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Carbon Capture Potential of Microalgae
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As the world intensifies efforts to combat
climate change, carbon capture technolo-
gies have gained considerable attention.
Among various biological options, micro-
algae stand out for their remarkable abil-
ity to capture carbon dioxide (CO,) from
the atmosphere and industrial emissions.
These microscopic photosynthetic or-
ganisms possess unique biological and
ecological traits that make them highly
effective in carbon sequestration, bio-
mass production, and environmental
remediation.
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Distinctive Efficiency Features

Superior Photosynthetic Efficiency - Like plants, microalgae perform photosynthesis by converting CO, into organic
compounds using sunlight. However, they are significantly more efficient than conventional terrestrial plants. Under op-
timal conditions, microalgae exhibit growth rates 10-50 times faster than perennial plants and can absorb CO, 20-30
times more effectively. Additionally, microalgae require far less land than terrestrial crops, allowing cultivation in con-
fined spaces and on non-arable land.

Versatility in Carbon Source Utilization - Microalgae can utilize a wide range of carbon sources. In addition to atmos-
pheric CO,, microalgae can effectively capture carbon from industrial flue gases, biogas produced from biomass decom-
position, and even CO, dissolved in industrial wastewater. Certain species can also metabolize organic carbon from nu-
trient-rich wastewater, serving both as a carbon capture system and a wastewater treatment solution.

Opportunities for Genetic Enhancement - Recent advancements in biotechnology have enabled researchers to improve
the carbon capture capabilities of microalgae through genetic engineering. For instance, efforts are underway to engi-
neer ribulose-15-bisphosphate carboxylase/oxygenase (RuBisCo) — a key enzyme in the photosynthetic process — to
increase its carbon fixation efficiency. Additionally, scientists are exploring microalgae with a truncated light-harvesting
antenna, allowing for greater light penetration into dense cultivation systems, thereby maximizing overall photosyn-
thetic efficiency.
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Cultivation Systems

Microalgae can be cultivated in various systems, each with distinct benefits and limitations. Open pond systems are cost-
effective but offer lower productivity and limited control over environmental factors. In contrast, photobioreactors (PBRs)
provide a closed, controlled environment, leading to higher yields and reduced contamination risks. The integration of Artifi-
cial Intelligence (Al) and the Internet of Things (IoT) in cultivation systems enable real-time monitoring and dynamic adjust-
ment of physical and chemical parameters to optimize growth conditions and carbon uptake.

To enhance sustainability, microalgae cultivation systems can be integrated with industrial facilities to utilize flue gas emis-
sions as a carbon source and wastewater as a nutrient supply, reducing dependency on chemical fertilizers. The use of renew-
able energy, such as solar and biomass energy, in these systems further minimizes the overall carbon footprint, positioning
microalgae as a versatile and scalable solution for low-carbon industrial processes.
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