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Abstract

Climate change is one of the most pressing challenges of the 21st century, and effective solutions for mitigating
its impact are urgently needed. Among the various strategies for reducing greenhouse gas emissions and combating
global warming, carbon sequestration-the long-term storage of atmospheric carbon—has emerged as a critical
approach. While terrestrial ecosystems, such as forests and soils, play an essential role in carbon capture, marine
ecosystems, particularly seaweed, offer a highly promising and underutilized solution. Seaweeds, as marine plants,
have the potential to sequester significant amounts of carbon dioxide (CO2) through their rapid growth and natural
processes. This article explores the role of seaweed in carbon sequestration, focusing on its potential for climate
mitigation. It examines how seaweed captures carbon, the various methods for utilizing seaweed in climate action,
and the challenges and opportunities associated with scaling up seaweed-based carbon sequestration strategies.
Ultimately, this article argues that seaweed has the potential to be a vital tool in the fight against climate change,
contributing to both carbon sequestration and sustainable development.
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Introduction

The world is currently facing a climate crisis marked by rising
global temperatures, shifting weather patterns, and increased frequency
of extreme weather events. While reducing carbon emissions at the
source remains the primary strategy for mitigating climate change,
an additional and complementary approach-carbon sequestration-
has garnered significant attention. Carbon sequestration involves the
capture and long-term storage of Carbon Dioxide (CO2) from the
atmosphere, effectively removing it from the carbon cycle and helping
to reduce the greenhouse effect [1].

Terrestrial carbon sequestration, particularly through forest
conservation and reforestation, has long been recognized as a vital
tool for climate action. However, the oceans, covering over 70% of
the Earth’s surface, also play a critical role in absorbing CO2 from
the atmosphere. Marine plants, particularly seaweed, are gaining
recognition for their remarkable ability to sequester carbon at large
scales. Seaweeds are highly efficient at photosynthesis, absorbing CO2
and converting it into biomass. Furthermore, they grow rapidly and
can store carbon in various ways, offering a promising and sustainable
solution to reduce atmospheric CO2 levels [2].

This article explores the potential of seaweed as a green solution for
carbon sequestration and climate mitigation. It outlines the biological
processes that enable seaweed to capture carbon, the current methods
for utilizing seaweed for climate action, and the challenges and
opportunities for scaling up seaweed-based carbon sequestration [3].

Methodology
Role in carbon sequestration

Seaweeds, also known as macroalgae, are marine plants that
thrive in shallow coastal waters and play an essential role in marine
ecosystems. There are three primary types of seaweed: brown algae,
red algae, and green algae, each with unique biological characteristics.
Seaweeds are highly productive, with some species growing at rates of

up to 30 cm per day under optimal conditions, making them among the
fastest-growing plants on Earth. This rapid growth is crucial for their
ability to sequester large amounts of carbon [4].

Like land-based plants, seaweeds absorb CO2 during
photosynthesis, converting it into organic carbon. The difference lies in
their ability to efficiently convert this carbon into biomass, which can
be stored in the plant tissues for varying lengths of time. Additionally,
seaweed can contribute to carbon sequestration through different
processes, such as burial in sediments or the export of carbon to deep
ocean waters, where it can remain for centuries [5].

A key feature of seaweed’s potential for carbon sequestration is
its capacity to store carbon both in the water column and in marine
sediments. When seaweed dies or is harvested, a portion of the carbon
in the biomass may sink to the ocean floor, where it is buried and
stored for extended periods. In some cases, large seaweed forests-such
as kelp forests-can sequester and store carbon on a scale comparable
to terrestrial forests, though much more research is needed to quantify
the total carbon storage potential of different seaweed species and
ecosystems [6].

Seaweed’s carbon sequestration potential

Seaweed’s carbon sequestration potential arises from its rapid
growth and efficient carbon capture mechanisms. Marine algae, like
seaweed, absorb CO2 from the atmosphere during photosynthesis, and
this process is highly efficient in coastal waters, where nutrients are
abundant. Estimates suggest that seaweed forests may sequester up to
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0.7 gigatons of CO, annually, which is comparable to the total carbon
sequestration of all global terrestrial forests combined.

One of the most significant benefits of seaweed in carbon
sequestration is its ability to store carbon in various forms. As seaweed
grows, it binds carbon in its biomass. This biomass can then be
harvested and used in various products, such as biofuels, animal feed,
or bioplastics, ensuring that the carbon remains out of the atmosphere
for extended periods. Additionally, the carbon stored in the form of
seaweed biomass may eventually sink to the ocean floor, where it is
buried in sediments, further removing carbon from the atmosphere.

