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What carbon management technologies may be used in
a particular application (e.g., existing vs. new plants)?

What are the key parameters that affect the

performance, emissions, and cost of a given option?

How do the alternative options compare in terms of
performance, reliability, and cost?

What are the uncertainties and technological risks of
different carbon management options?

What are the priorities and benefits of R&D to reduce
key uncertainties in new process designs?




Identify potential options for power generation with carbon
capture and sequestration, suitable for, (a) existing plants,
and (b) new plants

Develop a model to quantify performance, emissions, and

cost of alternative options, and their dependency on key
plant and technology design parameters, operating
parameters, and carbon management methods

Characterize uncertainty in key parameters of the carbon
management system

Integrate carbon management technologies with other plant
environmental control systems

Conduct case studies to illustrate model applications




Enhanced oil recovery (EOR)
B Dow MEA (Some plants in TX
and NM, now shut down)
B Common in 1970s and 1980s
(100-1200 tons CO,/d)

Fertilizer industry
m H, and CO, separation = Urea

production
B Dow MEA (Indo Gulf
Fertilizer Co.) - 150 tons CO,/d

Carbonation of brine (soda ash)
m Kerr-McGee MEA (North
American Chemical Co.,
operational since 1978) - 800
tons CO,/d

Food-grade
B Fluor Daniel / Dow MEA
(Northeast Energy Associates,
MA) - 320 tons CO,/d

Commercial CO, capture and
sequestration facility
B Injection into deep saline
aquifer (Sleipner West gas
field, Norway, installed in
1996) - ~3000 tons CO,/d




Power Generation Technologies

Combustion-based
Gasification-based

Direct Combustion
Gas Reforming

Oxidant

Pure Oxygen

Technology

& Simple Cycle |

k Pulverized Coal
Gas Turbines

— Gas Turbines

— Coal Gasification
— Fuel Cells

— Other




CO2 Separation and Capture

|
|

Absorption Adsorption Cryogenics Membranes Microbial/Algal

Chemical Adsorber Beds

MEA Alumina Polyphenyleneoxide
Caustic Zeolite Polydimethylsiloxane

Gas Absorption

Other Activated C
|| Physical Regeneration Method§ k-

t Polypropelene

Selexol Pressure Swing :
Rectisol Temperature Swing Ceramic Based
Other Washing Systems




CO2 Disposal / Storage Options

Geological Ocean Biological Other
Sequestration Sequestration Sequestration Methods

Deep Saline Very Deep Ocean Forests and Storage as a solid in an

Reservoirs Injection Terrestrial Systems Insulated Repository

Exhausted Unconfined Release Marine Alga Utilization Schemes
Oil and Gas Wells (@ ~ 1000 m) (e.g. Polymerization)

Abandoned Dense Plume Formation
Coal Seams (shallow)

Dry Ice Injection




Power CO, CO, CO, Storage
Generation Capture Transport or Disposal

. a . c)
Absorption Deep Saline Reservoirs

Simple Cycle Adsorption Pipeline Oil and Gas Wells
Combined Cycle Cryogenics Other Deep Coal Seams
Membranes Oceans
Byproduct Utilization
\ 4
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Total Energy Require

~ 60-80% cost of
Process ~ separation & capture

Heat Tre Q1S

as Stream Flow and Composition
Captt ‘ocec *Choice of CO, Capture Technology
*Desired CO, Capture Efficiency
*Process Parameters
*Desired CO, Product Specifications
*Mode of Transport
Storage/Disposal *Transportation Distance

*Choice of Disposal Method

Compression

Transport




Developed preliminary models (performance,
emissions, and cost) for several CO, capture
options, CO, transport options, and CO, storage

options
Initial focus on modeling of current commercial

technologies (amine scrubbing systems) for
combustion-based power systems

Integrated the new CO, module with the IECM

combustion-based power plant model developed
for the USDOE




Coal
Cleaning

Combustion
Controls

Flue Gas Cleanup
& Waste Management

NOx Particulate SO2
Removal Removal Removal

Combined Advanced
SOx/NOx Particulate
Removal Removal




Develop a comprehensive modeling
framework to estimate the performance,
environmental emissions, and cost of coal-

based power generation technologies

Develop a method for comparing
alternative options on a systematic basis,
including the effects of uncertainty




Allows you to specify parameter values as
distribution functions, as well as conventional
deterministic (point) estimates

Allows you to explicitly quantify the effects
of uncertainty in performance, emissions, and
cost, yielding confidence intervals for
uncertain results




Parameter Process Results
Values Model
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SAMPLING
1010)
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Results




Gasifier Carbon
Fines Retention in
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Input Uncertainty Assumptions

0.6- Base Case Uncertainties
m——  Reduced Uncertainties in

0.4- Selected Performance
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Fuel Properties
Heating Value Plant & Process

Composition Perf
Delivered Cost eriormance

¢

Plant Design :
Furnace Type Graphical
Emission Controls — = User

Solid Waste Mgmt Interface
Chemical Inputs ¢

5 3 EnV{ro.nmental
Emissions

Cost Data Session Plant & Process

O&M Costs & Fuel
Capital Costs Costs

, _ Databases
Financial Factors




Web Access:

M {tp://ftp.netl.doe.gov/pub/IECM




ABB Power Plant Control
American Electric Power
Consol, Inc.

