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Introduction
Burning coal produces half of US electricity and 1/3 of its carbon emissions.  Climate change looms.  With a carbon cap and trade system fast approaching in the United States, interest in carbon capture and sequestration (CCS) has run high.
Only 3% of Americans now choose coal as their preferred power source.  Legislators have proposed moratoriums on construction of new coal-fired power plants that do not include CCS, or designs for CCS retrofits.  A few have called for a moratorium on building new coal plants, period.
CCS raises electricity costs from a conventional coal-fired plant up to 65%, and 30–40% for integrated gasified combined cycle (IGCC) ones, according to estimates compiled by USDOE, utilities, and the Massachusetts Institute of Technology.  But there may be room to add costs.  Electricity is cheaper in the U.S. than elsewhere.
Carbon Capture and Sequestration Technologies
Large-scale, industry-sized CCS programs are just beginning to move from the lab to industrial pilot sites.  Carbon dioxide (CO2) capture at utility-scale size, with huge air-flow volumes, is the most difficult and costly part of CCS.  Doing CCS requires lots of energy and materials.  This dramatically affects power plant output and operation.  CCS costs are split between the capture equipment and the loss of output power from running it.  CCS systems can account for up to 75% of total plant cost.
Three processes can capture CO2 from coal-fired power plants: post-combustion, oxy-fuel combustion, and pre-combustion.  Once captured, the CO2 is compressed and piped to a site, where it is pumped deep into geologic repositories.
	The first process, post-combustion technology, is most applicable to pulverized-coal plants, the backbone of US electricity supply.  In these plants, burning coal makes steam to turn turbines. The gas exiting the furnace contains about 15% CO2.  The rest is mostly nitrogen and steam at atmospheric pressure.  The low pressure and low CO2 concentration makes capture difficult and expensive.
To concentrate the CO2, engineers use a an amine compound to adsorb or absorb the CO2.  Flue gas is bubbled through a solution of water and amines.  Amines react with CO2 to form an intermediate that remains in solution. The CO2-rich amines are pumped to another vessel and heated.  This distills them back to amines and CO2.  Amines are recycled, while the CO2 is collected.
	Energy to reverse the amine reaction and capture the CO2 cuts power output by some 30% and raises output costs 65%, according to USDOE and industry analyses.  The amine process now captures 800 metric tons of CO2 a day in industrial processes. But a typical coal-fired power plant spews 9,000 metric tons of CO2 a day.
	Researchers are investigating new solvents that capture CO2 more efficiently than amine solutions, using less energy.  A solution of ammonium carbonate, at low temperature and atmospheric pressure, can absorb CO2 to form ammonia bicarbonate. Ammonium carbonate has twice the CO2-loading capacity of amines and takes less than half the heat to regenerate the solvent.  Regeneration also occurs under higher pressure, so less energy is needed to compress CO2 to pipe it for underground injection.  The Electric Power Research Institute (EPRI) says the ammonium carbonate process would cut output only 10% and raise electricity costs only 25%.  Doubters remain.  Field research projects are beginning.
	The second process, oxy-fuel combustion, is less developed but could capture other pollutants along with CO2.  Oxy-fuel combustion burns coal by injecting pure oxygen, diluted with CO2 and water, into a boiler.  The primary outputs are CO2 and H2O, plus some nitrogen oxides (NOx), SO2, and mercury (Hg).  These can be pulled out with conventional control equipment or condensed out, leaving a relatively pure CO2 stream.  Besides capturing CO2, early studies show, oxy-fuel combustion yields a 60% NOx reduction and better Hg removal.
	The third process is pre-combustion, or gasification. For electricity from coal, this requires IGCC systems.  They first makes a syngas of mostly hydrogen.  Burning it drives simple gas turbines (like jet engines).  The remaining heat turns water to steam that turns a second set: steam turbines.  Or hydrogen can produce electricity in fuel cells.
	Removal of CO2 and other pollutants occurs as the hydrogen is purified.  Coal is processed with oxygen and steam under high pressure.  The resulting syngas consists mainly of hydrogen, carbon monoxide (CO), and CO2.  CO2 can be removed fairly easily from the syngas, but CO cannot.  So the syngas is sent to a water-gas shift reactor, where most of the CO reacts with water to produce a mix of CO2 and hydrogen.  CO2 there is under pressure and can be removed with physical solvents, membranes, or sorbents.   Development is under way to lower costs and increase efficiency.
