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In2017, global emissions of aquaculture,
which is the industry responsible for fish
farming, amounted to 263 million tons
(mt) CO,. This number is expected to rise
as experts estimate that human demand
for “blue food”, defined as aquatic
organisms for human consumption,
will roughly double by 2050. Total
aquaculture production, which is key to
assuring the availability of blue food, is
foreseen to reach 106 mt representing
an overall increase of 22% compared to
2020.

On average, feed production accounts
for 57% of emissions from aquaculture
globally. Switching to sustainable feed
alternatives can therefore contribute to
a significant reduction in the industry’s
total CO, emissions.

Key lessons:

* Greaterdecarbonization efforts can be
achieved through innovative processes
implementing the principles of circular
economy.

* Partnerships and knowledge sharing
are an essential step to accomplish
sustainable results enabling companies
to lead as an example to other players
in the industry.

* Smaller players have the opportunity to
facilitate new innovative solutions that
can be tested on a small scale before
becoming industry standards.



Manufactures algae-based
feed ingredients emitting

reduction in emissions per ton 8 Io

of product between 2016 and _ _
2022. less than fish oil.




Decarbonizing feed for aquaculture

is a Dutch food and biochemicals company committed
to lowering the emissions of the aquaculture sector by producing
a sustainable feed alternative to fish oil for aquaculture species.

Since 2017, Corbion has been concentrating its investments
and R&D efforts on producing a source of omega-3 for feed
that does not rely on limited ocean resources and has a lower
carbon footprint than fish oil.

As a result of these efforts, today Corbion is the first company
to use industrial-scale fermentation and a circular production
model to create sustainable nutrition by producing its algae-
based feed ingredients, which are the source of long-chain
omega-3 fatty acids derived from marine microalgae.

Sustainable production of microalgae

Excess power

Sugarcane
waste

Corbion’s algae ingredients are produced sustainably using
cane sugar, a significantly more productive source of sugar
than wheat or corn, and renewable energy as feedstock.

Located in Brazil, Corbion’s algae facility implements a fully
circular approach: the farm is adjacent to sugarcane fields
and a sugar mill and reutilizes sugarcane by-products not
used in fermentation as source of renewable energy.

Fermentation

Corbion’s
Downstream .........> Algae
processing Ingredients

Microalgae converts sugar
to oll

Thanks to this supply chain integration, in 2022, Corbion’s
algae plant circular model generated greenhouse gases
emissions reductions of 22 million kilograms (kg) CO».

To support its decarbonization journey, Corbion is pursuing
emissions reduction targets approved by the Science Based
Targets initiative (SBTi)* and aligned with the ambition to limit
average global temperature rise to 1.5°C.

1 For confirmation of SBTi's validation of Corbion’s target, please refer to the target dashboard here.
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https://www.corbion.com/
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf

Specifically related to its Algae business, one of the key
initiatives to achieve Scope 1 and 2 emissions reduction
targets is the transition to renewable electricity. As a member
of the global ‘RE100’ initiative to accelerate zero-carbon grids
at scale, Corbion is committed to achieving 100% renewable
electricity use by 2025.

Targeted Scope 3 reductions have been achieved through
partnerships with raw material suppliers to better understand
its material footprint and identify greenhouse gas reduction
opportunities. In terms of logistics, Corbion has been reducing
the number of empty trucks on the road in Brazil by optimizing
the backhaul transport.

In 2022, Corbion achieved its 2030 target, aligned with a
2°C pathway, by realizing a 39% reduction in emissions per
ton of product compared to its 2016 baseline through the
introduction of renewable electricity in some of its sites and
energy saving projects, as well as the valorisation of lactic acid
by-products.

In 2022, Corbion reduced its absolute Scope 1 and 2
emissions by 8%, and its Scope 3 emissions by 17% per
ton of product compared to 2021. Corbion’s climate action
plan aims to reduce greenhouse gas emissions in line with a
1.5°C pathway and achieve net zero by 2050. The plan covers
a transition to renewable energy, radical process development
and supplier engagement, among other initiatives.?

2030 emissions reduction targets based on 2016 baseline

33%
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2030 emissions reduction targets based on 2021 baseline

Since Corbion reached its 2 °C target
in 2022, it decided to increase its
ambitions and set new 1.5 °C targets,
with the 2021 baseline.

ower impact on climate change of Corbion’s
algae omega-3 products as compared to fish oil
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Algae-based omega-3 products
manufactured by Corbion emit 38%
less CO5, than fish oil.

The climate impacts of fish oil

production arise mostly from the fuel
consumption of fishing vessels, which
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use diesel to both power and cool the
engines, as well as the electricity and
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heat needed to operate the fishmeal
and fish oil (FMFO) plant.
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Figure 3. Carbon footprint (kg COe,/kg Omega-3) 4

2 For additional inspiration, please refer to this document.

algae omega-3 DHA production is
one of the main factors contributing
to a lower environmental footprint.

