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(Sea)food for thought, thoughts about sea(food)%{«

Three main points next 20-25 minutes:
A. Out of the blue: *fish as the surprising gamechanger’

B. It's a small world after all: ‘think global, act local’

C. Zero waste, 100% taste: ‘circular potential in seafood chains’
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Anyone who believes in indefinite
growth on a physically finite planet
s either mad or an economist

‘ — Dawvid ftlenborough —

AZ QUOTES

Source: A-Z Quotes
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Back to the roots
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Circular ‘new’ or ‘renewed’?

Land and marine Food chain © Encyclopedia Britannica, Inc.
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From linear to circular food production chains

Source: Channel fish Source: Icefishnews Rs. Refurbish
Linear economy Reuse economy Circular economy R6. Remanufacture

Raw materials Raw materials
R7. Repurpose

Production Production

Non-recyclable waste

Landfill

. Potti 201
Source: Governments of the Netherlands (2019) Source: Potting (2018)

"f‘;'/////
WAGENINGEN =
UNIVERSITY & RESEARCH

100years
ot el



A. Out of the blue: ‘fish as the surprising gamechanger’

Earth surface (current state origin of protein) CREATING A SUSTAINABLE FOOD FUTURE BY 2050
30% land, 98% of proteins for human consumption
70% water, 2% of proteins for human consumption How do we feed without using while lowering
10 billion people... more land... emissions?
WE WILL NEEIJ WE NEED TO PREVENT AGRICULTURE WE CAN LOWER EMISSIONS =
FROM EXPANDING — "
0 GtCoe
nggfﬁgi ) G we currently use -67%
~50%
2010 § 2050 of the world's
vegetated land 4 gtcoe

for agriculture

2010 § 2050

T0 FEED
NEARLY
WITH INNOVATIVE
fieititied TECHNOLOGY LIKE
2]50 Mfoﬂ v fﬁ\
ittttititt TO SAVE AN AREA B: Improved feeds
tiieitret I 0 B OF FORESTS NEARLY
titttitt . the size o
ittt > people in 2 of Indla Plant-based burgers =
2044t4ttitet [ 2050 =
Source: Google Earth ;;;H:m: ¥ Resilient crop breeds
tritiiiee_/
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A. Out of the blue: ‘fish as the surprising gamechanger’

" Affordable for
developing
countries

" 3.3 billion people,
. o fish >20% daily

’ animal protein
(orange dots)

" Omega 3 and
micronutrients

FISH PROTEINS (GRAMS PER CAPITA PER DAY)

<2 :4—69 . " Alternative if
2-4 6-10 >10 No data @ > 20% contribution of fish to animal protein supply .
: “ “ _ St | agriculture hardly
Fish proteins (grams per capita per day) .
Source: FAO (SOFIA), 2020 or no option
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A. Out of the blue: ‘fish as the surprising gamechanger’

shelifch % Energ; GHG . Acidification Eutrophicatic Land use Fresh Water Pesticides Antibiotics Erosion [ | E n V | ro n m e n t a I
=1 0 T e
eimeid |65 o DU N dinner

Invert 6.3 12 1 1 s D

we e R L . i mmmmewessmesmess | Decide by

s | 98 H . ¢ (y)our fork
Shrimp 10.1 12 11 9 8 8 8 8

- 8 ; IR " 148 LCAs

iden 13 7 compared for

Beef

jury
=

animal protein
The environmental cost of animal source foods.
Source: Hilborn, R. et al. (2018) food products

® Shellfish and
small pelagics
winners
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A. Out of the blue: ‘fish as the surprising gamechanger’

" 1974: 90% of fish stocks at
biological sustainable levels,
2017: 66%.

Maximally sustainably fished

" Fortunately, in North Sea better
picture. Most fish stocks be fished
at MSY (ICES, 2020).

1974 1580 1980 2000 Nip mr |

o High potential aquaculture, but
more and more land based.

I Bishogicolly sustainoble [ Bivlogically unsustainoble
Source: FAO, SOFIA (2020)

ECONOMICCRONTY " Social issues: slavery, poverty,

gender inequality

1 4 LIFE GENDER
BELOW WATER EQUALITY

" Climate change: rising water
temperature, plastics
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B. It's a small world after all: ‘think global, act local’

" 56% of fish (US dollars)
exported vs. 18% beef,
14% pork, 12% poultry

" Long and complex value
chain

" Globalized - countless
transport movements

—

" Large impact COVID
Source: Rabobank (2019)
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Source: Wagenlnge_n Economic Research (2020) f
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B. It's a small world after all: ‘think global, act local’

Any of the challenges in the EU linear seafood chains
e Raw materials supply (EU import rates 60-65% of total supply)

® Price inputs/raw materials

X ﬁ 1/30ffish

biomass is wasted
through the chain

.%Ql! ] ﬁ 5 === &2l ol

Source: Wageningen Economic Research (2020)

(re)exports
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C. Zero waste, 100% taste: ‘circular potential in seafood chains
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Source: Shutterstock
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. More harvesting, but

different (aquaculture +
lower trophic)

. Food before feed

. Other consumption

patterns (more local
species)

