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Presenter Notes
Presentation Notes
The study covered
Historic and future emissions at species, system and member state levels
Future emissions under a number of scenarios
Pathways to net zero and recommendations to achieve this




GISS Surface Temperature Analysis NASA

Climate change
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Presentation Notes
Land-Ocean Temperature Index NASA
Average temperature compared to baseline
Europe warming faster than most other regions 




Climate change
The Guardian, UK, 2026

Le Monde, France, 2026

El Pais, Spain, 2026

Suddeutsche Zeitung, Germany, 2026

La Repubblica, Italy, 2026
Kathimerini, Greece, 2026
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Presentation Notes
Climate change is engrained in our lives





Climate Impact Lab, 2026

Climate change

Presenter Notes
Presentation Notes
But it will be the most vulnerable who suffer the most.




The not-so-distant past

United Nations Framework Convention 
on Climate Change signed in 1992

The first global treaty to officially 
acknowledge human-induced climate 
change and establish an international 
framework to try and combat it.

Presenter Notes
Presentation Notes
Easy to forget how relatively recent the conversation is
Less than 35 years ago international community came together with the UNFCCC signed in 1992




The not-so-distant past

Presenter Notes
Presentation Notes
In 1994 UNFCCC came into force to very little coverage 
This is Page 13 of financial times 21st March




The not-so-distant past

Presenter Notes
Presentation Notes
Despite scientific and political agreement there was still a lack of clear agreement among the general public. 
Worth noting that this newspaper is the paper of choice of investment bankers



International agreements and legal 
mandates

Presenter Notes
Presentation Notes
Other major milestones include
Kyoto protocol 1997
Paris agreement 2015
The EU green deal and European climate law
Set a legal obligation to meet net zero by 2050

Have resulted in real change and change in perspective with predicted warming lower than when Paris signed but we are still significantly off target




An emerging business necessity
The importance of the impact on the environment of a product is 

when making a purchase decision to EU consumers. 

Source: Flash Eurobarometer 535 – The EU Ecolabel

Presenter Notes
Presentation Notes
Decarbonisation is both a legal and market necessity. 
Consumer awareness is increasing >73% say that the environmental impact of a product is important
Especially important for aquaculture as the public prefer wild caught and we operate on a tight social licence with the FAO recommending improved sustainability as a way to improve social acceptability of aquaculture 




Fighting fires on two fronts

Presenter Notes
Presentation Notes
For most industries decarbonisation is enough change

Food production has the added burden of needing to fight two fires




A range of threats

Presenter Notes
Presentation Notes
Aquaculture is especially vulnerable 
Temperature and oxygen 
Price and supply of commodities fluctuating
Micro jellyfish and jellyfish
HABs
Acidification
Disease 
Storms 
Drought
Zones of production shifting
Challenges require system wide adaptation




Now not when

Presenter Notes
Presentation Notes
News from this summer
Losses of fish across Europe
Massive shellfish losses 
Future predictions are not good




GHG emissions from EU Aquaculture

Presenter Notes
Presentation Notes
Our study looked at emissions from finfish in cages, ponds, raceways, and RAS and the culture of bivalve molluscs
Culture of macroalgae was not included
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GHG emissions from EU Aquaculture

Presenter Notes
Presentation Notes
Study showed EU aquaculture was responsible for 3.5 million tonnes of GHG emissions in 2026
Up to 5.3 in 2050 in Business-as-usual scenario
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Cage Pond Raceways RAS Suspended

GHG emissions from EU Aquaculture

Presenter Notes
Presentation Notes
Non-fed more production but lower emissions
Fed production is comparatively larger
RAS especially so 
Emissions for cage growing over time as production increased rather than a systematic change in methods



GHG emissions from EU Aquaculture

Presenter Notes
Presentation Notes
Feed is major contributor helps explain why Non-fed is so much lower
Most feed emissions are Scope 3 – outside of direct control of farmers and feed producers related instead to Land-use-change, fertilisers, nitrous oxide etc.