3 ‘AlgaPrime™ DHA'’ is Corbion’s algae ingredient, developed in both liquid and powder form to meet differet feed manufacturing systems’ needs.
4The comparison with fish oil was based on data available in the databases Agri-footprint v5 economic (arithmetic average of the datasets available

for the seven different countries “Fish oil, at processing/countries Economic”, countries = Denmark, Chile, Peru, Norway, Germany, Great Britain, The
Netherlands) and Ecoinvent 3.6 (Fish oil, from anchovy {GLO} | APOS). For more information refer to: Davis et al., Life cycle assessment of heterotrophic
algae omega-3, Algal Research Volume 60, December 2021, 102494.
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https://www.ecocemglobal.com/

emonstrating success: economic viability of
algae omega-3 production
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Volume Price Organic Total
/Mix growth

In the first half of 2023, Corbion’s Algae Ingredients business  Corbion continues to invest in its Algae Ingredients plant, with
delivered significant volume/mix growth in aquaculture. The a view to further improving capacity and entering new markets
department’s organic sales growth was driven by excellent  such as pet food and human nutrition.

volume/mix growth (69.3%) and a positive price effect (33.6%).

“At Corbion we unleash the power of algae
fermentation to provide nutritional ingredients while
preserving the world’s limited resources.”

President Algae Ingredients,
Corbion




Fish In/Fish Out (FIFO)
ratio of

less carbon footprint in
the feed recipe they have
developed compared to
standard feed.




Decarbonizing an aquaculture farm

Founded in 1976 by Alf Olsen, is a Norwegian
salmon farm based in the Arctic Circle. Following pledges to
reduce the environmental and climate impacts of its farming
activities and of the overall industry, the family business is
now one of the world’s most sustainable salmon producers.

Kvargy Arctic has established partnerships with fellow industry
players including Corbion to reduce the carbon footprint of
salmon feed while preserving its nutritional quality.

The feed developed and utilized by Kvargy Arctic combines
Corbion’s algae ingredient with marine ingredients derived
from byproducts and natural colorants. Kvargy Arctic has not
patented its innovative recipe and openly shares it with other
farmers in an effort to drive emissions reductions in the industry.

eveloping an innovative feed formula with a lower
carbon footprint & lesser impact on biodiversity

Aquaculture can achieve CO, emissions reduction through the
optimization of feed formulations. Kvargy Arctic’s experience
shows that, to reduce the carbon footprint of its salmon farm,
it is essential to use ingredients in fish feed that have a better
environmental profile while also supplying vital nutrients to
farmed populations.

In 2012, Kvargy Arctic started collaborating with BioMar, a fish

feed company, to develop a sustainable fish feed. Kvaray’s
salmon feed consists of 75% plant-based ingredients and
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25% marine ingredients only made from by-products from
the North Atlantic fishing industry, and uses natural coloring
agents instead of chemical alternatives.

This responsibly sourced, clean feed contains innovative
ingredients including Corbion’s algae ingredients, which allow
Kvargy Arctic to sustainably cultivate salmon containing high
omega-3s with one of the industry’s lowest “Fish In/Fish Out”
ratios.

KVAR@Y ARCTIC



https://www.kvaroyarctic.com/

“We have a clear vision for the future where sustainability
Is the driver for innovation. But we need companies that
are willing to invest both time and resources together with

us. For us, Kvargy has had a leading role in aquaculture
showing the world that this is possible™

Global Sustainable Director,
BioMar Group

Climate benefits of sustainable feed

A reduction in the carbon footprint from feed will have the
greatest effect on the total carbon emissions from salmon
production. By careful selection of feed raw materials, Kvargy’s
salmon feed can be optimized to reduce the carbon footprint
compared to standard feed by up to 50%, and at the same
time reduce the overall environmental impact from feed.

Health and biodiversity benefits of sustainable feed

Thanks to the use of fermented microalgae in their feed, Kvargy
Arctic’s salmon contains twice as much omega-3 as farmed
alternatives, and the same amount as wild salmon.

The use of microalgae also helps to preserve wild fish stocks.
The Fish In/Fish Out (FIFO) ratio represents how many fish are
used for fish oil and fish meal needed to produce a farmed
salmon.

Kvargy Arctic wanted to improve the industry’s gold standard of
1:1, equivalent to using one wild fish as feed in order to raise
one farmed fish.

In 2021, it achieved a FIFO ratio of 0.8, and is now aiming for
<0.4, meaning that less than half a fish will be used to produce
a fully grown Kvargy salmon.

Balancing the costs of sustainability

The economic viability of developing Kvargy’s feed recipe is yw—ﬁ"‘w@\
strong due to the higher margins that Kvargy is able to achieve ¥ £t N
by differentiating its sustainable salmon from “commodity ‘;I ;\
salmon”. In this manner, the cost of innovation is passed along ' ‘\—E} ‘
the supply chain to the end consumer, who is willing and able - /
to pay a higher price for a more sustainable and healthier ‘f“"\_)
product.
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