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The Balance of Power

Regulations:
MATS
CSAPR
NAAQS
Coal Residuals
Wastewater
GHG BACT Economics:GHG BACT Economics:

Fuel Cost
Fuel Flexibility (Coal V/S Gas)
Cost of Compliancep
Demand
Repower?
Retire Plants?



Coal to Gas Conversion StrategyCoal to Gas Conversion Strategy
Partial Natural Gas Conversion

Fuel Lean Gas Reburn (FLGR) + Natural Gas Co FireFuel Lean Gas Reburn (FLGR) + Natural Gas Co-Fire



Fuel Lean Gas Reburn



Conventional Reburn

• 10-30% Heat Input Blanket
• High CO formation requires 

Completion Air to complete 
combustion

• Completion Air addition can• Completion Air addition can 
lead to formation of 
additional NOx

• High reducing environment 
blanket leads to wall 
wastage issueswastage issues

• Actual NOx performance 
peaks at about 10% heat 
i i h ll d COinput with controlled CO



Fuel Lean Gas Reburn (FLGR)
• Injects 3 to ~10% of Fuel into Upper Furnace

• Locally Fuel‐rich 
Pockets with‐in Fuel‐Pockets with in Fuel
lean Upper Furnace

• 3 5% NO Reduction• 3 ‐ 5% NOx Reduction 
for each 1% Fuel

Commercially applied in 
13 Utility Boilers!13 Utility Boilers!



NOx Reduction:x
H2 + NO → HNO + H

CO + HNO → HCN + O2
CHi + NO → HCN + HiO

HCN + NO → N2 + CO + H



Rough Chemistry

• Natural Gas Injected in Upper Furnace in amount sub 
stoichiometric to total flue gas oxygenstoichiometric to total flue gas oxygen,

• Localized gas pockets create fuel RICH zones:
• CHx + NOx -> .CN + .NH2 + H2O
• NOx + .NH2 -> N2 + H2O
• NOx + .CN -> N2 + CO
• NOx + CO -> N2 + CO2• NOx + CO -> N2 + CO2

• Upon re-entrance into O2 rich zones, CO completes to 
COCO2

• When passing the 1750 F temperature zone, NHi
radicals provide a secondary SNCR action



FLGR V/S Conv. Reburn

• Avoids Wall Wastage issues
• Fuel rich eddies limited to high NO regions• Fuel rich eddies limited to high NOx regions
• Localized to the center of the furnace, away from the walls

• Avoids high CO
• Excess O2 interacts with the CO after the fuel rich eddies break 

down and mix into the bulk flue gasg



FLGR Installations - 13 Boilers

• Duquesne Light Company
Pittsburgh, PA

El P St ti (1999)

• Wisconsin Electric Power 
Company
Milwaukee WI (with SNCR)– Elrama Power Station (1999)

– 3  x 100 MW Roof-Fired Units
• Commonwealth Edison

Chicago IL

Milwaukee, WI (with SNCR)
– Pleasant Prairie Unit 1 (1999)
– 640 MW Turbo Fired

• Duke Power CompanyChicago, IL
– Joliet Station 9 (1997)
– 340 MW Cyclone

• Public Service Electric & Gas

p y
Charlotte, NC
– Riverbend Unit 7 (1998)
– 150 MW Tangentially Fired

C li P & Li htPublic Service Electric & Gas
Trenton, NJ (with SNCR)
– Mercer Station (1998)
– 2 x 326 MW Wall Fired (4 

• Carolina Power & Light
Raleigh, NC (with SNCR)
– Asheville Unit 1 (2000)
– 200 MW Wall Fired(

boilers)
– Hudson Station (2001)
– 1 x 550 MW Opposed-Wall 

Fired

200 MW Wall Fired
• Ontario Power Generation

Hamilton, Ontario
– Nanticoke Station (2001)

Fired – 510 MW Opposed-Wall Fired



Main Pressure Reducing Station

• Manual and automatic blocking 
valves

• Pressure regulators• Pressure regulators
• Flow and Pressure Transmitters
• Safety Vents



Gas Distribution/Control Skids



Gas Distribution/Control Skid

• Manual and automatic 
blocking valves

• Safety vents• Safety vents
• Pressure and flow 

transmitters
• Pressure reducing valve
• Flow control valve



Injectors - FLGR

• Safety Vent
• Local Pressure Indicator• Local Pressure Indicator
• Safety interlock limit switch on lance insertion



AE-FLGR
• Simultaneous injection of Natural Gas 

and Urea through the same lances
• FLGR NOx reaction followed by an SNCR 

NOx reaction gives enhanced NOx
reduction

52% NOx reduction52% NOx reduction





FLGR Reintroduction

• An FLGR system at a Duke Energy plant is being re-
commissioned to explore:commissioned to explore:
• Effects of FLGR
• Co-Firing
• Fuel Flexibility
• BOP

• Current Status
• Control system has been exercised and evaluated
• Instrumentation will be tested in the next few weeks• Instrumentation will be tested in the next few weeks
• System checkout planned within the month



Gas Co-Firing (25 to 40%)



Partial V/S Complete conversion

• Improper heat transfer surfaces for low emissivity gas 
flamesflames
• Derates
• Capital Cost to retube

• Fuel-Flexibility
• Gas prices return to $4+/MMBtu

• New Source ReviewNew Source Review
• Gas to Coal
• Coal to Gas



Benefits of Partial Conversion

• Environmental
• Reduced NO• Reduced NOx

• Reduced SO2

• Operational
• Reduced SO3/AbS Issues
• Reduced need for DSI at low loads for Blue PlumeReduced need for DSI at low loads for Blue Plume
• Salvage of small environmentally challenged units without large 

capital expenditure



Gas Igniter Heat Input vs Load



SO2 vs. Fuel Mix



NOx vs. Fuel Mix



Opacity vs. Fuel Mix



High Volume Controlled Igniters

• Breen Energy is working towards designing a high 
volume controlled igniter for gas co-firing throughvolume controlled igniter for gas co-firing through 
existing coal burners



Thank you!

Questions?Questions?


