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The United Nations declared 2021–2030 the ‘Ocean 

Decade’ dedicated to Ocean Science and Sustainable 

Development. This proclamation could not be more timely 

— the ocean, to which we owe our existence, is in dire 

straits. Marine life produces 70 percent of earth’s oxygen, 

and 90 percent of global goods travel via ocean freight. 

More than 3 billion people rely on the ocean as a primary 

source for food security. However, 90 percent of the world's 

fish stocks are fully exploited, and more than half of the 

world’s marine species could be extinct by 2100. Making 

matters worse, the ocean has warmed 1.5 degrees in the 

last century, enough to raise sea levels, change ocean 

chemistry and fuel extreme weather.

Today, the climate crisis is a dinner table conversation, and 

the general public is connecting that the climate’s health 

hinges on our ocean’s health. This increasing awareness is 

converging with broader consumer trends toward 

responsibly sourced products and creating tailwinds that 

are accelerating investors’ interest in ocean solutions for 

climate change. The investments our industry makes in the 

ocean today will set the course for the emergence of the 

blue economy over the coming decades. 

Introduction
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Since launching our Ocean and Seafood fund, we have 

been encouraged by the number of opportunities to 

invest in dedicated entrepreneurs and innovative 

solutions. We have seen countless opportunities to 

create systemic changes that can alter the trajectory of 

ocean health, climate resilience and food security while 

also generating strong financial returns. 

The stakes for the ocean have never been higher, and 

today’s entrepreneurs have shown we have the 

knowledge, technology and resources to innovate 

boldly and deploy radical solutions. This report 

explores eight trends that are moving us closer to an 

ocean that can sustain abundant marine life, regulate 

our climate, provide food and essential ecosystem 

services for a growing population and support a 

healthy planet for generations to come. 

https://www.nationalgeographic.org/activity/save-the-plankton-breathe-freely/#:~:text=Prochlorococcus%20and%20other%20ocean%20phytoplankton,of%20phytoplankton%20in%20the%20ocean.
https://www.oecd.org/ocean/topics/ocean-shipping/#:~:text=The%20main%20transport%20mode%20for,transport%20arteries%20for%20global%20trade
https://www.oceanpanel.org/about-the-ocean
https://datatopics.worldbank.org/sdgatlas/archive/2017/SDG-14-life-below-water.html#:~:text=Almost%2090%20percent%20of%20global,with%20ocean%20pollution%20and%20acidification
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/biodiversity-loss-oceans-can-be-reversed-through-habitat-restoration
https://www.whoi.edu/know-your-ocean/ocean-topics/climate-ocean/ocean-warming/#:~:text=Since%201971%2C%20the%20ocean%20has,1.5%C2%B0F%20since%201901
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A Sea of Data Is Being Applied to 
Improve Ocean Outcomes

Novel Seafood Production Methods 
Align Sustainability and Profitability

Consumers Demand 
Accessible and Responsible Seafood

01 | Ocean Data   •   02 | Digital Technologies   •   03 | FinTech   

04 | The New Age of Therapeutics   •   05 | Alternative Feed   •   06 | Ecosystem Regeneration

07 | Cell-cultivated Seafood   •   08 | Purchasing Migration  
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01 | Ocean Data

Measuring and mapping 
the ocean is the final frontier of 

earth exploration.

https://stock.adobe.com/images/abstract-blue-background-of-points-falling-cyber-particles-big-data-stream-3d-rendering/403103567
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What’s Driving Change

Ocean data can unlock understanding, solutions and efficiencies for a 

broad range of stakeholders. Until recently, however, there was no way 

to capture and analyze such data costs effectively or pervasively. 

Accordingly, ocean observation was left to the scientific community, 

governments and non-governmental organizations (NGOs) that had 

mandates of science and exploration. 

The same narrative was true for space exploration a decade ago, 

yet today Earth Observation (EO) is not only a viable commercial sector, it 

is a multi-billion-dollar market projected for massive growth. 

The rapid success of the EO market and the speed at which EO-enabled 

technologies like navigation apps or weather forecasting became 

ubiquitous has turned entrepreneurial focus on the next 

and final frontier of earth exploration — mapping and monitoring 

the oceans.

Haveseen - stock.adobe.com Columbus - stock.adobe.com
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https://stock.adobe.com/images/beautiful-beach-top-aerial-view-drone-shot/235316731
https://stock.adobe.com/images/topographic-map-lines-background-abstract-vector-illustration/309039085
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The accelerating growth of ocean data collection is made possible by 

the technological advancements of the modern digital era. These 

advancements enable entrepreneurs to capture, store, transmit and 

analyze data from the ocean more efficiently, accurately and frequently 

than ever thought possible. Research buoys with embedded sensors that 

once cost fortunes and required human retrieval are being displaced by 

inexpensive micro-buoys that can float the ocean freely and transmit 

sensor readings daily through onboard solar power and computing. 

Multi-million-dollar oceanic surveys run by crews of scientists at sea for 

weeks at a time can now be conducted affordably and autonomously by 

wind- and solar-powered drones capable of circumnavigating the globe. 

Already, these autonomous technologies are transmitting as much ocean 

data as has been acquired in the past century in a single year. Finally, with 

the cost to launch a satellite now a fraction of what it was a decade ago, 

entrepreneurs are taking a closer look at the ocean from above and 

capturing new data in ways once unimaginable or inaccessible. Examples 

include monitoring dark vessels that turn off their geolocation systems in 

order to fish illegally or peering deeper into clouds to better predict the 

landfall and impact of powerful hurricanes and storm swells. 

