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AQCS Technologies (Hg — HCI — PM — SOx — NOx)

For Meeting Utility Regulations

2012 Reinhold APC Round Table
July 16, 2012

Shaw- a world of Solutions”




Introductions

Safety Minute
Utility Air Regulations and Issues

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

vvyvy V VY

— Overview
— Mercury Control (HQ)
— Acid Gases Control (HCI, HF, HBr)
— Particulate Matter Control (TPM, PM-10, PM 2.5, SO,/H,SO,)
— Sulfur Dioxide Control (SO,)
— Nitrogen Oxides Control (NOXx)
» Co-firing Fuels — Impacts on AQCS
Summary

» Open Discussion
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Introductions




Safety Minute




Utility Air Regulations and Issues
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Utility Air Regulations

o Utility MATS
- Particulate Matter
- Hydrogen Chloride
- Mercury

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

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

. Consent Decree (if applicable)
- Particulate Matter
- Sulfur Dioxide
- Nitrogen Oxides
- Other
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Related Potential Future

Regulatory Environment

« National Ambient Air Quality Standards (NAAQS)

« Coal Combustion Residuals (CCRs)

* GHG NSPS (potential)

« Thermal Power Plant Cooling Water Intake (316 b)
* Waste Water Discharge Issues

* Permit Renewal Process
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Flue Gas Emission Categories
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Flue Gas Emission Categories

>
>
>
>
>
>
>
>
>
>
>
>

Mercury (HQ)

Hydrogen Chloride (HCI)

Particulate Matter (filterable and condensable)
Opacity (%)

Sulfur Trioxide (SOg4)/Sulfuric Acid Mist (H,SO,)
Hazardous Air Pollutants (HAPS)

Sulfur Dioxide (SO,)

Nitrogen Oxides (NO,)

Carbon Monoxide (CO)

Volatile Organic Compounds (VOC)

Ammonia Slip (NH,)

Other
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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




Factors Considered In

AQCS Technology Selection

« Stack emission requirements.
* Fuel type and flue gas properties.

» Site-specific technical and economic (capital and annual O&M costs).
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Factors Considered In

AQCS Technology Selection (con'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.)
» Size of plant,

« Capacity factor,

« Reagent type and usage rate,

* Byproduct type and production rate,

 Electrical power usage,

* Water type and usage rate,

» 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 other
systems,
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Construction and Balance of Plant Issues

xin
§ by

D

Pipe and Cable Tray Back to Byproduct Silo
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Factors Considered In

AQCS Technology Selection (con'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
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,

¢ O&M personnel (staffing),

* Maintenance required, including parts replacement (e.g. bag/cage),

« Spare part requirements,

« 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 systems,

* Permit issues, including issues related to retrofit AQCS and byproducts
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Maintenance Issues - example

New PJFF Bag (f|t demonstratlon)
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Field Demonstration Projects — technology selection @
HCI, Hg, PM, SO,, and SO, (examples)

Field
Examples - Summary Project Descriptions

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

2 DSl 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 SO,)
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 — SO,/HCI/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 — SO,/PM/Hg control
6 DSI Field Testing for one unit — SO,/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 —HCI/SO4/Hg control

12 DSI Field Testing for one unit — SO, control

13 DSI Field Testing for one unit — SO, control
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Field Testing Instrumentation - Example

Hue Gas Pressure Drop (Manometers)
AQCS TECHNOLOGIES l 19



Types of AQCS Technologies

Coal-Fired Power Plants




Mercury (Hg)

AQCS 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)

Use existing SCR oxidation (co-benefit neutral Hg = ionic Hg, e.g. PRB coal)
Activated Carbon Injection (ACI) (orominated, non-brominated PAC, etc.)

Flue gas mercury oxidation additives

Mercury Re-emission additive with FGD System

Use existing/upgraded Electrostatic Precipitators (ESP)

Use existing/upgraded Fabric Filter (PJFF)

Multi-pollutant AQCS (e.g., ReACT for SO,/NOx/Hg/PM removal , CCS, co-benefit rem. of Hg)
Co-firing Coal with natural gas

Other
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Hydrogen Chloride (HCI), Sulfur Dioxide (SO,), and HAPs @

AQCS Technologies Shaw-*

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

Use existing FGD System (co-beneficial removal)

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

Wet FGD (LSFO)

Multi-pollutant AQCS ProCess (ReACT for SO,, with co-benefit rem. of NO,/Hg/PM)
Co-firing Coal with natural gas

VVVYyVVYVYVYYVYYVYY

Other (potential future CO, capture, combined SO,/CO, capture along with other flue gas species)
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Particulate Matter and Opacity Control

AQCS Technologies

Use existing/upgrade ESP System
Use existing/upgrade PJFF 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
condensable) (co-benefit removal SO,/SO,/H,SO,/HCI/HAPs/etc.)

vVvVvvVYyvVvyyvyyYy

v

Multi-pollutant AQCS (e.g., ReACT for SO,/NO,/Hg/PM removal, co-benefit removal of PM)

\4

Wet ESP (pPMHAPS/SO,/H,S0,/etc.)
» Other
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Sulfur Trioxide/Sulfuric Acid Mist

AQCS Technologies

» Fuel type (PRB, vs. higher sulfur fuels)
» DSI/SDA/CDS/NID in combination with ESP or PJFF
(filterable plus condensable) (co-benefit removal SO,/SO4/H,SO,/HCI/HAPs/etc.)
» LSFO FGD System (co-benefit rem SO,/SO,/H,SO,/HCI/HAPs/etc.)(design for SO,/H,SO, rem)
» SCR System (SCR catalyst designed for minimal SO, oxidation)
» Wet ESP (PM/HAPs/SO,/H,SO,/etc.)
» Other
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Nitrogen Oxides (NOXx)

AQCS Technologies

>
>
>
>
>
>

Fuel Combustion Optimization (LNB, etc.)

