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Global aguaculture & challenges




Global macro trends
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Population Growth in 2050

How do we feed
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Data sources: Before 1940: Kremer (1993) — “Population Growth and Technological Change: One Million B.C. to 1990; After: UN Population Division (2012), including population projection (medium variant)
The data visualization is taken from OurWorldinData.org. There you find the raw data and more visualizations on this topic. Licensed under CC-BY-SA by the author Max Roser.



Global problems
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Source: World Economic Forum, Global Risks Perception Survey 2022-2023
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Food supply security — Blue solut
Oceans to become key to resolving «global protein needsy

70% of the Earth is covered by oceans, but only 2% of our
food is obtained from the sea.

Aquaculture will be key in future food supply!

The Earth's - EARTH’'S
surface ¥ SURFACE

Food
production

The Earth's surface covered The Earth's surface covered
by water by land

Food produced in the [l Food produced on land*
water*

* measured in calorie intake

Source: NCE Seafood Innovation Source: Statista 2022; WRI, 2022



Blue transformation- 3 objectives
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Blue transformation: «meeting expactations»
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Total fisheries and aguaculture production «a new. record 218 million ton» in 2022
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in 2022

Source: FAO 2022



Total production cost «Aquafeed»




Globallcompund feed production in 2022

Total feed production fé,%% W

1,266 billion ton in
2022

Total Feed (MMT) by species

Poultry 525.8
Pigs 319.4
Ruminants 251.8
Aquaculture 52.9
Pets 35.3

Horses 8.2

Source: 2023 Alltech Agri-Food Outlook



IVIain constraints for: global compound feed production

Survey respondents identified the biggest agri-related challenges in their country.

High material prices *
Low producer returns
Supply chain disruptions
Animal diseases
Geopolitical events
Severe weather conditions
Low consumer prices
Labor costs
High interest rates
Human health

8 20 40 60 80

*Multiple choice question: Numbers indicate number of times the option was selected.

Source: 2023 Alltech Agri-Food Outlook



Miain constraints for global compound feed production

Feed cost back as the top concern for Industry pessimism due ’ro economic and
industry participants, 2022 market uncertanities, 2022

Strongly Agree
Aquafeed (cost)

Market prices Agree

Disease prevention
Neither agree

nor disagree
Market access ag

Aquafeed (quality)
Disagree

Broodstock (quality)

Strongly disagree

Access to credit Feed prices Global The global
will be economic market will
lower in conditions strengthen

Not Minorly Moderately ~ Very Extremely 2023 will be better in 2023
important important important important important in 2023

Source: GOAL Survey 2022, Rabobank 2022



Production (.000 ton)
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Global commerciallaguafeed and marine fish production
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2018-2025 %5/year 69.6
@
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Source: Tacon et al. 2022



2020->2030'aguaculture and aquafeed production — Global®

Amount (1000 x Tonnes)
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Source: Eroldogan et al. (in preparation)



Same old story and « »
Strategic ingredients and future direction




«Alternative» raw material for the current growth

Bacterial _ : Microalgae

Insects

Poultry ByProducts
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Source: Brett Glencross, IFFO



Ingredient evaluation — raw. ingredient quality

1) Sustainability

2) Compositional analysis

Nutrients, protein, energy, AA, FA etc.
Anti-nutrients, evolved in a protective or
developmental role

3) Palatability & Feed intake

4) Digestibility, Appareant digestibility
coefficients

5) Funtionality, durability, expantion, ol
absorbtion, water stability

6) Growth, gain, FCR, feacal production,

product quality

Cemb | CHy ; =N g
Hz I o 2 \ N/) Ho/ “\/\NHZ
o}

1 o
B & i R
t [ Ce N 20
H e . Ho-f-0—y ‘
0 5 Hy Hy o taurine
phospholipids OHOH
nucleotides

Fish meal & Fish Oil meet all

these criteria

Most certainly a finite or an endangered
resource



Ingredient evaluation — raw ingredient quality:

Thousands of Tonnes
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The FM&FO with the greatest puschasing power takes a growing share of the supply.

Source: Brett Glencross, IFFO



EIVI substitutes — Percentage of ElVIiused in aguafeeds 1995-2020

There are several factors to
consider when using feed
ingredients to replace fishmeal
including:

Q Nutritional value

O Customer acceptability
Q Availability

Q Price or cost

O Effects on growth

O Effects on health status

% of FM
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1995

2000
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Years

2010

2015 2020

Source: Tacon & Metian 2008



«Same old story»

replacement off EIM & E@lin'aguateed

total feeds used (t"000)
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A feed is still only as good as its ingredients: An update on the
nutritional research strategies for the optimal evaluation of
ingredients for aquaculture feeds

Brett D. Glencross

Institute of Aquaculture. University of
Stirling. Stirling. UK Abstract

The choice of strategies used to assess ingredients can have a strong impact on the
of their quality. In an attempt to standardize the assessment process,
a structured approach using five steps for assessing the quality of ingredients was
proposed over a decade ago. Since then, there has been considerable progress in the
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Abstract: Single-cell ingredients (SCl) am a relatively broad class of materials that encompasses
bacterial, fungal (yeast), ! d or the bi of all three microbial groups
into microbial bioflocs and aggmytes. In ll'us review we focus on those dried and processed single-cell
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Whilst the aquaculture sector continues to grow and make an ever increasing cor {0 A 3

to world food supplies, there is a need to ensure that the sector continues to develop in a aquafeeds; fish-in fish-out
socially, economically and environmentally sustainable manner, in line with the United  (FFO) sustainable

Nations sustainable development goals. The present paper focusses on the major perceived ;’;’zm’;f o"':d

sustainability issues related to feed inputs for finfish and crustacean aquaculture species, farm management
including sustainability issues related to feed formulation and ingredient selection, feed

manufacture and feed quality, on-farm feed use and impacts, and fish quality and

food safety.




