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BACKGROUND

Approximately 75 tons of
mercury are found in the coal
delivered to coal-fired power
plants each year and about
two thirds of this mercury is
emitted to the air, resulting In
about 50 tons being emitted

annually. This 25-ton
reduction is achieved in the
power plant boilers and
through existing pollution

controls such as FFs and
ESPs for particulate matter,
scrubbers for SO, and
Selective Catalytic Reduction
(SCR) systems for NOy
Emissions?.

[1] Controlling Power Plant Emissions:

Overview, USEPA Web Site.
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MERCURY EMISSIONS FROM
COAL-FIRED BOILERS

JConcentration of Hg® from  100%;

coal-fired boilers varies o VN [Th
from 10 to >90%. It 0% Ly Bituminous [
depends on: * \‘ ® ICRDats
JCoal Blend Characteristics y 60%
1Boiler Design/Equipment G
Boiler Operating %1 —
Conditions!!
1Coal blend effect on Hg 20%
emissions Is related to the
Cl concentration in the 0% ' .
coal and to some extent to 0 - 100 e
Clin coal, pg/g

Other elements SUCh as S’ After Senior, C,, et.al. “Modeling Gaseous Hg Behavior
Fe and Ca. In Practical Combustion Systems.”
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BOILER EQUIPMENT IMPACT ON
MERCURY EMISSIONS

IMercury removal varies
across air pollution control
devices :

1Cold-side ESP’s ¢! 20-30%.
JHot-side ESP’s ¢ 0-10%.
Fabric Filters ¢ 50-60%.

JWet/dry FGD and spray dryer
absorbers ¢ 80-90% of bivalen
Hg.

=

Total Hg Removal Across APCD,

0 7 o o o 0
ISCR <! 40-60%0. Hy-E Species Qrnentration, Y4ef Total Hy

Higher fraction of Hg® is a problem at
the different APCDs.
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IMPACT/IMPORTANCE OF BOILER
OPERATING CONDITIONS ON MERCURY

- The fate of Hg emissions is impacted by the chemical and physical
processes occurring in the boiler convective pass and APCDs.

JHomogeneous Hg oxidation is a kinetically controlled process occurring in the flue
gas. lItis affected by flue gas time-temperature trend and composition.

(lHeterogeneous oxidation and adsorption is affected by the combined effect of
surface chemical kinetics and mass diffusion. It is promoted by the nature of the fly
ash and flue gas conditions and compaosition.

- Link between boiler conditions and Hg emissions:
L Time-temperature history - flue gas temperature, APH performance, stack flow).

JFly ash characteristics - mill classification, low-NO, firing system operation, fuel
blending).

JFlue gas conditions — excess O, level, reduced NO, emission level.
1 Other links - operating practices, boiler load profile, sootblowing, etc.

These variables ensure that Hg speciation is site-specific.

- Importance of getting a handle on the operating conditions impacts:
Interpretation of Hg test data.
(1Development of Hg emissions control options.
(JReduce the cost of compliance.
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BOILER OPTIMIZATION FOR MERCURY
CONTROL PROJECT AT THE ERC

JFeasibility Study (included modeling/review)
_IBoiler Optimization Project

JActivated Carbon Injection Project
1Objectives:

Develop technical understanding and analytical model of Hg
behavior in the flue gas in relation to appropriate boiler
controllable parameters.

Investigate the extent of Hg reduction by optimization of boiler
operation through field testing at full-scale boilers.

lInvestigate activated carbon injection requirements for Hg
compliance in combination with optimized boiler control settings.
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MERCURY MODELING

) Mercury model includes a reaction scheme with 35 species and 92 reactions
and the heterogeneous Hg oxidation by fly ash.

] Model validated against a range of datasets.
] Model used to interpret test data and guide parametric testing.

Experimental Results

Homogeneous Model Results

g

Homo+Hetero Model Results

g

Gaseous g’ Oxidation Across ARH

06N Low 02, Baselie02  Reduced ARH,  ABHSieam Gail On, Open SOFA. High 02
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MODEL RESULTS -
Effect of APH Gas Inlet Temp. on Hg Oxidation

J Operation of the air preheater impacts the Hg°/HgCl, ratio at the air
preheater outlet.

Elemental Hg %

Effect of APH Tgi on Hg Oxidation
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MODEL RESULTS -
Example of Boiler Operation vs. Hg Oxidation

] Each trend corresponds to a combination of boiler control settings that result in
changes to flue gas conditions and, consequently, the Hg%/HgCl, ratio.