Selective Catalytic Reduction (SCR designed to minimize NH, slip)

Selective Non-Catalytic Reduction (SNCR designed to minimize NHj slip)
Multi-pollutant AQCS (e.g., ReACT for NO, reduction, with co-benefit rem. of SO,/PM/Hg)
Co-firing Coal with natural gas

Other
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Carbon Monoxide (CO) and Volatile Organic Compound (VOC) @

AQCS Technologies S ET R

» Fuel Combustion Optimization (minimize/optimize CO/VOC/NO,)

AQCS TECHNOLOGIES | 26



Examples of AQCS Technologies

Coal-Fired Power Plants




Mercury Control (HQ)




The Fate of Trace Elements — Mercury

Fuel }:. : | E;

) --:wl I__;. ' =

Bottom Ash ey

Coal . Gas Species

= s
Hg\,\ Part. Hg

, HgCl,
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Co-benefit Mercury Removal - definition

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

» Although this co-benefit mercury removal may be incidental, there are design
and/or operational parameters to enhance Hg removal.

AQCS TECHNOLOGIES l 30



Co-benefit Mercury Removal @

(degree of Co-benefit Hg reduction depends on the AQCS device, design, and process parameters)

» SCR Oxidation
— (neutral Hg - ionic HQ)

» 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
BH)

» Wet FGD
— (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)

AQCS TECHNOLOGIES I 31



babcock & wilcox power generation group

Mercury Control Toolbox

Coal
Additives
such as
B&W's
MercPlus™
(Hg+) System

S50, Sorbent E??Ecn‘an
Injection
N
| | /Al
. ESP/FF
 ——
Air
Heater ﬁ
Pulverizer
T T — Wet FGD Additives such as B&W's
Injection Flows Absorption Plus (Hg)™ System

Propristary snd Confidentis &2+l Babook & Wikony Power Qenerafon Groug, Inc. A3 fights resened



babcock & wilcox power generation group

MercPlus™ Fuel Additive from B&W for
Low Halogen Coals

* Increases oxidation
of elemental mercury

- Reduces PAC consumption

- May allow use of standard PAC versus
more costly brominated PAC

* Injected onto coal prior to coal feeders

- Co-benefits Hg removal with FGD

& 210l Babrook & Wikony Power Qenerafon Groug, inc. A% rights ressned




“Small Environmental Footprint”
Coal-Fired Power Plant

NO, Control
ROFA® &
ROTAMIX®

"IH.-‘.‘

Plant Effluent Hg Contraol
Nalmet®1689
Integrated Air/Water Offering

N Ecola ompan’
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KNX™ for Hg Removal

= KNX™ is a fuel additive that reliably and predictably provides a high degree of Mercury oxidation

*  Oxidized Mercury is then more easily controlled by most types of standard air pollution control
equipment

- -FEO

POWER SERVICE

ALSTOM

ALSTOM © 2007. We recerse all rightz in thiz document end in the information cortsined tharsin.
Reproduction, uce or disclosure to thind partiec without expresz sutharity & ctrctly forbidden.




Process of Hg Removal by SCR + FGD HITACHI

Inspire the Next

e [ESP )
® SCR AH — , ;_: FGD
Hgin ~_
Coal Hg HgCl,(Oxide) s
v HgCl,(Oxide) R ozzle
l AH;Air Pre-heater
gﬂ&ﬂf @2 Absorpti
Particulate I sorption
Particulate Hg

. TRAC®  \ 1 Removed
% g : g o -I-Illlllllllll-llll-ll-ll-llili.i.i.l.l.l. - e . - H'g Emjs's".nn
—-" I with TRAC®

Copyrignt © 2012, Hitachs Power Systems Amenca, Laa, AR ngnis resarvea. 1 1




Mercury Oxidation Catalyst HITACHI

Inspire the Next

Lower SO, conversion is required while keeping higher Hg oxidation.

S0O2 to SO3 Conversion Activity

Higha

Low

Conventional
Technology

~ Breakthrough
\“‘v; toward new generation

@

5 Mercury Oxidation Catalyst

Low

>
High
Hg Oxidation Activity

Copyrignt @ 2012, Hitachs Power Systems Amenca, L, Al nghis resarved. 3



Typical Injection Points (SCR / SDA / BH)

Standard ACI system utilized

Installed CEMS

CEMS

Baghouse
injection location

Pre-air heater
injection location

Novinda




Modular Construction

Activated Carbon Silo

Activated Carbon Injection
Installation

AQCS TECHNOLOGIES | 39



Overview - DARCO Hg-LH EXTRA

Created for use in

Produced using
Norit’s new patent-

y 4

Improved oxidative
capability resulting
in faste_r ad_snrpliun

Superior working

capacity in bag
“house applications

«]d 1 9 Activated Carbon

keading in purification




Novinda’s AS-022 - Hg Removal Product

 Non Carbon — Mineral Based Product
- Manufactured using a natural mineral substrate: bentonite.

o Preserves ‘beneficial use’ of fly ash as a replacement for Portland cement
and maintains gypsum quality.

o Non-flammable.
o No degradation on balance of plant.

- Amended Silicates - Only Commercially Available Non-Carbon
Reagent for Hg control
o Bentonite is infused with a metal sulfide.

o Metal sulfide reacts with the mercury to form mercuric sulfide on the surface
of the particle.

AS-022 creates a chemical reaction vs. adsorption.

The product is then removed from the flue gas, along with fly ash, in
conventional particulate control equipment, such as a bag-house or
elec:trustatlc recipitator.

& 2012 by Novinda Corporation. All rights reserved. Proprietary and Confidential Information of Novinda Corporation. May not be disclosed without permiﬂsiaﬁﬁ"ﬁ'

Novinda
]
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Mer-Cure™ System Technology ALSTOM

*Mer-Cure™ uniformly injects on-line

processed sorbent upstream of the air Mer-Cure ™

preheater.

