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Asia, Africa Dominate Global Population 

Rise of China, India Consumer Classes

Global Population Concentrated in Coastal Mega-Cities

Migration – Mobility from Economic and Climate Crises, 

 Wars and Overall Desperation

2020

USA 51 mil

Germany 15.8 mil

Saudi Arabia 13.5 mil



Scientists call for revamped Sustainable Development Goals
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Troell, M. et al. (2023). Perspectives on aquaculture's contribution to the Sustainable Development Goals for improved 
human and planetary health. Journal of the World Aquaculture Society 54(2): 251–342. 
https://doi.org/10.1111/jwas.12946





“the issues and problems of the people of the place that scope from local to global”

Nordic Master's Programme in Sustainable Production and Utilization 

of Marine Bioresources (MAR-BIO)

SDG4: QUALITY EDUCATION
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Open Ocean (High Energy) Aquaculture

➢ ICES WGOOA

➢ OLAMUR (Offshore Low-trophic Aquaculture in Multi-Use 

scenario Realisation), Institute of Marine Research, Norway

Mixed Use Offshore Energy & Food Systems

EU/USA University of Rhode Island/KTH/UGOT 

Belmont Forum MULTIFRAME initiative

Large Scale Circular Blue-Green BioEconomies

https://cordis.europa.eu/project/id/101094065
https://cordis.europa.eu/project/id/101094065


HAVFARM
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Case #1

Development of Seaweed Aquaculture in the Crowded Nearshore 

Ocean

Design Charette

  



“Grant cycles live and die. 

Business doesn’t. The world is 

ready for seaweed. It doesn’t 

need to be subsidized.” 

Brianna Warner

CEO
 Atlantic Sea Farms

Community Scale



 “Transdisciplinarity today is characterized by 

its focus on “wicked problems” that need creative 

solutions…reliance on stakeholder involvement… 

and engaged, socially responsible science.”

 Bernstein, J. H. 2015. Transdisciplinarity: A review of its origins, development, and 

current issues. Journal of Research Practice 11(1): R1. 

The Rise of Transdisciplinary Science 

(and the MANY journals)



Science Based DESIGN CRITERIA

SURVIVABLE, SOPHISTICATED ENGINEERING BUT LOW 

COST

• Minimalist approach to gear 

➢ low capital…use existing fishing assets

➢ highly mobile

➢ easily deployed

➢ easily permitted

• Submerged technology

• No conflicts with the “fishing/tourism summers”

• Cash on harvests 

• High education value => easy tech transfer



Dead Weight Moorings 
Vertical Mooring Line Design

• Expensive Moorings
• Cumbersome to Deploy
• Permanent Installation
• Large Buoys
• Slack System 
• Requires Large Boat



ASIA



~70 m culture lines

6 m  Maritime Skiff

Crew of 2…Total deployment time < 0.5 hour

*Mobile gear all removed during high fishing season

*Supplies and materials - All locally available  and 

 familiar to commercial fisheries and reuseable

*Cash on harvests

*Easy tech transfer 

Five Years of R&D = Success

High education value 

Farm in a Box

TOTAL COST ~US$ 600

Produced ~ 1000 kg  WW/line 

~15-16 kg/m of Sugar Kelp









Farm 

in a Truck



2 @ 50 m
2 @ 35 m
1 @ 33 m



Atlantic Sea Farms

*27 independent ASF partner farmers,  

primarily fishing families who already 
have boats/gear

Successful “Scaling Out” 
Model of Seaweed 

Farming – most ~2 ha

*Trains/Provides free seed/Contracts to 

buy harvests

Make US$ 40,000 to $110,000/season as 
supplemental income
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Have RAS Technologies Outpaced their 

Social-Ecological Approaches and Developments?

Design Charette –> Shared Conceptual Framework 



Recirculating 
Aquaculture 
Ecosystems



Risk Analysis Findings Win-Win Design Interventions for Risk Communications
* Blue-Green Bioeconomies
* Food Security/Food Justice

* Watershed/Coastal-Bay Management

Additional Nutrient 
Pollution

“The Solution to Pollution is NOT Dilution”

NO POLLUTION NO POLLUTION

SOLUTES
Freshwater Systems
Seawater Systems

SOLIDS
Energy

Fertilizer

Incompatibilities with 
Rural Communities

“Industrial Fish Farming”

COMPATIBLE
Scaling Out (vs. Scaling Up) Strategies

Restoration
Tourism & Art

Additional Exploiting 
Economies
“People from Away”

“We can’t even buy your fish”

CONTRIBUTING
Business Integrations - Aquaponics
Enhance Local Value Chains – Retail



SCALE

EnergyEducation

Tourism

Value Chain

 Logistics

10,000 to 100,000 MT?

500 to 1,000 MT?

Scaling 
OUT 

BiogasRestoration

Sustainable Rural 
Development

Aquaponics





Sterner Group AS, 
NORWAY

Anaerobic Baffle 
Reactor (ABR)

Fish sludge ONLY

260 T sludge (DM) 
from 1600 T feed

Expanding to 10,000 T 
feed/year

Arne Hjalmar 
Knap (Sterner)

https://www.sterneras.no
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 Logistics
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Sizes
m2 (ha)

Production 
per year (MT)

Fish
Salmon in FW

3,716 (0.4) 72.6

Plants 11,427 (1.1) 816.5

TOTALS 15,143 (1.5) 889.0

@FCR 1.1 x 72.6 MT fish = 

79.9 MT feed yields

889.0 MT FOOD

1 kg feed produces 11 kg food

• Climate control – No Plastic  
                       Greenhouses !!

• LED lighting
• Plant experts
• Sludge used in regenerative agriculture



Aquaculture Ecosystem

Business Models at Scale

EnergyEducation

Tourism

Value Chain

 Logistics

10,000 to 100,000 MT?

500 to 1,000 MT?

Scaling 
OUT 

Biogas
Restoration

Sustainable Rural 
Development

Aquaponics



“Arctic Charr are a traditional food in the 

Nordic, Arctic, and Subarctic 

regions…researchers considered 

innovative connections between culinary, 

heritage-based, and nature-based tourism 

and the Arctic Char aquatic food system”

Guðrún Helgadóttir et al (2022)

“Wild and Farmed Arctic Char as a Tourism 

Product in an Era of Climate Change”

https://www.frontiersin.org/people/u/1091314


EnergyEducation

Tourism

Value Chain

 Logistics

10,000 to 100,000 MT?

500 to 1,000 MT?

Scaling 
OUT 

BiogasRestoration

Sustainable Rural 
Development

Aquaponics



2023. Conservation Science and Practice.



12 kg N for 1 MT 

seaweeds

1 kg OUT = 1 kg Transformed??

Is a Solution to Pollution Transformation?

1 kg OUT => 

1 kg Transformed??
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Tack så mycket 

Tusen takk !

Mahalo !

Muchas gracias !

Muito obrigado !

Thank you !
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