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► Flue Gas Emission Categories
► AQCS Technology Selection Process and Types► AQCS Technology Selection Process and Types 
► Air Quality Control System (AQCS) Technologies - Examples

– Overview 
– Mercury Control (Hg)– Mercury Control (Hg)
– Acid Gases Control (HCl, HF, HBr)
– Particulate Matter Control (TPM, PM-10, PM 2.5, SO3/H2SO4)
– Sulfur Dioxide Control (SO2)( 2)
– Nitrogen Oxides Control (NOx)

► Co-firing Fuels – Impacts on AQCS
► Summary
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► Open Discussion
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Safety Minute

01M042012D
4



Utility Air Regulations and Issues
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Utility Air RegulationsUtility Air Regulations

• Utility MATS 
- Particulate Matter
- Hydrogen Chloride y g
- Mercury

• Cross State Air Pollution Rule (CSAPR)
- Nitrogen Oxides
- Sulfur Dioxide
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Utility Air RegulationsUtility Air Regulations

• Regional Haze  (where applicable)
- Particulate Matter
- Sulfur Dioxide 
- Nitrogen Oxides

• Consent Decree (if applicable)
- Particulate Matter
- Sulfur Dioxide
- Nitrogen Oxides

O- Other
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Related Potential Future  Related Potential Future  
Regulatory EnvironmentRegulatory Environment

• National Ambient Air Quality Standards (NAAQS) 
• Coal Combustion Residuals (CCRs)
• GHG NSPS (potential)GHG NSPS (potential)
• Thermal Power Plant Cooling Water Intake (316 b)
• Waste Water Discharge Issues
• Permit Renewal ProcessPermit Renewal Process
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Flue Gas Emission Categories
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Flue Gas Emission CategoriesFlue Gas Emission Categories

► Mercury (Hg)
► Hydrogen Chloride (HCl)
► Particulate Matter (filterable and condensable)► Particulate Matter (filterable and condensable)
► Opacity (%)
► Sulfur Trioxide (SO3)/Sulfuric Acid Mist (H2SO4)
► Hazardous Air Pollutants (HAPs)► Hazardous Air Pollutants (HAPs)
► Sulfur Dioxide (SO2)
► Nitrogen Oxides (NOX)
► Carbon Monoxide (CO)► Carbon Monoxide (CO)
► Volatile Organic Compounds (VOC)
► Ammonia Slip (NH3)
► Other► Other
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Options to Consider Options to Consider 

• Utilities may consider a range of options in addressing the regulatory 
environment.

• One of several options is to evaluate different retrofit air quality control system 
(AQCS) technologies for flue gas cleaning.
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Selection Process for AQCS Technologies

Coal-Fired Power Plants
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Factors Considered in Factors Considered in 
AQCS Technology Selection  AQCS Technology Selection  

• Stack emission requirements. 

• Fuel type and flue gas propertiesFuel type and flue gas properties.

• Site-specific technical and economic (capital and annual O&M costs). 
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Factors Considered in Factors Considered in 
AQCS Technology Selection  (AQCS Technology Selection  (con’tcon’t))

Site-specific technical and economic (capital and annual O&M costs)

• Financial factors and costs (e.g. economic life, interest rate, unit costs, etc.)Financial factors and costs (e.g. economic life, interest rate, unit costs, etc.)
• Size of plant,
• Capacity factor,
• Reagent type and usage rate,
• Byproduct type and production rate,
• Electrical power usage, 
• Water type and usage rate, 

W t t d ti t d it i• Waste water production rate and permit issues, 
• Steam requirement (if required), 
• Cooling water usage (if required), 
• Impacts on the existing draft system stack plant electrical distribution and otherImpacts on the existing draft system, stack, plant electrical distribution and other 

systems,
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Construction and Balance of Plant IssuesConstruction and Balance of Plant Issues

Ductwork in Staging Area Building Foundation
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Factors Considered in Factors Considered in 
AQCS Technology Selection  (AQCS Technology Selection  (con’tcon’t))

Site-specific technical and economic (capital and annual O&M costs) (con’t)