The Technology

Image courtesy of SoFar Ocean 7

https://oceanconservancy.org/wp-content/uploads/2021/05/Ocean-Data-Report-FINAL.pdf
https://www.futuretimeline.net/data-trends/6.htm
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The Opportunity

The increase in ocean data capture has profound 

implications for both the public and private sectors. 

Scientists will better understand how the ocean is 

changing, enabling them to monitor fish and coral 

populations, assess ecosystem health and protect 

endangered species. New applications of ocean data 

will help governments monitor adherence to fishing 

regulations and marine protected areas. Improved 

ocean data can also enable better forecasting for 

extreme weather events, such as hurricanes and 

tsunamis, and more accurate models that predict 

sea-level rise and other impacts of climate change on 

coastal communities. These predictive models can 

also serve as essential tools for insurance companies 

hoping to build new or better risk management 

products for climate-related natural disasters. 

Ocean data is poised to transform the maritime industry. 

In an industry where fuel use is nearly 50% of costs and 

the principal source of greenhouse gas emissions, 

reducing days at sea while ensuring vessel safety is a top 

priority. By having access to the real-time and hyper-local 

information on conditions such as current, swell and 

weather provided by new ocean sensors, vessel operations 

can optimize their routes continually for materially safer 

and faster voyages.

With near limitless applications, ocean observation is 

poised for explosive growth. The only remaining barrier is 

lack of data, either because it is not collected or because it 

is proprietary to its owners, government agencies, 

researchers and private companies. “Removing silos and 

democratizing ocean data can transform our 

understanding of our oceans and how we use them,” said 

Kate Danaher, Managing Director of S2G Ventures.

Audrey VP - stock.adobe.com 8

https://stock.adobe.com/images/weather-map/211250077
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Removing silos and democratizing ocean data 

can transform our understanding of 

our oceans and how we use them.

Kate Danaher
Managing Director 
S2G Ventures

“

”
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02 | Digital Technologies

A new generation of 
harvesters and processors 

will integrate advanced digital 
practices into everyday 

workflows.
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https://stock.adobe.com/images/industry-4-0-modern-factory-project-engineer-talks-to-female-operator-who-controls-facility-production-line-uses-computer-with-screens-showing-ai-machine-learning-enhanced-assembly-process/419881291
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What’s Driving Change

Since humans sharpened sticks and learned to fish, we have been busy 

innovating new ways to catch fish as quickly and plentifully as possible. 

From the humble harpoon to hook and line tackle to today’s massive 

harvester processor vessels, we have been successful in this endeavor 

and built a commercial fishing industry that now feeds billions. Even while 

the hand that fed us has come to bite us with dwindling wild populations 

and erratic migration patterns, we continued to innovate by farming 

supply to meet growing demand. 

Today’s fisheries innovations are driven by new pressures. Climate 

change, stagnant wild populations, aquaculture capacity constraints, an 

aging workforce and environmental, social and governance (ESG) 

requirements are accelerating demand for solutions that do more with 

less, saving costs while protecting the planet and the biologic output 

essential to humans. Advancements in digital technology have enabled a 

new suite of solutions for the seafood industry where the once 

unthinkable is possible today. Once viewed mainly as eccentric expenses, 

the industry is now deploying advanced digital tools, adapting techniques 

from medicine, aerospace and agriculture to de-risk production, improve 

margins and bring their businesses into the modern age.

11

https://stock.adobe.com/images/fishing-boats/72906888
https://stock.adobe.com/images/fishing-boats/72906888
https://stock.adobe.com/images/fish-farm-in-the-sea-fenced-with-round-net/282907851
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In the last decade, advancements in computing power, storage, broadband 

speed and hardware have brought computational capabilities like artificial 

intelligence (AI) and machine learning (ML) out of the lab and into affordable 

commercial use in hundreds of applications. These technologies, backed by 

real-time data capture and predictive analytics, are being applied in various 

industries by innovative entrepreneurs building unique solutions — from 

sorting through recycling to driverless cars. 

The seafood industry is no exception. Emerging technologies in aquaculture 

can minimize the feed conversion ratio by automating feeding down to the 

individual pellet, measuring biomass in real-time to optimize operations and 

sales and even monitoring minute changes in fish stress levels. This also 

enables operators to forecast issues, such as sea lice swarms and algal 

blooms, or for producers of recirculating aquaculture systems (RAS), to 

catch changes to the system unseen by the naked eye before they become 

critical. For wild harvesters, tools powered by satellite technology and 

advanced in-sea sensors and buoys will predict important environmental 

indicators, such as sea ice, wind direction, oxygen levels and temperatures, 

to determine where fish will be and how to best capture them. This 

information can reduce fuel costs and carbon. 

The Technology

Images courtesy of ReelData 1212

https://www.youtube.com/watch?v=ppHVJ_vVqtg
https://www.youtube.com/watch?v=8qvASanrWm4
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The Opportunity

The adoption of digital technology is no longer for the 

risk-takers. Today, benefits outweigh the cost of digital 

solutions, and early movers are poised to reap the 

gains. While valuable digital solutions exist throughout 

the seafood supply chain, the opportunity is particularly 

high at the harvesting, farming and primary production 

level, where production cost and risk are most salient. 

Because of the full lifecycle relationship between 

farmers and fish, opportunities in aquaculture are 

advancing at a faster pace and integrating into 

automation. The emerging entrepreneurs in the sector 

are demonstrating immediate benefits to operators 

through more efficient feeding, which can account for 

up to 70 percent of operational costs, while providing a 

comprehensive platform for optimized operation, 

remote management and risk mitigation.