*These approaches are covered by Sorbent —» Sorbent
several Alstom Patents Storage

Silo

. . 3

< ;D - Snrh F':mr

Pressurized

Gravimetric.‘i
Feeder

Coal

_— e

ireheated | »| Particulate L
ir

i it et Collection
Air Heater Device |

MATS Co

ompliance through ESP Enhancement and Mer-Cure™ Technology - Ja —Feb 2, 20M2-P7 l
© ALSTOM 2012, AR Nghis FEsenved. |meamation contained In this document s indical?ve only. MO repracentaton of Waranty |& gven or shoult be =ied on mat [ s compiete of comed or will 3pply to any
particular profect This il depend on ihe technical and commerial creumstances. | |5 povided withoud (labitty and is sugiect 10 change without notice. Repmducion, usa of disciosure 1o thind parties, winout
ENDIEES WIEEN authorty, s svicty prohibited




Sorbent Injection with ESP — Mercury Removal Example @

Units 1 and 2 General Arrangement

PAC
Gas Flow . - ESP 22 . .
> e 66 —>
e L. ESP 21 e®
s 8k
Gas Flow — :
> o D .
" Kk
Stack
PAC

& SCEM Measurement (Parametric)
® Modified Appendix K Measurement (Parametric, Long-Term)
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Sorbent Injection with ESP or SDA/PJFF
Mercury Removal Examples

ACIl with ESP ACl with SDA/PJFF
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Fabric Filter (PJFF) with Activated Carbon Injection (ACI) @
Particulate Matter Removal - Example

ACIl with PJFF

AQCS TECHNOLOGIES | 45



EMO™ lllustration

i EMO™ Flue
dy Gas Treatment
i i -

1 r g
| ._p"l
-
E
|
\
LY
1
! I
[
i if =
P
[ |

- . ,”4“!]}“ \ lm %
; il Y |

8

Y

i

=i

I'ig in
FGD Slurry




Mercury treatment system with scrirep)

* Halogen Injection System

v Halogen (NH,CI) is injected upstream of SCR to
oxidize mercury so that it can be taken out by wet

scrubber system.

v With proper scrubber chemistry control, Hg re-
e emission from SO, scrubber can be controlled.

-
1] WJJJ

SCR »| AH ESP FGD >

Stack
[Halogen] [ NH, ] 4 Airq_' . mirsusisi

Boiler

Y

1




Hg Re-emission across wkFGD

- Wet FGDs are capable of 90+% capture of oxidized Hg.

- Then why is the observed range 50-80% capture?

« What limits compliance of EGUs with this configuration?

[ J

D f. .t. . [Hgn]atack} [Hgo]wFG[}inlet
erinition. Hg?*., — Hg', 1

[HgS0; + Hy0 — He® + H,50,]

Sugpested Reading:

“Bench-scale Kinetics Study of Merory Reoctions in FGD Liguors” Blythe, G. M.; DeSerry, D. W.; April 2007.

“Preventing Merouary Re-emissions in wet Floe Gas Desul furization Scrubbers at ‘coal- fired power Plants using MerControd® 8034 Additive™ Stiles, R.L; et al. Preprints
of Symposia - American Chemical Sodety, Division of Fuel Chemistry (20010), 55{1), 164-166__

“Demonstrating Mercury Emissions Redirction Cost Managetnent ™ Meier, J_; Keiser, B_A_; and Higgins, B.; Air Quality YNNI, Arlinglon, VA; 2000,

N
~ o =

An Ecolab Company
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babcock & wilcox power generation group

Absorption Plus (Hg)™ System
for Enhanced Mercury Capture

* Proprietary technology from B&W prevents mercury re-emission
from Wet FGD

- Removes and retains over 95% of oxidized mercury in FGD

S 2010 Babrock & Wiooy Power Generalion Groun, Inc. Al Aghts resened.




N S~ Na*
Dimethyl dithiocarbamate
(DTC) 1,3,5-triazine-2,4,6(1H,3H,5H)-trithione

Trimercaptotriazine (TMT)

I
5
/5;:/ MerControl 8034 Technology

(pely-dithiocarbamate)

Patented Technology

An Ecolab Company
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FGD CPS WWTS Sludge

(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%
Calcium carbonate - 1.9%
Flyash —  0.9%
Biosolids -  1.6%
Metal hydroxides & sulfides, etc -  12.9%
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Acid Gases Control - DSI
(HCI, HF, HBr)




Example of a Utility DSI System

Combsiastion ChamberBoiler

Chleanad
Flue Gas

G«

Bulk Material

Fiue Gas
Duct

Stack

Economizar

ESP/Bag

i

Qptional

Dpliunal‘i I ‘
Air
Pre-Heater
)

SO LVﬁY Copynght 2011, Solvay Chemicals, Inc. 8




Powar Ciroin

Sorbent Calcination Chemistry @&%E B

® Calcination of Trona
2 [Na,CO,-NaHCO,-2H,0] + heat > 3 Na,CO, + CO, + 5 H,0

® Calcination of Sodium Bicarbonate
2NaHCO, + heat > Na,CO, + CO, + H,0

& CBPG Clyde Bergemann Power Group - All Righis Reserved



SOLVAIr® Select Products: Calcination at >275°F

Sodium Bicarbonate

2 [3um

Raw

Calcined
|

SO LV)&Y Copyright 20111, Solvay Chemicals, Inc. 21




SBC Particle Size

Unmilled SBC Milled SBC

SEl -2V < WD10mm S540 ; mgﬁ 1ﬂ:ﬂhl1'l ———
ol i

150-180 um 15-19 um

& JUNITED CONVEYOR

CORPORATIONRN




EERGEMANN —
Powsr Ciroup

Acid Gas Reactions - Sodium Reagents /C\\CELYDE

e SO, Removal
Na,CO, + SO, + 1/20, - Na,SO,+ CO,
e SO, Removal
Na,CO, + SO, —» Na,SO, +CO,
e HCI Removal
Na,CO, + 2HCI — 2NaCl+ H,O + CO,
e HF Removal
Na,CO, + 2HF — 2NaF+H,0 + CO,

& CBPG Clyde Bergemann Power Group - All Righis Reserved



Fly Ash Considerations

® Higher sodium content in the fly ash
®Ash from SO, treatment may be okay to market

®Ash from SO, treatment typically not suitable for
applications in concrete or structural fill

® Solubility of sodium compounds in the fly ash (i.e. Na,SO,,
Na,CO,)
® Additional heavy metals capture in the ash

®Disposal issues should be investigated early in the
process; check properties and work closely with ash
marketers.

