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In the past decade, membranes and membrane processes have been studied extensively for carbon capture from various gas sources in the energy sector, such as syngas (~35% CO2) from an integrated gasification combined cycle, flue gas (11 – 15% CO2) in coal-fired power plants, and gas turbine flue gas (~4% CO2) of a natural gas combined cycle.  However, there are other more challenging candidates for carbon capture where the CO2 concentration is low but the total CO2 emission is large.  In this presentation, the feasibility of using membrane for carbon capture from low CO2 concentration (~1%) sources is discussed.  The low CO2 concentration sources include the treated flue gas in coal-fired power plants in which 90% CO2 has been removed by a primary carbon capture unit, e.g., membrane or aqueous amine absorption, as well as coal mine gas streams.  A novel facilitated transport membrane was synthesized in a composite membrane configuration with an 170 nm selective layer coated on a polyethersulfone nanoporous substrate.  In the selective layer, polyvinylamine with amine-sites covalently bound to the polymer backbone was used as fixed-site carrier and an amino acid salt, synthesized by deprotonating sarcosine with 2-(1-piperazinyl)ethylamine, was blended as mobile carrier.  The membrane demonstrated a CO2 permeance of 1950 GPU (1 GPU = 10-6 cm3 (STP)·cm-2·s-1·cmHg-1) and a CO2/N2 selectivity >200 at 67 °C with 1% CO2 in the feed.  More importantly, the CO2 permeance increased significantly with decreasing feed CO2 partial pressure since the more available carriers further facilitate the CO2 permeation.  A CO2 permeance as high as 2900 GPU was observed with 0.1% CO2 (101.3 Pa CO2 partial pressure) in the feed.  This feature can be capitalized by proper membrane process design since the feed CO2 concentration gradually reduces to about 0.1% for 90% carbon removal.  To demonstrate this, a 2-stage enriching membrane cascade is designed where the CO2 is sequentially enriched to 95% purity.  Vacuum is pulled on the permeate sides of both membrane stages to provide the transmembrane driving force.  The techno-economic analysis demonstrates an approximately 25% membrane area reduction if the CO2 partial pressure-dependent  permeance  is considered.  By using the synthesized membrane, a capture cost of $258.2/tonne CO2 (in 2011 dollars) can be achieved for 90% CO2 recovery.  In addition, the membrane process is feasible for CO2 mitigation with a feed CO2 concentration spectrum of 0.6 – 2.0%.  It is also found that the 90% CO2 removal may not be the most economic option for low CO2 concentration sources.  Reducing the CO2 recovery leads to a smaller energy penalty, and the lowest capture cost is reached at 70% recovery.  
