritionally . Maintain appropriate timing
balanced feeds of feeding
Reduce fishmeal content |. Alternate higher and lower
Increase digestibility protein diets
Choose appropriate pellet |. Use mixed feeding
type schedules

Delay onset of external

feeding
Optimise feed
administration
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* An additional 27 million tonnes of aquatic food will be
required by 2030 considering the projected population
growth and to maintain the per caput consumption.

 Avalilability of feed will be one of the most important
iInputs if aquaculture has to maintain its sustained growth
to meet its challenge of increased production.

- Aquafeed production is expected to continue growing at a
similar rate to 50.0 million tonnes by 2015 and 68.6
million tonnes by 2020.

« If this growth is to be sustained then feed ingredient and
feed input supply must grow at a similar rate.

&'/ 7' 3) 71 OEOET D 11 O2AA0AEI C AAAA Ai 1T OAOOEI1T OAOEI O EI OEA

ET AOAAOA A 9&E NokkehnbeA20 15 Liberia, Costa Rica 41



\v/ Food and Agriculture SI GLOBAL
M Organization Of the INITIATIVE
United Nations

CONCLUSION

A 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:

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

I iImproving onfarm feeding and feed management practices and transfer of
 3a20A1F SR (SOKy2ft23& |0 FTFNNYSNERQ f
I feed formulation and production (e.g., farmade feed, semacommercial
feed) at local level, and

I Improving the capacity, production technology and associated support
services of smalcale feed manufacturers.
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Thank You

Retum 1o content [N
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Commercial decisions: balancing e
FCR and feed cost Np e
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Summary
A Feed cost is a major factor in aguaculture
A Combination of:
I Feed price
I How well it converts to market size fish (eFCR?

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

I More digestible nutrients available
A Many other risk factors affecting practical efficacy
I For example mortalities
A Farmers assess the other risks of increasing eFCR
A Often buy the cheaper feed with a higher bFCR
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Q) s gsi:
Cost drivers In aquaculture

A Costs of aquaculture vary greatly
I Species requirements
I Intensive vs extensive
A In more detail:
I Infrastructure investment
I Fish costs (purchase of fingerling)
I Labour cost
I Health (cost of treatments and mortalities)
I Feed
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gsli.
Feed costs

A Feed costs range from 45% to 80% of cost of production

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

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

A However, the price of salmon feed is three to four times
that of striped catfish feed
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gsli.
Feed costs

A Feed costs to farmers are a multiple of:
I Feed price
I Economic FCR

A Economic FCR =

A Economic FCR is an important measure
A It is the sum of impacts from:
I Biomass growth
I Mortalities
I Poor husbandry
A Feed management
A Water quality management
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gsli.
Drivers of eFCR

A Feed quality: digestibility and nutritional balance
i Biological FCR
A Feed management
I How to feed and how much to feed?
A Water quality
I Oxygen is required for good digestion
I Other issues will impact fish health
A Fish health
I How well can the fish actually digest the feed and grow?
A Mortalities

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

I Mortality of small fish costs less than of large fish
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gsli.
Nutritional balance

A Fish require certain nutrients for healthy growth
I EXxcess of a nutrient will cause:
AWaste
I Deficiency of a nutrient will cause:
ANeed to eat more to obtain that nutrient
I Waste other nutrients
A Slower growth
APossible nutritional deficiency disease

A Feed formulators should balance the content of the feed
with the known nutrient requirements of the fish
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Ok gsiii
Nutritional balance

A The major nutrients groups are:
I Protein
AFocus on amino acids (especially essential ones)
i Lipid
AFocus on fatty acids
I Carbohydrates
AEspecially starch
I Vitamins and minerals
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Nutritional balance
A Primary considerations are:
I Total protein available for growth
I Protein to energy ratio
AEnergy comes from protein, lipid and carbohydrate

A These determine potential growth rate for given conditions

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

I Non-essential amino acids are not normally limiting
A Normally use lipid and carbohydrate for energy

I Spares protein (expensive)

I Use of carbohydrate depends on species
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Feed digestibility

A Although nutrients may be in the feed, it is important that they
are absorbed by the fish and are available for growth

A Different protein sources have different digestibilities
I Crude protein per seis not a good indicator
I Protein content and protein digestibility are expensive

Raw material Crude Digestible Digestibilit
protein (%) protein (%) y (%)

Fishmeal (Peru)

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

A Capital cost: equipment (fixed/tonne)
A Energy (ixed/tonne)
A Labour (fixed/tonne)
A Raw materials: feed ingredients (variable/tonne)
A Profit margin added
I 4-8% EBIT is expected range
I Profits not large, but stable
A Have to price the feed to be attractive to farmers
I They have to be profitable too
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gsli.
Drivers of feed price

A Raw materials are the major cost of production of feed
A Prices are driven by:
I Protein content of proteinaceous materials
I Global market
I Local availability
A In general:
I Vitamins, minerals and additives have the highestcost/tonne
A Used in very small doses

I Fishmeal, fish oil and high protein ingredients are next most
expensive

I Carbohydrate providers (e.g. cassava) are generally cheaper
I Low quality protein materials are the cheapest
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Feed quality

A The quality of the feed is set by:
I Nutritional balance
I Digestibility
A Feed price is determined by the desired quality and the raw
material cost

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

A Achieving greater nutritional balance and digestibility will cost
more

A But it will also reduce the biological FCR
I The best potential FCR for a fish eating this feed
A Generally, feed producers will offer what the farmers will pay for
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e
Example of FCR and feed cost
A Striped catfish typically receive a diet of 25 to 28% protein

800
600
400
200

A s this optimal?
A Trial from 12 g to harvest

GLOBAL
SALMON
INITIATIVE

Final weight (Q) T eFCR

1.6
1.5
1.4

I I I | 1.3 [

25% 30% 35% 40% 25% 30% 35% 40%
Dietary protein content (%)
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() bt gsli.
Example of FCR and feed price

A Look at costs and benefits:

FCR ratio Feed priceratio
140% 140%
130% 130%
120% 120%
110% 110%
100% - 100%
BN B B B BN
80% - 80% l l l |
25% 30% 35% 40% 25% 30% 35% 40%

Dietary protein content (%)

A Over focus on FCR has a high cost
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