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Condensables Measurement
System




AbSensor — AbS/SO3
What 1s 1t? What does It do?

measurement
Temp at which material condenses out from flue gas

This material could be:
Moisture (H,0),
Sulfuric Acid (H,SO,) (H,O + SO,)
Ammonium Bisulfate (NH;HSO,) (NH; + H,O + SO,)
Sodium Bisulfate

e H,SO,

212 ° F 310 ° F

The same device measures condensables acrc
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How does 1t work? - |

Cooling Air Return
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/Cooling

Air Inlet

isely controlled to induce
probe surface

Breen

Energy Solutions




AbSensor - Introduction
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The Condensables Syétem Ouput is:

: The temperature at which material will first form

: The temperature at which material will self-evaporate
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AbSensor — AbS/SC
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What 1s SCR Minimum Operating
Temperature (MOT)?

This 1s the recommended temperature
which there Is a concern of catalyst
due to condensation of Ammoniun
Bisulfate In the catalyst pores lee
deactivation of the catalyst anc

SCR performance

Below this temperature tr
turned off




What i1s the AbS Dewpoint?

ADbS Dewpointg =
func(SO,, NH,, Molstur

ADbS DewpoInt-ap; | ary =
func(AbS Dewpointg, «, PC

Typically in the range of 3
could be higher




Vendor MOT Curves

« Typical catalyst vendor
curve showing minimum
operating temperature
based on a2 ppm NH,
slip at various SO, and
moisture levels.

* A typical case of 10 ppm
SO, at 8 % moisture
yields a MOT of 595 DegF

* These curves take into
account the pore size of
the specific catalyst
design

Source: Argillon Presentation
at the Reinhold Environmental
NO, Round Table 2008

Tmin vs S04 inlet
MOx in 250 ppm, 88% DeMOx, NHs Siip 2 ppm

S0, inlet (ppm wet)




AbS — AS Phase Diagram

Hitachi-Zosen Paper

e 2 ppm NH3 Slip, 10 ppm &= s

SO3 = Formation Temp of (NH).50,
415 DegF with potential
for AbS

8 8

e At SCR inlet the NH3
would be 250 ppm with 10
ppm SO3 = Formation
Temp of 485 DegF and
potential for AS

In reality, it is expected that both species would exist at all )
times as the spatial distribution would be non-ideal and the gaElldditay)
equilibria could shift locally. However on a bulk level onium Sulfate for Various
one or the other species is favored.

NH, Concentration (ppm)
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AbS Dewpoint Lab Tests by
Matsuda et. al.

The apparatus shown
here was used by
Matsuda et. al. to
determine the
formation of AS v/s
ADbS and the dewpoint
of AbS in 1982 using a
Quartz Tube Reactor

Thermucouple

Figure 2. Apparatus for measurement of ammonium bisulfate de-
position.




NH, * SO, = AbS

« UCI work in conjunction with FERCO, EPRI and Breen Energy
produced the graph below showing AbS dewpoint as a function o
NH; and SO; ppm. The data varies widely between Radian, Mat
and those collected under this program

* 2 ppm NH, * 10 100000 . . ' /
ppm SO, = 20 I | / % /
m~2 NH3*SO3 ™ 10000 SOLID ] |
p : ——H~ =
 AbS Dewpoint of & 1000 I | P | = 7./ |
450 DegF S ? | / | }
@ 100 I |
« SCRinlet 250 - Wi e s ]
ppm NH, * 10 ppm L 10 - / 1;
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NH3*SO3 250 350 450 550 650
: Temperature, F
.SOA(;JES)e[;eFWpOInt of —a— Matsuda et al —a— Radian —— 30 ppm of NH3
50 ppm of NH3 —a— 75 ppm of NH3 —#— 120 ppm of NH3




Capillary Dewpoint =

Func(SO3, Pore Size, Activity)

608 F 320 -

——350 ppm NH3, 2 ppm SO3, 10% H20
—350 ppm NH3, 1 ppm SO3, 10% H20
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Pore radius (A)

The effective pore
Size Increases as
Catalyst Activity
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Flue Gas
(SO3, H,O)

x

NH,

io———— — NH3 =50 ppm, SO3 =

no———— — NH3 =2 ppm,j

—— NH3 =250 ppm, SO3 = 10 ppm

" NH3 =100 ppm, SO3 = 1f

opm, AbS Po




Have | confused you e

by now?




Can you measure AbS Dewpol

Yes! AbSensor — AbS can
bulk dewpoint of Ammaoni




Why lower MOT?

Allow the SCR to continue operating at
lower loads:
Higher Load turn-down — AGC, Wind Enerc
Regulatory compliance for SCR operatic
Tradable NO, Credits

Heat Rate improvement, If the ter
are held higher artificially usi
or Heating colils




How can you lower MOT?

