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1.0 — Flue Gas Pretreatment Specification

1.1 Flue Gas Specification

1.2 Flue Gas Pretreatment System Procurement

1.3 Flue Gas Pretreatment System Installation

1.4 Test and Verify Pretreatment Clean-up Performance

5.0 — Permeator Scale-Up Development
5.1 Development of Test Plans for SWHF-CLM Scale-up Modules
5.2 Permeator Instrumentation Development and Testing

7.0 - Development of a Commercialization Study

7.1 Compilation of Commercialization Issues and Requirements
7.2 Analysis of Commercialization Issues and Requirements

7.3 Commercialization Plan Recommendations
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Hollow Fiber Membrane Permeator
Features Benefits
Enzyme catalyzed rate promotion Rapid, low energy, specific CO,
reactions
Pressure Swing Absorption Low pressure, no temperature swings
Hollow fiber G-L-G design, contained Efficient mass transfer, maximal surface
liquid membrane (CLM) / volume
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Future Carb

CO, Capture Skid

Natco HF membrane high pressure
post-EOR CO, capture facility. Daily
volume = 1/2 that of a 400MW coal
burning power plant. Sacroc, Texas

Boiler Turbine Transformer
Steam to Turbine Generator
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Acceptance Limits

Contaminant Acceptance Concentration Flue Gas
HCI 7 ppmv 3.25 ppmv
HF 7 ppmv 0.108 ppmv
SO, (SO, + SO;) 7 ppmv 200 ppmv
NO? 190 ppmv 400 ppmv
NO,’ 20 ppmv
Hg (as Hg?) 4 ¥
Hg° 2.17 ppbv 2.17 ppbv

_ %ﬂ;‘c.
£
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No additional Worst case
cleanup Changes in CLM Chemistry with Typical Flue Gas analysis
assumes SO,, NOx and Hg are oxidized
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Additional
cleanup

Changes in CLM Chemistry with Acceptance Flue Gas

assumes SO2, NOx, and Hg are oxidized

Worst case
analysis
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e Purpose: Determine the range of flue gas components that could
be expected and the pretreatment needed to meet the CLM
requirements.

e The EPA’s Information Collection Request database of mercury
emissions from power plants was used to identify the most
commonly used bituminous and subbituminous coals and lignite as
well as the most common plant configurations for each coal.

e The USGS coal analysis database was accessed for compositional
information.

e The coal type, coal analysis, and plant configuration data were
entered into the IECM and the model run for each of the 92
combinations to produce an estimated flue gas composition.
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Integrated Environmental Control Model

Welcome to the

Integrated
Environmental

Control
Model NETL

About IECM
History
Download IECM

POCRgrtation A tool for calculating the performance, emissions, and cost of a
Publications

Support fossil-fueled power plant
People
Links Developed by

Carnegle Mellon University (CMU)
Department of Engineering & Public Policy (EPPF)

f}; i With Support from

United States Department of Energy's
National Energy Technology Laboratory (NETL)

If you have questions or comments; please contact usl
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Seam or Mine(s) Name State
Bituminous Coal
Pittsburgh No. 8 Pennsylvania and West Virginia
Foidel Creek Colorado
Sufco Utah
Century Ohio
Powder River Basin Subbituminous Coal
Black Thunder Wyoming
North Antelope—Eagle Butte Wyoming
Cordero Wyoming
Rosebud Wyoming
Caballo Wyoming
Buckskin—Belle Ayr—Antelope Wyoming
Lignite
Freedom North Dakota
Falkirk North Dakota
Big Brown Texas

Center North Dakota
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Most Common Existing U.S. Power Plant Configurations — Bituminous Coals
Number Percentage of Total

