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Background

The mission of the U.S. Department of Energy/National Energy Technology
Laboratory (DOE/NETL) Existing Plants, Emissions & Capture (EPEC) Research &
Development (R&D) Program is to develop innovative environmental control
technologies to enable full use of the nation’s vast coal reserves, while at the same
time allowing the current fleet of coal-fired power plants to comply with existing
and emerging environmental regulations. The EPEC R&D Program portfolio of post-
and oxy-combustion carbon dioxide (CO,) emissions control technologies and co,
compression is focused on advancing technological options for the existing fleet
of coal-fired power plants in the event of carbon constraints.

Pulverized coal (PC) plants burn coal in air to generate steam and comprise 99
percent of all coal-fired power plants in the United States. CO, is exhausted in the
flue gas at atmospheric pressure and a concentration of 10-15 percent by volume.
Post-combustion separation and capture of CO, is a challenging application due to
the low pressure and dilute concentration of CO, in the waste stream, trace impurities
in the flue gas (nitrogen oxides [NO,], sulfur oxides [SO,], and particulate matter
[PM]) that affect removal processes, and the parasitic energy cost associated with
the capture and compression of CO,. A promising technology for post-combustion
CO, control is membrane-based capture which utilizes permeable or semi-permeable
materials that allow for the selective separation of CO, from flue gas.

CO2 depleted Vent \
Turho;expandar 1 Product CO2
60 bar, 20C
Feed < 7
Compressc_r_ | Dryer e
I — ‘—chryo — '/'JTurbo—
— xpander /! expander
Flue - 20 - jA o 4 -
gas - =
+ H20

BEW

Il M T weat [T m il i i
Exchang

57
T 25081 %

Membrane

! / Cryo-phase
= Separator
-0C /
Hybrid Membrane with
Compression and Purification Lco2 pump
Unit configuration. s

_— Permeate Compressor

NATIONAL ENSRGY TECHNOLOGY LASORATORY

Albany, OR . Fairbanks, AK « Morgantown, WV . Pittsburgh, PA - SugarLand, TX

Website: www.netl.doe.gov
Customer Service: 1-800-553-7681

Existing Plants, Emissions & Capture

CONTACTS

Shailesh D. Vora

Technology Manager

Existing Plants, Emissions & Capture
National Energy Technology Laboratory
626 Cochrans Mill Road

P.O. Box 10940

Pittsburgh, PA 15236-0940
412-386-7515
shailesh.vora@netl.doe.gov

Andrew O’Palko

Project Manager

National Energy Technology Laboratory
3610 Collins Ferry Road

P.O. Box 880

Morgantown, WV 26507-0880
304-285-4715
andrew.opalko@netl.doe.gov

Sudhir Kulkarni, Ph.D.
Principal Investigator
American Air Liquide, Inc.

200 GBC Drive
Newark, DE 19702-2462

302-286-5474
sudhir.kulkarni@airliquide.com

PERIOD OF PERFORMANCE

Start Date End Date
10/1/2010  09/30/2012

C0ST

Total Project Value
$1,582,837

DOE/Non-DOE Share
$1,266,248 / $316,589

AWARD NUMBER

DE-FE0004278

U.S. DEPARTMENT OF

ENERGY




Description

American Air Liquide Inc. (AL) will develop at bench-scale

a novel, sub-ambient temperature, membrane-based Co,
capture process with the potential to significantly reduce the
overall cost of capturing CO, from power plant flue gas. AL
will utilize a high-performance polyimide (PI) hollow fiber
membrane operated at sub-ambient temperatures to achieve
DOE cost and performance goals. Pl hollow fiber membranes
have been demonstrated in the laboratory to show 2-4 times
higher selectivity for CO, when operated at temperatures
below -20°C as compared to ambient temperature values.
A bench-scale test unit will be constructed and used to
validate enhanced membrane performance at sub-ambient
temperatures with a commercial-scale Pl membrane bundle.
Cryogenic operating temperatures will be achieved through
the controlled expansion of the gas across the test system
valves. Data obtained from the bench-scale project will be
used to refine the integrated process simulation and to
design a slipstream facility for possible subsequent testing
at a coal-fired power plant.

Primary Project Goal

The overall goal of the bench-scale project is to develop and
demonstrate a cost effective, sub-ambient temperature
membrane system applicable for CO, capture from existing
coal-fired power plant flue gas that can achieve at least 90
percent CO, removal with less than a 35 percent increase in
the cost of electricity (COE).

Objectives

The project objectives are to (1) demonstrate high selectivity/
high permeance performance with a commercial-scale
membrane module in a bench-scale test skid; (2) verify the
mechanical integrity of the membrane module structural
components at sub-ambient temperatures; (3) demonstrate
long-term operability of the sub-ambient temperature
membrane; (4) evaluate the effect of expected contaminant
levels on membrane performance; (5) refine process simulation
for the integrated process including flue gas conditioning
and CO, liquefaction; and if these tasks are successful (6)
design a slipstream-scale unit.

Planned Activities

« A closed loop bench-scale test system with cryogenic
capability will be designed and constructed.

« Tests will be performed on the bench-scale system
to demonstrate mechanical integrity of the housed
membrane assembly operated at sub-ambient
temperatures.

« Subsequent testing on the membrane modules at sub-
ambient temperatures and with N,/CO, mixtures will be
performed to quantify enhanced membrane performance
for CO, removal at low temperature.

+ Laboratory testing will be performed on mini-permeators
with pre-mixed gases at sub-ambient operating conditions
to determine the effect of expected contaminant levels
(SO,, NO,, water) on membrane performance.

« Laboratory results will be used to prepare design and
economic estimates for a CO, removal slipstream-scale
pilot unit which will include pre-treatment, compression,
heat exchanger, and the membrane system.

« Results will be used to refine a full-scale CO, removal system
simulation model. An evaluation of the model will provide
the capital and operation & maintenance costs for full-scale
technology implementation as well as provide the COE
resulting from 90 percent CO, capture.

Accomplishments
+ Project awarded on 09/27/2010.

« Kick-off meeting conducted 12/17/2010.

Benefits

Development of this novel, membrane-based CO, capture
process has the potential to provide a significantly lower
cost CO, capture system applicable to existing coal-fired
power plants. The hybrid system is based on unprecedented
membrane performance achieved by sub-ambient
temperature operation of a commercially available AL hollow
fiber polyimide membrane. Coupling the high performance
membrane with well understood cryogenic processing
technology provides a means to capture at least 90 percent
of the CO, in the flue gas from an air/coal-fired PC power
plant with an increase in the cost of electricity of less than
35 percent. Successful completion of this bench-scale project
will lead to the next step—testing at a slipstream level—and
toward achievement of DOE’s program goals.
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