Other sources of emission are energy use on farm, hatchery, boats – RAS

Other is things like materials and maintenance





Better feed 

Presenter Notes
Presentation Notes
Emerging feed materials can reduce reliance on traditional materials that may have higher emissions 
Also can improve health and performance
Can be used as an additive or replacement
Include insects, animal by-products, single cell proteins, microalgae, and GM products

Emissions are Material and production depended
Environmental problem shifting can be a risk





Better Energy 

Presenter Notes
Presentation Notes
Better energy can include On-farm or grid renewable energy generation and green energy in vessels
If EU renewable energy targets met will reduce aquaculture emissions by 35% by 2050
Efficiency through automation and internet of things can reduce energy emissions by 15-30%
Optimisation and energy audits are Low hanging fruit and can reduce energy emissions by >10%

These solutions both reduce emissions and save money



`

Better Management

Presenter Notes
Presentation Notes
Better management means not reducing energy associated with inputs but Reducing the resources needed to produce same amount of seafood
These work by mainly reducing FCR or mortality by helping Farmers make Informed decisions in advance

Systems include Cameras and AI for Pellet tracking, feed behavior, even appetite prediction
Biomass estimates, disease management, water quality prediction
Already used by larger producers but limited uptake among smaller producers

Changes in cage design can protect against pathogens as well as temperature or oxygen issues

As with other solutions these can save money and reduce emissions




Better Biology

(Zuidhof et al. 2014)(Næve et al. 2022)

Presenter Notes
Presentation Notes
Better biology is farming the  best possible animals to cope with climate change and grow as efficiently as possible

Means breeding for traits such as FCR, disease resilience, stress and temperature tolerance, growth rate, and things like processing yields
Lots of aquaculture species have undergone breeding programs but huge variability in traits and generations
Salmon is one of the best established but long generation times mean surprisingly limited opportunities compared to terrestrially farmed animals
Good and bad sides breeding need to be acknowledged with consideration to animal welfare especially 

Again can save money and reduce emissions




Better Biology

Presenter Notes
Presentation Notes
Alongside breeding programs things like cheaper and more widely available vaccines and other health products improve efficiency of production 
Things such as bacteria phages and RNA based vaccines are emerging future health options
Medicated feeds and feeds that can improve tolerance to climatically changed conditions are also key




Low Trophic Aquaculture

EU Aquaculture 2024 (EUMOFA, 2026)

Value

Volume

Presenter Notes
Presentation Notes
LTA expansion can reduce emissions – one of lowest carbon forms of protein production in the entire world
Fed aquaculture is often the focus - Fastest growing in the EU and higher value
Low trophic still significant in production volumes, value, and cultural significance. 
Macroalgae production is small but could grow in future




Low Trophic Aquaculture

Presenter Notes
Presentation Notes
LTA can show real benefits other than just being low carbon
Water purification
Nutrient cycling and sequestration
Biodiversity improvements
Sediment stabilisation
Drought control
These services are covered in detail in another report we produced with our partners




Low Trophic Aquaculture

Presenter Notes
Presentation Notes
For molluscs the science behind Carbon sequestration is less clear than it previously thought though it is still thought to be possible for macroalgae depending on how the final product is treated



Low Trophic Aquaculture

Presenter Notes
Presentation Notes
Macroalgae can offer similar enviromental benefits similar to bivalves
There is a lack of market for consumed seaweed in the EU but other key areas show potential according to recent World Bank reports



IMTA

Presenter Notes
Presentation Notes
Integrated Multitrophic Aquaculture grows species of multiple tropic levels in the same system
There has been lots of investment and studies over the years and they show than when well managed ITMA can improve efficiency, but commercial examples are still lacking




If changes are made
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Business as usual Fed aquaculture no feed emission Non-fed aquaculture Fed aquaculture with feed emission

Adopting these 
solutions can 
dramatically 
decrease 
emissions

Some carbon 
emissions will 
remain - The 
target of carbon 
neutrality can 
only be reached 
if offsetting 
measures are 
taken.

Presenter Notes
Presentation Notes
If these solutions are adopted at a realistic rate (see report for more details) they can decrease emissions significantly 

However, there will still be some residual emissions that will need offsetting



Costs

0

50

100

150

200

250

Pond Raceways RAS Cage Non-fed

M
ar

gi
na

l a
ba

te
m

en
t c

os
t (

€/
t C

O
2e

q)

Marginal Abatement Cost (€/t CO2eq)

Period 2026-2030 Period 2026-2040 Period 2026-2050

EU Carbon Permit 
Price (EUA) €85

Presenter Notes
Presentation Notes
Differences in costs come from differences in where emissions are generated, solutions available for each system and how quickly these solutions are likely to be adopted. Adoption rate was based on TRL and stakeholder consultation. 

Non-fed harder to abate than things like RAS in part due to the fact it is so low already

Most are under prices of European Union Emissions Permits – affordable in climate context 



Reality check

Presenter Notes
Presentation Notes
There is still a road to climb and barriers to overcome




Barriers to Net Zero

ECONOMIC REGULATORY KNOWLEDGE MARKET



Economic Barriers
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Presenter Notes
Presentation Notes
Large number of SMEs create an economic challenge
>82% aquaculture enterprises in EU have <5 employees and only 8% have >10
Combine this with rising costs and challenges to profit margins asking farmers to invest in decarbonisation can be a challenge. 