At the shared processing level, operators are utilizing 

machine learning to improve product quality, reduce 

labor and develop new products previously unavailable. 

Furthermore, improved production practices will 

drive consolidation among primary processing and 

operational platforms.

Beyond cost and risk reductions, wild harvesters will see 

additional benefits centered around the environmental and 

regulatory components of biomass estimation, escapement 

goals, bycatch reduction, catch reporting and traceability. 

“As these practices are further implemented, responsible, 

sustainable and profitable practices will be unlocked, allowing 

for the better management of wild fisheries and new farmed 

sites to be available for future production,” said Larsen 

Mettler, Managing Director of S2G Ventures.

Ludmila - stock.adobe.com 13

https://stock.adobe.com/images/fish-farm-in-the-sea-fenced-with-round-net/282909455?prev_url=detail
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As these practices are further implemented, 

responsible, sustainable and profitable 

practices will be unlocked, allowing 

for the better management of 

wild fisheries and new farmed sites to 

be available for future production.

Larsen Mettler
Managing Director 
S2G Ventures

“

”
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03 | FinTech

Developments 
in financial technology will 
make the seafood industry 

more equitable and efficient.

https://stock.adobe.com/images/many-wooden-traditional-fishing-boats-on-turquoise-ocean-surface-in-indonesia-aerial-drone-shot-directly-from-above/368973696
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Small operators comprise a significant percentage of the wild and farmed 

seafood industry. According to the Ocean Risk and Resilience Action 

Alliance (ORRAA), “there are approximately 50 million small-scale fishers 

worldwide and more than 250 million people employed across the 

small-scale fisheries value chain.” For banks and other financial service 

providers, serving this highly fragmented industry is a challenge. This is 

particularly true in developing countries where operators have limited 

collateral and financial history, and are geographically dispersed in areas 

with low connectivity and opaque, multi-stakeholder supply chains. 

Because financial institutions do not have the sufficient knowledge to 

assess the risk involved in serving these small stakeholder operators, 

millions of fishers are unable to access capital to grow their businesses 

and improve their livelihoods. 

Engdao - stock.adobe.com hberal - stock.adobe.com

What’s Driving Change

16

These obstacles do not exist only for small-scale fishers; similar issues 

plague the rest of the supply chain, including product and service 

providers, processors and buyers.

Local credit providers, informal lenders or trade credit partners often 

fill this gap. Unfortunately, many of these lenders charge high interest 

rates and are more prone to taking advantage of the vulnerability of 

these individuals. Lack of financial security also encourages overfishing 

and inefficiencies in the supply chain, resulting in postharvest losses. 

Access to formal financial services can increase financial resilience, 

greater efficiencies and sustainability and economic growth for the 

entire industry.

https://www.oceanriskalliance.org/project/strengthening-the-financial-resilience-of-small-scale-fishers-in-the-philippines/
https://stock.adobe.com/images/asia-fisherman-net-using-on-wooden-boat-casting-net-sunset-or-sunrise-in-the-river/251690074
https://stock.adobe.com/search/images?load_type=search&is_recent_search=&search_type=usertyped&k=open+air+seafood+market&native_visual_search=&similar_content_id=&asset_id=87103646
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The widespread adoption of smartphones, sensors and related software 

products that have benefited many other sectors over the past decade is 

now finding its way into the seafood market. Advances in data availability 

and analysis have unlocked opportunities for the unbanked through 

data-driven credit scoring, fully digital underwriting and digital payments 

accessible anywhere with a cell signal. Previously ‘out of reach’ 

investments are now areas of opportunity for financial service providers 

as well as the entrepreneurs building these market making tools. 

For example, AI-driven models can now scan satellite images and provide 

a fairly accurate estimate of the historical productivity of shrimp farms as 

small as a few hectares. While many of these farmers have no formal 

financial history, banks can use this data as a quasi-credit score to identify 

potential high-quality borrowers and de-risk underwriting a loan. 

Payments can be made to farmers digitally, allowing these inherently 

smaller transactions to move seamlessly from bank to lender and back.

The Technology

Gorodenkoff  - stock.adobe.com 1717

https://stock.adobe.com/images/dressed-in-protective-coat-fisherman-using-tablet-computer-with-navigation-maps-while-traveling-on-ship/285221831
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The Opportunity

In an industry as fractured and complex as seafood, 

advances in fintech have tremendous potential to 

unlock growth by lowering transaction costs, 

increasing  liquidity and access to capital and 

de-risking  investment throughout the supply chain. 

These outcomes are meaningful for all stakeholders; 

however, they are particularly impactful for the 

low-income operators in developing countries that 

are the foundation of our global economy. 

Increasing access to formal credit enables operators 

to improve their cash flow, make more informed 

decisions faster, invest intelligently in their operations 

and ultimately develop a formal financial identity that 

can unlock both personal and professional 

opportunity. Industry suppliers like aquaculture feed 

shops benefit through access to credit, allowing them 

to purchase in bulk and improve margins, while 

seafood processors can pay fishers and farmers 

directly, creating a virtuous cycle of growth. 

mnimage  - stock.adobe.com 18

The sum of these incremental improvements for 

key stakeholders in the value chain creates overall 

enhanced performance and sustainability in 

the industry.

