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What is Clean Coal Technology?
Clean coal technology (CCT) is commercially-viable and has been widely adopted by coal-fired power plants, both domestically and internationally. CCT equipment and processes have been instituted at the 1) pre-combustion, 2) combustion, 3) post-combustion, and 4) conversion/gasification stages of coal-fired power generation.  However, carbon capture and storage (CCS), a process by which carbon is captured and stored underground, is currently in the development stage and has yet to be commercialized for coal-fired power generation facilities.  An overview of widely-utilized CCT is noted below.  
1. Pre-combustion:  The purpose of pre-combustion coal preparation is to improve the quality of coal through washing and sizing prior to the combustion stage.  Pre-combustion technologies include: 1) crushing and pulverizing; 2) screening; 3) conventional cleaning; 4) deep cleaning; 5) blending; and 6) de-dusting of the coal before it is burned. 

2. Combustion: In the combustion phase, highly efficient boilers (fluidized-bed boilers and low NOx boilers) and high temperature and high pressure generators (subcritical, supercritical, and ultra-supercritical systems) are used to reduce emissions (NOx, SO2, Hg) and particulate matter (PM).  

3. Post-combustion:  Emissions control equipment retrofitted to existing pulverized coal plants further reduces chemical impurities and PM.  These systems include: 1) selective catalytic/non-catalytic reduction units (to reduce NOx); 2) flue gas desulfurization units, aka ‘scrubbers’ (to remove SO2); 3) electrostatic precipitators and fabric filters (to reduce PM and Hg).  Note that approximately 30% of remaining coal-combustion by-products (fly ash, synthetic gypsum, and boiler slag) in the United States and 55% of coal-combustion by-products in Europe are re-used in cement, concrete, agricultural fill, road base, drainage control, and roofing and construction applications.

4. Conversion/Gasification: In the coal gasification process, coal is combined with steam and controlled amounts of O2 under extremely high temperatures and pressures in a gasifier.  The heat and pressure break apart the chemical bonds in the coal’s molecular structure, thereby prompting chemical reactions with the steam and oxygen to form a gaseous mixture known as synthesis gas (made up of CO and H2) which is then combusted in a turbine to generate electricity.  Prior to combustion in the turbine, SO2 and NOx is removed and disposed.  This integrated gasification combined cycle (IGCC) system has two power-production components: 1) a gas turbine burns the synthesis gas to produce electricity; and 2) exhaust heat from the gas turbine is recovered to produce steam which powers traditional steam turbines.  To date, four IGCC systems are in commercial operation worldwide (two in the United States and two in Europe).  The primary challenge for further adoption of IGCC systems is the initial cost, which is approximately 15%-30% higher than the capital costs for traditional pulverized coal power plants.  

Additional Emissions Reduction Strategies:

· CO2 emissions reductions can be achieved by increasing the efficiency of a coal-fired power plant so that less coal is used to produce the same amount of electrical output, whereby higher efficiency yields lower emissions. Ultra-supercritical pulverized coal plants and IGCC plants are two commercially viable systems in operation today.

· Carbon capture and storage (CCS) for coal-fired power plants, currently in the research and development stage, will enable equipment to capture and store CO2 before it is emitted from the plant.  
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