Elemental Hg in Flue Gas (%)

110

100 H

Elemental Mercury Reduction for Different Boiler Operating Conditions
700 MW, Wall-Fired Boiler; 3 Elevations of Low-NO, Burners

Furnace Exit

Operating Conditions 1

Operating Conditions 2
------ Operating Conditions 3

Operating Conditions 4

2.0 2.5 3.0 35 4.0
Time (sec.)

LEHIGH

UNITI VERSILTY



FIELD TESTING

Testing at three coal-fired units that fire
bituminous coals was performed:

Site #1 i1s a 108 MW, T-fired boiler. Cold- and hot-ESP, and
tubular APH. Conventional burners. Unit burns low-Sulfur Eastern
U.S. bituminous coal.

Site #2 is a 250 MW, T-fired boiler. Rotating APH with two cold
ESP’s in series. LNCFS-IIl low-NO, firing system. Unit burns U.S.
bituminous and imported coals.

ISite #3 is a 650 MW, opposed wall-fired boiler. Rotating APH with
two cold ESP’s in series. DRB-XCL low-NO, burners with OFA. Unit
burns U.S. bituminous and imported coals.
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FIELD TESTING

Direct
! High span H measurement

Analytical capabilities: ool B I I e ol BT

Sample Gas Samp-le_ Gas )
Extraction Conditioning g

dBaldwin and Apogee | ... &Transport

inertial filtration probes. — Bﬁ*_, U_[L{J Y, L} — o
Pretreatment/conditioning l ffff j . EFE

units. onygen ) / — T \

& Transport Measurement

................................

analysis check leakage Independent

Ind d
JPSA SCEM's for Hg "ot robe o iy KOV

replacement of Direct

S peC I atl O n . syringe and calibration

JOHM with EPA Method
17 (performed on-site).

JCoal, pyrite and fly ash
analyses (ultimate and
proximate analyses, Hg,
Cl, S, LOI).

Flue Gas Direction

Note: === @ SCEM POrtS === @ OHM Ports

Gold trap & Hg Lamp



FIELD TESTING

Feasibility phase involved five
days of boiler manipulation per

b 0 i I e r Test Conditions Testing Schedule Implemented in Unit 1
.

7Jul | 8Jul | 9dul

Boiler optimization project at two s s =] T T

units involved a ten-day test N N

schedule that included e3P e

baselining, parametric testing, New 257 it

and optimal condition tests.

Parameters investigated: unit

load, excess air, OFA settings, — —

mill bias and O/S configuration e T T T L e e e [ T e o e
‘g . A TPt | [ TP | A0 Pl 0 [ P A P A | P A PW | i P 7 | A ] pu [ A T pin An ] pa | A pir)

and classification, APH back- Sekup PrsTesang

end temperature, ESP

energization and rapping, and

sootblowing.

AC injection project involved

testing at different AC

conditioning rates under normal

and optimal low-Hg operating Sample Boiler Optimization Schedule

conditions.
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Test Results — Site #1

TE::D.'n
Rkl TEST #7 O,
THESP in THESP out TAPH ouf
ECO.| g 572°F 255°F
HOT COLD
CARN [tk AR ESP [T
\/ ~
Hg”®" (ug/dscm) 7.26 6.08 5.01 5.80
Hg™  (ug/g) 0.029 $O,: 1.47 Ib/MBtu
Hg™ (ug/g) 0.081 NO,: 314 ppm
Ol (%) 6.68 CO: 14.5 ppm
CO,: 12.9%
TEOO.II'I
ity TEST #6
THESP in THESP out ThPH out
| EC°-| 506°F 567°F 357°F
;E;?TF/Q /i HOT / 1—4coip
o S | APH | O o/
= ESP 17 s1ack
\/ v
Hg"m' (ug/dscm) 6.90 6.29 6.01 4.25
Hg™ ~ (ug/g) 0.034 $0,: 1.55 Ib/MBtu
Hg"™ (ug/g) 0.073 NO, 274 ppm
LOI (%) 9.93 CO: 35.4 ppm
CO,: 13.4%

Overall Removal Efficiency = 20.0%
Average Excess O, = 2.69%
Fly Ash LOI = 6.68%

Overall Removal Efficiency = 38.4%
Average Excess O,=2.13%
Fly Ash LOI = 9.93%
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Field Test Results - Site #1

Fly Ash LOI Effect on Hg Emissions
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Field Test Results - Site #1

Hg Reduction across APH - Effect of Unit Load

30
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Field Test Results - Site #2

