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• ”Technical challenges in reducing CO2 emissions in
Aquaculture”, Jesper Heldbo
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Challenges – now and ahead.
1. Acculture is key to ensure a food secure future for all.
2. Too few domesticated species.
3. Feed development needed
4. LCA
5. Technical
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REMEMBER
• Aquaculture products are the most efficient and responsible
way to produce animal protein for human consumption!
• Why?
• Because the fish is weightless in the water – not spending
energy in counteracting the gravity.
• Because the fish is poikilotherm – not spending energy to
keep a certain fixed body-temperature.
• Saved energy used for growth – that’s why
• CONCLUSION: To reduce the overall greenhouse gas
contribution from food production: FARM MORE SEAFOOD
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FAO: Aquaculture to double
production towards 2050
• Global consumption of fish has increased by 122 % since 1990
and aquaculture now accounts for more than 50%.
• Despite this, Seafood count for only 17% of the worlds food
production in 2021.
• To feed the growing population 70% more protein will be
needed in 2050.
• Due to climate change, it is not conceivable that this
expansion can take place on land alone.
• Since most wild fish stocks have been fished to the
sustainability limit or above, the expansion can only come
from aquaculture
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Salmon-Salmon-Salmon
SOS

• Salmon & trout breeding is relatively easy, and they have
become commodities as customer in developed countries
have them in high demand.
• Farming “top-predators” will eventually reach natural
boundaries as they have high requirements for content in the
feed.
• Although, it is through working with these species that we in
the western world have developed industrial aquaculture.
• We need to domesticate new species, also species at lower
trophic level, avoiding dependencies on delivery of eggs/fry
from the wild.
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Feed development
• As feed can account for 50 to 70% of opex, it is
understandable that fish farners are putting pressure on
producers to cheapen the feed.
• Development of new feed will, among other factors, be
directed by new species, availability of ingredients, the
digestibility and price of these, but also the carbon-footprint.
• It is well-known that the marine ingredients (catching forage
fish and turning them into meal & oil and the actual feed
manufacturing) creates the greater part of the carbonfootprint of todays fish-feed.
• Fish on lower trophic level has a limited need for marine
ingredients.
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Life Cycle Analysis/Assessment [LCA]
• A rapidly expanding aquaculture sector demand sustainable
feed with a low carbon-footprint – and documentation for
these factors.
• In the hunt for both lower carbon footprint and cheaper raw
materials, feed manufacturers are testing a wide range of
new and local ingredients e.g. insects, algae, new cereals to
be included in recipes. Time will show if these ingredients will
impose the carbon-footprint negatively or positively.
• Several feed companies have now started to indicate LCA on
their products.
• The aquaculture industry can therefore, in principle, take the
manufacturers' LCA information and add the CO2 equivalents
that their own production produces
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Greenhouse Gas Emissions
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LCA of
aquaculture
systems
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Red tape
• Technical challenges are often generated in the surrounding
society.
• There are confusingly many different ways to conduct, and
present LCA.
• EU Commission are working on a standard for Product
Environmental Footprint (PEF).
• In the future PEF shall allow customers to make a knowledge
based decision when buying.
• This calls for the aquaculture sector to be engaged and work
for standardized way to document LCA for marine and
freshwater aquaculture to be added to the feed LCA – to give
a full picture or PEF.
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Artificial Intelligense
Buzz-word or New tools
• AI is rippling
through the
aquaculture
industry, promising
greater efficiencies
and insights, as
well as investor
interest.
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Saving energy in de-gassing
• Degassers are used to strip CO2. The efficiency of the degassing is
pH, salinity and temperature dependant. Formulas to calculate
percentage distribution of CO2, bicarbonate and carbonate in
water can be implemented in an algorithm. Data can be
collected digitally from sensors at the facilities.
• Degassed CO2 is removed by ventilators running in full power,
regardless of the CO2 concentration. Therefore, the ability to
manage CO2 removal can reduce energy and an algorithm can
manage pumps and ventilators - finding the most economic point
in energy consumption to possible degassing demand.
• An automated process control managed by the algorithm can
result in at least a 10% reduction of energy used and
consequently reduction of CO2-equivallents (depending on the
energy-source – fossil or renewable
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On-line surveillance 1
• In Marine farming cameras has long been used for
surveillance of feeding – in the start manual-based – a person
following the feeding on monitors and stopping the feeding
when it seems that the fish stops eating.
• Underwater cameras are quite expensive and demands
regular removal of fouling organisms and other maintenance.
• In RAS (land-based in-door facilities) it is more convenient
(and cheaper) to have cameras above the water surface.
Build-in data-handling CPU’s ensures that the amount for
further processing does not become unmanageably large.
• Parallel to cameras hydrophones (sub-surface) collect sounds
in the tanks.
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On-line surveillance 2
• Build-in AI in a production management system
will receive data from cameras, hydrophone and
standard sensors monitoring water-qualityparameters, combining data, also including
historic data, and give Warnings/ alarms/
recommendations to the staff – when needed.
• Automatic stop feeding when video and sound
indicates less interest for feeding among fish.
• Fish-dimensions – for calculating the biomass and
compare with growth table, prognosis etc.
• Recording normal behaviour of the fish in the
tank and alarming when anything deviates from
normal behaviour.
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Digital management
• Using tools like this will give
the farmer the following
advantage:
• Saving 5-10% of feed
(normally lost)
• Documenting fish welfare
• Documenting carbon
footprint.
• A production of portion
sized trout may save app.
7.5 kg CO2-EQ per Kg fish
produced – using this tool.
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Further possibilities to reduce the
carbon-footprint
• Of course, the easy
way out is to buy
Carbon quotas.
• Stop flying fish around
the globe.
• Establish production
facilities at or near the
market = RAS in
vicinity of dense
populated areas.
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AquaPort – The future fish-farm
• Part of a green transition for a whole municipality. An
integrated part of an industrial-energy-cluster with symbiosis
an synergy effects.
• Zero-discharge and climate neutral production of fish.
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BUSINESS MODEL IS BUILT ON THE
FOLLOWING
USE OF THE LATEST CLEANING TECHNOLOGY FOR RAS
0 DISCHARGE TO RECIPIENT
CO2 NEUTRAL PRODUCTION
RECYCLING OF COLLECTED NUTRIENT SALTS FOR BIOMASS PRODUCTION
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90 hectare: Evaporation, Perculation
& Carbon-capture
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• Thank you for the opportunity to speak
- and for your time
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