The Ocean Can Help Us Cool Down the Earth

We are all aware of the issues we are facing from the need to reduce the amount of carbon dioxide (CO2) we are
pumping into the Earth’s atmosphere. It’s a hard-fought struggle as we try to figure out how to mitigate the
damage done.

Fortunately, there are lots of young companies around the world working on ways to remove carbon from the
atmosphere, including planting trees, modifying agricultural practices and even using vacuum-like machines to
scrub carbon from the air. One of the best solutions might lie right at our doorstep here on the Seacoast — the
ocean. Getting the vast oceans to soak up more carbon is among the most potentially powerful approaches being
studied.

Oceans absorb approximately 25-30% of the
carbon dioxide produced by human activities. CO2
from the atmosphere dissolves in seawater,
particularly in colder regions. Dissolved CO2
can be captured in deeper ocean layers
through currents and mixing processes. The
phytoplankton - microscopic marine plants -
that inhabit the ocean do their part by
photosynthesizing and converting CO2 into
organic matter. When these organisms die,
__they sink to the ocean floor, taking the CO2
ﬁ with them. And marine organisms, such as

= 7. ¥ ‘ 4 corals and shellfish, use dissolved CO2 to form
their shells and skeletons When they die, their shells accumulate on the ocean floor, trapping carbon as
well.

All this is great, but we need the oceans to do a whole lot more of it. Scientists say new technologies
being developed to enhance the ocean’s carbon absorbing abilities could eventually remove at least 1
million metric tons more in coming years, which is roughly equivalent to the annual emissions of more
than 200,000 gasoline-powered cars.

One startup, called Equatic, is using electrochemistry to increase the ocean’s carbon absorbing power.
They use an electrical current to separate the elements in water, and the separated carbon elements are
then stored as a solid. The solid material can be used for construction, while the leftover hydrogen can
be sold as a clean fuel for industries.The company has run a successful pilot facility in Southern
California.

The Woods Hole Oceanographic Institution is testing ways to reduce carbon by adding an alkaline
formula to the waters south of Martha’s Vineyard and measuring how much carbon is absorbed.
Increasing the alkalinity of the oceans has the potential to significantly boost the ocean's capacity to
absorb CO2 and counteract ocean acidification. Of course, there are trade-offs for this type of
“tinkering” with the ocean. While the Environmental Protection Agency said the project poses little
threat to marine life, some environmental groups worry that altering ocean chemistry might have
unintended consequences.



There are all sorts of projects beyond these under consideration, such as cultivating seaweed, which
absorbs CO2 through photosynthesis, and then harvesting and sinking it to the deep ocean or using it for
bioenergy production. Another possibility is artificially created floating kelp forests which absorb CO2
and provide habitat for marine life. Like seaweed, the kelp can be harvested for biofuels or other
products. In addition, protecting and restoring coastal ecosystems, such as mangroves, salt marshes,
and seagrasses, can be a highly effective way to capture carbon.

These technologies are only in their infancy, and their effects must be thoroughly studied and
understood. Obviously, some may fail to prove useful or safe. I'm always amazed at the clever ideas
humans can come up with to solve problems. Let’s hope some of these ideas can benefit us and our
planet soon.



merging Technologies for Ocean-Based Carbon Removal

Several innovative technologies are being developed to enhance the oceans' natural ability to
sequester carbon. These technologies include:

1. Ocean Fertilization:

o Description: Adding nutrients, such as iron, to ocean waters to stimulate the
growth of phytoplankton, which can absorb more CO2 through photosynthesis.

o Challenges: Potential ecological risks, such as harmful algal blooms and
disruption of marine food webs.

2. Artificial Upwelling:

o Description: Bringing nutrient-rich deep ocean water to the surface to stimulate
phytoplankton growth and enhance carbon sequestration.

o Challenges: Engineering complexity and potential impacts on marine ecosystems.