Energy & Env. Research Corp.
Exportech Company, Inc.

FirstEnergy Corp.
FLS Miljo A/S

Foster Wheeler Development Corp.

Lehigh University

Lower Colorado River Authority
McDermott Technology, Inc.
Mitsui Babcock Energy LTD.

National Power Plc.

Niksa Energy Associates

Pacific Corp.

Pennsylvania Electric Association
Potomac Electric Power Co.
Savvy Engineering

Sierra Pacific Power Co.

Southern Company Services, Inc.
Stone & Webster Engineering Corp.
Tampa Electric Co.

University of California, Berkeley

US Environmental Protection Agency




About the IECM Interface
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|ECHM Interface 3.3 13 @ 2000, Carnedie Mellon University
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Configure Plant Set Parameters Get Results

Combuston Controls ~Flant Diagram
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Properties Plant Factors Constraints Control Zontrol =< - Onio DIt

=
(=
=
=
dv
L=
2
A2

~Current Coal ~Favorite Coals
!&ppalachian Medium Sulfur Mame: |Wg.fnming Fowder River Basin

Name
Rank: |(Bituminous Ranlk: |Suh—EIituminnus
Source

: |Maodel Default Coals Yiyaming Powder River Basin

Conposition (wi% as fived) and
Higher Heating Value (BiwTh)
Property |  Value Save As Property |  Value Browse All
Carhon 73.81 Carhon 4318
Hydrogen 4.380 Add to Hydrogen 3.310 LIze This
Oxygen 5.410 Faworites Oxygen 11.87 Zoal
Chlorine 7.000e-02 Chlorine 1.000e-0%2
Sulfur 2130 lse Default Sulfur 0.3700 Remowve From
Nitrogen 1.420 Ash Properties Nitrogen 0.7000 Favorites
Ash 7.230 _ Ash 5,320 _
Moisture 5.050 F_E'j'”r‘f_“ Moisture 30.24 :'EWT“
Cost ($fion) 32.07 TopEiEs Cost ($/ton) 12.45 oREnEs
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Uncertanty Editor

Plant Parameter

Minimum | Maximum

Maximum 502 Remaval Efficiency

80 95

Distribution: |Triangular

Marmal
t Triangular

LInifarm
Fractiles

Description:

rzertainty Tools

represent the minimum, most likely and maximuom values, respectively,

Triangularia, b,c) descrihes a triangular-shaped distribution where the values : Uncertainty Areas

¥ NOx Conirol
¥ Air Preheater ¥ Particulate Conirol
¥ Solid Waste Mzmt. ¥ 502 Conirol

¥ S02/T0x Conirol

Select All Select Mone

Hsample Size: a0

sampling Method: |pedian LHS
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Fond Landfill Stack

Temperature (deg. F)
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1. Diagram

Temperature Out (deg. F) 1820
Flue Gas Out (acfim) 1.37de+0A
Flyr &5 Out (tordhe) 3.313e-02

§.729
114.7

D1y Reagett (ton'he)
Makeup Water (tonihe)

Dewatering
System

Wet FOD Solids (ton/he) 17.82
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Flue gas (out) composition

CO, emission level
(kg CO,/hr)
Amount of CO, product

(ton/hr)
Purity of CO, product (%)

Solvent circulation rate
(m3/hr)

Make-up solvent rate
(kg MEA/hr)

Make-up rate relative to
the circulation rate (%)

Waste generation rate
(kg/hr)

Energy penalty (% of
MWg)

Net power generation

Cost of CO, captured
($/ tonCO, captured)

Cost 1increase 1n electricity
(cents/kWh)

Cost of CO, avoided
($/ tonCO, avoided)




Just Completed Just Started

m Combustion NO, Controls m Post-Combustion
— Selective Non-Catalytic Controls

Reduction (SNCR) — Air Toxics (mercury)

— Low NO, Burners (LNB) m Other Fossil Fuels
— LNB + Overfire air

m Alternative Power

— LNB + SNCR :
Generation Systems

— Natural Gas Reburn .
_ Tangential, Wall & m CO2 Sequestration

Cyclone Firing Options




Future Developments:
A Menu of Technology Options

Choose Power System Ed

Please Choose a Power System:

Conventional
' ombustion

(zasification
Comb. Cycle

Advanced

C ombustion

Fuel Cells

Vision 21
Plant




Select Gasification Combined
Cycle (IGCC) Options

Choose Power System Ed

Please Choose a Power System:

Conventional
Combustion

(zasification
Comb. Cycle
Advanced
Combustion
Fuel Cells

. J . Vision 21

Plant
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Desktop Model of an IGCC System

# |IECH Interface
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B Untitled

Configure Plant Set Objectives Set Parameters Get Results

Goal: IDptimizatiun j

~Plant Diagram
Gasification Options

Gazifier: I KR

Oxddant: I Owg =13 A

Gas Cleanup: I Hat

Post-Combustion Controls

MNOx Control: ISCR

Solids Management

Slag: | Landfil -
[

Sulfur: Sulfur

Landfill
Sulfuric Acid




Process design

Technology
evaluation

Cost estimation

R&D management

Risk analysis

Environmental
compliance

Marketing studies

Strategic planning
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