In Kenya, the SMS-based M-Pesa mobile money 

system transformed the economy, lifting hundreds of 

thousands out of extreme poverty while accelerating 

growth and providing stability to millions. Today, 96 

percent of Kenyan households have a mobile money 

account. While there is no single fintech panacea and 

technologies must have a focused product-market fit, 

these fintech-enabled platforms may unlock the 

seafood industry’s latent potential in many developing 

countries. According to Kate Danaher, S2G Ventures 

Managing Director, “Financial inclusion that helps 

fishers grow their businesses is the key to a 

high-functioning and vibrant seafood sector in 

many developing countries.” 

https://stock.adobe.com/images/japanese-fish-market/216359683
https://www.vox.com/future-perfect/21420357/kenya-mobile-banking-unbanked-cellphone-money
https://www.poverty-action.org/study/long-term-effects-access-mobile-money-kenya
https://www.poverty-action.org/study/long-term-effects-access-mobile-money-kenya
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Financial inclusion that helps 

fishers grow their businesses is the key to 

a high-functioning and vibrant seafood sector 

in many developing countries.

Kate Danaher
Managing Director
S2G Ventures

“

”
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04 | The New Age of Therapeutics

Innovations in therapeutics 
will transform our ability 
to manage and prevent 
disease in aquaculture.

zilvergolf - stock.adobe.com 21

https://stock.adobe.com/images/hand-holding-food-for-feeding-fish-in-pond/165399893
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By 2050, global aquaculture production is expected to at least double, with 

well-managed fisheries expected to flatline or decline over the same period. As 

global protein consumption continues to increase, seafood is anticipated to lead 

the pack as the fastest-growing consumed protein. But aquatic animal diseases are 

one of the most significant constraints to the success of aquaculture worldwide. 

Industrywide losses to aquatic animal diseases exceed $6 billion a year, with 

specific sectors, such as shrimp, losing up to 40 percent of the expected harvest 

with no effective tools to combat these diseases. 

Existing solutions, such as antibiotics, have raised concerns due to their 

contribution to bacterial resistance, food safety hazards and environmental issues. 

Other solutions, such as vaccines, which require a shot for each fish in a farm, 

can be impractical to administer and impossible on farms with hundreds of 

thousands of animals to immunize. And many devastating viruses, like White 

Spot Syndrome in shrimp, currently have no available solutions. 

Rapidly changing weather patterns and temperatures also increase the 

severity of disease outbreaks and other issues such as lower pH, algal blooms, 

reduction in oxygen and lower salinity which can stress marine animals, impair 

growth, make them more susceptible to disease and even create mass 

mortality events. 

As demand for seafood tracks with the growing global population and climate 

change impacts our marine environments and creates increasingly 

unpredictable weather patterns, we must find solutions to address aquatic 

diseases that are effective, economically viable and safe from a human and 

environmental standpoint.

kpn1968 - stock.adobe.com Image courtesy of ViAqua

What’s Driving Change
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https://www.weforum.org/agenda/2022/01/sustainable-aquaculture-meet-growing-demand-blue-food/#:~:text=The%20world%20will%20increasingly%20rely,around%20health%2C%20sustainability%20and%20equity.
https://www.seafoodsource.com/news/supply-trade/fao-projects-ten-more-years-of-increased-fish-consumption-but-africa-poses-concerns
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5289612/
https://www.globalseafood.org/advocate/new-paradigms-to-help-solve-the-global-aquaculture-disease-crisis/
https://stock.adobe.com/images/sturgeon-in-hands-on-background-of-the-pool/314637439
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Thanks to recent advances in upstream and downstream 

production, RNA has the real potential to deliver highly 

targeted, environmentally safe and effective solutions to 

the aquaculture industry and beyond. 

On the upstream side, companies are experimenting with 

fermentation processes to reduce the cost of RNA 

production. While many large companies have struggled to 

do so successfully, innovations to the standard 

fermentation process yield exciting results that could make 

RNA a commercially viable product for the agriculture and 

aquaculture industries. The downstream process involves 

finding an effective formula and using nanoencapsulation 

technology to protect the RNA in supply chain conditions 

and release it for uptake when digested by the animal. 

Effectively encapsulating the RNA payload enables the RNA 

solutions to be delivered as an additive to feed instead of 

injected, making it much more feasible at scale. 

Recent breakthroughs in production cost and delivery 

mechanisms for therapeutics enable targeted, effective 

and affordable solutions. 

The development of therapeutics from nucleic acids, 

including RNA and DNA, is finding applications far beyond 

human health. While RNA technology is having a moment 

because of its centrality to COVID vaccine development, we 

are just scratching the surface of the capabilities for RNA 

applications across the food system. One emerging sector 

is the development, packaging and delivery of RNA 

therapies to protect against viral diseases in aquatic 

organisms. RNA is considered a building block of life for its 

ability to form diverse and complex structures that drive a 

number of biological functions, including regulating gene 

expression and codes for proteins. Different types of RNA 

(mRNA, RNAi, etc.) can be manipulated to target viruses in 

any living thing. Historically, it has been a challenge to 

develop effective RNA-based products at a cost that meets 

the thin margins of the agriculture and livestock sectors. 

ktsdesign - stock.adobe.com 23

The Technology

https://stock.adobe.com/images/colored-genetic-code-dna-molecule-structure/301658829
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The Opportunity

Aquaculture is already the fastest-growing food production sector, and the FAO 

predicts that the sector will produce 59 percent of seafood for human 

consumption by 2030. Marine fish farming has great potential to improve 

human livelihoods and contribute to the success of the UN Sustainable 

Development Goals. Disease is the industry’s greatest challenge but also the 

industry’s greatest opportunity for positive impact. Innovative technologies that 

improve fish health and decrease diseases are critical to sustainably meeting 

the demands of a growing population.