	IGCC processes can approach 50% efficiency, far better than 33% with pulverized coal or 40% with fluidized bed combustion.  The efficiency lowers CO2 emissions per unit of electricity output.  IGCC also can produce a concentrated, high-pressure stream of 95% CO2 that can be piped directly to a sequestration site without compression.  IGCC plants, however, cost 20% or more to build than conventional power plants.  However, with lower operating costs, IGCC may be cheaper overall.
Company Experience
	Work on CCS continues at several locations around the U.S.  We Energies, a Midwest utility, is testing chilled ammonia (a post-combustion technology) on some flue gas from its 1,200-MW coal-fired plant.  If it succeeds, American Electric Power (AEP), will use the technology on a 30-MW stream from a 1,300-MW power plant, where it plans to sequester 100,000 metric tons of CO2 a year in a saline aquifer under the site.  If these projects go well, AEP plans to install a similar system in 2011 on the entire flue gas stream at a 450-MW plant.  It would capture 1.5 million metric tons of CO2 a year.  AEP plans to pump the CO2 underground to help recover its petroleum.  Powerspan Corp is collaborating with oil giant BP to use Powerspan’s technology, which captures not only CO2 but also conventional pollutants, at BP’s Burger facility in early 2008.
	AEP and Babcock & Wilcox (B&W) plan to run oxy-fuel combustion trials at B&W's 30-MW test facility in Alliance, Ohio. They are examining the feasibility of retrofitting existing plants with oxy-fuel combustion.  Foster Wheeler and Praxair announced that they would build a 30-MW demonstration project testing oxy-fuel technology at a fluidized-bed power plant in Jamestown, N.Y.
	AEP, Southern, Cinergy, and Xcel are considering new IGCC plants.  DOE and a coalition of companies just broke ground on a 285-MW unit to be built in Orlando, Fla.  It will join two other IGCC plants built with DOE support.  None of them, however, can capture carbon.
	Tampa Electric Co. (TECO) owns America's first and biggest (255 MW) IGCC demonstration project.  In mid-2007 the Florida Public Service Commission denied permits for two coal power plants there.  TECO and other utilities took note.  In October 2007 TECO dropped its long-planned 789-MW IGCC plant.  With the uncertainty in CCS regulations being discussed, the timing is not right to utilize IGCC for a baseload facility needed by 2013, said Chuck Black, TECO president.  A CCS retrofit could cost too much.  “We are not prepared to expose our customers and shareholders to that risk," he added.  Black also said IGCC may not be the most cost-effective technology to use now.  Instead, TECO will work to improving energy efficiency and adopt other non-coal alternatives to meet growing energy needs.
	More than half of America’s 1,500 coal-fired power plants are more than 35 years old.  "Every major power company has made an analysis of shutting down versus retrofitting existing plants," says George R. Offen, technical executive with the EPRI. EPRI estimates that it will cost at least 30% more to retrofit CCS for existing plants than to incorporate them into new ones.  Costs will drop, Offen predicts, but when and how much remain unknown.  It may be physically impossible to retrofit some old plants, because CCS equipment typically requires 6 acres (or more).
Coal Industry Developments
Numerous citizen groups have hindered and blocked scores of proposed coal power plants in many states.  Last year, they were instrumental in the largest corporate buyout ever; 8 of Texas Utilities’ 11 proposed coal-fired power plants were cancelled (March 2007 BATE).  Climate change is not the only concern.  Moves to cut mercury pollution intensify, while air pollution still kills more than 20,000 American per year.
In July 2007, Citigroup downgraded coal company stocks across the board and recommended that its clients switch to other energy stocks.  In January 2008, Merrill Lynch followed suit.  In August 2007, Senate Majority Leader Harry Reid announced he opposed building coal plants anywhere in the world, and specifically 3 in Nevada.
During 2007, 59 proposed US coal plants were cancelled, while another 50 were being contested in courts.  In October 2007, the US Department of Energy (USDOE) dramatically cut its projection for new coal-fired power plants.  Out went a forecast “coal resurgence,” featuring 151 planned coal plants and over 300 expected new coal plants (154,000 MW) on-line by 2030.  The new forecast stressed that most announced plants are unlikely to be built. Only 24 coal-fired power plants (12,500 MW) were under construction.  Another eight (4,500 MW) are close.
On January 30, 2008, the US government cancelled a demonstration CCS project in Illinois with 13 utilities and coal companies, due to massive cost overruns.  Its cost rose from $950 million in 2003 to $1.5 billion in early 2008, with more raises to come.  This FutureGen project was the primary CCS demonstration project.
Times look tough for new coal-fired power plants.
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