SO LVAY Copyright 2011, Solvay Chemicals, Inc. 30




AGEMANN —
Poyjsr Cirolp

Acid Gas Reactions - Calcium Reagents /C\\CELYDE
E

e SO, Removal
Ca(OH), +SO, — CaS0.,1/2H,0 + 1/2H,0
e Sulfite Oxidation
CaSO. 1/2H,0+ % 0, — CaS0,2H,0
e SO, Removal
Ca(OH),+ SO, — CaS0,2H,0
e HCI Removal
Ca(OH), + 2HCI — CaCl,+ 2 H,0
e HF Removal
Ca(OH), + 2 HF — CaF,+ 2H,0

© CBPG Clyde Bergemann Power Group - All Righits Reserved



Lhmst North America

Lhoist Groum

Other Acid Gas Chemical Reactions

~ HF Removal

* Ca(OH),+ 2HF —» CaF,+2H,0
~ SO, Removal

» Ca(OH), + SO;+ H,0 —» (CaS0,2H,0
~ HCI Removal

*» Ca(OH), + HClI — CaCIOH + H,0

« CaCIOH + HCl — CaCl, + H,0

Note — Lhoist has demonstrated in multiple tests
Hydrated Lime reacts more strongly (or quickly) with
HF, then SO3, then HCI.



EFS Hydrated Lime
CARMEUSE |

Ca(OH), + SO, — CaSO, +H,0

100 LES 'HR
M) LBES ' HR

NSR = (7412 AW/ 64.10 M)

NSR=1.72

Ca(OH), +2HCI — CaCl, + 2H,0

100 LBS 'HR
30 LES' HR

NSR = [7H 12 MV (2% 36 461 MTT]
NSR =19

MW

Na,CO4(HGO,)?2H.0|  226.03
Adirxs of reaseni fijecte d

Mhnss of acid gas entering svsiem NaHCL, 84.01
- Ca(OH): 74.12
ASR = Marss of reagewt dweove fical v needed to react 50 64.10

witle a unit mass of acid gas ! '
HCI 36.46

Carmeuse...we're part of your everyday life! 6



DSI System: Pre-Installed Arrangement /\GLYDE

G ERGEMANN —
Foyiar Cirolp

® Second Equipment Level:

2 Increased maintenance
access

Location of electrical panels

Stairway and external
platform provided

® Weigh Hoppers:

» Suspended from second floor
steel to provide increased
maintenance access

-+ Multiple feeders to provide
redundancy

3 Sized to reduce cycles on
refill valves

© CBPG Clyde Bergemann Power Group - All Rights Resenved



VIPER™ Mill Skid Lz

Summary of Major Improve:

Automated

Cleaning
System

Breather Tee

Sorbent
Inlet
Discharge
' [ Diverter
Bearing Oil i
Lubrication
System
Sorbent
Discharge
Support :
Base
Mill Drive c;;at,:;g
Motor .
Discharge

Mill Skid
(& JUNITED CONVEYOR

CORPORATION




Portable Sorbent Injection System /\CELYDE

G ERGEMANN —
Foysr Group

| PORTABLE SILO | | SORBENT TRAILER |

: CLYDE
' EERGEMANN
2 DELTA DUCON

| PLANT 460VAC POWER | | INJECTION HOSE ‘

® Mobile system designed to test and demonstrate emissions control systems at a plant
though injection of a variety of sorbents into gas stream including:

- Powder Activated Carbon (PAC) for mercury control

= Trona (Sodium Sesquicarbonate) for SOx and HCI control

» Hydrated lime for SOx and HCI control

® Full system consists of a portable material storage silo and a sorbent control trailer

= Trailer utilizes various feeders, eductors, and blowers to ensure proper metering of sorbent

© CBPG Clyde Bergemann Power Group - All Righis Reserved



Particulate Matter Control
(TPM, PM-10, PM 2.5, SO,/H,SO,)
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Variable Intensity Gravity Rapped (VIGR) Precipitator SIEMENS

DISCHARGE TE RA R

GAS
DISTRIBUTHDM
PLATE

CUTAWAY SHOWING INTERNALS
Fage 4 Energy Sector
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ESP Performance Improvement :
; @C%E -
Enhancements to Existing ESP AR SHOlp

Are the internals aligned?
Are all rappers working?

Are T/R controllers working and optimized?

Are T/R signals calibrated and working at
controller?

Are all meters working?
Is ash removal system working?

Are all insulators clean?

Have any leaks been eliminated?

Improvements 5-10% dependent upon work done

Particulate Control Oplions 5
© CBPG Clyde Bergemann Power Group - All Righits Reserved



ESP Upgrade Options

Typical Scope

Options for Upgrading ESP’s to Meet Specific Emission Requirements

Improve Gas Distribution
CFD/physical model study
Modify gas distribution devices
Address sneakage, casing leaks, etc.
Increase SCA
Add treatment length
Use inter-field space (rigid frame designs)
Increase collecting plate height
Change electrode geometry
Replace plates &/or change plate spacing
Change discharge electrode design (RDE's)
Improve Field Sectionalization

Consider splitting electrical fields
Add additional T/R's

- -P1iH

ALSTOM £ 2010, We reserve el £

btz in thic document and in the informeton comtained thenein
Repmoduction, use or disclogure to t

rd partses without express euthorty = strictly forbdden

Upgrade rapping systems
Change rapper design
Increase rapper sectionalization

Upgrade Controls
Install Improved Control Systems
EPIC 11l AVC's

ERIC Rapper controls

Replace Conventional T/R's
SIR (Switched Integrated Rectifiers)
= Increase average field voltage
- Improve collection efficiency