As these technologies become more developed and mainstream, there will be 

novel and affordable ways to access these products. Greater adoption will 

decrease reliance on traditional vaccines and antibiotics, and aquaculture 

farmers will be able to buy a feed additive and simply add it to their existing 

feeding regimes. These new technologies would also work to counteract the 

growing issue of antibacterial resistance, one of the greatest threats to global 

health today. In addition to bolstering production and food access in many 

regions, new therapeutic technologies for aquaculture could revolutionize the 

opportunity to improve profitability for farm operators worldwide. According to 

Kate Danaher at S2G Ventures, “Innovations in therapeutics can lower 

production costs while increasing yields, transforming the potential of the 

aquaculture industry to contribute to global seafood stocks and food security.”

Drone Trotter - pexels.com 24

https://ocean.economist.com/innovation/articles/what-mitigating-the-pandemic-can-teach-us-about-aquaculture-sustainability
https://www.pexels.com/photo/fish-farm-reservoirs-with-water-5640315/
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Innovations in therapeutics can 
lower production costs while raising yields, 

transforming the potential of the 
aquaculture industry to contribute 

to global seafood stocks 
and food security.

Kate Danaher
Managing Director 
S2G Ventures

“

”
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05 | Alternative Feeds

Major feed producers 
will formally commit to 

large offtake agreements and 
fuel the proliferation of 

alternative feed production 
assets around the world.

26
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What’s Driving Change

Due to growing awareness of the environmental consequences of 

intensive agriculture practices, as well as flat or declining wild harvests, 

aquaculture is expected to continue expanding its footprint as an 

essential worldwide protein. Aquaculture has grown quickly enough to 

keep up with demand so far; however, the industry’s reliance on 

wild-caught feed is taking a toll on wild fish stocks. Currently, 70 to 80 

percent of aquaculture feed consists of wild-caught fishmeal and oil, and 

approximately 10 percent of wild-caught fish are used to feed farmed fish.

With dwindling fish stocks, both aquaculture and terrestrial farmers are 

turning to emerging farmed, byproducts or invasive species alternatives. 

While plant-based options, such as soy, have been available for years,

they are compromised by inadequacies in fatty acid and amino acid profiles, 

and rely on production practices with negative environmental impacts. These 

plant-based feed issues are increasingly top of mind for various stakeholders, 

including consumers, financiers, certifying agencies and NGOs.

Global fish consumption is growing at a rate of 1.5 percent per year on a per 

capita basis, and an additional 37.5 million tons of aquafeed will be required 

by 2025 to meet aquaculture growth. If aquaculture is going to be a 

sustainable way to feed a growing population, it must have a feed source that 

is not based on wild-caught fish.

Marzia Giacobbe - stock.adobe.com Ross - stock.adobe.com
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https://www.biomin.net/science-hub/the-current-state-of-plant-based-proteins-in-aquaculture-feed/
https://www.biomin.net/science-hub/the-current-state-of-plant-based-proteins-in-aquaculture-feed/
https://www.sciencedirect.com/science/article/pii/S0160412016300587#bb0360
https://www.sciencedirect.com/science/article/pii/S2468550X21001465
https://www.globalseafood.org/advocate/soy-helped-build-aquaculture-into-a-global-force-how-far-can-it-take-it/
https://www.sciencedirect.com/science/article/pii/S2590332219301320
https://www.sciencedirect.com/science/article/pii/S2590332219301320
https://stock.adobe.com/images/fresh-anchovies-from-mediterranean-sea/118522642
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The Technology
Circular feedstock production methods are demonstrating the ability 

to produce nutrition-dense alternatives at an industrial scale. 

One promising technology involves raising and farming insects at an 

industrial scale for aquaculture feed. These insects, most commonly 

black soldier fly larvae, crickets and mealworms, are high in protein and 

digestible fat, offering a comprehensive nutritional profile. Farmed insect 

feed is an attractive, sustainable solution because these insects are not 

only a replacement for wild-caught fish, but also produce frass, a byproduct 

that can be used as a fertilizer. In addition, they feed on spent brewers' 

grain and other food waste, creating a more circular resource with a low 

carbon footprint and reduced transportation costs. Recent feed trials for 

insect meal and oil show promising results; however, these results are 

highly species-specific. The current challenge for insect protein is its ability 

to scale. While the technology shows promise, current insect production 

capacity is dwarfed by the existing feedstock industry.
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They are also the original source of nutritionally important 

omega-3 fatty acids and amino acids that contribute to 

seafood’s health benefits, making algae an exciting 

potential replacement for fishmeal and fish oil. 

Furthermore, algae grow much faster than many terrestrial 

feed crops; select strains can deliver the right blend of 

proteins, lipids and carbohydrates; and many microalgae 

can use both CO2 and methane as a growth feedstock, 

abating potential greenhouse gas emissions. 

The challenge with microalgae production has historically 

been cost, relegating algae to a high-value additive. 

However, advancements in production technology and 

algal strains show promise for scaled, cost-effective 

microalgae feed production in the coming years. 

duoanimation - stock.adobe.com 29

The Technology (cont..) 
Single-cell proteins (SCPs) such as yeast, bacteria and algae 

are another promising alternative due to their nutritional 

compatibility and rapid growth cycle. SCPs can grow in 

a variety of substrates, enabling producers to tailor 

composition and provide specialized nutritional and 

functional ingredients. Another benefit of SCP production 

is that some SCPs can utilize CO2 as feedstock, making SCP 

production a potential unique solution to feeding the planet 

while reducing greenhouse gas emissions. Similar to insect 

feed, the critical barrier to SCP production is scale. SCP 

plants produce only a few hundred tons of product each 

year. However, as with insect production, there are a 

number of plans in place for new microbial protein facilities 

in the next three to five years.