TEST #2 $O, ppm 425.3, Ib/MBtu 1.113
NO, ppm 174.2, Ib/MBtu 0.328
CO ppm 13.7, Ib/MBhu 0.016
co% 114

629°F 281°F 264°F 258°F
Q APH Q OLD ? NEW 2 Overall Removal Efficiency = 81.6%
ESP ESP

i STACK Average Excess O, = 3.5%
\ \/ \/ Fly Ash LOI = 17.4%

Hg" wgiasem)  7.90 7.34 3.10 1.45
HO’ wgidsem) 1.26 0.40 1.15 N/A
Hg*" wgdsem)  6.64 6.64 1.95 N/A
Hg™ woia) 0.25 1.50
Hg™ wa/a) 0.052 : ]
TEST #3 $O, ppm 467.9, Ib/MBtu 1.140
NO, ppm 153.3, Io/MBtu 0.269
COppm 98.1, Ib/MBtu 0.104
co% 123
. N N . J Overall Removal Efficiency = 93.6%
S19°F 206:F OLD Z64'E NEW 258F Average Excess O, =1.8%
0 APH | o 0 0 3
Fly Ash LOI = 22.3%
\ RIS ESP ESP STACK
N | N
Hg™ wgidsem)  8.72 6.57 0.95 0.56
Hg’ (ugidsem) 1.45 0.53 0.73 N/A
HO" wgdsem)  7.27 6.04 0.22

g
g
o
=
o
o
o
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Field Test Results - Site #2

Effect of Combustion Conditions on Total Hg
New Cold ESP Inlet
4.5
4-Mills I/S
DFAs at 80/10/5%

4.0 1 Excess O, = 3.5%
c
2 3.5 |
©
§ g 3.0 1 4-Mills /S
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& o\o Excess O, = 2.5% LOI=17.4% 3-Mills I/S 3-Mills I/S
8 ™ 55 4-Mills I/S OFAs at 100/90/5% OFAs at 5/5/5%
> ® ~ . OFAs at 80/10/5% Excess O, = 2.2% Excess O, =2.2%
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Field Test Results - Site #2

Hg Concentration v.s. Fly Ash LOI
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Field Test Results - Site #2

Effect of Air Preheater Temperature Trace on Hg Oxidation
APH Inlet and Outlet
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XBaseline, 4-Mills
10% - XLow 02, 4-Mills
+High 02, 4-Mills
0% ‘ ‘ ‘ ‘ ‘ ‘ ‘
410 412 414 416 418 420 422 424 426

Temperature Drop Across the Air Preheater (deg. F)

LEHIGH

UNITI VERSILTY




Field Test Results - Site #2

Sootblowing Effect (on 1/28-29/2004)

APH IR15,IR21 K3 APH IR 17,IR 25 IK4a APH [IR2-9 B Hg L 264
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Mills in | Classifier SOFAs Burner Steam
Operating Conditions Day Date Start End . . 02 Trim | (80/90M0 ) SOFATilt . OId ESP
Service | Setting 0) Tilt Coils

Baseline - High Hg Sunday 404 | Ti4i04 13,30 | 7i4/04 1510 All 65 660 55105 0 0 SHUT ON
Low-NOx Monday | 6/28/04 | /28104 14:00 | 6i28/04 15:00 Al 65 565 703045 | 10 20 SHUT ON
Low-NOx Tuesday | 6/29/04 | 6/29/04 1315 | 6/29/104 14:15 Al 65 565 T0/30/5 | -10 20 SHUT ON
Low 02 Wednesday 6/30/04 | 6/30/04 12:10 | 6/30/04 13:15 Al 65 430 70305 | -10 20 SHUT ON
Low 02+SOFA Wednesday 6/30/04 | 6/30/04 15:30 | 6/30/04 17:30 Al 65 436 | 100/80/5 | -10 20 SHUT ON
Low-NOx Thursday | 7104 | 71004 845 | 7041015 Al 65 565 70/30/5 | -10 20 SHUT ON
Mid 02+SOFA Thursday | 7104 | 701004 12:01 | 7104 14:00 All 6/5 470 | 100/80/5 | -10 20 SHUT ON
Mid 02+30FA+Class. Thursday | 7104 | 77004 17:00 | 7104 19:30 Al 4 470 | 100/80/5 | 10 20 SHUT ON
Mid 02+S0OFA+Class.+Coils Friday 204 | Fi2i0412.01 | 721041400 Al 4 470 | 100/80/5 | -10 20 100% ON
Mid 02+S0OFA+Class.+Coils+14Mill OFF Friday 12004 | 72004 16:00 | TR204 1728 | 14 Off 4 500 | 100/8045 | -10 20 100% ON
Mid 02+S0OFA+Class.+Coils+11Mill OFF Friday 12/04 | T304 1900 | 7304 20:38 | 11 Off 4 520 | 100/80/5 | -10 20 100% ON
Mid 02+SOFA+Class.+Coils+Old ESP OFF |[Saturday | 7/3/04 | 7/3/04 13:30 | 7/3/04 15:30 Al 4 420 | 100/80/5 | -10 20 100% OFF
Low-Hg Settings Sunday 404 | Ti4i04 1940 | 7/4/04 21.50 A, Biaseq 4 380 | 1008065 | -10 20 40% OFF
Low-Hg Settings (with Mid 02) Tuesday 7604 | 7604 1645 | 7604 20.00 Al Biaseq 4 450 | 100/80/5 | -10 20 40% OFF

