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CARBON CONSTRAINTS

The world is getting smaller, and fossil energy is a bigger target
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Carbon Dioxide Emissions
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What about Kentucky?
Å92% of Ky electricity from coal

Å32 plants in KY and Ohio River Valley
ï~ 33 GW total coal-fired

ï~ 16 GW in Kentucky



CARBON MANAGEMENT

Can technology keep up with political reality?



Technology and Innovation
Can Lead to Reductions in Carbon Emissions
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Reductions in Carbon Emissions

By Adoption of New Power Generation Technologies
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Reductions in Carbon Emissions

By Switching to Renewables

Wind, hydro, and 

geothermal - Not 

enough

Biomass -

Transportation, 

land use, expense

Solar - Land use, 

capital cost, 

storage

Needed: An Affordable, Clean, and Abundant Energy Source      

No Known Source Meets These Criteria

Source:  USDOE



Technology and Innovation
Can Lead to Reductions in Carbon Emissions
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CARBON CAPTURE FROM 

FOSSIL FUEL POWER PLANTS

Algae Farm



CO2 Capture from Electricity Generation



Lowering the Energy Penalty of CO2 Capture

ÅPost-Combustion Capture: PC + MEA (28-34%)
ï Steam consumption for stripper: 20% of gross power output

ï Booster fan and agent pump for MEA scrubber: 3-4% of gross power output

ÅPre-combustion Capture: IGCC (total 15-24%) 
ï ASU + oxygen compression: 8-12% of gross power output

ï SelexolCO2 separation: 2% of gross power output

Å In-situ Capture: Oxy-Fuel Combustion (total 22-32%)
ï ASU: 15-20% of gross power output

ï Flue gas recirculation: 2% of gross power output

ï Possible CO2 further enrichment (unknown)

**  Compression Train: 5-10% of gross 
power output Cost Related to CCS

Capture: 60%

Transport: 20%

Injection &Storage:  20%



Current Status of IGCC

ÅMature technology for gasifier

ÅNew wave pushed by GE, Shell and ConocoPhillips

ÅOEMs teamed with engineering companies to wrap

ÅRD&D
ïNew catalyst/shift-reactor process to reduce H2O/CO ratio

ïMembrane separation

ïSorbent development

ïProcess integration

ïOxygen production



Current Status of Oxy-Fuel
Å Oxyfuel -- Commercial available for glass, steel and other sectors

ï Demo

ÅPraxair & Foster Wheeler

ïBahamas project

ïFundación Ciudad de la Energía (CIUDEN)

ÅB&W and Air Liquide

ïSaskPower(terminated?)

ïAEP

ÅAlstom

ïVattenfall

ï Ongoing RD&D for Utility

ÅVattenfall30MWe plant

ÅAir Liquide/B&W 4MMBtu and 40MMBtu plant

ÅAlstom(3MWth FBC) 

ÅUniversitätStuttgart (0.5MWth PC)

ÅCANMET (0.3MWth PC and 1.0MWth FBC)

ï Air Separation Unit

ÅIon transport membrane (ITM) (Air Products, Praxair)

ÅCeramic autothermalrecovery (CAR) (BOC Gases)



Current Status of Scrubbing

ÅAmine: commercial-implementation on NG, food and chemical production

ï Kerr-McGee/ABB LummusCrest Process

ï Fluor Daniel ECONAMINE FG Process

ïMHIôs KM-CDR process with KS solvent

ï Ongoing RD&D for utility flue gas

ÅUniversity of Texas at Austin

ÅEuropean Union integrated project ñCO2from Capture to Storageò (CASTOR)

Å International Test Center (ITC) at University of Regina, Canada

ÅMHI

ÅUK CAER

ÅAmmonia: Commercial for fertilizer production

ïOngoing RD&D for Utilityôs flue gas

ÅAlstom/EPRI 5MWth pilot plant at WE Energy - Pleasant Prairie Plant

ÅPowerspan/NETL 1MWth slipstream at FirstEnergyôs Burger station

ÅUK CAER/E-ON US 0.1MWth pilot plant



CAERôs Post-combustion CO2

Capture Pilot Plant

ÅInitiated by EON-US

Å$1.5 million grant

Å0.1 MW(th) Pilot Scrubber System

ÅLargest at a university

ÅPlatform for testing 

ïNew chemistries

ïNew scrubber designs

ÅFocus on lower energy penalty

ïEstimates of 60% cost increase

ï1/3 power output of plant



Carbon Management Research Group

ÅState-UK-Industry consortium

ÅBuild on E.ON US investment in carbon management 
and emissions control

ÅDevelop more energy and cost effective carbon 
management technologies

ÅAddress specific materials, controls and waste 
management solutions

ÅAllow early adoption of technologies by Kentuckyôs 
electric utilities

Å$1 Million/yr match provided by State

ÅEON US, Duke, AEP/KP, EKPC, EPRI



Expected Output from CMRG

ÅGuidelines for technology selection for specific 
sites
ïTechnical insight
ÅCurrent developed by OEM

ïSolvent/process development
ÅKeep power plant as usual, not a chemical plant conversion

ïAdvance technology for electricity generation

ÅFirst -hand experience on CO2 capture
ïWorkforce training

ïStudent training



ALGAE SYSTEMS FOR 

SCRUBBING COAL-FIRED 

POWER PLANTS

Center for Applied Energy Research

Biosystemsand Agricultural Engineering



Algae for Carbon Capture 

ÅUses CO2 as feedstock

ïImproved CO2 footprint for coal

ÅRobust and easily produced

ÅHigh solar efficiency

ÅMay have a high oil (lipid) content

ïAs high as 65% by mass (dry)

ïConverts to biodiesel



http://www.ent.ohiou.edu/~ohiocoal/projects/algae.pdf (Dr. Dave Bayless)