Boiler Type and Pollution Control Devices of Units U.S. Fleet *
Bituminous Coal
Wall-Fired, In-Furnace NO Control, Cold-Side ESP, No 89 8.2
SO, Scrubber
Wall-Fired, No NO, Control, Cold-Side ESP, No SO, 63 5.8
Scrubber
Tangentially Fired, In-Furnace NOy Control, Cold-Side ESP, 94 8.7
No SOy Scrubber
Tangentially Fired, No NOy Control, Cold-Side ESP, No 66 6.1
SO, Scrubber
Wall-Fired, In-Furnace NO Control, Cold-Side ESP, Wet 42 3.9
SO, Scrubber
Wall-Fired, In-Furnace NO, Control, Fabric Filter, No SOy 6 0.5
Scrubber
Tangentially Fired, In-Furnace NOy Control, Fabric Filter, 4 0.4
No SO, Scrubber
Total Plants, All Coals 364 33.6

* Assuming 1084 units in the United States (total from the EERC mercury ICR database).
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Most Common Existing U.S. Power Plant Configurations — Subbituminous Coals
Number Percentage of Total

Boiler Type and Pollution Control Devices of Units U.S. Fleet *
Subbituminous Coal
Wall-Fired, In-Furnace NO4 Control, Cold-Side ESP, No 22 2.0
SOy Scrubber
Wall-Fired, No NO, Control, Cold-Side ESP, No SO, 14 1.3
Scrubber
Tangentially Fired, In-Furnace NOy Control, Cold-Side ESP, 37 3.4
No SOy Scrubber
Tangentially Fired, No NOy Control, Cold-Side ESP, No 25 2.3
SOy Scrubber
Tangentially Fired, In-Furnace NOy Control, Cold-Side ESP, 6 0.5
Wet SO, Scrubber
Tangentially Fired, No NOy Control, Cold-Side ESP, Wet 5 0.5
SO, Scrubber
Wall-Fired, In-Furnace NO, Control, Fabric Filter, No SO, 9 0.8
Control
Tangentially Fired, In-Furnace NOy Control, Fabric Filter, 5 0.5
No SO, Control
Total Plants, All Coals 123 11.3

* Assuming 1084 units in the United States (total from the EERC mercury ICR database).
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Most Common Existing U.S. Power Plant Configurations — Lignite Coals
Number Percentage of Total

Boiler Type and Pollution Control Devices of Units U.S. Fleet *
Lignite
Wall-Fired, In-Furnace NO, Control, Cold-Side ESP, No 2 0.2
SO, Scrubber
Tangentially Fired, In-Furnace NOy Control, Cold-Side ESP, 4 0.4
Wet SO, Scrubber
Tangentially Fired, No NOy Control, Cold-Side ESP, Wet 4 0.4
SOy Scrubber
Tangentially Fired, In-Furnace NOy Control, Dry SOy 3 0.3
Scrubber, Fabric Filter
Total Plants, All Coals 13 1.2

* Assuming 1084 units in the United States (total from the EERC mercury ICR database).
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Predicted Flue Gas Compositions

Bituminous Coals PRB' Subbituminous Coals Lignites

ZI;':'S oans o Minimum Maximum Median Minimum Maximum Median Minimum Maximum Median
N2, wt% 65.34 69.83 69.13 62.91 67.69 67.03 62.31 68.75 62.96
Oz, wt% 558 599 592 539 582 574 534 589 541
H:0, wt% 479 10.56 545 6.72 12.53 753 7.73 14 .81 12.28
COz, wt% 17.11 18.29 17.87 17.25 19.12 18.31 16.94 18.48 17.66
CO, wt% 0 0 0 0 0 0 0 0 0
HCI, ppmw 0.58 56.1 20.0 0.748 16.9 7.9 0.71 12.4 42
SOz, ppmw 296.2 5137 1324 3281 2252 850 3843 2137 397
Sulfuric Acid 0.32 194 44 0.04 0.31 03 0.01 1.01 0.25
(equivalent SO),

mw
NO, ppmw 165.9 3746 200.5 160.7 484 2140 151.2 4593 1756
NO;, ppmw 134 30.2 16.2 13.0 39.0 17.3 12.2 371 142
NHz, ppmw 0 24 24 0 25 24 0 25 24
Ar, wt% 1.1 1.19 1.18 1.07 1.15 1.14 1.06 1.14 1.07
Mercury