A third major emerging technology is industrial microalgae 

production. Algae are the primary food source for many 

aquatic animals and the base of the ocean food pyramid.
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Increased aquaculture production will continue to 

outpace the supply of wild feedstock, making the industry 

vulnerable to extreme volatility and extended supply 

chains. Scaling alternative protein sources for feedstock 

will enhance and stabilize the sustainability, operational 

efficiencies, margin and product quality of primary 

producers. This dependency has opened the door 

for insect, algae and single-cell alternatives to become 

a main protein component in standard formulations. 

While there are still questions about the long-term 

success of these feeds and whether companies will be 

able to scale production to provide a consistent supply, 

the aquaculture industry is excited about the potential 

of these developing products to reduce their reliance on 

wild forage fish stocks. Importantly, investors and banks 

looking for ESG opportunities are also excited by the 

potential of alternative feeds to improve the sustainability 

profile of aquaculture. Emerging tools, such as green and 

blue bonds, are an unprecedented opportunity to finance

The Opportunity
investment into these new and sustainable technologies. 

Large companies are also partnering with startups to 

research and produce fish meal replacements. For 

example, Cargill, one of the largest aquafeed producers, 

is focused on switching to feed ingredients with less 

environmental impact. In 2019, Cargill partnered with 

InnovaFeed to bring insect protein fish food to a 

commercial scale, and in 2022 it committed to adding 

algal oil into all feed delivered to the Norwegian market. 

Aquaculture production is currently reliant on 

unsustainable feedstock supplies, which it continues to 

deplete with inverted feed conversion ratios. According to 

Larsen Mettler at S2G Ventures, “The numerous options 

and benefits of alternative protein show a promising path 

of adaptation and large-scale commercialization toward 

a future where feed can be affordable, readily available 

and resilient.”

tonaquatic - stock.adobe.com 30
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The numerous benefits and options of 
alternative protein show a promising path of 
adaptation and large-scale commercialization 

toward a future where feed can be 
affordable, readily available and resilient.”

Larsen Mettler
Managing Director 
S2G Ventures

“

”
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06 | Ecosystem Regeneration

Regenerative 
ocean farming will become 

economically viable.

32
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What’s Driving Change

Regenerative ocean farming, the practice of growing seaweed and 

shellfish in underwater coastal gardens, is gaining momentum as a way of 

meeting growing seafood demand while supporting healthy ocean 

ecosystems. The environmental benefits are numerous. Seaweed and 

shellfish require no fresh water, land, fertilizer or feed. Underwater 

gardens create habitats for other species, improve water quality and 

capture atmospheric carbon dioxide to reduce global warming.

While early ocean farming efforts were prompted largely by these impact 

motivations, the push for regenerative solutions is now also driven by 

economics. Increasingly scarce resources in an overfished ocean and 

volatile swings in market pricing have led traditional seafood harvesters to 

seek secondary and more stable sources of income. 

Ocean farming offers harvesters an opportunity to put people to work 

during the off-season while providing for their families and enhancing 

their fisheries through restorative practices.

While regenerative agriculture has been a significant area of focus for 

farms on land, much less attention has been given to the opportunity in 

the oceans, in part due to outdated assumptions that the unit economics 

will never scale. That is no longer the case. While regenerative ocean 

farming has taken time to form and launch, ocean farmers now have years 

of experience to glean from and are poised to bring real, scalable 

solutions to market that will offer environmental and economic returns to 

farmers, suppliers and consumers.

Image courtesy of Atlantic Sea Farms Image courtesy of Atlantic Sea Farms
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Innovations throughout the supply chain are enabling regenerative 

businesses to transition from mission-driven models to both mission- and 

margin-driven models, as a growing number of decarbonization-eager 

customers and countries drive sales. Expansion of production itself has 

led to efficiencies and yield improvements, a critical hurdle for the 

industry. Farmer cooperation on best practices and burgeoning academic 

research is also pushing yields up to profitability. 

Advancements in hardware, software and biology are also advancing the 

industry. Boats designed specifically for multi-trophic aquaculture 

harvesting are being purpose built for new farms. Floating sensors and 

farm management software are enabling farmers to maximize their 

production from shore. Breeders and researchers are working to develop 

more productive, flavorful and disease-resistant strains. Even blue-chip 

companies are bringing their research and development skill set to the 

industry with an aim to capture future market share, producing 

innovations, such as new rope lines and upwelling technology, that 

maximize algal spore adhesion and growth.

The Technology

ake - stock.adobe.com 34
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The Opportunity

Regenerative ocean farming is rapidly increasing in scale and scope and has 

the support of promising legislation, providing opportunities for prospective 

producers, suppliers, retailers and manufacturers looking to improve their 

environmental footprint and their economic bottom lines. 

Entrepreneurs are formulating new products to appeal to a variety of 

consumers and end users. Snackable chili puffed kelp chips, tinned smoked 

oysters, and cranberry kelp cubes can all be found on grocery shelves today 

while the retail shelves of tomorrow will likely stock ocean-grown sneakers, 

sunglasses and even shrink wrap. These products will enable funding of 

longer-term initiatives around carbon capture and restorative services as a 

business. Whether consumers are on the lookout for these products or just 

happen to come across some climate-resistant corals on their next dive trip, 

regenerative ocean farming is quickly becoming a reality. 

