
The U.S. Department of Energy Advanced Research Projects Agency – Energy (ARPA-E) funded our team to find ways 
to grow seaweed-for-biofuel inexpensively and sustainably. 

What we found is a way to feed the world with shellfish, finfish, and other seafoods grown on huge artificial reefs 
made of rope.  When everyone is full of seafood, the owners of the structures can continue increasing income by 
harvesting seaweed-for-biofuel.

I am Reg Blaylock, Assistant Director of the Thad Cochran Marine Aquaculture Center, Gulf Coast Research 
Laboratory, at the University of Southern Mississippi, pleased to share insights from … (next slide)
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I’m pleased to share insights from the second of USM’s two ARPA-E’s MARINER (seaweed-to-biofuel) projects.

USM assembled a large team with disciplinary diversity for each project.  We have engineers, modelers, spatial 

analysts, oceanographers, biologists, ecologists, aquaculture specialists and industry.  Where any gap has existed, 

someone on this team has the network to find answers.  This large and diverse group has been essential to success, 

contributing diverse concepts including:

• Biologists – “Individual Gracilaria plants will live up to 50 years” and “Sea turtles can detect Gracilaria from many 

kilometers and love to eat it.”

• Ecologists – “Shellfish destroy finfish pathogens even as they convert organic nitrogen into inorganic nitrogen to 

nourish the seaweed.”

• Oceanographers – “Hurricane-driven currents on the seafloor 100-m deep can be over 2 knots.”

• Marine structural engineers – “We can manage tension in our large depth-adjusting rope structure to prevent 

entangling animals.”

Speaking of structures… (next slide)
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This is an oblique overhead view of our “spiderweb” artificial reef ocean forest design.  Seaweed will grow on the 
500-m diameter green circle of rope substrate (netting).  The seaweed growing substrate is positioned 1 to 2 meters 
deep for Gracilaria in the Gulf of Mexico or 10 meters deep for kelp off of Maine.

Frequent tropical storms in the Gulf of Mexico (and other locations) drive the need for the 16 mooring lines and 
depth adjustment.  The spiderweb configuration is only essential for tropical storms.   As the eye of a hurricane 
passes within tens of kilometers, the direction of the current on the seafloor changes as much as 180°.  A current 
more than 2 knots might start coming from the “Drag Anchor” bottom of the picture, rotate to be from “Adjustable 
Buoyancy Ballast”, then “Chain”, and so on around to “500m”.  All the while at 2 knots.

Because we desire the artificial reefs be relatively permanent with at least a 20-year economic life, we include depth 
adjustment for any location often experiencing large waves. 
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This figure is an elevation showing two positions of our depth adjusting structure.  The structure should spend more 
than 95% of the time in the upper or normal growing position.  But when a storm comes, we activate a float-ballast 
system on every mooring line.  This submerges the whole structure to within 10 meters of the seafloor, as shown in 
the lower figure. 

Submerging reduces the impacts of currents and high waves so the entire structure is less costly to build, storms are 
less likely to strip off shellfish, seaweed, and other products, and the structure can last for 20 years.

We are presently applying for a permit for a demonstration ocean forest to be funded by ARPA-E. Conversations with 
NOAA have revealed concerns about animal entrapment. Our structural team is running computational dynamic 
analysis to ensure the rope and the grow-substrate remain adequately tensioned at all times to avoid entrapping 
animals.  Our system also ensure any netting has small openings so animals will get caught. 

As we will see in future slides, every coast can have permanent, perfectly positioned artificial reefs.  The design and 
cost of the structures will vary to suit the location.  For example, the Southern California coast won’t need the 
spiderweb, a simple rectangle will do.  Southern California might not need depth adjusting.  Some analysis is needed 
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to determine which features would be economic off South Carolina. 

3



This is a map of the U.S. Gulf of Mexico with the Federal exclusive economic zone outlined with a thick black line.  
The green areas between the gray lines represent a new product from NOAA - AquaMapper.  ARPA-E teamed with 
NOAA to improve the AquaMapper.  The AquaMapper enables people seeking a permit for aquaculture or those 
administrating aquaculture permits to click on a location and get a report on that location.  The green blobs were 
created by AquaMapper when the USM team asked for a “Map of the seafloor that is between 50-m depth (the 
shore-side gray line), and the 100-m depth contour, and is available for aquaculture operations.” The gaps are for 
shipping lanes, military areas, and oil wells and other structures.

Our funding is preparing a proposal to ARPA-E for a demonstration ocean forest at the indicated location.

The report also tells us the available area sums to 5.8 million hectares.  If we fill the green areas with arrays of the 
spiderweb structure, they could contain about 1 million hectares of seaweed growing on 50,000 of the 500-m 
diameter structures. This system could grow millions of tons of seaweed per year.
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Ocean forests can be off any coast.  Even if the other U.S. coasts have as many occupied areas as the Gulf of Mexico, 
the light green areas off the pictured coasts represent a potential 10 to 20 million hectares of ocean forest growing 
substrate.  (This is with growing substrate covering about 20% of the seafloor area.)  10 million hectares of substrate 
will produce more high-value seafood than 10 billion people will want to eat every day.  Thus the U.S. alone can end 
world hunger!

Supplying 100% of the world’s energy needs requires a lot more area, even more area than is available on U.S. 
continental shelves.  We need 2 to 5% of the world’s ocean surface to produce 100% of the world’s energy demand 
from seaweed.  For perspective, these pictures show about 8% of the world’s ocean area, nearly all too deep for 
moored structures.  