POWER SERVICE

ALSTOM



Electrostatic Precipitator Components

Power supply (T/R set vs. SIR)

Line frequency power processing

HV DC 30 -50 % ripple at 100/120 Hz

‘ \ ESP

High frequency power processing

Controller varies frequency between 25 and 40 kHz
— AC HV DC

« — el FALE R @

ALSTOM

Sl | fE4

CONTROL|

- -P23

POWER SERVICE

AL STOM & 2007, We necense ol ighis in this docament and in the informetion contsined thensin
Repmduction, use or disclosure l."':lﬁ rd partees withcut express suthorty © strictly forbadden



Electrostatic Precipitator Components

Power supply (T/R set vs. SIR)

Mains frequency High frequency
~<mmcs, POWEr supply power supply

400 Ib + 3200 |b 450 |b

- -P 25 T
ALSTOM 8 2007, We rezeree ol rights in this document snd in the informetion contained thensin PDWER SE RU' EE A LS 6‘! M
leproduction, use or disclosure to partees without express suthaortty = strictly forbadden
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ModuPower™

Dataserver

. - DCS/OPC
for ESP Applications = e R
A Stock Environmental Controls Product ) = B
Workstations a
[.cs]

AVC DCU MIU
Voltage Control Distributed Control Modbus Interface

AVC ERC ERC
Voltage Control Rapper Control Rapper Control

Forry Integrated Precipitator
Management Solutions

stock

schenck process group
AQCS TECHNOLOGIES (HG/HCL/PM/SOX/NOX) | 73



SIEMENS
Automatic Voltage Control

=  Microprocessor Automatic Voltage Controls
WAPC - 2000 TM
« Easy to Use, Service & Maintain
* [ntermittent Energization Capable

= Central Computer Control / Energy Management
System WAPC - CCC TM
« Capable of Energy Management
* Real Time Data Acquisition & Trending
* Trending
* Monitor & Control ESP Auxiliaries
* Auto Response To Upset Conditions
* MODBUS Interface With Plant DCS

Page 13
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G eneral |av0 Ut The FF consists of a number of component groups ﬁm IDTH

Cleaning principle Highlights

(Needle Felt Bag & Glass Bag) Site photos

FF types
References

Control system

Construction

Weather enclosure

Top box

Outlet damper

-

'.{é}tf!‘ —

Outlet duct

Inlet duct

o —

o

/L

Casing

Gas distribution

y & VU
[

Inlet damper
Hopper

Bags and cages
™ Support 0

Return

Dust removal systems

Insulation

Pulse Jet Fabric Filter FabriCean™ July 14, 2012 Er) to front page



Safety, Quality, and Schedule with
Modular Construction

PJFF Installation

AQCS TECHNOLOGIES | 7



Safety, Quality, Schedule, and Construction

PJFF Installation with CDS PJFF Installation with CDS

AQCS TECHNOLOGIES | 78



babcock & wilcox power genaration group

Pulse Jet Baghouse
(Tubesheet and Pulse Air System)

Bag/Cage

& 2008 Babock. & Wikooy Powes Generaiion Groun, Inc Al rights: resenesd.



Bags @mmru

Each filter bag incorporates a stainless steel snap ring sewn into the top of the bag which, when fitted, locates
securely in the tube sheet effecting a seal.

Typical bag material Temperature limits °C

A: PTFE needle felt 260 = 500F

B: PPS needle felt 190 = 374F

C: Wowen glass with e-PTFE membrane 260 = 500F

D: Polyimide needle felt 240 = 464F

E: Polyester needle felt 150 = 302F

F: m-Aramid needle felt 200 = 392F

Bags pre-erected with cages r G: Pan 125 = 257F

Up to 8 m bag design :
Correct bag/cage fit is

Essential for long bag life 0 c e
Return Returm
to to layout
Cleaning princp.

[=1
Pulse Jet Fabric Filter FabriClean™ Juily 14, 2042 a7 Cages



Improving Fabric Filtration
PTFE Bags Efficiency with ePTFE* Membrane

expanded Polytetrafluroethylene

imagination at work

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

© 2005 by General Electric cumny. All rights reserved

(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
fiberglass for reverse air baghouses and usually Polyphenyl sulfide (PPS - Ryton / Torcon /

Procon) in pulse jet baghouses.



Cages

@m IDTH
The cage mild steel wire (or stainless steel) is designed to support the fabric evenly and
restrict flexing and abrasion of the filter bag while allowing optimum dust release at the time of cleaning. The cage
will be without joints as standard, but can be offered with a split joint if required. Each cage consists of 10 to 16
vertical wires, depending of the choice of the fabric, evenly spaced about its’ circumference which are, in turn,
attached to horizontal bracing rings placed at appropriate intervals along its’ length.

Split Cages

A feature of each cage isa
veniuri, a spun section locared
at the top of the cage designed
to enhance the pulse cleaning

of the filter bag

Different stvles of surface

Cage for Cage for protection are available.
Glass Bag Needlefelt Bag (Epoxy, galvanized)
Pulse Jet Fabric Fllter FabiCean™ Juby 14, 2012 48 Previom:

Beturn
to layomt



O&M Impact SIEMENS

Filter Bag & Cage Installation
Positive Seal Formed By SS Snap
Ring Sewn Into the Bag, Seated
Against the Tubesheet.