According to Jake Reznick, Associate at S2G Ventures, “Regenerative ocean 

agriculture is poised to be what ‘organic’ was twenty years ago, except 

consumers are ready for regenerative today. Businesses looking for 

profitable, financially sustainable opportunities over the long run should 

look to regenerative.”

Image courtesy of Atlantic Sea Farms 35
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Regenerative ocean agriculture is poised 
to be what ‘organic’ was twenty years ago, 

except consumers are ready 
for regenerative today.

Jake Reznick
Associate
S2G Ventures

“

”
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Consumers Demand Accessible 
and Responsible Seafood

37



38

S2G Ventures

© 2022 S2G Ventures zhane luk - stock.adobe.com 3838

07 | Cell-cultivated Seafood

Customers will be eating 
cell-cultivated seafood in 

the next 18 months.
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What’s Driving Change

One of the greatest challenges we currently face is the need to provide food 

for a growing population while reducing the negative environmental impacts 

of conventional food production and managing increasing resource scarcity. 

Global seafood consumption is projected to increase by nearly 80 percent by 

2025, yet wild fish stocks continue to decline, and traditional aquaculture is 

reaching capacity.

The pandemic also brought forward many other key weaknesses of our 

current food system, with seafood and animal agriculture being one of the 

hardest-hit sectors from supply chain disruptions. As national food security 

becomes more of a priority worldwide, countries that don’t have access to 

abundant and healthy resources are looking for ways to improve access to 

a safe and sustainable source of protein. 

It has become clear that we must find alternative protein sources to feed a 

growing population. While plant-based substitutes have made great strides, 

they still don’t offer the nutritional profile or sensory experience of real fish.

yupiyan - istockphoto.com
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Cellular agriculture, which includes cell-cultivated seafood, is essentially the 

production of animal products without the use of animals. Cell-cultivated seafood 

uses the same biological process for tissue growth that happens inside a living 

fish and is therefore identical to seafood at the cellular level. The production 

process uses a combination of biotechnologies to grow fish cells in bioreactors 

then structure them in a scaffold that provides texture and bite. 

There are many steps involved in the production process, and the technology 

required at each step is expensive. Each day, however, entrepreneurs working in 

cell-cultivated seafood make step-change discoveries that are lowering the cost 

of production. Advancements in cell-culture media reduce the need for 

expensive fetal-bovine serum (FBS), a key input in many production processes, 

and lower the cost of growth factors. Bioreactors are being retooled for 

production process efficiency, which will lower scaling costs. New scaffold designs 

are increasing cell adherence and growth while also closely mimicking texture 

and cookability. These advancements, as well as many others, 

are making cell-cultivated seafood a sustainable and increasingly affordable 

protein alternative.

The Technology

Image courtesy of Future Meat 40
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Cell-cultivated seafood meets high standards of 

consistency and safety, provides the seafood 

industry with independence from climatic and 

seasonal changes, avoids antibiotics, reduces the 

threat of emerging diseases and allows for the 

selection of cell lines from animals with the best 

traits — all while delivering similar taste, feel 

and nutrition profiles to wild-caught or 

farmed seafood.

One of the most compelling use cases for 

cell-cultivated seafood is that it opens the door 

for consumers to enjoy at-risk species without 

causing harm to the animals and marine 

ecosystems. Certain types of seafood that are 

Image courtesy of Wildtype 41

The Opportunity

considered expensive or exclusive because they 

are rare, caught illegally or cannot be farmed — 

examples include fish maw, Japanese unagi eels, 

and bluefin tuna — can be produced through 

cell-cultivated processes. 

“Just like their terrestrial counterparts, the success 

of cell-cultivated seafood products will depend on 

high-quality production and cost parity at scale,” 

said Larsen Mettler at S2G Ventures. “We are 

excited about the potential of cell-cultivated 

seafood to sustainably bridge the gap between 

current production methods and a growing 

population.”

41
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Just like their terrestrial counterparts, 
the success of cell-cultivated seafood products 

will depend on high-quality production 
and cost parity at scale.

Larsen Mettler
Managing Director 
S2G Ventures

“

”
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08 | Purchasing Migration

Online shopping 
will gain significant 

market share and break down 
multi-dimensional barriers 
to grow overall consumer 

demand for seafood.
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What’s Driving Change

The growth of seafood consumption in the United States has long been 

hindered by key barriers, including accessibility, cost, cooking ability and a lack of 

knowledge about products species and the supply chain. While producers and 

retailers generally acknowledge these barriers, most do not have the insight into 

consumer behavior to adapt and accelerate at-home consumption of seafood. 

As a result, consumers continue to prefer eating seafood at the food service 

level or rely on at-home consumption through the familiar shelf-stable or highly 

processed frozen products they grew up eating over 30 years ago. 

When the world came to a screeching halt in March 2020, that paradigm 

changed. In the wake of COVID, consumers had few options other than to cook 

their own meals at home. In addition to the evolving circumstances, these newly 

minted chefs desired to eat healthier and feel better. As a result, sales of

non-essential cooking appliances like air fryers and pressure cookers exploded 

while ratings for the Food Network were up 25 percent to pre-pandemic levels.

The rapid growth in consumer demand for both familiar and new seafood 

options that can be easily accessed and prepared at home occurred at the 

same time seafood companies found themselves scrambling for new buyers. 

The convergence of these trends created an influx toward both increased 

grocery and online direct-to-consumer (DTC) sales of fresh and frozen products. 