Operating Conditions SCEM (corr. to 3% 02) OHM {corr. to 3% 02) SCEM Delta

APHin  APHin APHout APHout | ESPin  ESPin | ESPout ESPout | APHin  APHin | ESPout ESPout | Removal | Hy(T) at Stack
Hgf0)  Hg(M Hg{0) Hg(™) Hoi0) HeM | Hg0) Hg(M | Hg{®) HoM | Hg0) Hg(M | Efficiency

Baseline - High Hg 1465 6491 0356 7342 2207 4185 | 1088 6104 | V68 347 128 489 596 0.00
Low-NOx 1953 4539 0719 6546 0474 0835 | 1201 3695 | 786 925 079 393 1658 241
Low-NOx 244 6092 1573 f 269 1943 3403 | 0423 3018 | 366 482 131 439 5046 -3.09
Low 02 1047 7085 0.000 3227 1123 2287 | 0792 279 052 -0.56
Low 02+S0FA 0352 5318 0504 3659 1029 2188 | 0832 2422 58.37 037
Low-NOx 2128 6530 0365 6048 1210 2123 | 0913 364 4470 246
Mid 02+S0FA 1899 6746 0710 2979 0873 0961 1026 3414 4939 023
Mid 02+S0FA+Class. 2183 7108 0610 4243 0129 0552 | 1375 2862 59.74 055
Mid 02+S0FA+Class +Coils 1451 4298 0887 3930 1016 2626 | 1401 3334 2242 047
Mid 02+SOF A+Class +Coils+14Mill OFF 1364 4553 0325 3937 047 2125 | 0622 2252 5054 108
Mid 02+S0F A+Class +Coils+11Mill OFF 1568 4520 0602 2544 0000 4280 | 1032 3436 2397 0.10
Mid 02+S0F A+Class +Coils+0ld ESP OFF 1473 £ 997 1.057 723 0.300 1.084 0474 1658 76.31 -168
Low-Hy Settings 1230 5627 0640 3328 0160 0552 | 0398 1731 | 739 796 131 398 £9.24 437
Low-Hg Settings {with Mid 02) 1762 7228 0825 5695 0401 2327 | 0811 2954 | 706 308 108 382 58.13 315
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Field Test Results - Site #2

Unit 1 July 4, 2004 - ESP In and Out
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Field Test Results - Site #2

Total Mercury Concentration at the Stack
7.0

—&—SCEM
= OHM

6.0 -

5.0 -

4.0

3.0 -

2.0 -

Hg'™ Concentration at New ESP,, (Ug/dscm)
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IMPACT OF COMBUSTION CONDITIONS ON Hg

. " Mills in | Classifier - Steam
Operating Conditions Day Date Start End Service Speed 02 Trim Coils Old ESP