*No-Tools™ Installation

FPage 20 Energy Sector



Advanced Pulse Cleaning

Pulse Cleaning Principle = ;.;_
B e {,::x

s o () e

High Pressure Intermediate Pressure
30-100 psi j m 15-35 psi
Ejected Pulse Direct Pulse
Secondary air Primary air expands direct
6 - 7 times larger into the bag - secondary
than primary air flow air 1 - 2 times the primary
e Slow pulse air
« Short bag length » Short and quick pulse
\/\/\/\ » "Deep"” pulse
= longer bag length

ALSTOM

ks POWER SERVICE

ALSTOM £ 2007, We recerve el rights in this document and in the information contsined thensin
Repmoduction, use or disclosure to thind partes withoat express suthority = stictly forbaddien




Hamon \ Group LPHYV Filter Bag Installation
Air Pollution Control ey ——

« Filter Bag installation

— Faster
* Worker accessible tube sheet
+= Individual bags easily changed
+ Bag sets easily installed

— Safer
= No pulse pipes to avoid
= No pulse pipes to liftreassemble

<

Intagrated
solutions
for a clean
gnvirenmenl



Hamon \ Group

Air Pollution Control

Process Heat Exchangers

ESP to FF Conversion

“Typical” ESP designs easily accommodate conversion
= ESP gas velocity in range of 3-6 ft/min
= ESP collecting plate height in range of 30 to 42 ft
= ESP SCA in range of 200 — 400 ft2CEM000 acfm

“Typical” flue gas flow — 400 MW boiler burning PRB

= 10000 BETU/KWh heat rate
= 1000 ft ASL, 120% CA, 12%APH inleakage, 300F, -20"w.q.
*  Flue gas at ESP/FF inlet = 1,650,000 acfm (5% 02) (412,500 acfm per 100 MW gross)

ESP/FF conversion example — for above “typical” 400 MW unit

= ESP configuration 2P, 4C, 31GP@9", 36ft, 4x9ft
= ESPis 390 SCA (97), equivalent 290 SCA (127}, 4.7 ftisec, 8.8 second treatment time

= [Each 25'x41" chamber would hold two HRC LPHV bag bundles
Either “side” entry or “dutchman™ entry could be accomodated

Al

HAMON

= ESP/FF conversion would be 8 compartments

= Resulting filter velocity for Bm bags is conservative (9m bags could also be used)
= 3.0 ft‘min — gross
= 3.4 ft/min — net

Al

Intagrated
solutions
for a clean
gnvirenmenl

HAMON



babcock & wilcox power generation group

Horizontal Wet ESP Isometric

2003 Babmok & Wikooy Fower Generaiion Groun, Inc. AJ righits reseneed.



SOUTHERN environmental Air Pollution Control Systems

Wet Electrostatic Precipitators

_|_

Achieve lowest emissions for PM & SO,
Unique Membrane technology to lower costs
SEI Turnkey Projects




SIEMENS

Siemens Horizontal Irrigated Plate WESP

Wet ESP designed to be a final polishing device
to collect sub-micron particulate and mists

Page 3T Energy Sector



Sulfur Dioxide Control (SO,)
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babcock & wilcox power generation group

DSI Process
Flow Diagram

Fan

Storage
_— Silo
Bin
Activator

Ambient

- Silo
ag) Discharge
Rotary
Valve
Truck Unloading
Chiller / Dehumidifier Skid Weigh
Hopper
- Rotary
I Feeder
Optional:
Dehumidifier Skid ———

Optional:
Magnetic

Separator
Transport Aft | SR
Ambient Air Blower cliid Rotary "]

|
|
I
|
Vent :
|
|
|
|
|
|

Mill Bypass To Flue

Propristary snd Confidentis 2011 Baboock. & Wikooy Powes Generaiion Groun, Inc. Al rights resenesd.



Fabric Filter with DSI Trona Injection - Example

Trona Injection DSI FGD-PJFF

AQCS TECHNOLOGIES | 92



Natronx Trona and SBC Summary

* Trona and SBC both have reducing ability at
high to low temperatures

—S02,S03, and acid gases

* Conditioned Air System Benefits
— Easy of handling
— Decrease flowablity issues

— More efficient use of material

* Milling before injection increases material
reactivity Natr Ny



Trona vs. Sodium Bicarbonate
Cont’d

« At temperatures around 280 °F to 650 °F
(downstream of the air preheater) sodium

bicarbonate is more reactive than trona.

* But when used upstream of the air preheater at
temperatures in the 700 Deg F to 1000 Deg F

range Trona outperforms sodium bicarbonate.

A
L .

A——
Natron,

g
‘—""I -



Injection Location Options for Hydrated Lime

Hydrated Lime

Boiler

Particulate
Collection

Missizssippi Lime — Confidential Information



Portable Silos

Demo & Temporary / Rental or Purchase

dhee = NOLTEC Lodge g
Cottrel| =



MET SO, Control Technology

Cost Effective SO; Removal Explained:
CleanStack

Within an air preheater:

@ Flue gas temperature drops below the SO, dew point
@ Most SO, condensation occurs preferentially on small particles (<4 pm)
(e

This results in condensed SO, removal by the particulate control device (fabric
filter or ESP)

@ By substantially increasing small particle nucleation sites, SO, removal
Increases

@ Use of low cost limestone feedstock provides alkaline neutralization of
nucleated H,50,

anigt
L
Copyright 8 2012 | MET — Marsulex Environmental Technologies | All rights resernved
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babcock & wilcox power genera

| Wet FGD Conf

ion

t

igura

Typica

SO,

Wet

Scrubber

Baghouse

Boiler

Coal Pulverizers

&2 Babook & Wikooy Power Generalion Groug, inc. A righls peseneesd
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Wet Limestone FGD Overview

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

SO, + CaCO, > CaSO, + CO,

» An additional step, forced oxidation involving the injection of
air into the FGD absorber, producing by-product, gypsum,
(calcium sulfate) CaSO,2H,0

» Removal efficiencies can be as high as 99%.

AQCS TECHNOLOGIES (HG/HCL/PM/SOX/NOX) I 99



Wet Limestone FGD — Process Flow Diagram

STACK
WATER
SPRAY TOWER
ABSORBER 1
—-
AR ——e—
ELECTROSTATIC MAKE-UP
PRECIPITATOR
ID FAN ‘_’IA?LEALL \_l/_\;A’\'II'KER
» TO WWTS
\AA/ zulid
LIMESTONE _l
v I '.
_I I HYDROCLONE
—®— AIR
REAGENT
BELT FILTER
STORAGE l
‘ TANK
FROM MW @ —"®— GYPSUM
TANK E—

FILTRATE “-.l.u

Alstom

TANK



babcock & wilcox power generation group

B&W Wet FGD Absorber

Moisture
Separator
MGIS g
Separatar
Levals Water
Wash
e Nozzles
Absorption (e i
Zone i =i Silicon Carbide
\ Slurry Spray
! Mozzle
Palented Tray < "
Pramolis Gass
Shurry Contact
Patented Alloy
, Perforated Tray
Aecirculation
Pumps

& 2070 Babrook & Wk Posesr Gensraion Group, inc. A5 rghts resened.




