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The strategic value of sandeel in the blue
food value chain
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Quotas (Tonnes)

1000000+

Blue whiting
Sprat, Baltic Sea
Sprat, North Sea

Sandeel
MNorway pout
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2012 2014 2016 2018 2020 2022 2024 2026

Export

Fishmeal and fish oil account for ~22% of the total value of Danish
fish product exports.

Factories also utilize 100,000-160,000 tonnes of side streams and
trimmings from the food fishery — around 25% of totalinputs,
reinforcing Denmark’s circular economy approach.

In 2024, fishmeal and fish oil exports amounted to approximately
DKK 6 billion (EUR 804 million) to markets worldwide.

Danish Production Landscape

Herring, Baltic Sea

Boarfish E

500000+ [— |
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Danish Fishmeal and Fish Oil Production

Production Highlights

2025 output:

¢ Fishmeal: 132.000 tonnes

* Fish oil: 35.000 tonnes
Average 2020-2025:

* Fishmeal: 145.000 tonnes/year
* Fishoil: 41.000 tonnes/year

Denmarkis the leading producer of fishmeal and fish oil in Europe
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The golden standards

Efficient extrusion

° The golden standards

Because of their distinctive composition and
other attributes, few if any raw materials
match the feeding value of FM and FO in
aquafeeds,

this is why they are dubbed “the golden
standard”

1. Protein and their amino acids
2. Lipid and their fatty acids

3. Micronutrients and their functional
properties

4. Unrecognized growth factors

’ ‘ Marine Ingredients
A Y

7 Denmark



Nutrition is where it begins. Feed conversion ratio is where it ends

GROW-FINISH
PIGS
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Future Aguaculture Needs NEW Ingredients

60
All Feed Production New SOUfCES?
§ S0 B Marine Ingredient Use - EAA
5 - Omega-3
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§ 10 > How to best apply marine ingredients as strategic ingredients? 90%
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Glencross et al., (2023). Harvesting the benefits of nutritional research to address global ’
@ The golden standards challenges in the 21st century. Journal of the World Aquaculture Society, 54(2), 343-363. N



What Does “Sustainability” Mean?

*There is NO agreed definition.
*Former Chief Economist for the World Bank, Herman E. Daly proposed the following three operational
rules defining the condition of ecological (thermodynamic) sustainability:

1. Non-renewable resources such as minerals and fossil fuels must be used no faster than
renewable substitutes for them can be put into place.

2.

3.

WS IN FIS E & AQUACULTURE e Taylor & Francis
Tt 020242337426 Tayler & Francis Groug
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The Evolution of Sustainability Metrics for the Marine Ingredient Sector:

Moving Towards Holistic Assessments of Aquaculture Feed

Brett D. Glencross*® @, Enrico Bachis?, David Robb® and Richard Newton®

“IFFO - the Marine Ingredients Organisation, Londen, United Kingdom; blnstitute of Aquaculture, University of Stirling, Stirling, United
Kingdom; “Cargill Animal Health and Nutrition, London, United Kingdom

Denmark

o “Sustainability is a journey not a destination” Marine Ingredients




The Evolution of Sustainability Metrics

Fish In:Fish Out ratio (FIFO): how much fish is used to produce farmed fish AI-I- are sim plIStlc

D o = piio DO assessments of a
[y >¢ s = °
P wio ke = @) s complex issue

The Forage Fish Dependency Ratio (FFDR): based on the quantity of wild fish used in feeds

FARMED
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Economic Fish In:Fish Out (eFIFO): applying an economic allocation
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Small Pelagic Fisheries Are Considered Well Managed

Upper whisker leerage:
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FIGURE 4 Trends in small pelagic fish global estimates from RAMLDB of: [a) relative abundance, B/8,, : and [b] fishing pressure, LY

U, relative to MSY-based or other target reference points from 1970-2018. Geometric mean trend is re-scaled to the median in years of
»>90% coverage. Shaded bands around mean denote 35% finite population-corrected confidence bounds (applicable to all years with <1005
coverage], Red dots show the median of 2ll stocks assessed in that vear. Boxplots show distributions of individual stocks in each year, with
shading reflecting the fraction of stocks with assessments covering that vear. Stocks are equally weighted

“Sustainability*

Global small pelagic fisheries (anchoveta, sardine,
herring, etc) are (mostly) sustaining their
biomasses at expected levels.

A reduction in fishing pressure has been central to
that success.