Today, most seafood consumers are omnichannel shoppers, with 44 percent 

saying they have purchased seafood online, according to a recent IRI Seafood at 

Retail report. By the end of 2020, the online channel captured 13 percent of 

overall seafood sales in the United States. D2C has been a key attribute behind 

a new sense of knowledge, adventure and confidence in the kitchen, which 

helped increase total seafood grocery sales by 28 percent in 2020. 

Nelea Reazanteva - stock.adobe.com
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The Technology

The surge in online purchases has dramatically 

shortened the supply chain, enabling seafood companies 

to provide higher-quality seafood at lower costs, improve 

traceability, access more geographies, collect data and 

interact directly with consumers and suppliers. The rise 

in online channels is not only limited to DTC platforms. 

Business-to-business (B2B) platforms have emerged 

over the last several years and are quickly gaining 

traction. These B2B platforms are radically disrupting the 

front-end of the supply chain by cutting out upstream 

intermediaries and creating transparent, competitive 

pricing dynamics.

Armed with low-cost and high-quality products, the DTC 

companies can access the consumer not only through 

their websites and Google but also through social media 

such as Facebook, Youtube, Instagram and Tiktok. With 

two-thirds of seafood consumers (67 percent) saying 

they would like to be more knowledgeable about how to 

buy seafood, social media has amplified customers’ 

curiosity and provided them with engaging content and 

knowledge regarding purchasing, preparation, product 

health and traceability. 

In addition, online platforms have enabled producers to 

receive direct feedback through online communities and 

indirect feedback via customer data acquisition provided 

by Google, Facebook, Shopify and short messaging service 

(SMS) analytic services. A stream of new seafood offerings 

has emerged from these interactions both in-store and 

from D2C companies, many of them focused on quality 

and convenience. More popular products, such as 

skinpacks, pre-portioned servings and ready-to-bake trays, 

have helped consumers overcome their insecurities 

regarding quality assessment and cooking seafood. Other 

phenomena that have occurred due to online interactions 

include customers dismissing the fallacy that lower-cost 

and frozen products are of lesser quality, allowing 

producers to promote, cross-sell, and upsell a wide variety 

of previously overlooked products.

https://stock.adobe.com/images/padthai-ingredients-prepared-in-box-pre-pack-food-ingredients/358572245
https://www.ift.org/news-and-publications/food-technology-magazine/issues/2021/september/columns/consumer-trends-seafood


46

S2G Ventures

© 2022 S2G Ventures

The Opportunity
Traditional methods of seafood sales, which use multiple 

brokers and purposefully reduce transparency between parties, 

have not changed in 100 years. As the industry moves toward 

online portals, unnecessary middlemen will be reduced, and 

core participants of the supply chain will mutually benefit with 

extended global access, competitive pricing, traceability, lower 

shipping and cold storage costs and higher-quality products. 

These benefits can be shared with everyone from small 

community fisheries to large producers and value-added 

processors, and even down to the consumer.

Buying seafood online is no longer a niche concept for 

customers or businesses. COVID proved the internet is a viable 

channel for seafood companies to deliver products with 

benefits associated with convenience, transparency and shorter 

supply chains. The internet has also presented the ability for 

producers to identify, acquire and retain high-quality customers 

at previously unseen efforts and rates. Consumers have 

demonstrated a willingness to expand their horizons with new 

products and species and focus on a total cost per serving 

versus the traditional commodity view of price per pound. 

With this newfound love of and access to seafood driven by 

online platforms, consumers are carrying their passion into all 

consumption channels. According to Technomic’s 2021 

Center of the Plate: Seafood and Vegetarian Consumer Trend 

Report more than 30 percent of US adults are eating more 

seafood as their main protein, and according to Mintel’s 2021 

Fish and Shellfish Report over 60 percent of US adults are 

looking for more products to help them do so. Leading-edge 

seafood companies that are adopting new online channels 

have driven fresh and frozen seafood to hit record sales in 

2021, and will continue to capitalize on this trend with 

enhanced margins. 

“Online platforms will represent one of the most impactful 

transformations of the logistical supply chain since 

refrigeration. Shortening the supply chain with technology 

dramatically decreases costs, fraud, spoilage, carbon, working 

capital and cold storage. At the same time, it builds inherent 

trust and transparency into the system, which naturally 

accelerates sales and margin,” said Larsen Mettler, 

Managing Director of S2G Ventures.  

Alexander Raths - stock.adobe.com 46
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Online platforms will represent 

one of the most impactful transformations 

of the logistical supply chain since refrigeration.

Larsen Mettler
Managing Director 
S2G Ventures

“

”
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Time is of the essence to create systemic solutions for the blue 

economy. We believe the eight trends in this report exemplify how 

key stakeholders are navigating these waters and delivering 

promising investment opportunities to ensure further innovation 

in marine science, a sustainable seafood supply chain and a 

healthy planet. 

The next decade presents a 
critical inflection point in 
how we build a resilient 
ocean ecosystem.

01 | Ocean Data

02 | Digital Technologies

03 | FinTech

04 | Therapeutics

05 | Alternative Feed

06 | Ecosystem Regeneration

07 | Cell-cultivated Seafood

08 | Purchasing Migration
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Connect with us
We want to work with you. By implementing more sustainable 
technologies and business models, we’re working toward healthier 
people and a healthier planet driven by a healthier food system. 

We hope you’ll join us.

Where We Grow From Here 

https://www.s2gventures.com/podcast
https://www.instagram.com/s2gventures
https://www.s2gventures.com/
https://www.linkedin.com/company/s2g-ventures
https://twitter.com/seed2growth
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Thank you.