• Impact of the retrofit AQCS on the existing air quality control (AQC) equipment at the p g q y ( ) q p
power plant (e.g. PAC or Trona impact on flyash), 

• Methods to dispose or reuse scrubber waste byproducts and/or conversion of 
scrubber by-products to useful materials,

• Real estate required for the retrofit AQCS equipment• Real estate required for the retrofit AQCS equipment, 
• O&M personnel (staffing),
• Maintenance required, including parts replacement (e.g. bag/cage),
• Spare part requirements, p p q ,
• System reliability required,
• Compatibility of retrofit AQCS with any future potential systems such as cooling water 

systems, waste water systems, solid byproduct waste landfill projects, and carbon 
dioxide (CO ) capture systemsdioxide (CO2) capture systems,

• Permit issues, including issues related to retrofit AQCS and byproducts
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Maintenance Issues Maintenance Issues -- exampleexample

Replacement of PJFF Old Cages New PJFF Cags
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Field Demonstration Projects Field Demonstration Projects –– technology selectiontechnology selection
HCl, Hg, PM, SOHCl, Hg, PM, SO22, and SO, and SO33 (examples)(examples)

Field 
Demonstration Examples - Summary Project Descriptions 

1 DSI demonstration testing program for HCl, Hg, SO2, and SO3 reduction with milled Trona, milled 
SBC, coal mercury oxidation additives, and powdered activated carbon injection process on a , y , p j p
coal-fired power plant to determine capability to meet the proposed MATS emissions limits. 

2 DSI field demonstration test program at coal-fired power plants for dry sorbent injection in front of 
the existing electrostatic precipitators (ESP)s to determine the removal of acid gases (HCl and SO2) 
and the impact on the operation of the ESPs and fly ash handling system. 

3 DSI Field Testing trials for eight units plus PAC for eight sites – SO2/HCl/Hg/PM control. 

4 DSI Field Testing trials for one unit – HCI control

5 DSI Field Testing for one unit and PAC for one unit – SO2/PM/Hg control

6 DSI Field Testing for one unit – SO /HCI/Hg/PM control6 DSI Field Testing for one unit – SO2/HCI/Hg/PM control

7 PAC Field Testing for three units – Hg control

8 PAC Field Testing for one unit – Hg control

9 PAC Field Testing for one unit – Hg control

10 Field Testing for one unit – Hg control

11 PAC/Trona Field Testing for two units –HCl/SO3/Hg control

12 DSI Field Testing for one unit – SO3 control
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13 DSI Field Testing for one unit – SO3 control
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Field Testing Instrumentation Field Testing Instrumentation -- ExampleExample
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Types of AQCS Technologies

Coal-Fired Power Plants
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Mercury (Hg)Mercury (Hg)
AQCS Technologies OptionsAQCS Technologies Options

► Fuel type (coal type, oil, biomass fuels, coke, and other fuels) 

► Use existing/upgrade FGD System (co-benefit Hg rem., Hg re-emission additive)

► Coal mercury oxidation additives (e g PRB coal)► Coal mercury oxidation additives (e.g. PRB coal)

► Use existing SCR oxidation (co-benefit neutral Hg ionic Hg, e.g. PRB coal)

► Activated Carbon Injection (ACI) (brominated, non-brominated PAC, etc.)

► Flue gas mercury oxidation additives► Flue gas mercury oxidation additives
► Mercury Re-emission additive with FGD System
► Use existing/upgraded Electrostatic Precipitators (ESP) 
► Use existing/upgraded Fabric Filter (PJFF)► Use existing/upgraded Fabric Filter (PJFF)
► Multi-pollutant AQCS (e.g., ReACT for SO2/NOx/Hg/PM removal , CCS, co-benefit rem. of Hg) 

► Co-firing Coal with natural gas
► Other► Other
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Hydrogen Chloride (HCl), Sulfur Dioxide (SOHydrogen Chloride (HCl), Sulfur Dioxide (SO22), and HAPs), and HAPs
AQCS TechnologiesAQCS Technologies

► Fuel type (coal type, oil, biomass fuels, coke, and other fuels) 

► Use existing FGD System (co-beneficial removal)

