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Fundamental Problem of CO, Capture and Sequestration

* Fundamental problem: * We need to go from low pressure to
separation of CO, and N, in flue high pressure
gases: * And there’s an awful lot of it (~7

+ We need to go from dilute to high million ton/yr per coal power plant).
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Post-Combustion Solvent-Based Capture
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Post-Combustion Membrane-Based Capture

Flue Gas from
Upstream Combustion
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Post-Combustion Solid-Based Capture

Solid Calcium Carbonate CO,-Lean Flue Gas To Flue Second Gas / Solid
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Pre-Combustion Solvent-Based Capture (IGCC)

Need High Purity Oxygen to Water Gas Shift moves chemical Selexol or Rectisol Solvents
prevent N, injection potential to H, Capture H,S and CO, in separate stages
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Pre-Combustion Membrane-Based Capture

Membrane-enhanced WGS removes H, as produced
Shifts equilibrium to toward higher conversion
Increases CO2 concentration for later -,

\
A

WGS Reactors\\ Optional  \ From
\ 2
H,O + CO > CQO; + H; Membrane

126bar To O+ COS>CO+H:S SN S O S

Hzo HzS NH3 """"
Steam
E Sour N A . -.)_/W\/\_
r Water H-3, i HRSG
! 2 | Sour some |
i & | Water CO, H.‘Q‘h some %
: ; Claus Pressure ‘ CO, o
' Heat to wees H, CO ; ower )
' 2 2P . H ts
: 60 bar v HRS M .. i uge compression cos
. embrane ,
; WaterQ_@_ 2 ,L Permeate Side from vacuum levels
— > [LLL Sx ;’20 to 7 Vacuum 1€©2 CO, ol
E reatment 7 Compression
; Second Membrane separates
COZ from H2 Captured CO,

Vacuum Pressure Collection
Thomas A. Adams Download Slides at PSEcommunity.org/LAPSE:2018 XXXX



Oxytuel Combustion

Fuel combusted in N2-free flame
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Chemical Looping Combustion
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Solid Oxide Fuel Cell (SOFC) Process

Requires ASU but only
for unspent portions -,
AN CO, to
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Solvent-based Post-Combustion

Membrane-Based Post-Combustion
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Key Problems

= No systematic comparison between processes
» Everyone claims their own process is the best when compared against some other

= \Wide variation in assumptions, strategies and ideas.

= Solution: Meta-Study of ~100 published data points on those 8 processes.
» Convert to a standard basis of comparison
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Standards

* Size: 550 MW net, plant gate * Captured CO, at plant gate

* Nonfuel costs scaled with power  Pressure: >115 bar
law method p=0.9 L o
* Purity: >95 mol%
: T'”}_e & Zlaiﬁ'; Q2Q1 6 PLIJS'?C t » Capture Rate: 90-100%
* Time: North American Plant Cos
Index e LCA: Cradle to Gate GHG
* Place: Purchasing Power Parity  Consistent NOx production where
Index neglected in original
* Fuel » Standardize cradle-to-plant-
« US Bituminous Coal #6 2016 Avg entrance life cycle impacts
Price « CCA: Cost of CO, Avoided
« US Conventional Average Gas Mix ' 2 .
2016 Avg Price « Same standard plant without CCS

« SCPC and NGCC US baseline std'’s
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Overall

* SOFC clear winner
for coal and gas

« NGCC w/CCS
excellent near
term solution

* No point in using
membranes!
» Oxyfuels / CLC

good coal
Intermediate step
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Cost of CO, Avoided
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Conclusions

* No point to building new coal * SOFC is best way to use coal
* (as long as gas prices stay low) * (Could be better than gas in Asian
* IGCC cannot compete with SCPC context. Asian study needed!)

* Calcium Looping unlikely to either

* Membranes not so promising FINAL RECOMMENDATIONS

« Coal: Only fictional membranes * Near Term: Use NGCC with CCS
could compete with solvents at the * Closest thing we have to
system level commercial

* Gas: At best competes with solvent Long Term: Use SOFCs with CCS
directly, maturity / lifetime issues

aside.

* Needs research and investment now
» Best fossil fuel approach possible
* Translates well in foreign situations

Thomas A. Adams |l Download Slides at PSEcommunity.org/LAPSE:2018.XXXX