Low trophic suffers with profitability to an even larger degree

More widely solutions such as emerging feed materials have struggled with a lack of investment in pilots and help scaling up production, things that prevent these solutions being available at more competitive prices




Regulatory Barriers

Regulation 
constraints

Circular 
Biomass use

Investment 
uncertainty

Licensing 
hurdles

Space & 
MSPs

Presenter Notes
Presentation Notes
Promising solutions are often confined to pilots or research projects due to regulatory constraints
This includes opportunities to reuse and valorise waste such as those restricted by Animal by-product regulations
IMTA regulations create confusion and uncertainty and with it limit investment 

There are significant hurdles in licensing with the process being lengthy, fragmented, and overly complex – previously identified as a major barrier to sector development and investment
This is in part linked to issues of marine spatial planning – Competition, coastal squeeze, lack of allocated zones for aquaculture





Knowledge Barriers

Solution 
uptake

Technical 
knowledge

Commercial 
examples

Extension 
support

Presenter Notes
Presentation Notes
Many solutions already have a high technology readiness level but there is uncertainty of which to chose and how to use effectively

Investment is needed in knowledge transfer mechanisms

Commercial examples are also needed that show real commercial benefits – farmers need ideas of risks, costs, and savings to encourage uptake



Market Barriers

Seafood 
consumption

Public 
image

Lack of 
market

GMO 
adversity

Import 
competition

Presenter Notes
Presentation Notes
Seafood consumption in the EU is decreasing
Aquaculture suffers a worse public image than fisheries and there is a perceived poor consumer appetite for some alternative ingredients and GMO 
The market for macroalgae prevents the growth of this form of low trophic aquaculture 
All EU aquaculture faces competition with imports and this is especially true for freshwater finfish and bivalves



Recommendations

Drive energy efficiency and 
digitalization

Support the decarbonisation 
of feed and raw materials

Accelerate the Energy 
Transition for transport and 

operations

Officially recognise 
aquacultures environmental 

benefits

Stimulate market 
development and consumer 
awareness for low-carbon 

products

Develop a strong regulatory 
framework  and streamline 

licensing

Accelerate the Energy 
Transition for transport and 

operations

Continue support for IMTA

Accelerate the Energy 
Transition for transport and 

operations

Support breeding programs 
for resilience and efficiency

Presenter Notes
Presentation Notes
Mandate energy audits, Promote AI and IOT uptake , Targeted training and support for energy efficiency and digitalization

Support R&D and scaling investment for emerging feed ingredients, Support animal byproducts utilization, Address emissions across the whole feed chain

Continue to finance the energy transition of fisheries and aquaculture, Support hybrid and intermediate fuels, Invest in Renewables infrastructure

Support breeding programs focused on FCR and growth rate as well Breed for climate adaptation

Focus support and incentives on different types of IMTA, Review marine licensing and regulatory frameworks

Develop offsetting through LTA – macroalgae, Quantify ecosystem services, Establish polluter pays mechanism. Examples exist worldwide of Nature, Nutrient, and biodiversity credits 

Increase consumer awareness, Support market development for low carbon footprint species, introduce clear carbon footprint labelling 

Address regulatory bottlenecks, Streamline licensing processes, Improve inclusion in Marine Spatial Planning and wider climate mechanisms







A vision of the future

“We have the 
technology and the 
know-how to end the 
climate crisis, What 
we need now is the 
political will.” – 
Martin Krause, 
Director, Climate 
Change Division, 
UNEP 

EU aquaculture can 
become a beacon 

of sustainable food 
production

The tools exist
Adoption is 

feasible
But barriers must 

be overcome

Presenter Notes
Presentation Notes
We have the tools and knowledge within the sector to reduce GHG emissions from EU aquaculture 
If address barriers then can become a leader of sustainable food production worldwide
This is echoed by Martin Krause when he spoke more generally about the climate crisis



Final takeaways

Try to keep the approach the next 12 months with 
the climate crisis in your mind. At AE 2027 how will 
you answer the question: What have you done in 
the past year to help European Aquaculture become 
more Smart, Sustainable and Resilient? 

Presenter Notes
Presentation Notes
Tackling this fire will require everyone to work together.
Producers are at the front of this but everyone needs to work with the climate crisis in mind to provide them with the solutions to reduce emission from EU aquaculture. 



Thank you
Callum Howard
MRAG EU
C.howard@mrag-europe.eu
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