► Upgrade existing FGD System► Upgrade existing FGD System
► Dry Sorbent Injection (DSI) with PJFF or ESP
► Spray Dryer Absorber (SDA) with PJFF or ESP
► Circulating Dry Scrubber (CDS/NID) with PJFF or ESP► Circulating Dry Scrubber (CDS/NID) with PJFF or ESP
► Wet FGD (LSFO)
► Multi-pollutant AQCS process (ReACT for SO2, with co-benefit rem. of NOX/Hg/PM)

► Co-firing Coal with natural gas► Co firing Coal with natural gas
► Other (potential future CO2 capture, combined SO2/CO2 capture along with other flue gas species)
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Particulate Matter and Opacity ControlParticulate Matter and Opacity Control
AQCS TechnologiesAQCS Technologies

► Use existing/upgrade ESP System 
► Use existing/upgrade PJFF System 
► Retrofit ESP System► Retrofit ESP System 
► Retrofit PJFF System
► Convert ESP to PJFF System
► DSI/SDA/CDS/NID/LSFO in combination with ESP or PJFF (filterable plus► DSI/SDA/CDS/NID/LSFO in combination with ESP or PJFF (filterable plus 

condensable) (co-benefit removal SO2/SO3/H2SO4/HCl/HAPs/etc.)

► Multi-pollutant AQCS (e.g., ReACT for SO2/NOX/Hg/PM removal, co-benefit removal of PM) 

► Wet ESP (PM/HAPs/SO3/H2SO4/etc.)( 3 2 4 )

► Other
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Sulfur Trioxide/Sulfuric Acid Mist Sulfur Trioxide/Sulfuric Acid Mist 
AQCS TechnologiesAQCS Technologies

► Fuel type (PRB, vs. higher sulfur fuels)

► DSI/SDA/CDS/NID in combination with ESP or PJFF 
(filterable plus condensable) (co-benefit removal SO2/SO3/H2SO4/HCl/HAPs/etc )(filterable plus condensable) (co benefit removal SO2/SO3/H2SO4/HCl/HAPs/etc.)

► LSFO FGD System (co-benefit rem SO2/SO3/H2SO4/HCl/HAPs/etc.)(design for SO3/H2SO4 rem)

► SCR System (SCR catalyst designed for minimal SO2 oxidation)

► Wet ESP (PM/HAPs/SO3/H2SO4/etc )► Wet ESP (PM/HAPs/SO3/H2SO4/etc.)

► Other
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Nitrogen Oxides (NOx)Nitrogen Oxides (NOx)
AQCS TechnologiesAQCS Technologies

► Fuel Combustion Optimization (LNB, etc.)

► Selective Catalytic Reduction (SCR designed to minimize NH3 slip)

► Selective Non-Catalytic Reduction (SNCR designed to minimize NH3 slip)► Selective Non Catalytic Reduction (SNCR designed to minimize NH3 slip)

► Multi-pollutant AQCS (e.g., ReACT for NOX reduction, with co-benefit rem. of SO2/PM/Hg)

► Co-firing Coal with natural gas
► Other► Other
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Carbon Monoxide (CO)  and Volatile Organic Compound (VOC)   Carbon Monoxide (CO)  and Volatile Organic Compound (VOC)   
AQCS TechnologiesAQCS Technologies

► Fuel Combustion Optimization (minimize/optimize CO/VOC/NOX)
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Examples of AQCS Technologies

Coal-Fired Power Plants
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Mercury Control (Hg)
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The Fate of Trace Elements The Fate of Trace Elements –– Mercury Mercury 

StackThe Fate of Trace Elements EmissionsThe Fate of Trace Elements

Fuel

Bottom Ash

Hg
Coal Gas Species

BH or ESP

Fly Ash & LOI FGD
Byproducts

(solid & liquid)

Hg
Hg

HgCl2

Part. Hg
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CoCo--benefit Mercury Removal benefit Mercury Removal -- definitiondefinition

► The removal of mercury from flue gas in an air quality control device that was 
primarily designed to control emissions of another specie (SO2, PM, NOx, SO3, 
CO2, etc).

