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A holistic view is needed when addressing the 
bioeconomy 

Bioøkonomi

Aquaculture

Fisheries

Forrestry

Agriculture



Sustainable systems exist in overlap of what
current generations want for itself and future
generations, and what is biologically and 
physically possible in long term (Vavra, 1996)

Future generations

Present generations
Biology
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Blue sector

• Sustainable management of marine fish stocks 
and fishing industry (e.g., by-catch and discards, 
processing efficiency)

• Shift from overexploited marine fish stocks to 
aquaculture → new challenges and opportunities

• Fish farming is among the most efficient ways to 
convert nutritional low value feeds into nutritional 
high value human food

• Blue Growth: aquaculture, marine biotechnology, 
blue energy



Residual products from shrimp shells 
becoming a million dollar industry –
through dietary supplement having 
blood pressure lowering effect



Evolution of world food fish
production 1984-2009
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Average annual growth rates of captures
and aquaculture production 1960-2009
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Scope & Themes

• Broadening scope
– Horizontally: simultaneous consideration of all 

sources of biomass to optimize synergies and 
minimize threats (e.g. cooperation agriculture, forestry 
and aquaculture production and research)

– Vertically: integration of upstream and downstream 
sectors into research addressing primary sectors (e.g. 
Involve different relevant stakeholders and experts 
from value chain and society)

• Thematic areas: 8 themes



1. Ecological intensification

• Using 
regulating 
functions of 
nature (e.g. 
Polycultures, 
IMTA, 
ecosystem and 
organic farming 
approaches)



1. Ecological intensification
• Input substitution e.g. 

predators, (e.g. cleaner 
fish) instead of 
pesticide), genetic 
pathogen resistant 
animals

• Breed for feed efficiency 
of new feeds and high 
fiber feeds not in conflict 
with human food and low 
carbon foot print

• Farming and breeding
new species (insects, 
cleaner fish, algae etc)
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1. Ecological intensification

• To be supported by –omics 
and big data 

• Genomic selection for 
improving e.g. animal health 
and welfare and nutrient 
quality as omega3 in fish 

• Application of epigenetics, 
new breeding techniques 
(gene editing, transgenics), 
gut microbiomics 

• Marine biotechnology



2. Emerging technologies –
The digital revolution
• Enablers for dealing with diversity, distances, different 

qualities, etc. 

• Expand and improve data bases and genetic diversity 
informations systems – e.g. DAD-IS, Aqua GR-IS? 

• Utilization of Big data from sensors, routine 
(autonomous) recordings of e.g. milk, carcass 
characteristics and diseases (vet records, mortality) for 
research and breeding.

• Online training, dissemination of knowledge and 
cooperation

• Delivery of semen without cold chain



3. Resilience for a sustainable
bioeconomy
• Hazards

How maintain Ne and genetic diversity and avoid inbreeding in 
active populations when selecting
Effective conservation programs for threathened breeds 

Improve stress tolerance/robustness, health, fertility, functional traits 
and longevity through selection and breeding

• Impact of the bioeconomy on resilience 
- e.g. effects of increased aquaculture on environment, 
- genetic interactions of aquaculture escapees on wild native 
populations



3. Resilience for a sustainable
bioeconomy
New solutions and resilient systems 
to be developed 
• Use new biomass (wood, marginal 

pastures and lower trophic 
organisms) for animal feeds and 
increased biodiversity?

• Offshore aquaculture?
• Breed for reduced methane 

emissions Foto: Øivind Haug

• Breed methanotrophic bacteria to reduce methane gas 
emissions from ruminants houses?

• Breed for robust animals - G x E



4. The new energy landscape

• The role of biomass will be locally specific 
e.g. produce and breed algae for energy, 
material and feeds where possible wrt 
geography, light, infrastructure

• Use biogas from manure for
energy

Photo: Wendy Varga



5. Business models for the 
bioeconomy

• Public goods are part of the new production (e.g. 
animal welfare and ecosystem services) and could 
involve public sector 

• Incentives to promote more environmental and 
animal friendly production as ‘green’ licences

• Alliances and cooperation. Build robust and 
competitive breeding associations for global bio-
economy

• New business models to promote selective breeding 
for (new) aquaculture species?

• More need for dual purpose cattle 



6. Socio-cultural dimensions of the 
bioeconomy

• Knowledge on impacts and mechanisms of social 
change should co-evolve with technology, 

• Integrated or separate studies on ethical, legal and 
socio-economic aspects (ELSA) of e.g. new breeding 
technologies for Responsible Research and Innovation 
(RRI)

• Relevant stakeholders, including consumers, NGOs
should be fully involved in governance of bioeconomy



• Science may radically change food production 
and consumption patterns, with potential to 
reduce pressure on ecosystems, e.g. genetic 
improvements, use of insects for feed and food

• This may break established routines and create 
resistance, which needs to be better understood

• Possible (genetic) impact of aquaculture on e.g. 
iconic native populations and ecosystems?
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6. Socio-cultural dimensions of the 
bioeconomy
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7. Governance and the political 
economy of the bioeconomy
• Bioeconomy involves both positive and negative 

externalities, e.g. environmental impact, climate changes 
allowing farming and breeding new aquatic species in Europe

• Bioeconomy governance is critical
• Research should help develop framework aimed at fostering 

the bioeconomy
• Valuation of changes in public goods of animal welfare and 

environmental services from genetic gains. 
• Consider both market and non-market values in broad 

breeding goals
• National and international policies on open access, IPR, 

patents, access and rights to genetic resources, ABS



8. Foresight for the biosphere

• Foresight should go beyond forecast-based 
modelling platforms

• Animal breeding needs to think laterally – breeding 
chickens, pigs and salmon to grow faster on higher 
fibre diets, by-products or alternative uses of biomass

• Use foresight to consider breeding targets for the 
future with more competition for biomass and 
efficiency may be measured using different 
parameters…

• Define broader breeding goals and new breeding 
strategies in a wider biosphere perspective



KIS for the bioeconomy
• Challenge-oriented in addition to curiosity-driven
• Transdisciplinary = transcending pre-existing disciplines and 

methodologies
• Socially distributed = knowledge creation in diverse forms, 

in diverse places and by diverse actors → socially inclusive 
(e.g. Open access, address costs)

• Reflexive = research as dialogic process and co-creation
between all actors (‘multi-actor’)

• New rewarding and assessment systems = quality control 
transcending classical peer review, old taxonomies in science
+ multi-actor means multi-quality

• Competencies for researchers, extensionists, policymakers, 
end-users → important role for education + resources to be
invested by actors
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To change the way we shape the
landscapes we need first to change the
way we shape our mindscapes!

(Sriskandarajah & Bawden, 1994)
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attention!
Thanks to EC, SCAR, 
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workshops, expert 
meetings and working 
groups for their input