Sustainability is a measurable achievable outcome
when science and policy align

Recirasd: 13 Seplemsber 2021 Revised: 31 May 20232 Hzcaptied: 1 June 2022

DO 101111/ 88 12490
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ORIGINAL ARTICLE

Recent trends in abundance and fishing pressure of
agency-assessed small pelagic fish stocks
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Global Feed-Food Production and Use

Global Grain Production in 2022 Global Grain Consumption in 2022
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Fish Farmers are Increasingly Conscious of
their Footprint...

K SuasRy
REDUCING OUR FOOTPRINT
It isn't easy to run a sustainable operation. We realize everything we do effects our
environment and local resources. We are committed to doing more today to ensure the
impact of our company and our industry is less in the future.
- “

v
v

CARBON FOOTPRINT WATER FOOTPRINT

_ 600D FOR v (%
TH E p LAN ET) §~ W o ' : Organic Salmon 2.5kg CO2eq/kg Organic Salmon 1,500L/kg

Kvargy Arctic 2.1kg CO2eq/kg Kvargy Arctic 1,500L/kg

Farmed Salmon (Overall) 3.5kg CO2eq/kg Farmed Salmon (Overall) 2,000L/kg

The total amount of emissions with effect on climate The total amount of fresh water used to produce one

¢ ) S5 —_ - : ; i change (greenhouse gases) to produce one kilo of kilo farmed fish. Fresh water use is expressed in liters [L).
D - “ . <o, VA5 farmed fish. Emissions are expressed as equivalents to
l H E p L A l A r . e 2 carbon dioxide (CO2). DATA COURTESY OF BIOMAR GROUP
: oW e A Tt

This kind of messaging appeals to both environmentally conscious consumers and industry stakeholders
looking to market more sustainable product

It also illustrates how transparency and benchmarking are becoming central to how aquaculture
communicates its value to consumers, retailers, and regulators

10 “Sustainability*



Increasing Importance of Sustainability...

‘ -

For something to be managed though, you need an
effective means of measuring it.

o h’,f;/ Resource
accepted method to objectively assess the range of i f input
environmental effects assignable to products and

Life Cycle Assessment (LCA) has emerged as the most

services.

It requires data collection associated with:
e |nputs (resource use) / Outputs (emissions)
e Designated material flows

e Assigned environmental costs 2 m g o QG oo W 1y i

Can be based either on Secondary data (scientific :

papers/reports) or Primary data (actual data).

“Nutrition is where it begins. Feed conversion

o ratio is where it ends” is not really true. " Marine Ingradients
@ Sustainabiity Its actually the “Cradle to gate” oo Denmark



Making the LCA Process Transparent...

e Howyou plan and how you collect the data {7 — -
can have important effects on the e @ gﬂi
interpretation. a E

|PEFCR‘ 1 -
e There have been various attempts to set | Feed for food Qi Lty s

. i )
produung i " 28 October 2020

some standards;
o ISO initiated this (ISO 14040/14044), but the
guidelines are not overly restrictive.
o EC initiated the development of the Product _ B 3
Environmental Footprint Categorisation Rules = j, " i “,er ool [ K
(PEFCR). . R AR 9?=@W'*vn!§?ﬁ~“:f

e GFLI established as an independent repository
with standardised database and tools and (v2.0)

@ has close to 1500 ingredients. P E F Marine Ingredients

European Commission

Denmark



Primary Data LCA from the Danish industry
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Fishing Methods Have Different Impacts...

680 kg CO2e / Tonne

)

Yo | — S _ -

Anchoveta European sardine Atlantic herring

1800 kg CO2e / Tonne

Atlantic mackerel

- «“"(
Atlantic cod Atlantic haddock Hake

(‘ Marine Ingredients
Hilborn et al 2023. ICES Journal of Marine Science. https://doi.org/10.1093/icesjms/fsad115 o Denmark




The devilis the detail: new aquafeed research reveals hidden
environmental trade-offs

Between 2000 and 2020, European aquaculture production nearly doubled, increasing from
1.15 million tonnes to 2.17 million tonnes of key species including Atlantic salmon, trout,
seabream and seabass.

During the same period, the inclusion of marine ingredients in feeds declined sharply and was
replaced largely by plant-based ingredients such as soy protein concentrate and rapeseed oil.

