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DESCRIPTION
As global concerns about climate change intensify, Carbon 
Capture and Storage (CCS) have become vital technologies for 
mitigating CO₂ emissions from industrial processes and power 
generation. Traditional CCS methods, such as absorption and 
cryogenic separation, are often energy-intensive and costly. 
Membrane technology has emerged as a innovative alternative for 
CCS, offering energy efficiency, simplicity and significant 
scalability. This article reviews the progress in membrane 
technology for carbon capture, examining major advancements, 
challenges and significant perspectives directions for achieving 
sustainable CCS solutions.

The role of Carbon Capture and Storage (CCS) in
climate change mitigation

Carbon Capture and Storage (CCS) is an essential approach to 
reduce greenhouse gas emissions and limit global warming. CCS 
involves capturing CO₂ from industrial sources, transporting it to 
a storage location and safely storing it underground to prevent it 
from entering the atmosphere. Industries such as cement, steel 
and natural gas production are major CO₂ emitters and CCS 
technologies lead a major role in reducing their environmental 
impact. However, traditional CCS methods, which rely on 
chemical absorption, are often costly and energy-intensive, 
prompting the need for alternative technologies that are more 
economically viable and sustainable.

Membrane technology, with its selective permeability and scalability, 
has shown in reducing the energy requirements and operational 
complexity of CCS. By using selective membrane materials, CO₂ can 
be efficiently separated from other gases, allowing for its capture and 
subsequent storage with lower energy input.

Advances in membrane materials for carbon capture

Recent progress in membrane materials has enabled significant 
improvements in CO₂ separation performance. Major 
advancements include:

Polymeric membranes: Traditional polymer-based membranes 
have been widely used in gas separation due to their flexibility 
and cost-effectiveness. New polymer formulations, such as poly 
(ethylene oxide) and polyimide blends, have been optimized for 
enhanced CO₂ selectivity. By increasing the affinity of the 
polymer for CO₂, these membranes achieve higher selectivity and 
permeability, making them more suitable for carbon capture.

Mixed Matrix Membranes (MMMs): Mixed matrix membranes 
combine polymer matrices with inorganic fillers like Metal-
Organic Frameworks (MOFs) or zeolites. This hybrid approach 
enhances the separation capabilities of polymeric membranes by 
adding selective transport pathways. For instance, MOF-based 
fillers provide nanostructured channels that facilitate selective 
CO₂ transport while blocking other gases, increasing separation 
efficiency.

Carbon Molecular Sieve Membranes (CMSMs): Carbon 
molecular sieve membranes offer high CO₂ selectivity and 
thermal stability. These membranes are created by pyrolyzing 
polymeric precursors, forming microporous structures that 
selectively capture CO₂ molecules. CMSMs are particularly 
suitable for high-temperature and high-pressure applications, 
making them ideal for industries with harsh operating 
conditions.

Benefits of membrane technology in carbon capture

Membrane technology offers several advantages for CCS 
applications:

Simplicity and scalability: Membrane-based systems are typically 
modular and require fewer operational steps, making them easier 
to scale and integrate into existing industrial processes. This 
simplicity reduces maintenance requirements and operational 
costs.

Reduced environmental impact: Membrane technology 
eliminates the need for hazardous chemicals, minimizing the 
environmental impact associated with traditional CCS methods. 
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challenges remain, advancements in membrane materials, hybrid 
systems and AI-driven material discovery are more efficient and 
cost-effective CCS solutions. With continued research and 
innovation, membrane-based carbon capture systems have the 
importance to lead a significant role in global climate change 
mitigation efforts, supporting cleaner and more sustainable 
industrial practices.

Silva M

By reducing reliance on chemical sorbents, membrane systems 
contribute to a cleaner, more sustainable CCS solution.

CONCLUSION
Membrane technology represents a innovative pathway for 
sustainable carbon capture and storage, offering significant for 
reduced energy consumption, simplicity and adaptability. While 
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