► Although this co-benefit mercury removal may be incidental, there are design 
and/or operational parameters to enhance Hg removal.
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CoCo--benefit Mercury Removalbenefit Mercury Removal
(degree of Co(degree of Co--benefit Hg reduction depends on the AQCS device, design, and process parameters)benefit Hg reduction depends on the AQCS device, design, and process parameters)

► SCR Oxidation
– (neutral Hg ionic Hg)

► Existing ESP or Baghouse► Existing ESP or Baghouse 
– (removes Hg-part, ash LOI for Hg+2 & Hg+0)

► CDS or SDA FGD 
– (Hg removal by lime solids adsorption cool temp removal of PM & solids in(Hg removal by lime solids adsorption, cool temp, removal of PM & solids in 

BH)

► Wet FGD 
(ionic Hg & PM removal in slurry cool temp re emission inhibitor additives)– (ionic Hg & PM removal in slurry, cool temp, re-emission inhibitor additives)

► Multi-pollutant Processes 
– (ReACT, ionizer reactors, Hg oxidation, wet absorber with cool temp, WESP)
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Modular ConstructionModular Construction
Activated Carbon SiloActivated Carbon Silo

Activated Carbon Injection 
Installation
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Sorbent Injection with ESP Sorbent Injection with ESP –– Mercury Removal ExampleMercury Removal Example

ACI with ESP ACI with SDA/PJFF
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Sorbent Injection with ESP or SDA/PJFF Sorbent Injection with ESP or SDA/PJFF 
Mercury Removal ExamplesMercury Removal Examples

ACI with ESP ACI with SDA/PJFF
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Fabric Filter (PJFF) with Activated Carbon Injection (ACI) Fabric Filter (PJFF) with Activated Carbon Injection (ACI) 
Particulate Matter Removal Particulate Matter Removal -- ExampleExample

ACI ith PJFF
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FGD CPS WWTS SludgeFGD CPS WWTS Sludge
(includes mercury removed from waste water)(includes mercury removed from waste water)

Sludge may be produced from the clarification of the influent suspended solids to the 
FGD wastewater treatment system.

Hypothetical composition of generic FGD WWTS sludge:

Calcium sulfate – 78.0%
Limestone inerts 4 7%Limestone inerts – 4.7%
Calcium carbonate – 1.9%
Flyash – 0.9%
Biosolids 1 6%Biosolids – 1.6%
Metal hydroxides & sulfides, etc – 12.9%
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Acid Gases Control - DSI 
(HCl, HF, HBr)
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Particulate Matter Control 
(TPM, PM-10, PM 2.5, SO3/H2SO4)
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ESP Controls ESP Controls 
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Safety, Quality, and Schedule with Safety, Quality, and Schedule with 
Modular ConstructionModular Construction

PJFF Installation
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Safety, Quality, Schedule, and ConstructionSafety, Quality, Schedule, and Construction

PJFF Installation with CDS PJFF Installation with CDS 
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PTFE BagsPTFE Bags

Polytetrafluroethylene (PTFE) is the chemical name for a compound developed by Dupont in 
the 1940s.  You know this product as Teflon® which is commonly used for a non-stick 
surface on cookware, Teflon plumbing tape, etc.

(ePTFE) is expanded PTFE which is Teflon that’s been stretched into a thin membrane that’s 
then laminated to the collection surface of a base filtration media.  Base filtration medias 
could be polypropylene, polyester, acrylic, fiberglass, aramid fabrics such as aramic, PPS, 
P84 or a base media also manufactured out of Teflon.  In a coal fired plant, the filters are 
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p
fiberglass for reverse air baghouses and usually Polyphenyl sulfide (PPS - Ryton / Torcon / 
Procon) in pulse jet baghouses.  
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Sulfur Dioxide Control (SO2)
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Fabric Filter with DSI Trona Injection Fabric Filter with DSI Trona Injection -- ExampleExample

Trona Injection DSI FGD-PJFF
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Wet Limestone FGD OverviewWet Limestone FGD Overview

►A reagent (typically limestone slurry) is employed to remove 
sulfur dioxide from the flue gas:sulfur dioxide from the flue gas:

SO2 + CaCO3 CaSO3 + CO2

►An additional step, forced oxidation involving the injection of 
air into the FGD absorber, producing by-product, gypsum, 
(calcium sulfate) CaSO4