The result has been a mixed environmental picture. While the use of wild fish in feed
decreased by around 13% overall, other environmental indicators increased significantly.
These include:

Journzl of Cleaner Production 546 (20261 147666

Global warming potential: p— ——

Journal of Cleaner Production

 Land use:

i 3
ELSEVIER journal homepage: wwe alsavier.com/fooate/jclepro

* Water consumption:

Sustainable aquafeed? The devil is in the detail

° M a r| ne e ut ro p h | Cat| on: Bjérn Kok * @, Wesley Malcorps **- @, Maria J. Santos @, Richard W. Newton ™",

Robert H

* Freshwater eutrophication:

15 “Sustainability*



Marine Ingredients from Sandeel

Since the 2024 closures the
fishery has needed to adapt.

2024: 64% utilization

2025: 96% utilization

The economics of the Danish sandeel fishery and fishmeal and fish oil factories

Andersen, Jesper Levring; Nielsen, Max

=
—_
=

i

Notat

28 February 2024

Til Ministeriet for Fadevarer, Landbrug og Fiskeri, Departementet ”mx‘mm‘

Vedr. Danske fangster af tobis i Nordseen i UK-EEZ

Fra DTU Aqua

Marine Ingredients from Sandeel

£EZ orase
[ Forvarningsomaicer
Toos Dancer

Distance

Low sandeel harvest raises
concern in Europe's feed industry

Denmark's fishmeal and fish oil producers' association says
reduced availability could have "significant consequences”
for the entire European aquaculture sector.

3 October 2024 8:.57 GMT  UPDATED 3 October 2024 17:26 GMT

By Hanna Gezellus Q

A sharp decline in the North Sea sandeel catch this year has reduced
availability of an important aquaculture feed ingredient in Europe, with
prices in the region increasing as a result, feed industry sources told
IntraFish.

Marine Ingredients
o Denmark



The value of sandeels landed from UK EEZ 1r

The sandeel fishery inthe UKEEZ of 1r
underpinned the production of 100 million
nutritious meals annually

287 t EPA | 368 t DHA was produced on average from
low value forage fish and valorized into high value human

nutrition

100 million meals

Average of 66,000 t sandeel landings

N
13,000 t fishmeal + 3,500 t fish oil
N
33,000 t salmon feed
N
25,000 t salmon produced
N
15,000 t fillets
N

*+9000 t surplus fishmeal

| 1r 2015 2016 2017 2018 2019 2020 2021 2022 2023
Total landings from UK EEZ 127575 12490 204126 88034 39527 63263 11429 1117 49.412
Total landings from non-UKEEZ 7217 438 8538 31597 33150 24220 2448 2973 20.887
% of 1r Landings from UK 95 97 96 74 54 72 82 27 70
Fishmeal produced from UKEEZ (T) 26445,29 2527,76 41953,56 17728,90 7835,61 12987,55 2288,14 228,71 6862,98
Fish oil produced from UKEEZ (T) 7095,22 737,23 10484,11 4696,78 2098,33 4298,18 624,31 72,88 1415,32

Exportvalue of UK EEZ Sandeel fishmeal
(EUR)

Exportvalue of UK EEZ Sandeel fish oil
(EUR)

EUR 45.458.244

EUR 3.756.299

EUR 53.019.355

EUR 14.017.111 EUR 1.524.800 EUR 13.539.037

EUR 23.937.419 EUR 10.553.366

EUR 6.678.422 EUR 3.351.595

EUR 17.201.108

EUR 7.988.513 EUR 1.048.290 EUR 230.450

EUR 3.080.193

EUR 340.925 EUR 12.058.748

EUR 6.869.839

Marine Ingredients from Sandeel

Marine Ingredients

.o Denmark



Take home messages

Marine Ingredients have evolved into strategic ingredients

There has been a paradigm shift in how we utilize our reed
resources in aquaculture

Sustainability needs to be measured more holistically LCA
shows hidden tradeoffs with marine ingredient substitution
that FIFO would paradoxically support

Sandeelis an essential raw material for the Danish marine
ingredient sector

Sandeel landings from the UK EEZ in area 1 have on average
supported 100 million meals of salmon

Marine Nutrients Europe

EFFOP: production insights and regulatory developments ‘ EFFOP



Average EPA DHA "Surplus" Salmon

landings from Flslz-r;;eal FI?:)OH output output S:(I)r:::eze(e_lt_i) fishmeal produced F':!I(_e)ts Fillets (kg) Meals (150g) (I;/;ea_l:
area 1 UK EEZ (T) m P (T) (T) Y
66.000 13.000 3500 287 367,5 33.000 9000 25.000 15.00015.000.000 100.000.000 274.000

' ‘ Marine Ingredients
o Denmark
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