Burn Low-S Coal

Lower the SO, coming into the SCR u
chemical reagents such as Na, Ca or |

compounds

Measure the SO, coming Into the
the AbS dewpoint post-NH, inje
to the SCR and run the SCR
ADbS dewpoint




SCR Operation - Reactions

h

A

Flue Gas
(SO,, H,0)

x

SCR
Reactor

Catalyst
4 NO + 4 NH, Y » 4N, +6 H,0

Catalyst
2 NO, + 4 NH, + O, S, 3N,+6H,0

Catalyst
2S0,+ 0, > 2S0,

NH, + SO, + H,0O » NH,HSO, (AbS)
NH,HSO, + NH, > (NH,),SO, (AS)
2NH, + SO, + H,0O » (NH,),SO, (AS)




MOT SOIUtiOnS Reagent Control

Na, Ca or Mg for <1 ppm SO
Compounds

Limi

-
®

AbSensor - SO,

MOT
NH, |
x o AbSensor - AbS > CONHONET

SCR
&—Reactor AbSensor - AbS

> Temperature

Air bypass damper ~  Htg Coils




|deal solution

Reduce the SO3 coming into the SCR dowr
to 1 ppm thereby shifting the equilibriumn
heavily towards AS throughout the SC

500




SCR Inlet SO3 control — Na* Exa

L. AHlInlet Tf — AHlnlet Te SCRInlet Tf
Pre & Post SCR Injection —— SCRInlet Te Load Econ CO3 Rate

AHCO3 Rate — SCRInlet 503 | probe raw) —— Econ02

0 - i 0.00
5/22/0812:00 5/22/0813:00 5/22/08 14:00 5/22/0815:00 5/22/08 16:00 5/22/08 17:00 5/22/08 18:00

*URS SBS Injection"System




SCR Inlet SO3 control

Dewpoint Temperatures at the MRC on 6 and 7 October 2008

+ SCR Inlet mSCR Outlet APH Outlet m Exhaust
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Date and Time

Southern Company Plant Crist with Chemical Lime




Breen Tool for SO,

A C D E F G . |
il
2] Common Factors
3] Duct Pressure= -10 "H20 A 2276
Bl Duct Pressure=| 741.3176008 mmHgy B 0.0:254
5 | PH2ZO=|  10.0% mal % C 0.0358
bl P(H2=| 74 13176008 mmHg D 0.0062
=
8 | -0.130932| S03toDP _ _
9| 2570214 Given: Min (>0)  Max
10| 2.439282 503 = 10 pprm [Range: | 1| 100| Plot Curves
11| 136.8066 Calculate: _
12| 278.2519 Calc-Tdp = 278 A =
14| 470142 DP to S03 -~
15| 3485.245 Given: _ .:'*' Energy
16 | -5.559217 | Tdp = 265 *F Of r S I % 2
17| 0334481 Calculate: \ g olutions
18| S03 = 4.7 ppm 7 - ™™ e %
18] ’
ﬂ .
21 Measured DP |Measure 503 DeWpO|nt to 803 ppm Factors Tune: 10%
22 250 5 A 2.276 28036  2.0480
23] 260 7 And B 0.0294 0.03234| 0.0264
24 | 270 E C 0.0858 0.09438] 00772
[25] 2a0 17 D 0.0062 0.00582| 0.0055
26| 290 25

rJ
|

28

SO3 ppm to Dewpoint




Breen Tool for ADbS

AbS Dewpoint = f[HH3 503)
Given: _
MH3 1 ppm
=03 3 ppm

Intermediate: .
PiMHZ) 0.000001 atm
Pi=03) 0.000003 atrm

Calculate Bulk Dewpoint:
AbS Dewpaint: 45912725503 DegK
AbS Dewpaint; 424 52055906 DegF

Calculate Capillary Dewpoint:

Fare Radius: 26 Angstrom
Fare Activity: 0. 150000303 _
Capillary AbS Dewpoint:  502.0597113 Degl
Capillary AbS Dewpoint: | 456.6374804 DegF

“\ar

By: Chetan Chothani |

E
Breen “SE?J?.E“S;

503 = f{AbS Dewpoint, NH3)
Given: _
MH3 1 ppm
.ﬂ.hS Dewpmnt 424 DegF
AbS Cewpaint 480 8277778 Deghl
Flue Gas Temp DegF

Intermediate:

P{NH3) . 0000001 atmm

Calculate:
S03 2.887762439 ppm

NH3 = f{AbS Dewpoint, SO3)
Given:
=03 3 ppm
Ab3 Dewpoint 424 DegF
AbE Dewpaint | 4909273 Degh
Flue Gas Temp DegF

