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Table III-2. Physical Properties of the ACS-1 Sorbent 
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Table III-3. Attrition Resistance of the ACS-1 Sorbent 
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Figure VI-1. The integrated reactor installed at the University of Toledo boiler site. 
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Figure VI-4. A photograph of the sorbent inlet and flue gas outlet sections
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.  Process Parameters and Their Values Used in the Field Test at the 

University of Toledo 
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. Comparison of Inorganic Elements in the Fresh and Field Test Sorbents

. Comparison of Adsorbed Gases in the Fresh and Field Test Sorbents

Element Fresh Used

ppm ppm

Na 102 95

P 80 66

K 74 6

Ca 41 41

Mn <2 24

Fe <2 1234

Zn <2 15

Cl 468 611

S 19 132

Hg <0.06 0.31

Contaminant Fresh Used

ppb ppm

Acetone 3.24 9.02

NO N.D. 3210

CO2 N.D. 758

Methylbutane N.D. 19.6

Methylisocyanide N.D. 67.1

Pentane N.D. 30.1

Benzene N.D. 40

Acetic Acid N.D. 284
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Table VI-4. Design Parameters and Their Values Used in the Field Test at NCCC 
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CO2 Capture No Yes No Yes

Gross Power Output (kW) 580,260 663,445 581,034 679,911

Auxiliary Power Requirement (kW) 30,110 117,450 31,016 129,485

Net Power Output (kW) 550,150 545,995 550,018 550,426

Net Plant HHV Efficiency (%) 39.1% 27.2% 38.9% 27.1%

Net Plant HHV Heat Rate (Btu/kW-hr) 8,721 12,534 8,859 12,590

Coal Flowrate (lb/hr) 411,282 586,627 414,000 594,000

CO2 Emissions (lb/MWh) 1,773 254 1,790 252

Total Plant Cost ($ x 1000) 866,391 1,567,073 872,118 1,586,765

Total Plant Cost ($/kW) 1,575 2,870 1,586 2,883

LCOE (¢/kWh) 6.33 11.48 6.40 11.58

NETL SRI
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SRI Supercritical Power Plant NETL Supercritical Power Plant

Net Power Output, MW 550 550

Steam Cycle, (psig,°F,°F) 3500,1100,1100 3500,1100,1100

Coal Illinois #6 Illinois #6

Condenser pressure, mmHg 50.8 50.8

Cooling water to condenser, °F 67.5 60

Cooling water from condenser, °F 94.5 80

Stack Temperature, °F 131.0 135.0

SO2 Control Wet Limestone Forced Oxidation Wet Limestone Forced Oxidation

FGD Efficiency, % SO2 Removal 98.0 98.0

NOx Control Low NOx Burners w/OFA and SCR Low NOx Burners w/OFA and SCR

SCR Efficiency, % NOx Removal 86.0 86.0

Ammonia Slip, ppmv 2.0 2.0

Particulate Control Fabric Filter Fabric Filter

Fabric Filter Efficiency, % Ash Removal 99.8 99.8

Mercury Control Co-Benefit Capture Co-Benefit Capture

Mercury Removal Efficiency, % 90.0 90.0

CO2 Capture, % N/A N/A

NETL SRI
CO2 Capture No No

Gross Power Output (kW) 580,260 581,034

Auxiliary Power Requirement (kW) 30,110 31,016

Net Power Output (kW) 550,150 550,018

Net Plant HHV Efficiency (%) 39.1% 38.9%

Net Plant HHV Heat Rate (Btu/kW-hr) 8,721 8,859

Coal Flowrate (lb/hr) 411,282 414,000

CO2 Emissions (lb/MWh) 1,773 1,790

Total Plant Cost ($ x 1000) 866,391 872,118

Total Plant Cost ($/kW) 1,575 1,586

LCOE (¢/kWh) 6.33 6.40
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SRI Supercritical Power Plant         