.2H2O( ) 4 2

►Removal efficiencies can be as high as 99%.
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Wet Limestone FGD Wet Limestone FGD –– Process Flow DiagramProcess Flow Diagram

SPRAY TOWER 
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STACK
WATER
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WATER 
TANK
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TANK
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Wet Flue Gas Desulfurization System Wet Flue Gas Desulfurization System -- ExampleExample
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Wet LSFO FGD - examples
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Safety, Quality, and Schedule with Safety, Quality, and Schedule with 
Modular ConstructionModular Construction

Duct Installation
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Stebbins Stebbins -- AbsorberAbsorber

St bbi W t LSFO FGD Ab b
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Wet FGD Gypsum Dewatering System Wet FGD Gypsum Dewatering System -- exampleexample
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Upgrade of Existing FGD SystemsUpgrade of Existing FGD Systems
Brief List of Reasons Why Utilities May Want to UpgradeBrief List of Reasons Why Utilities May Want to Upgrade

► Increase SO2 removal
► Increase amount of flue gas that is scrubbed
► Increase mercury removal (co-benefit Hg)► Increase mercury removal (co benefit Hg)
► Convert to higher sulfur fuel (coal, pet coke, oil)
► Convert to LSFO FGD (produce wallboard- and/or cement-grade gypsum)
► Test larger atomizer drives in existing SDA FGD► Test larger atomizer drives in existing SDA FGD
► Increase reliability of existing FGD system 
► Repair severe corrosion of FGD system materials
► Other reasons for upgrading older FGD systems► Other reasons for upgrading older FGD systems
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Circulating Dry Scrubber System Circulating Dry Scrubber System -- ExampleExample

01M042012D
113

CDS FGD with PJFF 
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Spray Dryer Absorber Spray Dryer Absorber -- FGDFGD
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ReRe--Use of Dry Scrubber Material Byproduct Use of Dry Scrubber Material Byproduct 
Potential Concepts for Potential Concepts for EvalautionEvalaution –– examples examples 

► Mine Reclamation
► Light Weight Aggregate Manufacture
► Processing of DSM in Ash Handling Process► Processing of DSM in Ash Handling Process
► Process to Remove PAC from DSM
► Cement and Concrete Production
► Agricultural Fertilizer (if applicable)► Agricultural Fertilizer (if applicable)
► Use of Distributors and Brokers
► Civil and Structural Engineering Applications
► Other Methods for Re-Use► Other Methods for Re Use
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Nitrogen Oxides (NOx)
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SCR Chemistry for NOx Reduction SCR Chemistry for NOx Reduction 
(example reactions)(example reactions)

► 4 NO + 4 NH3 + O2 4 N2 +  6 H2O

► NO + NO2 + 2 NH3 2 N2 + 3 H2O2 3 2 2

► 6 NO2 + 8 NH3 7 N2 + 12 H2O

► 2 NO2 + 4 NH3 + O2 3 N2 +  6 H2O 
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Selective Catalytic Reduction System Selective Catalytic Reduction System 
Nitrogen Oxides (NOx) Removal Nitrogen Oxides (NOx) Removal -- ExamplesExamples

SCR Systems - examples 

01M042012D
126AQCS TECHNOLOGIES



01M042012D
127AQCS TECHNOLOGIES



01M042012D
128AQCS TECHNOLOGIES 



01M042012D
129AQCS TECHNOLOGIES 



01M042012D
130AQCS TECHNOLOGIES 



SCR Design Improvements SCR Design Improvements –– examples examples 

► Urea Conversion Processes Improvements
► Mercury Oxidation - SCR Catalyst 
► Reduced SO2 Oxidation – SCR Catalyst► Reduced SO2 Oxidation SCR Catalyst 
► Improved Mixing of Flue Gas & Ammonia (CFD, mixing devices, etc.)
► Reduced Ammonia Slip (ash sales issue, and FGD CPS issue)
► Pre-removal of Ash Before SCR (pop-corn ash)► Pre removal of Ash Before SCR (pop corn ash)
► SCR Catalyst Regeneration Techniques
► Other SCR Advances
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SNCR NOx Removal SNCR NOx Removal 
Chemistry in FurnaceChemistry in Furnace

► Overall Removal Chemistry – Urea (H2NCONH2) decomposes to ammonia 
(NH3) which reacts with Nitrogen Oxides (NOX).( 3) g ( X)

► Overall Reaction Products – Main reaction byproducts include nitrogen (N2), 
water (H O) carbon dioxide (CO ) and small amount of ammonia (NH ) slipwater (H2O), carbon dioxide (CO2), and small amount of ammonia (NH3) slip.