Baseline - High Hg Monday 72004 16:00 19:00 All 100 74 OFF oM
Baseline - High Hg Tuesday 713004 12:30 1500 All 100 g0 OFF oM
Baseline - High Hg Tuesday 713704 1530 1800 All 100 g0 OFF OMN
Baseline - High Hg Wednesday | 7H14/04 10:30 1315 All 100 g0 OFF ]
Low O2+Class. Thursday 75104 13:.00 16:30 All 85 59 OFF oM
Low 02+Class.+0ld ESP OFF Thursday 7504 1730 21:.00 All 85 66 OFF OFF
Low 02+Class.+0ld ESP OFF Friday 7604 1530 2120 All 85 65 OFF OFF
Mid 02+Class.+0Ild ESP OFF+32 Mill OFF Saturday 7704 11:30 1450 32 OFF 85 7 OFF OFF
Mid 02+Class.+0ld ESP OFF+32 Mill OFF Sunday TIEI04 1400 16:00 32 OFF 85 75 OFF OFF
Mid 02+Class.+0ld ESP OFF+32 Mill OFF Sunday T804 1745 20:30 32 OFF 85 71 OFF OFF
Mid 02+Class.+0Ild ESP OFF+31 Mill OFF Monday 719104 12:35 15:00 31 0OFF 85 7 OFF OFF
Mid 02+Class.+0ld ESP OFF+31 Mill OFF Monday 719104 16:35 1845 31 0FF 85 71 OFF OFF
Baseline - High Hg Tuesday TI20/04 11:30 1430 All 100 7T OFF OM
Baseline+34 Mill OFF Viednesday [ 7/21/04 11:.00 13.25 34 OFF 100 I OFF oM

SCEM (corr. to 3% 02) OHM (corr. to 3% 02) SCEM Delta

Operating Conditions APHin APHin | APHout APHout | ESPin  ESPin | ESPout ESPout| APHin  APHin | ESPout ESPout | Removal |Hg(T) at Stack
Ho0)  HoM | Ho0) Ho(M | Hoi0) HoM | Hof®) HoM | Hgl0) HoM | Ho0) Hg(T) | Efficiency

Baseline - High Hy 0770 6,340 0800 2260 2690 5680 0700 5570 377 401 174 609 121 000
Baseline - High Hy 0410 5310 0450 3360 2790 6.090 1480 4910 537 6.29 1.76 590 75 0.00
Baseline - High Hg 0424 5299 0300 2700 NA NA 1118 5060 567 6 63 197 573 45 000
Baseline - High Hg 0570 5720 1470 4370 2370 5870 1650 4870 149 000
Low 02+Class. WA 5490 0170 3490 1160 3630 1070 3710 324 -139
Low 02+Class.+0ld ESP OFF 0240 5310 0280 3660 0810 310 1050 3500 33 400 052 220 341 027
Low 02+Class.+0ld ESP OFF 0350 5080 1450 4150 0460 2780 1030 2780 400 442 110 340 453 -093
Mid 02+Class.+0ld ESP OFF+32 Mill OFF 0.350 6.540 1.360 4.140 0470 1540 0760 2750 375 410 059 210 580 -003
Mid 02+Class +0ld ESP OFF+32 Mill OFF 0430 6990 2830 5570 0430 2780 0950 2140 450 504 136 480 94 -064
Mid 02+Class.+0ld ESP OFF+32 Mill OFF 0.390 6520 2920 5240 0410 0800 1110 2140 451 499 092 276 672 -064
Mid 02+Class.+0ld ESP OFF+31 Mill OFF 0.310 6.070 0590 2700 0.180 1450 0810 2050 422 504 053 117 66.2 -009
Mid 02+Class.+0ld ESP OFF+31 Mill OFF 0330 5810 0880 3310 0210 1320 0810 2080 436 519 045 039 4.0 005
Baseline - High Hg 0430 6520 2840 52490 0440 2170 0940 3180 449 493 101 480 512 000
Baseline+34 Mill OFF 0590 6.500 3160 5460 0680 4030 1360 4720 469 5.30 172 498 274 000
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IMPACT OF ESP OPERATION ON

7.0

1 B HgO at Stack

¢ HgT at Stack Reverse of ESP

low-Hg Settings
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Field Test Results - Site #3

Total Mercury Concentration at the Stack
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Field Test Results - Site #3

Activated Carbon - Mercury Tests
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100
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] Calculated Injection Rate
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Field Test Results — Site #3
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CONCLUSIONS

1 Mercury regulations are an urgent issue for the power industry. Low-
cost reductions in the 30-50 % range are attractive.

1 Analytical and experimental studies have suggested that boiler
operating conditions can influence mercury oxidation and emissions
from coal-fired bollers.

] Target parameters are: residence time (in-flight capture), flue gas
temperature, and fly ash size and unburned carbon level.

 Testing performed at three units, rated at 108, 250 and 650 MW,
burning bituminous coals confirms the merit of optimizing boiler
operation through changes to the control settings for mercury
emissions reduction.

1 An optimization test strategy involves unit baselining, parametric
testing, extended test at optimal conditions and testing to determine
AC requirement for trim control.
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Questions ...
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