w/ Econamine FG+ CO2 Captue

NETL Supercritical Power Plant      

w/ Econamine FG+ CO2 Captue

Net Power Output, MW 550 550

Steam Cycle, (psig,°F,°F) 3500,1100,1100 3500,1100,1100

Coal Illinois #6 Illinois #6

Condenser pressure, mmHg 50.8 50.8

Cooling water to condenser, °F 64.5 60

Cooling water from condenser, °F 85.5 80

Stack Temperature, °F 74.0 74.0

SO2 Control Wet Limestone Forced Oxidation Wet Limestone Forced Oxidation

FGD Efficiency, % SO2 Removal 98.0 98.0

NOx Control Low NOx Burners w/OFA and SCR Low NOx Burners w/OFA and SCR

SCR Efficiency, % NOx Removal 86.0 86.0

Ammonia Slip, ppmv 2.0 2.0

Particulate Control Fabric Filter Fabric Filter

Fabric Filter Efficiency, % Ash Removal 99.8 99.8

Mercury Control Co-Benefit Capture Co-Benefit Capture

Mercury Removal Efficiency, % 90.0 90.0

CO2 Control Econamine FG Plus Econamine FG Plus

CO2 Capture, % 90 90

CO2 Sequestration Off-site Saline Formation Off-site Saline Formation

NETL SRI
CO2 Capture Yes Yes

Gross Power Output (kW) 663,445 679,911

Auxiliary Power Requirement (kW) 117,450 129,485

Net Power Output (kW) 545,995 550,426

Net Plant HHV Efficiency (%) 27.2% 27.1%

Net Plant HHV Heat Rate (Btu/kW-hr) 12,534 12,590

Coal Flowrate (lb/hr) 586,627 594,000

CO2 Emissions (lb/MWh) 254 252

Total Plant Cost ($ x 1000) 1,567,073 1,586,765

Total Plant Cost ($/kW) 2,870 2,883

LCOE (¢/kWh) 11.48 11.58
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Parameter Unit No CO2 Capture

CO2 Capture with 

Econamine

Steam Turbine Gross Power kWe 581,034 679,911

Auxiliary Load

Coal Handling & Conveying kWe 508 729

Limestone Handling & Reagent Preparation kWe 1,004 1,441

Pulverizers kWe 3,472 4,981

Ash Handling kWe 803 1,152

Primary Air Fans kWe 1,262 1,810

Forced Draft Fans kWe 1,324 1,900

Induced Draft Fans kWe 7,165 28,581

SCR kWe 218 313

Baghouse kWe 558 788

FGD Pumps & Agitators kWe 4,664 7,061

Econamine Plus Auxiliaries kWe 0 16,733

CO2 Compressor kWe 0 48,999

Miscellaneous Balance-of-Plant kWe 1,453 1,700

Condensate Pumps kWe 1,085 820

Circulating Water Pumps kWe 3,977 4,050

Cooling Tower Fans kWe 2,070 6,728

Transformer Losses kWe 1,453 1,700

Auxillary Power Requirements kWe

Total kWe 31,016 129,485

Net Plant Performance

Auxiliary Load kWe 31,016 129,485

Net Plant Power kWe 550,018 550,426

Net Plant Efficiency (HHV) 38.9% 27.1%

Net Plant Heat Rate (HHV) Btu/kWhr 8,859 12,590

Coal Feed Flowrate lb/hr 414,000 594,000

Thermal Input1 kWth 1,415,453 2,030,867

Limestone Sorbent Feed lb/hr 41,089 58,953

CO2 Emitted lb/hr 984,315 138,598

CO2 Captured lb/hr 0.0% 1,247,382

CO2 Removal 0 90.0%

Water Requirement lb/s 707 1,417
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SRI Supercritical Power Plant         