Moreover, seaweed cultivation in the ocean offers additional
benefits for carbon sequestration. By growing seaweed in open-water
environments, we can reduce the need for land-based cultivation,
minimizing competition for arableland and reducing the environmental
impacts associated with agricultural practices. Seaweed farming also
avoids some of the challenges faced by terrestrial ecosystems, such as
deforestation, land-use change, and water scarcity, making it a highly
sustainable method of carbon capture [7].

Integrating seaweed into climate mitigation strategies

To maximize the climate benefits of seaweed, several strategies can
be explored:

Seaweed farming and aquaculture: The commercial cultivation
of seaweed has gained momentum in recent years. Seaweed farms,
typically located in coastal regions, can be scaled up to absorb
significant amounts of CO2 while simultaneously providing economic
opportunities for coastal communities. These farms can also contribute
to sustainable food production, as seaweed is a nutritious and
environmentally friendly food source. By growing seaweed in dedicated
farms, we can also reduce pressure on wild seaweed populations and
allow natural ecosystems to thrive [8].

Carbon capture and storage (CCS) through seaweed burial: The
burial of seaweed biomass in ocean sediments is an effective method
for long-term carbon storage. When seaweed dies or is harvested,
its carbon-rich biomass may sink to the seafloor, where it can be
stored for centuries or longer. This process, known as “blue carbon”
sequestration, has the potential to significantly offset emissions from
other sectors, such as agriculture, industry, and transportation. Some
estimates suggest that blue carbon sequestration through seaweed
could remove up to 10% of global anthropogenic CO2 emissions [9].

Seaweed for biofuels and bioplastics: In addition to carbon
sequestration, seaweed can be converted into biofuels, bioplastics, and
other sustainable products. These products can serve as alternatives to
fossil fuels and petroleum-based plastics, reducing reliance on carbon-
intensive industries and further contributing to climate mitigation. The
use of seaweed in the production of sustainable bioenergy can also help
reduce the carbon footprint of energy production.

Restoration of kelp forests and other marine ecosystems: Kelp
forests, one of the most productive ecosystems in the world, play a
vital role in carbon capture. Restoring degraded kelp forests through
habitat restoration projects can increase carbon sequestration in
coastal regions and contribute to the health of marine biodiversity. By
protecting and expanding kelp forests, we can enhance their role as
natural carbon sinks [10].

Discussion

Challenges and opportunities for scaling seaweed-based

carbon sequestration

Despite the significant potential of seaweed for climate mitigation,
there are several challenges to scaling up seaweed-based carbon
sequestration efforts:

Technical and financial barriers: While seaweed farming and
restoration hold great promise, scaling these efforts requires substantial
investment in infrastructure, research, and technology. There are costs
associated with establishing and maintaining seaweed farms, as well as
the development of carbon capture technologies to store and process
seaweed biomass. However, the growing interest in marine-based
carbon solutions is driving innovation and investment in these areas.

Environmental impact and sustainability: Large-scale seaweed
farming must be carefully managed to avoid potential negative
environmental impacts. For example, seaweed farms can alter local
ecosystems, impact marine biodiversity, and compete with other
marine species for nutrients and space. To address these challenges,
sustainable farming practices and environmental monitoring are
necessary to ensure that seaweed cultivation does not harm the marine
environment.

Long-term monitoring and research: More research is needed
to understand the full potential of seaweed in carbon sequestration,
including the rates of carbon uptake, burial, and long-term storage.
This will help optimize seaweed farming techniques, improve carbon
capture efficiency, and better integrate seaweed into climate mitigation
strategies. Long-term monitoring of seaweed farms and restoration
projects is essential to assess their effectiveness and sustainability.

Conclusion

Seaweed represents a promising and innovative solution to combat
climate change through carbon sequestration and climate mitigation.
The unique biological properties of seaweed, coupled with its rapid
growth and ability to sequester large amounts of CO2, make it a
powerful tool in the fight against global warming. By incorporating
seaweed into carbon capture strategies, we can enhance the resilience of
marine ecosystems, reduce atmospheric carbon levels, and contribute
to sustainable economic development. While there are challenges to
scaling seaweed-based carbon sequestration, these challenges are not
insurmountable. Through further research, technological innovation,
and sustainable farming practices, seaweed can play a significant role
in global climate solutions. The development of policies and funding
mechanisms to support large-scale seaweed farming, restoration, and
research is crucial to realizing its potential. By integrating seaweed into
broader climate action plans, we can harness the full potential of this
green solution and pave the way for a more sustainable and resilient
future.
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