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When CO2 Capture Included, Higher PC 
Efficiency Lowers Levelized Cost-of-Electricity

Capture only. No allowance for transportation and storage.
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Performance Summary: 1300°F USC PC 

Subcritical Supercritical 1100 USC 1300 USC

Main stream, °F 1005 1080 1120 1256

Main steam, psia               2600 3800 4000 5100

Efficiency, % HHV 36.5 38.5 39.2 42.7

Coal flow lb/hr 840,600 797,000 782,700 718,600

Flue gas, ACFM 2,107,000 2,016,000 1,982,000 1,823,000

Make-up water, gpm 4,260 3,750 3,650 3,310

NOX & SO2, lb/MWh 0.280 0.266 0.261 0.240

CO2, lb/MWh from plant 1980 1880 1840 1690

CO2, lb/MWh from mining 

and transportation (*)
146 139 136 125

(*) Values based on life-cycle assessment model prepared by Carnegie Mellon University

CO2 emissions from 1300°F USC unit is 14.7% lower than emissions rate 

(per MWh) from subcritical unit
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Further Efficiency Improvements Identified

ÅIncrease main steam temperature to 1400ÁF

ïUS DOE sponsoring research into boiler and steam turbines 
materials (mainly high-nickel alloys).

ÅDouble reheat steam circuit.

ÅBack-end heat recovery 

ïWidely practiced in Europe and Japan.

ÅPass primary air through tubular heat exchanger to reduce air 
leakage by 80 percent.

ÅPotential to reduce CO2 emissions to 1500 lb/MWh

ïOver 40 percent lower than US fleet average.

ÅCautionary note: all measures may not be cost effective.
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Demonstration of Improvements : 
EPRIôs UltraGen Initiative

ÅSeries of three commercial power projects and a test facility that 
progressively advance USC, NZE, and CCS technology

ïUltraGen Ið800 MW net, main steam 1120°F, 25% CO2 capture

ïUltraGen IIð600 MW net, main steam 1290°F, 60% CO2 capture

ïComTes-1400 to test materials and components for UltraGen III

ïUltraGen IIIð600 MW net, main steam 1400°F, 90% CO2 capture

ÅThe UltraGen projects are commercial units dispatched by their 
hosts (i.e., the host operates them for profitability) that incorporate 
technology demonstration elements

ïHostôs incremental cost for new technology elements will be covered 
by tax credits and funds from industry-led consortium
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CO2 Post-Combustion Capture (PCC) Plant
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Power Plant Losses Associated with Post-
Combustion Capture Using Advanced Amine

Main steam temperatures: (1) 1005°F, (2) 1050°F, (3) 1260ÁF

(4) Net output without CCS = 750 MW. Losses for 90 percent CO2 capture

Sub (1) SC (2) USC (3)

Efficiency, % HHV 36.5 38.2 42.5

lb CO2/MWh 1970 1880 1690

Losses, MW (4)

   Auxiliary power 9.2 8.6 7.5

   Compressors 49.5 47.0 41.0

   Steam turbine 93.9 89 77.9

   TOTAL 152.6 144.6 126.4

   % reduction 20.3 19.3 16.9

Efficiency with CCS, % HHV 29.3 31.2 36.9

   Percentage point loss 7.2 7.0 5.6
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Solvent Used Strongly Influences PCC Plant 
Performance

ÅNeed solvents with superior properties

ïHigh CO2 loading to limit sensible heat duty

ïLow heat of reaction

ïTolerant to contaminants

ïRegenerate at elevated pressure

ÅSignificant development activity in progress

ïAmines: Aker, Alstom with Dow, Cansolv, HTC PurEnergy, MHI, 
TNO, and Toshiba

ïAmino acid salts: BASF, TNO, and Siemens

ïAmmonia: Alstom and Powerspan

ïAnhydrase enzymes: CSIRO and CO2 Solutions

ÅAlternative approaches such as adsorption, algae, and membranes 
under investigation.
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EPRI Role in Demonstrating Improved Post-
Combustion CO2 Capture Technologies

ÅSupporting test program for Alstomôs chilled ammonia process at 
two locations

ï1.7-MW pilot plant at We Energiesô Pleasant Prairie power plant

ï20-MW ñproduct validation facilityò at AEPôs Mountaineer plant 
that captures and stores over 120,000 tons/year of CO2.

ÅSupporting test program for MHIôs advanced amine process at a 
Southern Companyôs Plant Barry, near Mobile, Alabama

ï25-MW facility that captures and stores over 150,000 tons/year 
of CO2 in support of Southeast Regional Carbon Sequestration 
Partnership Program (SECARB).

ÅSupporting DOEôs National Carbon Capture Center in Wilsonville, 
Alabama

ïSupporting development of improved pre- and post-combustion 
capture technologies.
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Power Plant Losses for Different 
Percentages of CO2 Capture

(1) Steam required for solvent regeneration

(2) Net output without CCS = 750 MW

90 60 30

Steam extraction, % (1) 25 17 8

Losses, MW (2)

   Auxiliary power 9.2 6.1 3.1

   Compressors 49.5 33.0 16.5

   Steam turbine 93.9 62.6 31.3

   TOTAL 152.6 101.7 50.9

   % reduction 20.3 13.5 6.8

CO2 capture, M-tons/yr 4.66 3.11 1.55

Percent CO2 capture



11© 2007 Electric Power Research Institute, Inc. All rights reserved.

Space and Storage Requirements for CCS 

ÅSpace required for

ïCapture plant, CO2 compressors, and added cooling capacity

ïPower plant interconnections and maintenance, 

ïRouting steam piping, flue gas ducting

ïConstruction activities

ïPossible upgrades to SO2 and NOX controls

ÅSpace a limiting factor setting achievable percent CO2 capture

ïRiverside plant with FGD may have no space available

ÅSuitable geological strata to store CO2 or prospects for extended 
duration EOR
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Retrofits Require a Lot of Space: 

First Come, First Served

CO2 capture plant for 500-MW unit occupies 6 acres (i.e., 510 ft x 510 ft)
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Å Owner:             

MidWest 

Generation

Å Location: Illinois

Å Owner:                             

Great River Energy

Å Location: North 

Dakota

Å Owner:                   

Nova Scotia 

Power

Å Location: Nova 

Scotia

Å Owner:     

Intermountain 

Power

Å Location: Utah

Å Owner:          

FirstEnergy

Å Location: Ohio

EPRI Retrofit Study

EPRI Retrofit Study Considers:

Å5 different sites

Å5 separate owners

ÅDifferent designs of plant and 
emission control technologies

ÅFocus on establishing several 
different data points
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One Steam Extraction Option

Source: Imperial College London

Thrust 

balance point

Desuperheater can 

be replaced by 

expansion turbine to 
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energy

At high steam extraction rates thrust bearing design changes 

required. Below 15 percent design changes not required (~60 

percent CO2 capture)
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PCC         

System

Let-Down Turbine and Condensate Return: 
Heat Integration

G
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PCC         

System

PC Plant with PCC: Heat Integration

G

Heat from CO2 stripper condenser 

and CO2 compressors