«Current» aguafeed in diverce species cultivated

trouts
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Changes in Norwegian Salmon feed formulation 1990-2020

- - 717 of:Norwegian salmon feed
o - consists of plant sources.
o - >95% of salmon feed raw
. materials are imported.
0% a - By 2030, all raw materials are
_ aimed to be from sustainable
10% Marne SOUrCES —_
sources.

1990 2000 2010 2012 2016 2020
®m Marine protein sources m Marine ails
® Plant protein sources u Plants oils
m Carbohydrate sources m Micro ingredients




Evaluation of aguafteed formulation

Aquaiieed v1.0 Aquafieed v2.0 Aquafised v3.0
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Changes in ingredient vs. trophic levels of cultured species

Novel protein Bacteria Fish meal Common protein
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Alternative- there will be a need for «circular raw materials»

Usage rate of raw materials usable in human food

High Low

Novel
ingredients

Terrestrial animal
by-products

Plant-based
ingredients

Carnivour species

Fish meal & oil

Novel
ingredients

Terrestrial animal
by-products

Plant-based
ingredients

Fish meal & oil
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Aquafeed V1 Aquafeed V2 Aquafeed V3
Past 1975-2000 Recent past 2000-2015 Future 2020-
«Specificationn «Cost» «Sustainabilityn Source: modifed from Chary et al. (2023)



Novel «bluey feed ingredients

For novel ingredients to become relevant, they must be sustainable, meet well-established
nutritional needs, and have high technical qualities

Sustainability should be measured along the entire value chain and include
measures for both resource use, emissions and economical viability

Minimize use of natural resources Minimize emissions and toxic materials Maximize sustainable economic
—— growth
* Energy * GHG and local emissions
* Area (incl. competition for food crops * Biodiversity and environmental * Competitive prices in a global market
and land from bioenergy) ecosystem degradation * National, sustainable value creation
* Freshwater * Waste * New value chains and circular
* Fully utilize all bioresources (incl. business models

animal by-products)

A common denominator for success with sustainability will be to establish production in circular hubs with shared resources.

Source: Future ingredients for Norwegian salmon feed Report 2022



Current & future potential’ blue raw materials

Harvested resources Farmed organisms Underutilized resources
Novel marine Plant-based Insects Marine low-trophic  Microbial Photoautotrophic Land animal by- Marine by-
ingredients ingredients** species ingredients microalgae**** products™**** products
* Mesopelagic * Crass + Black soldier * Blue mussels*™* + Bacteria * Poultry © Whitefish

fish « Tree biomass fly * Polychaeta © Yeast * Pork * Pelagic fish
* Calanus . :

ﬁnmalrjchius Mealworms . Gammaridae * Fungus * Aqguaculture*
© Krill * Tunicate * Heterotrophic

« Seaweed microalgae

Source: Future ingredients for Norwegian salmon feed Report 2022
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Novel marine Insects Marine low-trophic Microbial Photoautotrophic Land animal Marine by-
ingredients species ingredients microalgae by-products products
Volume potential by 2030*
O ® o ® ® o
Development level
O ® o O

Cost efficiency

Norwegian competitive
advantages

Positive impact on
sustainability

Customer acceptance

Scaling potential beyond 2030

D 0 0 O
® © 6 6 © o
® o o o
> @ ® O 0 o

o
®
?

Plant-based ingredients are not evaluated in depth due to lack of potential by 2030.
Low . Medium ‘ High ’P Uncertain * High 2 30 000 tonnes
.

Source: Future ingredients for Norwegian salmon feed Report 2022






Future challenges & expectations

Protecting Ocens while thinking alternative
feed ingredients.

What is often overlooked in many studies of future
food security is:

O Economic impact of changes in supply
0 Demand due to changes in food prices,
household income,

Q Consumer preferences.




«feed cost» ve «global» expectations towards 2030

o Rational growth (production and aquafeed) strategies should be
implemented...

0 By-products are no longer a niche, circularity is going to
become increasingly vital.

o Blue alternative sources should be used. No competition with
human food sources / food-competing ingredients!

o A general strategy should be developed for regional biological
resources. Local raw materials to be used...

0 Importance of «sustainability» will grow and become more
objective...



Thank you for your attention

Prof.Dr. Tufan Eroldogan
Cukurova University,

Faculty of Fisheries, Dept. of Auaculture
miuvfan@cu.edu.ir

www.fao.org/gfcm