► Key Process Issues – Inject urea at proper temperature window within the y j p p p
furnace, with proper penetration and mixing, plus proper residence time to allow 
the chemistry to reduce the required amount of flue gas NOX while minimizing 
the ammonia slip (NH3).
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SNCR Test Equipment SNCR Test Equipment -- exampleexample

NOX reduction is demonstrated before proceeding
with a permanent system design. 
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SNCR Permanent Equipment SNCR Permanent Equipment -- examplesexamples

SNCR Permanent System Boiler Tube Insert forSNCR Permanent System Boiler Tube Insert for 
SNCR System
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Co-firing Fuels 
Impacts on AQCS
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CoCo--firing Fuels firing Fuels –– Impacts on AQCSImpacts on AQCS

► Co-firing solid biomass with coal (wood, RDF)
► Co-firing liquid bio-mass with oil (blend palm oil, bio-diesel)

(l dfill )► Co-firing gaseous bio-mass with NG (landfill gas)
► Co-firing natural gas with coal
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Design and O&M Design and O&M -- CoCo--firing Fuels firing Fuels 
Air Quality Control SystemAir Quality Control System

► High Moisture Content of Flue Gas (maintain f.g. temp)
– Avoid Corrosion of PM Collector (ESP, PJFF)
– Avoid Pluggage of PJFF Bags (damp solids, avoid ABS)Avoid Pluggage of PJFF Bags (damp solids, avoid ABS)
– Select proper PJFF bags and cages

► Flyash of Flue Gas (ash content and composition varies)
– Avoid hot spots/fires (combustor & cyclone, protect hoppers, ESP, PJFF)p ( y , p pp , , )
– Accommodate ash handling erosion (e.g., ash SiO2, Al2O3)
– Potential fine particles (fuel brackish water aerosols WESP)
– Boiler Slagging/Fouling (animal activity biomass NaCl)
– Avoid ABS (SNCR NH3 slip NH4HSO4

► Trace Elements of Flue Gas (protect downstream AQCS)
– Impact on SCR Catalyst (Ca, As, etc.) (clean side SCR)
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Design and O&M Design and O&M -- CoCo--firing Fuels firing Fuels 
Air Quality Control System (Air Quality Control System (con’tcon’t))

► Acid Gas in Flue Gas (protect downstream AQCS)
– Remove HCl/SO2 as required to protect ductwork, ESP, PJFF, etc.
– FGD or DSI (co-firing coal with bio-mass or natural gas)( g g )

► NOx in Flue Gas (nitrogen content varies)
– Solid Biomass N NOx (SNCR vs. SCR)
– Liquid Biomass N NOx (biofuel blending with fuel oils)
– Select Proper SCR Catalyst (temp control – split economizer/APH) 
– Minimize SNCR ammonia slip

► CO, VOC, and other organics in Flue Gas
– Combustion Optimization (oxidation catalyst or thermal oxidizer, if required)
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Summary
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SummarySummary

• In addressing the Regulatory Environment, Utilities may evaluate a range of 
options.

• One of several options is to evaluate retrofit air quality control systems (AQCS).

• Wide range of AQCS technologies are available.g g

• Selection of AQCS type is based on plant specific economic and technical 
considerations.

• Operation and Maintenance issues should be addressed in selection of the 
AQCS.
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Open Discussion
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We would like to thank the AQCS 
Equipment Suppliers who providedEquipment Suppliers who provided 
slides for this workshop presentation 
with permission.
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Contact Information
Chris Wedig
AQCS SpecialistQ p
christopher.wedig@shawgrp.com
617-589-5737
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