w/ Carbon Sorbent CO2 Captue

NETL Supercritical Power Plant      

w/ Econamine FG+ CO2 Captue

Net Power Output, MW 550 550

Steam Cycle, (psig,°F,°F) 3500,1100,1100 3500,1100,1100

Coal Illinois #6 Illinois #6

Condenser pressure, mmHg 50.8 50.8

Cooling water to condenser, °F 64.5 60

Cooling water from condenser, °F 85.5 80

Stack Temperature, °F 74.0 74.0

SO2 Control Wet Limestone Forced Oxidation Wet Limestone Forced Oxidation

FGD Efficiency, % SO2 Removal 98.0 98.0

NOx Control Low NOx Burners w/OFA and SCR Low NOx Burners w/OFA and SCR

SCR Efficiency, % NOx Removal 86.0 86.0

Ammonia Slip, ppmv 2.0 2.0

Particulate Control Fabric Filter Fabric Filter

Fabric Filter Efficiency, % Ash Removal 99.8 99.8

Mercury Control Co-Benefit Capture Co-Benefit Capture

Mercury Removal Efficiency, % 90.0 90.0

CO2 Control Econamine FG Plus Econamine FG Plus

CO2 Capture, % 90 90

CO2 Sequestration Off-site Saline Formation Off-site Saline Formation

Base Case Econamine FG+ Carbon Sorbent

CO2 Capture No Yes Yes

Gross Power Output (kW) 581,034 679,911 640,421

Auxiliary Power Requirement (kW) 31,016 129,485 90,246

Net Power Output (kW) 550,018 550,426 550,175

Net Plant HHV Efficiency (%) 38.9% 27.1% 35.1%

Net Plant HHV Heat Rate (Btu/kW-hr) 8,859 12,590 9,717

Coal Flowrate (lb/hr) 414,000 594,000 458,280

CO2 Emissions (lb/MWh) 1,790 252 194

Total Plant Cost ($ x 1000) 872,118 1,586,765 1,224,213

Total Plant Cost ($/kW) 1,586 2,883 2,225

LCOE (¢/kWh) 6.40 11.58 9.23

Increase in COE (%) 0.0% 80.9% 44.2%
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Parameter Units

Carbon Sorbent Econamine

Steam Turbine Gross Power kWe 640,415 679,911

Auxiliary Load

Coal Handling & Conveying kWe 563 729

Limestone Handling & Reagent Preparation kWe 1,112 1,441

Pulverizers kWe 3,844 4,981

Ash Handling kWe 889 1,152

Primary Air Fans kWe 1,397 1,810

Forced Draft Fans kWe 1,466 1,900

Induced Draft Fans kWe 13,528 28,581

SCR kWe 241 313

Baghouse kWe 615 788

FGD Pumps & Agitators kWe 5,246 7,061

Carbon Sorbents/Econoamine Plus Auxiliaries kWe 5,484 16,733

CO2 Compressor kWe 41,966 48,999

Miscellaneous Balance-of-Plant kWe 1,601 1,700

Condensate Pumps kWe 1,053 820

Circulating Water Pumps kWe 5,002 4,050

Cooling Tower Fans kWe 4,638 6,728

Transformer Losses kWe 1,601 1,700

Total kWe 90,246 129,485

Net Plant Performance

Auxiliary Load kWe 90,246 129,485

Net Plant Power kWe 550,170 550,426

Net Plant Efficiency (HHV) 35.1% 27.1%

Net Plant Heat Rate (HHV) Btu/kWhr 9,718 12,590

Coal Feed Flowrate lb/hr 458,280 594,000

Thermal Input1 kWth 1,566,845 2,030,867

Limestone Sorbent Feed lb/hr 45,483 58,953

CO2 Emitted lb/hr 106,944 138,598

CO2 Captured lb/hr 962,496 1,247,382

CO2 Removal 90.0% 90.0%

Water Requirement pounds/s 917 1,417

CO2 Capture by
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Parameter Units Base Case

Reboiler 

Steam 

Pressure

Reboiler 

Steam 

Pressure

Flue Gas 

Pressure 

Drop

Flue Gas 

Pressure 

Drop

Reboiler 

Heat Input

Reboiler 

Heat Input

Reboiler Steam Pressure psia 17.7 53.1 131.1 17.7 17.7 17.7 17.7

Flue Gas Pressure Drop psia 0.54 0.5 0.5 1.0 2.0 0.5 0.5

Reboiler Heat Input BTU/lb-CO2 250 250 250 250 250 350 500

Max Absorber Inlet Temperature °F 70 70 70 70 70 70 70

Absorbent CO2 Capacity wt% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7%

CO2 Capture Capital Cost $/(lb/hr-CO2) 191 191 191 191 191 191 191

Net Plant HHV Efficiency % 35.1% 34.8 34.5 34.9 34.5 34.8 34.4

Gross Plant Output MW 640 641 642 644 653 641 643

Coal Flowrate tons/hr 458 463 467 461 467 462 468

Power Plant Capital c/kWh 5.23 5.28         5.33         5.26 5.33 5.27 5.34

Power Plant Fuel c/kWh 2.11 2.13         2.15         2.12 2.15 2.13 2.15

Variable Plant O&M c/kWh 0.93 0.93         0.94         0.93 0.94 0.93 0.94

Fixed Plant O&M c/kWh 0.58 0.58         0.58         0.58 0.58 0.58 0.58

CO2 Transport, Monitoring, & Storage c/kWh 0.38 0.38 0.38 0.38 0.38 0.38 0.38

Cost of Electricity (COE) c/kWh 9.23 9.30         9.38         9.28 9.38 9.30 9.39

Increase in COE % 44.2% 45.3% 46.6% 45.0% 46.6% 45.3% 46.7%
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Parameter Units Base Case

Max 

Absorb. 

