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Supporting development of 2nd and 3rd  
generation CCS technologies 
 ”Efforts should be taken to better understand the role of 2nd 

and 3rd generation technologies for CCS deployment, and 
policies and approaches identified among individual CSLF 
member countries that can stimulate 2nd and 3rd generation 
CCS project proposals to improve the outlook for successful 
Large Scale Integrated Project deployment in the 2020 to 
2030 timeframe. Development of these technologies will 
benefit from the CCS Pilot Scale Testing Network, which is in 
the process of being stood up. ”  

 2 CSLF Technical Group Meeting, Regina, Canada, June 16, 2015 



What we do 
• Policy Group 

– Map initiatives and funding mechanisms for 2nd and 3rd generation 
technologies in CSLF member countries.  

– Prepare a Policy document on how to achieve an accelerated 
implementation of 2nd and 3rd generation CO2 capture technologies 

• Technical Group 
– Map/Identify 2nd and 3rd generation  

• mature in the 2020 –2030 timeframe, 
• development plans to scale from current readiness  
• major challenges facing technology development.   

– Use existing networks to map potential for testing 2nd and 3rd 
generation technologies at existing test facilities  

–   
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Approach of Technical Group to 
identify technologies 

• Summarised several review papers, NOT an 
original work  
– SINTEF (2013) 
– DOE/NETL (2013) 
– IEAGHG (2015) 
– ZEP (2013) 
– CSLF (2013a)  
– GCCSI (2014) 
– Supplementary information 
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Organization of report 
• Post-combustion 

– Solvents 
– Sorbents 
– Menbranes 
– Other (Cryogenic, hydrates, CO2 enrichment, algae, supersonic 

pressurized) 

• Pre-combustion 
– Solvents 
– Sorbents 
– Membranes 
– Other (cryogenic, fuel cell concepts, not requiring capture facilities) 
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Organization of report 
• Oxy-combustion 

– Chemical Looping Combustion (CLC) 
– Oxygen Transporting Membranes (OTM) 
– Other (incl. air separation, turbines and boilers, high pressure, CO2 

processing and clean-up 

• Other new emergig technologies with limited info today 
• Test facilities and capabilities 

– CCS Test Centre Network 
– ECCSEL 
– Other (China, Japan, Korea, Europe, etc) 
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Example of technology summary  
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Enzymes 
  
The enzyme carbonic anhydrase (CA) is known to accelerate the hydration of neutral aqueous CO2 molecules to ionic bicarbonate 
species. CA is amongst the most well-known enzymes, since it operates in most living organisms, including human beings. By 
adding a soluble enzyme to an energy efficient solvent one may be able to achieve a lower cost process for carbon capture and 
mimicking nature’s own process. Increasing the kinetic rates of the hydration of CO2 and dehydration, as CA does, results in 
enhanced absorption and desorption of CO2 into and out of a CO2 solvent and/or in various membrane processes with immobilized 
CA. Novozymes applies ultrasonic energy to increase the overall driving force of the solvent re-generation reaction. 
 
Maturity: 3rd generation; TRL 1 - 2 (Bench scale testing with real flue gas) 
Challenges: Understanding the level of enzyme activation; increasing the chemical and physical stability of the enzymes (mainly 
thermal stability); advancing the limited cyclic capacity (for carbonates)  
Some players: CO2 Solutions, Novozymes, Carbozymes, Akermin 
Pathway to technology qualification: Further basic research to understand the level of enzyme activation and to increase the 
chemical and physical stability of the enzymes (mainly thermal stability). In addition, the limited cyclic capacity (for carbonates) 
needs further advancements. Scale-up to lab and small pilot. 
Infrastructure required: The concept can utilize the existing infrastructure for post-combustion as found at many larger test 
facilities, such as access to real flue gas, water, electricity and other utilities. Some modifications may be required, depending on 
the need for recycling enzymes to avoid high temperature exposure. 
Environmental impact: Potentially low impact. If inorganic carbonates are use as main component and there are no other 
activators than the enzyme, there should be no emissions. 
Applications: Power industry, cement industry, steel industry 



TCN member facilities and capacities  
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Next steps TG 
• Quality check of 2nd and 3rd generation report 
• Complete information gathering on test facilities 
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