Wet Flue Gas Desulfurization (WFGD) Technology SIEMENS

Slurry Spray Header Placement

3026 TECD
Units 1&2 F5D Refrofit

Recychs spray henders
" wakion 104, 108, 114 & 118
T i

skt side

Page 26 Energy Sector



Wet Flue Gas Desulfurization System - Example

Wet LSFO FGD - examples

AQCS TECHNOLOGIES | 103



Safety, Quality, and Schedule with
Modular Construction

Duct Installation

SHAW GROUP AQCS CAPABILITIES | 104



Stebbins - Absorber

MASONREY BLOCK
(ExTERICHR)

MILD STEEL
F EINF RGNS

LINEF FLATE
{INTER R}

CONCEETEFILL

Stebbins — Wet LSFO FGD Absorber



Wet FGD Gypsum Dewatering System - example

Wet LSFO FGD Gypsum Dewatering Filter

AQCS TECHNOLOGIES | 106



Upgrade of Existing FGD Systems

Brief List of Reasons Why Utilities May Want to Upgrade Shaw-

>
>
>
>
>
>
>
>
>

Increase SO, removal

Increase amount of flue gas that is scrubbed

Increase mercury removal (co-benefit HQ)

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

Increase reliability of existing FGD system

Repair severe corrosion of FGD system materials

Other reasons for upgrading older FGD systems

AQCS TECHNOLOGIES l 107



FGD Upgrades — ALRD® Retrofit

Absorber Liquid Redistribution Device (ALRD?®)
addresses sneakage of partially untreated flue gas due
to poor liquid/gas contact, poor gas distribution and

uneven spray density accounts for the majority of SO,
emissions

Increased SO, removal

@ Allows operation with higher sulfur coals

@ Allows meeting new, more stringent
permit emission levels

@ Reduce power consumption (lower L/G)

@ Removal of packing or trays (lower
pressure drop)

.
L
Copyright 8 2012 | MET — Marsulex Environmental Technologies | All rights resernved
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Generic Process Flow Diagram of a CDS System

- == - - - | (Optional Flue Gas Recycling) | I===a
|
|
|

Air b \

Fuel Hydrated Lime Disposal or
or Lime Beneficial Uses

= System Advantages:
* Recirculation of ash provides high lime efficacy

* No spray nozzles/atomizers and no circulation pumps keep capital
and O&M costs low

4 | 2012 EUEC Conference



Gas Suspension Absorber —
T —— KC Cottrell =

il ]\u 1

LLK\

II"'IHE?— i




Allied Typical CFB Scrubber PFD
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Turbosorp® Single Unit GA

FABRIC FILTER

=TA

TURE OREAC‘KR

SORBENT SILO

ROTARY VAL

RETURN DUG§ . 1

.'.."

i
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Circulating Dry Scrubber System - Example

CDS FGD with PJFF

AQCS TECHNOLOGIES | 113
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Spray Dryer Absorber - FGD

Dry FGD
with Recycle

Flue Gas
I.D. Fan
Disposal Disposal
Water

J Alstom
[

AQCS TECHNOLOGIES l 115




Spray Dryer Absorber Technology SIEMENS

FLUE GAS ——
FROM BOILER
A
AR
.
oust I
| CouEecTor oy} ! . .
PEBBLE Iy ¥ o i i u h
LIME ™= | ]
e TOID.
=L FARRI FAME
FILT

SOLIDS

cE DISCHARGE

TANK FEED PUMPS
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babcock & wilcox power generation group

Characteristics of Dry FGD Systems

Typical Application
» < ~1.5% sulfur fuel
»Up to 97% removal

Process Advantages -
» Decreased material costs )
» Decreased power consumption
» Decreased water consumption
» Process control simplicity

& 210l Babrook & Wikony Power Qenerafon Groug, inc. A% rights ressned



Re-Use of Dry Scrubber Material Byproduct @

Potential Concepts for Evalaution — examples

Mine Reclamation

Light Weight Aggregate Manufacture
Processing of DSM in Ash Handling Process
Process to Remove PAC from DSM

Cement and Concrete Production
Agricultural Fertilizer (if applicable)

Use of Distributors and Brokers

Civil and Structural Engineering Applications
Other Methods for Re-Use

VVVYyVVYVYYVYYVYY
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Hamon \ Group

Cooling Systems

Adsorption

Air Pollution Control Process Heat Exchangers

Regeneration

ReACT'™ System

HRSG & Waste Heat Boilers

By-Product Recovery

Ve

Activated Coke

~

—f1

By-Product

Sypzum option possible _/

B Balance of plant systems not shown
El Ammaonia supply
B Mirogen

Al:
Al:

Tritig st
aalulicns
for & clman
anAvifsnmanl



Hamon \ Group

Cooling Systems V' Alr Pollution Cantral Process Heal Exchangers HRSG & Wasale Heat Boilers

. = P T e
e 'h__. - o L “ﬂ‘tq 3
g = o =

il i
. i =l

Unit #1 ReACT

b C i o ¥

[
"

T e W ;"

-Power Isogo

=
Ly

)

The J-Power Isogo repowering project replaced 2x265 subcritical PC boilers with wet FGD, with

i
2x600MW ultrasupercritical boilers with SCR, ESP, and ReACT. The project site is 35 acres and | o
Unit #1 was operational in 2002 before the original units were removed. Unit #2 started in 2009. & E
 m