Inlet Temp

Max 

Absorb. 

Inlet Temp

Absorbent 

CO2 

Capacity

Absorbent 

CO2 

Capacity

CO2 

Capture 

Capital 

Cost

CO2 

Capture 

Capital 

Cost

Optimized 

Case

Reboiler Steam Pressure psia 17.7 17.7 17.7 17.7 17.7 17.7 17.7 17.7

Flue Gas Pressure Drop psia 0.54 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Reboiler Heat Input BTU/lb-CO2 250 250 250 250 250 250 250 250

Max Absorber Inlet Temperature °F 70 50 100 70 70 70 70 50

Absorbent CO2 Capacity wt% 6.7% 6.7% 6.7% 10.0% 5.0% 6.7% 6.7% 10.0%

CO2 Capture Capital Cost $/(lb/hr-CO2) 191 191 191 191 191 96 127 96

Net Plant HHV Efficiency % 35.1% 34.9 35.1 35.1 35.0 35.1 35.1 34.9

Gross Plant Output MW 640 645 640 640 643 640 640 645

Coal Flowrate tons/hr 458 461 458 458 460 458 458 461

Power Plant Capital c/kWh 5.23 5.26 5.23 5.23 5.25 4.47 4.72 4.50

Power Plant Fuel c/kWh 2.11 2.12 2.11 2.11 2.12 2.11 2.11 2.12

Variable Plant O&M c/kWh 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Fixed Plant O&M c/kWh 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58

CO2 Transport, Monitoring, & Storage c/kWh 0.38 0.39 0.38 0.38 0.38 0.38 0.38 0.39

Cost of Electricity (COE) c/kWh 9.23 9.28 9.22 9.22 9.26 8.47 8.72 8.50

Increase in COE % 44.2% 44.9% 44.1% 44.1% 44.7% 32.3% 36.3% 32.8%
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. Characteristics of the CO2 Capture System 

Parameter Units Original Revised

Reboiler Steam Pressure psia 17.7 17.7

Flue Gas Pressure Drop psia 0.54 1

Reboiler Heat Input BTU/lb-CO2 250 500

Max Absorber Inlet Temperature °F 70 70

Absorbent CO2 Capacity wt% 10 5

CO2 Capture Capital Cost $/(lb/hr-CO2) 96 96
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. Characteristics of a Supercritical Power Plant with CO2 Capture 

SRI Supercritical Power Plant with 

Carbon Sorbent CO2 Captue

NETL Supercritical Power Plant 

with Econamine FG+ CO2 Captue

Net Power Output, MW
550 550

Steam Cycle, (psig,°F,°F)
3500,1100,1100 3500,1100,1100

Coal
Illinois #6 Illinois #6

Condenser pressure, mmHg
50.8 50.8

Cooling water to condenser, °F
64.5 60

Cooling water from condenser, °F
85.5 80

Stack Temperature, °F
74.0 74.0

SO2 Control
Wet Limestone Forced Oxidation Wet Limestone Forced Oxidation

FGD Efficiency, % SO2 Removal
98.0 98.0

NOx Control
Low NOx Burners w/OFA and SCR Low NOx Burners w/OFA and SCR

SCR Efficiency, % NOx Removal
86.0 86.0

Ammonia Slip, ppmv
2.0 2.0

Particulate Control
Fabric Filter Fabric Filter

Fabric Filter Efficiency, % Ash Removal
99.8 99.8

Mercury Control
Co-Benefit Capture Co-Benefit Capture

Mercury Removal Efficiency, %
90.0 90.0

CO2 Control
Advanced Carbon Sorbent Econamine FG Plus

CO2 Capture, %
90 90

CO2 Sequestration
Off-site Saline Formation Off-site Saline Formation
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. Auxiliary Loads and Power Plant Performance 