Elemental, pg/Nm? 14 474 273 8.07 137 10.32 9.55 22 64 12.66

Oxidized, uyg/Nm? 0.18 11.07 6.36 0.13 457 3.09 0.16 7.55 1.78

Total, pg/Nm? 1.76 15.81 9.08 8.2 18.26 12.89 9.7 30.19 1454

" Powder River Basin.
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Chart Area

SOx in Exaust of Coal Fired Boilers
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Comparison of Flue Gas Component Ranges with Permeator Acceptance Requirements

Typical
Carbozyme Removal
Permeator Required,
Flue Gas Component Minimum Maximum Median Requirements Yo
HCI, ppmw 0.58 56.10 7.9 8.46 None
SO, ppmw 296.2 5100 1000 18.57 98.1
SO;3, ppmw 0.01 19.4 0.5
NO, ppmw 151.2 484.0 200.5 195 2.7
NO,, ppmw 12.2 39.1 16.2 20.8 None
Oxidized Mercury, 0.13 11.07 3.24 0.033 None (with
ug/Nm’ EDTA)
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Condensing Heat Wet ESP Wet Scrubber
Exchanger

e While not difficult to Design and fabrication e Relatively simple to

design, somewhat may be more difficult than  design and fabricate
g??gsrfigrttigﬁqwred other options e (Can be tailored to the
e Not as readily tailored to specific needs of a
e Not as readily tailored a given process process

to a given process

Effective in removing SO; ¢ Can be employed

o Likely would not mists, submicron where ultrafine Class
condense SO; particulate; provide C fly ash is present
aerosols additional Hg control « With proper design, is

e (lass C fly ashes e Not appropriate for Class likely to capture SO;
might form concrete C fly ash as it will likely aerosols
when combined with form concrete in the wet

the condensate ESP.
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Carbozyme Scrubber Scaffolding

Scrubber
Rack —
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EPRI Power Plant Model

Power cz Cold 1 yga
Ammonia
Gross Steam
Turbine Power 498 MW
Delivered Power w/o 462 MW

CO, Recovery
Delivered Power
with CO , Recovery

Energy Burden| 12.8% 22.1% 28.7%

403 MW | 360 MW [ 329 MW

Energy Burden

Opex ($/KW)

Capex ($/t)

$1.51 --

$2.62
Capex ($/W) $2.39

@ Carbozyme [[1 Aqua Ammonia M MEA E No CO2
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» Develop partnerships of
technology developers,
financial institutions, and
LLIEhiTsE I regulatory bodies to ensure
Firms

OEMs & acceptance by marketplace
. Utility
Suppliers . C e el
Companies » Form multi-institutional teams,

understanding the needs of
multiple stakeholders to direct
DOE . . .
. the commercialization of new
National

Laboratories Public Utility technologies
Commissions

Investment

. » Explore commercialization of
Firms

promising CCS technologies
for both present and future
plants




Frame Setters

Enablers

Carbozyme CCS Commercialization Stakeholders
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Federal Stakeholders —to provide the overarching federal policy commitments and
funding vehicles to acceleration of deployment of CCS projects.

NETL/Other Technology Sources — clearly critical to the future development and
commercialization of CCS technologies.

State Stakeholders —to develop the regulatory framework and provide ratepayer
funding to create necessary incentives.

End users/Utility Companies —to collaborate with PUCs to determine the
appropriate degree of involvement in the RD&D process.

Environmental Groups_— critical to gaining public acceptance of Geologic Carbon
Sequestration as a safe and viable climate change mitigation tool.

Insurance Companies —to be engaged in the process in an effort to begin to model
the risk associated with sequestration.

Financial Institutions — with the alignment of groups | through VI, should be willing

to provide funding to CCS projects that have Federal and State policies and funding
support.
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The Carbozyme Benefit
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Permeate vacuum
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Pictorial Representation of Flue Gas CO, Capture
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Furnace/Boiler Carbozyme Permeators Stack
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