. Valorization 100% side

streams and by products
(zero waste) = 3Rs:
Reduce, reuse, recycle

13



Example of resource efficiency

Results of explored scenarii through Sardine bioresource

Material Flow Analysis in the system
Legend : DEU : Domestic Extraction Used, TMR : Total Material Requirement, DMC : Domestic
Material Consumption according Barles (2014); FTE : Full Time Employment ; VAT : Total added
value

Current Business as Circularity with

situation usual biotechnology

Local production in t 15038 15038 15038

Importations in t 12910 16009 8005

FTEq, gine 1140 1155 1126
+1% -1%

VAT sardine (10° €) 68.3 69.3 67.5
+1% -1%

Material Intensity 25.30 27.85 20.97

Requirement/FTE (t/FTE) +10%

FTE : Full Time Employment .
VAT : Total Added Value Ressource sparing

Source: R. le Gouvello, 2019
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Bio-based value pyramid

Low

High value volume

4

Bioplastics & Polymers I
- i
Low value volume

Source: Davis et al., 2017
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100% taste, zero waste (Cod from Iceland)

Fish skin transformed to leather ’N Ck ‘ D 'B '-E
sk Olalue

achirne

made in Tceland

Fisk skin tranformed

Canned products made from cod
to collagen

liver: Smoked liver and liver paté
Cod Kows Fish Leathur

Natural fish stock ‘
for food processing \ Collagen Fucmsn

Skem replacement
From fish sEn

Heads and bones
dried and exported

Fish collagen

Caviar from roe From ish sén

&« ¥ ~a * V ¥
Enzimes from intestines - ,‘ Filat 4 0
: IS : I used for medical products = - ' ; @
. 5 B : =

-
™

ish lver & 2[(0

Cosmetics made from - Fish skin as
R v— Hand- & foot 3 . Geat hermal
enzymes from inner organs. bt il Gisad Tor R medical device Pt infastine WHASTE
Omega-3 and omega 3

capsules
Source: Icelandic Ocean Cluster
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100% taste, zero waste

> Frozen mince Product 1
e | winced fish |
i
Blue whiting valorization i i |
g Landing station | Fermentation & maturation Bergec

Intermediate fish

» Guts and minced fish meat »
4 Addition of 30% salt & storage ¢

Fish sauce 1. grade removal

= Collagen #‘{
N =

= Omega-3 oils

sauce production

Addition of water to the cake Product 2

rade fish sauce m

Bottled
Bulk

Malay
Selje Freeze storage
Kalvag

Fish sauce plant
Sirevig

» Intermediate fish sauce » Transport

Removal of 2. g

= Food proteins: mince, sauce, hydrolysates

=~ . Milgy Bio-refinery

® Minerals for supplements

Product 3

® Digestible minerals and proteins for improved fish meal B = 1

Patented (Nofima) acid solubilization » Drying

Feed supplement

Phosphorus plant

landing station
Separation of bones, skins
guts & minced fish

Product 4

....Bones residues

» Hydrolysis » Separation » Spraydrying » Packaging

Food
Supplements

Herring & Mackerel

. Malgy -
Bio-refinery

Collagen
plant

Product 5
Hydrolysed proteins|
Fortified dairy, meat

and fish food products}

Taste enhancers for
Separation with decanters (Flotweg) ¢ soups/food
supplements

=Malgy Bio-refinery ==|

» Hydrolysis with specific enzymes

Skins-Bones-Trimmings

» Membrane filtration (own equipment) » Spray drying » Packaging
Hydrolysate plant Peptides for
xt genera supplements

|Mackerel & herring

jhuman consumption|
oil plant

17 e

Product 6

» Degumming » Neutralization » Bleaching »

North atlantic

4 Deodorization ¢ Winterization ¢

omega-3 fish oil
supplemements

Fish oil refinery
EPAX Alesund

Crude oil

Side streams from herring &
whitefish & whole fish as blue whiting

Product 7

Fish meal factories|

Malgy

Bodg (Hydrolysis)
Karmsund

Cooker » Press » Decanters » » Evaporation » Dryers

Low ash
High protein

rMilgy Bio-refinery

| Malgy Bio-refinery

» Fish oil

—— i

WAGENINGEN 2
UNIVERSITY & RESEARCH Source: PELAGOS project proposal © NOFIMA, WUR et al. (2020)

100years
18

2018

16



Thank you for this dive in
circular seafood chain!

(sea)food for thought and
thoughts about (sea)food.

Questions/discussion later on:

geert.hoekstra@wur.nl
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Questions? Otherwise we challenge you ;)

Bold statements:

® Not the producer but end consumer is responsible for a responsible supply of products
(no say, no pay)

®" True pricing is the way to separate the ‘desirable’ from the ‘undesirable’ products

® If you reward circular and sustainable responsible food producer and B2C players with a
robust business model, circular food chains is just a matter of time

® We as a society should tax via our governments products with a highly negative climate
and social impact

® Circularity is not the ideal way to produce food within planetary boundaries and in a
responsible social and economic way on the long term. It's a matter of supply and
demand as circular food chains could not solve this but rather complicate this generique
function of markets.
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