
Carbon Capture and Storage Evolution
Cost & Timing

• USDOE RD&D budget for integrated CCS plants about  
$500 million/year

• $ millions spent on detailed engineering cost estimates 
and systems analysis

• CCS cost mostly capture and compression (80-90%)
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Driving Down the Cost of CCS

Presenter
Presentation Notes
  While many are optimistic that CO2 demonstration storage projects in the U.S. and elsewhere will create the capability for widespread deployment of storage technologies during the next decade, the picture for dealing with the high cost of carbon capture is less clear.  
  This chart is based on detailed engineering studies carried out at DOE’s National Energy Technology Laboratory. The levelized cost of electricity at the busbar is shown for three different state-of-the-art coal power plant technologies plus natural gas combined cycle, all with and without CCS. 
  The relative costs are instructive.  For example, if you assume that the average new coal power plant uses super critical pulverized coal technology, then the lowest cost option with CCS, which on this chart is an IGCC,  will increase the busbar electricity cost by nearly 70%.   This would clearly not be an attractive option in developing countries, and especially in the large, developing, coal-dependent countries such as China and India.  
  These increased costs are due primarily to the cost of CO2 capture and compression, and must be driven down substantially if CCS is to become a globally attractive CO2 mitigation option.   
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Adding CCS to an existing state-of-the-art IGCC is estimated to reduce overall plant efficiency by 5 points, increase capital cost by 1/3, and increase the cost of electricity at the busbar by 30%.
However, IGCC coupled with CCS is an attractive future option because there is the potential to significantly improve most of its existing components.  In particular, improvements supported by DOE R&D are expected to :
Replace the coal feed slurry, and need to evaporate water in the gasifier, with new coal feed pump technology that delivers solid feed to an elevated pressure gasifier
Reduce by 1/3 the capital cost for delivering oxygen via an ion transport membrane (ITM) versus the current cryogenic technology, which accounts for 15% of plant capital cost
Progressively increase plant capacity factor from 80% to 90% by extending the life of refractories, sensors and instrumentation 
Reduce by 1/4 the capital costs of syngas cleanup by enabling this to occur at higher temperatures, which will avoid penalties of cooling the syngas stream to conventional clean-up system temperatures and eliminate some process steps
Provide high hydrogen turbines to increase power plant efficiency by 3%.  
Dramatically increase power plant efficiency to over 50% by deploying advanced solid oxide fuel cells that convert chemical potential into electrical energy and avoid high CO2 capture cost through inherent operation that results in a concentrated CO2 stream 









Driving Down the Cost of CCS 
with Advanced Technology

Cost of Electricity (COE) decreases by 30% 
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  To see how these potential improvements could effect overall technology performance, NETL performed a systems analysis where the improvements were added one at a time in anticipated chronological order. 

  Ignoring for the moment the last two more challenging improvements, which include improving the capacity factor to 90% and incorporating a solid oxide fuel cell, the other improvements reduce the cost of electricity for IGCC with CCS to nearly today’s cost of IGCC without CCS, or about 30% above the cost of a supercritical PC plant.  Note that this is a busbar cost, so the % increased cost to the consumer, who pays for transmission and distribution, would be less.

    Opportunities also exist for significantly driving down the cost of oxyfuel and post-combustion capture.  But as these improvements emerge from the R&D pipeline, they will need to be demonstrated at large scale.  It is easy to see that numerous demonstration projects will be needed, and the risk will be sufficiently high that more incentives than a general carbon price will probably be needed to encourage these demonstrations that will be so important if CCS is to become a cost-effective option.   



Capture Technologies Are Starting to Emerge

Time to Commercialization
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Estimated North American CO2 Storage 
Potential (Gigatonnes)

Sink Type Low High

Saline Formations 3,300 12,600

Unmineable Coal Seams 160 180

Oil and Gas Fields 140 140

U.S. Emissions ~ 6-7 Gt CO2/yr all sources

Hundreds of 
Years of 
Storage 
Potential

Geologic Sink Capacity Estimates
Adequate Storage Projected
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