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Introduction and context

* Food production is the main drive
causing environmental change ST
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« Circular economy (CE) as a tool for
more sustainability
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« Concepts originating from industrial
ecology

« Recently adapted for systems that
rely on biomass (food, energy, etc.) B e
Principles, drivers and opportunities of a circular
bioeconomy
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5 principles to guide biomass use towards a circular bioeconomy

What does it mean for Global aquaculture?

Safeguard
&
regenerate
Entro _ Avoiding non-essential
oY tells products and the waste of
CIRCULARITY essential ones

Prioritizing biomass streams
for basic human needs

Prioritize
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What will be new?

 Changes in the way society legislates, produces and consumes

« From farm or value-chain optimization to food system approach.

Ecological Regenerative
aquaculture aquaculture

e -

Circular

@ @
aquaculture N ad » l ‘ ’
cosystem .
One health approyach i Conservation
approach aquaculture aquaculture
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Principle 2: Avoiding non-essential
products and the waste of essential ones

What makes aquaculture
products essential
(compared to other foods)?

G

Here essential Nutrition & Contribution to
! B health benefits food security
Fill nutrient Provides affordable
gaps and ensure & accessible food

well-being for all



Nutritional and health benefits Avoid

Advantages over other animal source foods: _ N
Reduction of non- 0°0°%0
. Alternative source of protein ] communicable disease "' A

(compared to red meat)
V
8.3
AK

Mean nutrient richness of various animal source food (based on composition and daily recommended intake)

Clams, mussels, Salmonids Carps Beef Lamb Tilapia and
oysters other cichlids

- Source of essential fatty acids (PUFA) Healthy pregnancy

Growth, brain and eye
« Iron, zinc, Iodine, calcium, Vit. A, B12, D development
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Contribution of aquaculture to food security Avoid

A topic still largely debated

_____ Positive | Negative

Need for a finer resolution. Species level?
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Contribution of different species to food security Avoid

Price (USD/ tonne) = access

20000 -
16000 -
Trends:
« Cash and export crops
. Reso_urce intensive —
species (feed, oxygen)
« Large environmental
footprint
8000
Low contribution to food
security
4000 -
0 E RS ' AL R T T ! S LSS R
10 100 1000 10000
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Avoiding non/less essential aquaculture products imply

» Policy-maker:
 Prioritize nutrition-sensitive aquaculture
« Regulate production of luxury species

 Consumer (Global North):
« Substitute red meat by blue foods
« Reduce consumption of luxury species
« Shift towards less-resource intensive species
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Principle 3: Prioritizing biomass streams
for basic human needs

Indirect feed-food % ‘, Direct feed-food
competition ,’ competition

@ ‘ & ‘
Natural ‘\’f‘ 4 Q

resources
0
Feedstuff biomass
Is aquaculture making an efficient use of
o U NEEN biomass and natural resources?




Direct feed-food competition Prioritize

Other aquatic animals

100% & & 100%
Crustaceans
90% 90% Wheat
0o 80%
Yo )
Fed 20% Food grade Maize
Finfish 70% )‘
e i ~ 57 Mt live 60% ~ 25 Mt |
. weiaht ~ 51 Mt of Fish meal
’ g compound feed 20%
50% 40% . ]
Finfish 0 o Fish oil
40% 30%
Molluscs 20% Not food grade
30% .
Extractive 10%
20%
Seaweed ..‘. v
and aquatic 1o, ®
plants
0%
v ’ .....

o
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Indirect feed-food competition

How much food could be produced from these lands?

Land use
(m2yr /t edible weight)

Misc. diad
Misc. marine
Tilapia
Shrim
Catfis
Misc. car
Milkfis
Trout
Salmon
Silver/bighead
Bivalves
Seaweeds

0 1 o,boo 20,600 30,600
Low FCR or no feed =
Low indirect-feed food competition
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Off-farm
High % of plant-based

50 Fod
///\\ ingredients

Omnivorous and/or
pond-farmed species

$ Potentially large areas

On-farm



Prioritizing biomass stream for basic human needs imply

Aquafeed manufacturer: NY
* Increased use of by-products and residues and e
other human inedible ingredients H o

Farmer:

« Selection of species naturally capable of using a
broad range of by-products and detritus

Land/Marine-planner:

« Incorporate feed-food competition issues in
planning
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More to come in the full paper

« 5 principles

« Implications for main types of species and production
systems

« Recommendations for multiple actors
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Thank you !

Contact information

@ Killian.Chary@wur.nl
<] Zodiac Building, De Elst 1, 6708 WD, Wageningen
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Supplementary material



Edible yields of aquatic animals i

Can we valorize the “fifth quarter”?

Cod cheeks and tongues L
Primary product By-products HiE
\;’ 62 Heads Barbequed salmon belly flaps
40-50% Frames
Trimmings
‘ . Viscera
{ Processing } 35-70% @ Blood Whole fish
Skin

(\((u 10-24% @A, Shell

@ Tail
Fish sausages, paté, cakes,

snacks, soups, sauces

~30-50%

' ' ‘ 21 Mt of food 29 Mt of meat
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Capacity to unlock inedible material Prioritize

Protein . ) .
Novel protein Bacterla FIShmeal Common protein
sources sources
Insect meal Poultry meal
o
O §
~S
S
('Jb/ \ Soybean meal
Seaweed 12.5;+]
Yeast o Wheat
Ny,
A (T4
:\‘l y...
Qb [2;2.5]
§
g Effective trophic level range [1;2]
WAGENINGEN Carbohydrates
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Food recovery hierarchy

Food Recovery Hierarchy for Fish By-Products
Maximise Edible Yield

Maintain food-grade standards: by-products used in multiple product
streams for domestic consumption and export markets
Food Grade

Process By-Products for Human Use By-froduce

\9°®
23
»os
o?
A
“0/,%
e "é
Mg

Maintain food-grade standards: used for hydrolysed protein
nutraceutical, pharmaceutical, and niche applications

Feed Animals

By-products processed into aquafeeds,
livestock feeds, and pet foods.

Industrial Uses
Digest into fuel and fertilisers.

Downgraded
By-Products

Composting

Nutrient rich soil
amendment.

Landfill |
Incineration

Waste Products

Fig. 8. Food recovery hierarchy for fish by-products. 1.5 column.
Adapted from US EPA [65].
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Food Recovery Hierarchy

Reduce over-production

More selective fishing to avoid by-catch Better matching of demand and production

Feed Hungry People
Donate extra food to food banks, soup kitchens and shelters

Feed Animals
Divert food scraps to pet food, fish meal, etc.

Landfill / incineration

Source: Adapted from the Food Recovery Hierarchy of the US Environmental Protection Agency



Hypothesis from Sandstrom et al.

Food-competing feedstuff Non-food competing feedstuff

Cereals, pulses, sugar crops, whole fish used for fish Livestock by-product (e.g., blood meal, poultry oil)
meal and fish oil

Terrestrial feedstuffs that meet quality criteria for food Roughages (e.g. grass and leaves),
use (e.g., fodder maize) Crop residues
Food processing by-products (e.g. wheat bran)

Oil from oilseeds Meals/cake from oilseeds
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Five environmental reasons to avoid feed-food
competition

 Emissions from feed production > emissions from
vegetable farming
» Feed to edible protein conversion ratio greater than 2
« Use of by products decrease growth and digestibility
« Additional transport to take feed to animals

» Deforestation for agriculture is dominated by feed ->
losses of carbon

« Additional emission as metabolic waste
« Additional emissions from processing
« Wastage is high for fresh animal products
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