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OutlineOutline

•• MotivationMotivationMotivationMotivation
•• PostPost--Combustion Capture PrimerCombustion Capture Primer

dd•• Ways ForwardWays Forward
Improved SolventsImproved Solvents
Beyond SolventsBeyond Solvents
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PostPost--Combustion Capture:Combustion Capture:
More than an AfterthoughtMore than an AfterthoughtMore than an AfterthoughtMore than an Afterthought

•• Compatible with existing coal infrastructureCompatible with existing coal infrastructureCompatible with existing coal infrastructureCompatible with existing coal infrastructure
No change in basic combustion technologyNo change in basic combustion technology
Offers good retrofit opportunitiesOffers good retrofit opportunitiesOffers good retrofit opportunitiesOffers good retrofit opportunities

•• Leading candidate today for gasLeading candidate today for gas--fired power fired power 
plantsplantspp

•• Slow progress of IGCCSlow progress of IGCC
•• Offers flexibilityOffers flexibility –– e g can operate withoute g can operate withoutOffers flexibility Offers flexibility e.g., can operate without e.g., can operate without 

capture as a peaking unitcapture as a peaking unit

Howard Herzog / MIT Laboratory for Energy and the Environment



PostPost--Combustion CaptureCombustion Capture
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Schematic of Amine Process for Schematic of Amine Process for 
COCO CaptureCaptureCOCO22 CaptureCapture
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CO2 Capture at a Power Plant
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Capture and CompressionCapture and Compression
Capital CostsCapital CostsCapital CostsCapital Costs
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Separation EnergySeparation Energy
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Energy BreakdownEnergy Breakdown
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Comparing SolventsComparing Solvents

•• Regeneration EnergyRegeneration EnergyRegeneration EnergyRegeneration Energy
•• Solvent ReactivitySolvent Reactivity

S l Ch i iS l Ch i i•• Solvent CharacteristicsSolvent Characteristics
CostCost
DegradationDegradation
VolatilityVolatility
CapacityCapacity
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Improved Solvent Example:  Improved Solvent Example:  
AmmoniaAmmoniaAmmoniaAmmonia
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Thoughts on Improved SolventsThoughts on Improved Solvents

•• Modest improvements (i e 10Modest improvements (i e 10--20%) highly20%) highlyModest improvements (i.e., 10Modest improvements (i.e., 10--20%) highly 20%) highly 
likelylikely

•• Large improvements (>50%) will be veryLarge improvements (>50%) will be very•• Large improvements (>50%) will be very Large improvements (>50%) will be very 
difficultdifficult
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Beyond Solvents:Beyond Solvents:
StimulusStimulus--Responsive SorbentsResponsive SorbentsStimulusStimulus--Responsive Sorbents  Responsive Sorbents  

•• Definition:Definition: materials that undergo dramatic materials that undergo dramatic gg
changes in ordering (resulting in a large change in changes in ordering (resulting in a large change in 
capacity for solutes like COcapacity for solutes like CO22) with small changes ) with small changes 
in energy inputin energy inputgy pgy p

•• Example:Example: water hydrates (problem is restricted water hydrates (problem is restricted 
range of operating conditions)range of operating conditions)
Oth M t i lOth M t i l li id t l i i li idli id t l i i li id•• Other Materials:Other Materials: liquid crystals, ionic liquids, liquid crystals, ionic liquids, 
metal organic frameworksmetal organic frameworks

•• Stimuli:Stimuli: electric fields, magnetic fields, light electric fields, magnetic fields, light S u :S u : e ec c e ds, g e c e ds, ge ec c e ds, g e c e ds, g
irradiation (solvents use temperature and/or irradiation (solvents use temperature and/or 
pressure)pressure)
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StimulusStimulus--Responsive Sorbents:Responsive Sorbents:
StatusStatusStatusStatus

•• Relatively little work onRelatively little work on--goinggoingRelatively little work onRelatively little work on going going 
•• Very early stages of R&D, so commercial Very early stages of R&D, so commercial 

products many years awayproducts many years awayp y y yp y y y
•• Success not guaranteed Success not guaranteed –– challenges include challenges include 

finding materials that can operate in the harsh flue finding materials that can operate in the harsh flue g pg p
gas environment and at the scale requiredgas environment and at the scale required

•• Opportunity Opportunity –– this is a very large, mostly this is a very large, mostly 
unexplored solution spaceunexplored solution space
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SummarySummary

•• Best policy for CCS is a balanced portfolio thatBest policy for CCS is a balanced portfolio thatBest policy for CCS is a balanced portfolio that Best policy for CCS is a balanced portfolio that 
includes postincludes post--, pre, pre--, and oxy, and oxy-- combustioncombustion

•• PostPost--combustion capture has some nice features combustion capture has some nice features pp
(e.g., compatible with existing marketplace)(e.g., compatible with existing marketplace)

•• Current focus for postCurrent focus for post--combustion is improved combustion is improved pp pp
solvents solvents –– will probably lead to modest will probably lead to modest 
improvements but probably not a gameimprovements but probably not a game--changerchanger

•• Need to expand research into new areas like Need to expand research into new areas like 
StimulusStimulus--Responsive SorbentsResponsive Sorbents
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