However, SeaweedPaddock’s Sargassum, described in my earlier presentation, plus Pacific Northwest National 
Laboratory’s NOMAD project, and Trophic’s kite energy are potential unmoored MARINER projects that could farm 
the deep ocean and make enough biofuels to replace all fossil fuels.

So how might we manage our artificial reefs?  (next slide)
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This is one of the photos in a Scientific American article about managing natural reef resources.  The diver is marine 
biologist Octovio Aburto.  He studies why some (fishing) reserves succeed and others fail.  

The Scientific American article starts with three fishermen, “Horse”, “Mole”, and “Fish“ from the town of Abreojos in 
Mexico’s Baja California.  The town manages the abalone harvest from their natural reef very well.  So well they can 
afford to educate their children and send them to college.  So well a simple Mexican fisherman can be a tourist 
instead of an immigrant.  Here’s a quote from the article: “Fish is in especially high spirits-he’s just returned from 
Pebble Beach, California where he surfed and played golf (using the money he earned from abalone).”

If a managed natural reef can provide that much wealth, consider what should be possible on our artificial reefs with 
their benefits of:
• Ideal depth for maximum sunlight, independent of seafloor depth;
• Ideal substrate for attached plants and animals (not too soft or sandy for dense sealife);
• Ideal wave energy, never too strong;
• Ideal nutrient supply and distribution, as we will learn in the next slide.
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The best ocean fishing resources and areas of biodiversity enjoy ample, but not excessive, nutrients.  Managed 
nutrient recycling is one of the reasons our artificial reef can out-perform natural reefs.  Within the reef, our seafood 
and energy products keep the incoming nutrients moving until they become products. The filter feeder shellfish 
conversions of organic plant nutrients to inorganic plant nutrients shown in the blue are especially important.  At the 
outer edge of the Gulf of Mexico, most of the arriving nutrients are organic plankton and microalgae.  Having filter 
feeders on the structure greatly increases the yield of seaweed, because their waste is products such as ammonia 
(from urine) that can be directly absorbed as food by the seaweed. Similarly, the finfish urine shown in orange also 
feeds the seaweed, plus fish feces feed the shellfish.  The seaweed provide food that small fish eat. The small fish are 
eaten by the larger fish, etc. These are natural cycles in nature, which we have combined together on one efficient 
structure!

In current finfish aquaculture and Integrated Multi-trophic Aquaculture, the main nutrient input to the system is 
relatively expensive and less sustainable fishmeal from ground-up human-caught fish. 

On the other hand, in the next slide we see the ocean forest system uses plant nutrients from recycling.
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We can increase the output of the ocean forest aquaculture ecosystem using the outer recycling loop.  This outer 
loop is what makes ocean forestry a completely different kind of Aquaculture, a significant move beyond Integrated 
Multi-trophic Aquaculture.  In the upper right you see the seaweed using sunlight to produce food for fish and 
shellfish in the lower figures. The people in the upper left eat the fish and shellfish and produce plant nutrients, 
which are then pasteurized and recycled to feed the seaweed.

Nutrient recycle from people is unnecessary in some locations.  For example, our first few structures may use the 
excess nutrients from the Gulf of Mexico dead zone, cleaning it up.
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The system allows the USM team to produce a suite of products appropriate for an ocean forest in the Gulf of 
Mexico: (Laser point a second for each.)  

Gulf lobster
Gracilaria
___fish
___fish
___fish
Oysters hanging in cages.
___fish
Not pictured potential species include: scallops, mussels, barnacles, sea cucumbers, crabs, and more …  The shellfish 
will be hanging in baskets, like these.

The finfish will hide in the structure when young and hang out in the shade as they become larger.   (next slide)

During QUESTIONS – How did you figure $150,000/ha/yr?  Flip back to this slide and answer to the effect: “We did a 
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simple mass balance for the tons of arriving inorganic nitrogen, the tons of organic nitrogen departing higher on the food 
chain, and factored in sunlight and other limitations on primary productivity.  We estimated the average value per ton at the
dock as $1,000/wet ton, shell-on (if it has a shell).
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On the upper left we see Dr. Brian Lapointe showing the yield from his 1990 experiment growing Gracilaria on a raft 
backs up his 1978 tank culture yields of over 100 dry tons per hectare.  

Note the economic analysis that drives our “feed the world, then make biofuels” approach: 
• Seaweed harvested for energy is worth $10,000 per hectare per year unless bio-crude oil costs more than $100 

per barrel.   
• On the other hand, the high-value food (fish and shellfish) totals about $150,000 per hectare per year.

And that leads to our conclusions shown on the next slide.
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With high-value seafood, such as shellfish from ocean forest immediately profitable,

With high-value seafood 15 times the value of macroalgae-for-biofuel,

With the scalability ensured by our use of otherwise “waste” plant nutrients in a new form of aquaculture,

We are moving on a path-to-energy-market that feeds the world on the way to abundant inexpensive biofuels.

(Long pause) Questions?
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What are your questions?
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Most of the time, the seaweed is growing about 2 meters below the ocean surface.
But when a storm comes, we activate a float-ballast system to let water into the lower ballast block, which causes 
the whole structure to submerge to within 10 meters of the seafloor. Then we release compressed air in the upper 
float to push the water out of the lower ballast block and rise to the surface to resume growing in sunlight.
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You might recall a slide like this from my SeaweedPaddock presentation.  With 
moored structures, it appears seaweed production will be more expensive, perhaps 
$100 per dry metric ton.  Using the same Pacific Northwest National Laboratory’s 
2015 economic analysis, the produced oil would cost about $90 per barrel.

14


