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[A=ER Project Overview U

“Overall Objective: Develop a Post-combustion integrated hybrid (membrane/solvent)
process with an advanced catalyzed solvent.

@ject Details X @ject Objectives \

* Benefit from multiple CAER technologies: * Develop a low-cost C02 capture system
solvent; catalyst, membrane, process via Integration of multiple CAER
* Project cost: technologies to verify an advanced catalytic
* DOE share:$2.97M solvent  with integrated membrane
* Cost share:$742K dewatering for solvent enrichment in our

» Period performance: 10/1/2013 — 9/30/2016 0.1MW pilot plant (Proof of concept)

- L /

c A E R C M R G SMG WorleyParsons
Center for Appilied Energy Research resources & energy
* Project management * Technical support * PPE recommendation | ¢ Front-end engineering
* Catalytic solvent testing * EH&S analysis support
* ASPEN modeling » Techno-Economic
* Membrane synthesis Evaluation
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Catalytic Solvent Process

Uk

Treated Flue Gas Out

Water Wash
COz Out
Recovered Solvent
Polishing
Heat Exchanger De-watered
Solvent ~4 har
Absorber
Membrane Option
2B
4 Stripper
Membrane Option 1 40°G N ) ppe
(Gas Separation)
Coal-Fired [
Flue Gas ‘\1 \TF/Ri{:h-Lean -
Generator b CO; Lean ra Heat Exchanger 135°C
Stream —- .
- >
co : 40 C._ Membrane Option —Heat Input
Dose CO; Rich . 2A f @:I_/
Stream g Cooling CO; Lean
TWater Solvent
T ; 55°C
C0Oz Rich Solvent
2014 NETL CO, Capture Technology Meeting July 29 —Aug 1



AAER Technology Fundamentals Uk
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(AELR CO, Capture Chemistry Uk
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LALR Development Efforts: Catalysts UK.

Catalyst - Method
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LALR Development Efforts: Catalysts UK.
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LALR Development Efforts: Catalysts UK.

* Increased activity in MEA
(~30% enhancement)

/Improved Catalvst\
Time &
Catalyst | Solvent °C Activity
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scale-up (~25% more $
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AALR cCatalysts Properties in MEA UK
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Chz 83 33
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ALAER Catalytic Solvent CO, Capture UK

/ﬁgavantaqes ‘\\\
C5c C7

\ = Potential for reduced capital cost for
post-combustion CO, capture

» |ncreased scrubber kinetics (smaller
absorber)

= Potential for reduced energy
consumption compared to reference
case (MEA)

» High a; cyclic capacity
= High stripper temperatures/pressure
» Less solvent make-up rate

Challenges

» Transition from lab- to bench-scale
process under real flue gas conditions

» Solvent oxidation via catalyst addition
> Integration with multiple technologies
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[A=ER Design and Work Plan U

3-Prong Approach

A Parametric Parametric: Long-term
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Catalytic Solvent

Increase
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thermal stability P
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AALR  Progress and Current Status UK
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Membrane Separations

Uk

MTR Gas Membrane:

« MTR gas membrane separation unit has been sourced and delivered on June 30, 2014

« Membrane unit is being installed with shake-down testing slated for August 2014

Membrane Dewatering:

Trisep X-20 Zeolite membrane
Time/ Percent | Time/hours | Percent Dewatered
min Dewatered
0 > 20 1 53%
10 > 20 2 8%
20 > 20 - -
30 > 20 - -

Conditions Trisep Zeolite
X-20
Temperature (°C) 25 100
Pressure (psi) 1000 70
Flow rate 30 30
(ml/min)

The TriSep X-20 anti-fouling membrane (containing
an uncharged surface layer) successfully dewatered
the CAER-B3 solvent.

Extended dewatering

lifetime is currently under investigation.
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LALR Project Schedule and Milestones UK.

Previous work Current Project Future Developemt
Yr 2011-2013 2013 2014 | 2015 2016 2017-2020 >2020
BP - 1 1/2 2/3 3 - -
Development of 1 | 1 T
concept by CAER Verification Testing on 0.1 MWth
Unit

Laboratory Validation and Scale-up

P Fri ti 01  Verification Run
elely)E r!c el el L * Milestone: 500hr verification run
MWth Unit

* Solvent Optimization
* Milestone: VLE and model

regression
9 Catal —_— : * Membrane Enrichment
. * Catalyst Production « Milestone: Unit integrated and
i e B b ] » Milestone: 5009 produced 20% dewatering observed
* Milestone: 5% enrichment over 5hr
* Parametric Testing « Techno-Economic Analysis
* Catalyst Scale-up « Milestone: 100hr runs with and e R =)

» Milestone: Develop method to without catalyst completed

produce 50g/batch

* EH&S
- : * Membrane Enrichment « Milestone: Favorable EHS
*Milestone: PPE recommendation & « Milestone: 10% enrichment over ————.

front-end engineering analysis 100hr and module design
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Budget Periods and Tasks UK

BP Task Name
1.0,7.0,12.0 Project Management and Planning
2 Collection of Physical Properties and Solvent Optimization
3 Carbon Enrichment Performance Evaluation with Selected Solvent
1 4 Catalyst Scale-up
5 Front-end Engineering Analysis
6 Assessment for PPE Requirement
Budget Period Task No.  Milestone Description Planned Actual Verification Method
1 1 1A. Updated Project Management Plan 3/31/14 10/30/13 PMP file
1 1 1B. Kickoff Meeting 11/14/13 12/4/13 Presentation file
1 2.2 Solvent kinetic data collected for modeling including: no less than 30 data points ~ 6/30/14 5/31/14 Quarterly report
collected for VLE regression verification
1 2.3-4 Completion of mass transfer and kinetic data collection on CAER-B3 solvent 9/30/14 Quarterly report
1 3.1 Membrane shown to dewater CAER-B3 solvent by at least 5% over 5 hours 8/31/14 Quarterly report
1 3.2 Completion of experiment of MTR module for higher CO, loadings and lower 8/31/14 Quarterly report
stripper energy costs shown in 30 wt % MEA and CAER-B3 systemin 0.1 MWth
bench-scale test unit.
1 3.3 Examination of alternative polyamide membranes from TriSep for post scrubber 9/30/14 Quarterly report
solvent enrichment
1 4 Methodology developed for synthesis of > 50 g/batch of catalyst. 1/31/14 1/31/14 Quarterly report
1 4 At least 5% enhancement in mass transfer verified compared to the uncatalyzed ~ 9/30/14 Quarterly report
1 5 Technical support and input from WP received regarding cost of chemicals, 7/31/14 Quarterly report
membrane, and flow diagram received.
1 6 Completion of preliminary health and safety analysis on proposed solvent 4/30/14 4/30/14 Topical report to DOE
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