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Presentation Outline

Background
— CO, Capture with Solid Sorbents
— Approach and Objectives
Results to Date
— Laboratory Sorbent Screening
— 1 kW Pilot Testing at Multiple Sites
— High Level Conceptual Cost Estimate

Next Steps
Questions
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Post-Combustion Capture

Flue Gas
12% CO,
74% N,
12% H,O
4% 0,
Emission
Control
SO,, NO,,
Hg, Particulate
CO, Capture
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Coal*
50% C
20% H,0
12% O,

5% Ash Air
3% H, 78% N,
(S,Hg) o 21% O,

*Coal composition varies greatly with grade and source.

Regeneration
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Purified CO, to Storage




Phase |: Dual Focus Viability Assessment

Sorbents Equipment

« Lab Screening e Survey & Assessment
» Lab-Scale Field Screening * Costs & Impacts

* 1 kW Pilot Testing * Design

* 500 MW Concept

Objective: Assess the viability and accelerate development of
solid-sorbents for CO, capture on the existing fleet of coal-fired
power plants
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Sorbent Assessment

e Sorbent Families

— Supported Reactants
Chemisorption Sotherms

 Amines and Carbonates ’s
— Non-reacting Adsorbents
Physisorption
o Zeolites and Activated Carbon
* Screening Criteria

— Effect of moisture and flue gas
constituents

— Working capacity 0

I~ Working Capacity e
R

. 0 0.2 0.4 0.6 0.8 1
— Consistent performance BIP,

— Theoretical Regeneration
Energy

TRE = Sensible Heat + Heat of Reaction

TRE = mC AT +AH,_
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Sorbent Selection
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Effect of Moisture

Effect of Flue Gas Constituents X X X
Theoretical Regeneration Energy

— Theoretical RE

— Working Capacity X X X
Cyclic Stability X

Rate of Reaction (qualitative)
Promising Materials: Supported Amines and Activated Carbon

Five supported amine materials indicate initial promise. Ravn )
Four produced in 600 Ib quantities for 1 kW pilot testing.
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1kW Pilot Installed

oA 172010 -

Luminant’s Martin Lake Power Plant

.

Xcel’s Sherco Station
. (apa
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1kW Pilot System
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System Operation

o Continuous ,

. —>
— Adsorption and " A l}” -
regeneration \u
simultaneously

e Batch

— Adsorption and
regeneration are
separate

— Increase regeneration

time
— QO

y
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1 kW Pilot with Sorbent R
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Endothermic reaction
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Batch Test Summary
Sorbent R
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1 kW Summary of Results

v' > 90% capture achieved
v’ Fast adsorption reaction
» Significant removal at < 1 sec. residence time

v’ Pressure drop: 2.5 — 3 in H20 (includes
ICFB) at 40 Ib/hr circulation

X]Slow regeneration with test sorbent (R)

»Batch operation required to characterize
performance In this pilot

Successful sorbents must regenerate quickly
and/or in the presence of increased CO,
concentrations.
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Proposed Integration into Power Plant

Existing Plant

Boiler

L

-
a

FGD

\_ Carbon Capture Facility

 Steam will be required for regeneration

» Heat integration may be able to reduce costs and energy penalty —
power plant specific

e Large reduction in energy penalty versus advanced MEA

* Making steps towards achieving DOE’s goals for 35% increase in
LCOE with 90% capture

 Further improvements in technology required to meet DOE goals

* Some improvements have already been identified /
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Project Next Steps

* Complete testing of two alternative supported
amine materials and one activated carbon
sorbent in 1 kW system at Xcel Energy Sherco
Station

 Install 1kW pilot at NCCC for additional
testing

* Complete concept design and economics for
430 MW

Napa J
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Next Steps for Solid Sorbents

New NETL project funded for additional

development of 500 MW design supported
through 1 MW pilot testing

N \\
. Phase II: Pilot Phase I11: : )
S Testing Demonstration Irr? Olrennrg?]rtgglon
/ (1 MW) G3MW) P

2013-2014 2016 2020

Seeking additional project partners

o ADIQ
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Creating a Future with
Cleaner Coal

Holly Krutka
Research Scientist
hollyk@adaes.com
(303) 734-1727
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