Parameter Unit No CO2 Capture

CO2 Capture 

with Economine 

FG+

CO2 Capture 

with the Carbon 

Sorbent

Steam Turbine Gross Power kWe 580,400 662,800 642,113

Auxiliary Load

Coal Handling & Conveying kWe 440 510 556

Limestone Handling & Reagent Prep kWe 890 1,250 1,078

Pulverizers kWe 2,780 3,850 3,703

Ash Handling kWe 530 740 860

Primary Air Fans kWe 1,300 1,800 1,342

Forced Draft Fans kWe 1,660 2,300 1,410

Induced Draft Fans kWe 7,050 11,120 17,020

SCR kWe 50 70 253

Baghouse kWe 70 100 642

FGD Pumps & Agitators kWe 2,970 4,110 5,047

Econamine FG Plus Auxiliaries kWe 0 20,600 6,000

CO2 Compressor kWe 0 44,890 43,274

Miscellaneous Balance-of-Plant kWe 2,000 2,000 2,395

Steam Turbine Auxiliaries kWe 400 400 0

Condensate Pumps kWe 800 560 811

Circulating Water Pumps kWe 4,730 10,100 4,376

Ground Water Pumps kWe 480 910 4,477

Cooling Tower Fans kWe 2,440 5,230 1,588

Transformer Losses kWe 1,820 2,290 3,922

Total kWe 30,410 112,830 98,751

Net Plant Performance

Auxiliary Load kWe 30,410 112,830 98,751

Net Plant Power kWe 549,990 549,970 543,362

Net Plant Efficiency (HHV) 39.3% 28.4% 36.0%

Net Plant Heat Rate (HHV) Btu/kWhr 8,687 12,002 9,472

Coal Feed Flowrate lb/hr 409,528 565,820 441,178

Thermal Input kWth 1,400,163 1,934,520 1,508,374

Limestone Sorbent Feed lb/hr 40,646 57,245 43,508

CO2 Emitted lb/hr 972,382 134,193 102,924

CO2 Captured lb/hr 0 1,207,730 926,317

CO2 Removal 90.0% 90.0% 90.0%

Water Requirement 1000s gpd 4,252 7,300 7,072
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. Cost of CO2 Capture

Parameter Unit No CO2 Capture

CO2 Capture 

with Economine 

FG+

CO2 Capture 

with the Carbon 

Sorbent

Capacity Factor 85% 85% 85%

Capital Charge Factor 11.65% 12.43% 12.43%

20-year Levelization Factors

Fuel 1.2089 1.2089 1.2089

Non-Fuel Variable O&M 1.1618 1.1618 1.1618

Fixed O&M 1.1618 1.1618 1.1618

Plant Operating Life years 30 30 30

Power Production @100% Capacity GWh/yr 4,818               4,818               4,760               

Power Plant Capital c/kWh 3.17 5.96 4.40

Power Plant Fuel c/kWh 1.42 1.96 1.55

Variable Plant O&M c/kWh 0.51 0.87 0.66

Fixed Plant O&M c/kWh 0.80 1.30 0.96

     Power Plant Total c/kWh 5.89 10.10 7.56

CO2 TS&M c/kWh 0.56 0.54

BOTTOM LINE TOTAL c/kWh 5.89 10.66 8.10

Increase in COE % 0.0% 80.2% 37.2%

CO2 Emissions lb/MWh 1,768 244 189
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1. The performance of the process will be demonstrated using a flue gas stream 

from an operating PC-fired power plant for an extended period of time. 

2. The system design will focus on the materials of construction to reduce the 

cost of CO2 capture to acceptable levels. The capital cost of the system is a 

major factor in the cost of CO2 capture.  

3. Thermal integration concepts can be evaluated at a preliminary level. 

Although thermal requirements cannot be defined precisely at this scale, we 

will obtain a reasonable estimate of steam requirements, which is a major 

operating cost. 
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http://www.netl.doe.gov/publications/proceedings/12/co2capture/
http://www.netl.doe.gov/publications/proceedings/12/co2capture/
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_issn=17505836&_origin=article&_zone=art_page&_plusSign=%2B&_targetURL=http%253A%252F%252Fwww.netl.doe.gov%252Fpublications%252Fcarbon_seq%252Fpresentations%252FAPPANewGenerationMeetingFinal.zip