Infogratad

solutions

lor 8 clean
pavarohirent



Nitrogen Oxides (NOx)

—_——

—

—




SCR System Reactor Arrangement (High Dust)

(ras Flow Dismibution
— - _l ‘l '|_1" ;"'- Devices
gl 1 4
[rrnrerninnnnnannn
o Temperatume
T - s w Measurement Grid
>><J><I>< ""‘\__
Ammonia B " . L -0 .3 .0 H’/__’,Caml'}'s.r
Injection Grid (ALG) E ::1 |y e
o A |
_ = o = o |e— SteamorAir
Ec;}n'z::l:m' \..-. << Sootblowers/Acoustic Homs
— | |
— - LPA Screen ‘\_
e B A
¢ Space For Fumure Catalyst
DﬂmPETE\ " § " B O W OB S §
Flue Gas - \
From — - - / Tuninz Monitormg Grid
EConomizer I -
Bypass
Damper " Flue (a5 to

Air Heater & FEeactors Typically 3 or 4 Layers Based on

Catalyst Teactivation Rate (Fuel Dependent)

& Need for Reactor and Economizer Bypass i1z a

CERAM Project Specific Decision
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SCR Chemistry for NOx Reduction

(example reactions)

> 4NO+4NH,+0, > 4N, + 6 H,0
» NO+NO,+2NH; > 2N,+3H,0
» 6 NO, +8NH, > 7N, +12H,0

» 2NO,+4NH, +O, > 3N, + 6H,0

AQCS TECHNOLOGIES | 123



babcock & wilcox power generation group

General System Design Parameters

Operating temperature
* Min ~600 °F
- Max 780 °F
Velocity in SCR fluework
- 50 to 60 ft/sec
Velocity through reactor
- <16 ft/sec
NO, performance (coal)

« Greater than 90% reduction
or ~0.03 Ibs/MBtu NO,

Ammonia slip (coal)

- 2 -5 ppm (dependent on fuel)
SO, to SO, Conversion

= 2 0.25% per layer
Pressure drop

- As necessary for system
equipment

Propristary snd Confidentis 2011 Baboock. & Wikooy Powes Generaiion Groun, Inc. Al rights resenesd.



SCR Reactor Configuration

BabcockPower



Selective Catalytic Reduction System
Nitrogen Oxides (NOx) Removal - Examples

SCR Systems - examples

AQCS TECHNOLOGIES | 126



Catalyst Deactivation Mechanisms

® Catalyst Poisons:

B Arsenic e —

B Potassium — Coal Low Deact. Fust
== Cpal High D=act Fuel

| | Phu_ﬁphnrus I

B Sodium — Waste High Dt

B Cadmium

m Jead

. C,Dpper a 100 4000 D00 BIDD 10000 12000 14000 1sD00

B Other Elements Cperation [hre]

® Fouling by Solid Compounds
B Gypsum (Calcium Sulfate) and Other Solid Compound Deposition

B Ammonium Bisulfate (Avoided by Keeping Above Permissive
Temperatures)

® Deactivation Occurs Dunng. .
B Normal SCR Operation
B Startups and Shutdowns as Unmit Goes Through Acid Dew Point

CERAM

v inEE TR (MEs



Hamon \ Group U ATM Process

Cooling Systems \  Air Pollution Control Process Heat Exchangers

Ammonia flow is conirolied
U 2A ™ process independently by the SCR

-
] —
! U2A
Hydrolysis Reactor
Prassure conirols the heat
input fto provide constant
reactor‘header pressure
Condensate out Steam in
\ [ H
J \E
=T
Juk-12 =

Tt st
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ULTRA™ Technology
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SCR Design Improvements — examples

>
>
>
>
>
>
>
>

Urea Conversion Processes Improvements

Mercury Oxidation - SCR Catalyst

Reduced SO, 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)

SCR Catalyst Regeneration Techniques

Other SCR Advances

AQCS TECHNOLOGIES (HG/HCL/PM/SOX/NOX) I 131



SNCR NOx Removal

Chemistry in Furnace

» Overall Removal Chemistry — Urea (H,NCONH,) decomposes to ammonia
(NH;) which reacts with Nitrogen Oxides (NO,).

» Overall Reaction Products — Main reaction byproducts include nitrogen (N,),
water (H,0), carbon dioxide (CO,), and small amount of ammonia (NH) slip.

» Key Process Issues — Inject urea at proper temperature window within the
furnace, with proper penetration and mixing, plus proper residence time to allow
the chemistry to reduce the required amount of flue gas NO, while minimizing
the ammonia slip (NH;).

AQCS TECHNOLOGIES (HG/HCL/PM/SOX/NOX) I 132



SNCR Test Equipment - example

T

}55 u; i

NO, reduction is demonstrated before proceeding
with a permanent system design.
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SNCR Permanent Equipment - examples

SNCR Permanent System Boiler Tube Insert for
SNCR System

AQCS TECHNOLOGIES (HG/HCL/PM/SOX/NOX) | 134



Co-firing Fuels
Impacts on AQCS
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Co-firing Fuels — Impacts on AQCS

» Co-firing solid biomass with coal (wood, RDF)

» Co-firing liquid bio-mass with oil (blend palm oil, bio-diesel)
» Co-firing gaseous bio-mass with NG (landfill gas)

» Co-firing natural gas with coal
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Design and O&M - Co-firing Fuels

Air 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)
— 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)
— Accommodate ash handling erosion (e.g., ash SiO,, Al20,)
— Potential fine particles (fuel brackish water - aerosols > WESP)
— Boiler Slagging/Fouling (animal activity biomass - NaCl)
— Avoid ABS (SNCR - NH; slip 2 NH,HSO,

» 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 - Co-firing Fuels

Air Quality Control System (con’t)

» Acid Gas in Flue Gas (protect downstream AQCS)
— Remove HCI/SO, as required to protect ductwork, ESP, PJFF, etc.
— FGD or DSI (co-firing coal with bio-mass or natural gas)

» 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




Summary

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.

« 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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