3. Alkalinity Enhancement:

o Description: Adding alkaline materials, like crushed limestone or olivine, to
seawater to increase its capacity to absorb CO2 and neutralize ocean acidification.

o Challenges: Large-scale deployment and environmental impacts of material
extraction and dispersion.

4. Seaweed Farming:

o Description: Cultivating seaweed, which absorbs CO2 through photosynthesis,
and then harvesting and sinking it to the deep ocean or using it for bioenergy
production.

o Challenges: Economic viability, scaling up operations, and ensuring sustainable
practices.

5. Marine Permaculture:

o Description: Creating artificial floating kelp forests that absorb CO2 and provide
habitat for marine life. The kelp can be harvested and processed for biofuels or
other products.

o Challenges: Technological feasibility and environmental monitoring.

6. Blue Carbon Ecosystem Restoration:

o Description: Protecting and restoring coastal ecosystems, such as mangroves, salt
marshes, and seagrasses, which are effective at sequestering carbon.

o Challenges: Coastal development pressures, funding, and long-term management.

Conclusion

Oceans are vital for absorbing and storing atmospheric CO2, helping to mitigate climate change.
Emerging technologies aim to enhance these natural processes, but they come with technical,
environmental, and economic challenges. Careful research, development, and regulation are
essential to ensure these solutions are effective and sustainable.

Evaluating the potential of these technologies involves considering factors such as scalability,
effectiveness, environmental impact, and economic viability. Each technology has its strengths
and weaknesses, but some are currently seen as more promising than others:



1. Blue Carbon Ecosystem Restoration:

o Promise: Blue carbon ecosystems (mangroves, salt marshes, and seagrasses) are
highly effective at sequestering CO2. They also provide numerous co-benefits,
such as coastal protection, biodiversity enhancement, and support for fisheries.

o Challenges: Restoration projects can be complex and expensive, and these
ecosystems are vulnerable to climate change and human development.

o Current Status: This approach is already being implemented in various regions
with significant success and is supported by international initiatives.

2. Seaweed Farming:

o Promise: Seaweed grows rapidly, absorbs large amounts of CO2, and can be
cultivated in ocean areas not suitable for other activities. Harvested seaweed can
be used for biofuels, reducing fossil fuel consumption.

o Challenges: Scaling up operations to have a meaningful impact on CO2 levels,
ensuring sustainable practices, and addressing potential ecological impacts.

o Current Status: Pilot projects and commercial operations are expanding, with
growing interest from investors and governments.

3. Alkalinity Enhancement:

o Promise: This method has the potential to significantly increase the ocean's
capacity to absorb CO2 and counteract ocean acidification.

o Challenges: Large-scale deployment, environmental impacts of material
extraction and dispersion, and regulatory hurdles.

o Current Status: Research is ongoing, with some small-scale experiments and
modeling studies showing promise.

4. Artificial Upwelling:

o Promise: Can stimulate phytoplankton growth, enhancing the biological carbon
pump and potentially providing additional fishery benefits.

o Challenges: Engineering complexity, potential disruption of marine ecosystems,
and uncertain long-term impacts.

o Current Status: Experimental stage, with limited field trials and ongoing
research to address feasibility and risks.

5. Ocean Fertilization:

o Promise: Theoretically can enhance phytoplankton growth and CO2 uptake on a
large scale.

o Challenges: Significant ecological risks, such as harmful algal blooms, disruption
of marine food webs, and regulatory concerns.

o Current Status: Controversial and largely halted after early experiments due to
environmental concerns and international regulatory frameworks.

Most Promising Technologies

Blue Carbon Ecosystem Restoration and Seaweed Farming are currently seen as the most
promising technologies for reducing CO2. These approaches offer multiple benefits beyond
carbon sequestration, have relatively lower risks compared to other methods, and are already
being implemented and scaled up in various regions.



Alkalinity Enhancement also holds significant promise, but it requires more research and
development to address scalability and environmental impact concerns. Artificial Upwelling and
Ocean Fertilization, while potentially effective, face considerable ecological and regulatory

challenges that need to be thoroughly addressed before they can be considered viable large-scale
solutions.