Intermediate: -

P(503) | 0.000003 atm

Calculaté:
MH3 0.962587 ppm

» AbS Bulk Dewpoint from NH; and SO,

* AbS Capillary Dewpoint from Bulk Dewpoint and

Pore Size

* SO; ppm from AbS Bulk Dewpoint and NH; Slip

* NH, slip from AbS Bulk Dewpoint and SO, ppm




NOX QOut vs. Heat Input

NOX Out vs Heat ]nput —— NOXTons ——Heat Input

| [ M“ﬁf

Reduction of overnight NOX spikes can
Tons/Year on a 600MW Plan
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Morning Sickness Surge

AH Inlet Probe Temperatures [F)

ESP to AH Inlet Probe Analysis

—ESP _— a2 s AO2
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Dynamic Air Heater
Cleaning




Alir Heater Sootblowing




Fouling Distance from Hub

Outermost
Baskets Increasing Fouling
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Patent Pending Process

The Breen DySC AH Cleaning Process:

*Positions the Cleaning head at a fixed incremental position

«Controls the AH rotational speed to match the indexed position of the cleaning
head

*Assures complete penetration of the cleaning media
*Eliminates AH Pressure Drop problems
*Gives a real time display of individual seal adjustment

*Allows for control of particulate release due to air heater cle

Breen
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Metal Temperature Adjustment

Comparison of Metal TempS' — FL-HS Max Metal Temp - FL-HS Min Metal Temp — FL-LS Max Metal Temp

Ghotigen G oSt gy FL-LS Min Metal Temp — ----- FL-HS Avg Metal Temp ~ ----- FL-LS Avg Metal Temp
Low Speed vs. High Speed BESS S B il

700

At 0.3 RPM the intersection of the
Evap Temp and Max Metal Temp is
500 — 20" inside the cold end limit

BCSS typical Evap Temp
from Probe Data

400

300

Temperature (deg F)

Atl.5 RPM the intersection of
the Evap Temp and Max Metal
Tempis 4" beyond the cold

: Max Improved AH end limit
100 | | tolerancel | . | |
0 1 2 3 4 5 6 7 8
Distance From Cold End (ft)
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3 PREPA RevBNOAP 4 - Mo

File Run View Help

DySC Air Heater Cleaning S

m

ir Heater Max RPM 1.30 Start Cleaning Cycle B e Energy ir Heater Max RPIM 1.30 Start Cleaning Cycle B Energy
ir Heater Min RPM 0.50 | |stop Cleaning Cycle ( 'een Solutions ir Heater Min RPM 0.50 Stop Cleaning Cycle ~ reen Solutions|
Cleaning Tangential Velocity | 12.5 | = Cleaning Tangential Velocity |12.5 b= st
Force A-H Bypass Force A-H Bypass
aximum Soot Blower Travel |67.0 | E ¢ Maximum Soot Blower Travel [67.0 | = r
Soot Blower Index Distance (3.5 | | Force AH Mode A l ervice D oot Blower Index Distance  [3.5 | | Force AH Mode A e D
Revolutions at Each Index 1 | Force SB Bypass evolutions at Each Index 1 | Force SB Bypass
Feraent Tangen.. Tante Force SB Mode A PEMENg il Percent Tangen.. Lance Cycle Force SB Mode A 2 Episi] Prim:
Complete Velocity Position = Complete Velocity Pasition Time = =
Reset Primary VFD Reset Primary VFD
0.00000C
Reset Bypass VFD Reset Bypass VFD
Primary SB switched to hypass by contro Primary SB hit retract limit unexpected
Primary SB switched to bypass by contro. ‘ Primary SB hit retract limit unexpected
Primary SB switched to bypass by contro rimary SB switched ta bypass by contro
Primary SB switched to bypass by contro ‘ Primary SB switched to bypass by contro
53 12.50 3241 Primary 56 switched to bypass by contro 95 12.50 0.0 Primary 5B switched to bypass by contro
Percent’ IniSec Inches S — [Percent IniSec Inches . . —
w East Polar Plot of A-H Angle and Amps w West Polar Plot of A-H Angle and Amps
Rotor Rotor 5
RPM ] posttion (M| AT RPM | position || AmPe
Full Scale Full Scale
48 Amps 48 Amps
Full Scale Full Scale
32 Amps 32 Amps
Full Scale Full Scale
16 Amps 16 Amps
0.79 30 7.75 Full Scale 1.31 211 7.53 Full Scale
RPM egree: Amps AR RPM egree Amps 8Amps
e, A o

Breen

Energy Solutions







Conclusions

Integrated Condensables Management can
provide significant benefit to SCR
operation,

When constraints exist that prohibit full
range of control, Dynamic Sootblowing ca
provide additional benefit,

In the end, air heater fouling should cee
be a concern.
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Thank You Questions




