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Prediction and Operation Optimization for NOx Emission Property of
Large-scale Mixed Coal-fired Utility Boiler
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ABSTRACT: The NO, emission property and boiler efficiency
of a 700MW utility tangentially firing coal burned boiler were
experimentally investigated, an artificial neural network model
on NO, emission property and boiler efficiency of large-scale
boiler were developed to predict the NO, emission, and the
predicted result indicates the mean relative error of NO, emission
and hoiler efficiency is 3.63% and 0.23% between experimental
value and the calculated value, respectively, which proves the
feasibility of the model. Using genetic algorithm based on the
neural network model to optimize the operation parameters, and
the optimization results of NO, emission are 421.44, 255.05 and
215.40 mg-m, which are reduced by 37.56%, 29.43% and
30.56%, respectively, and the relevant boiler efficiency are
94.56%, 94.13% and 94.80%, which are improved by 0.09%,
0.42% and 0.88%. The result shows the algorithm can get the
optimal operating parameters, decrease the NO, emission and
improve boiler efficiency when using the blending non-design
coal; more the mixing ratio, less the NO, emission; Blending D
and E coal mill is helpful to reduce NO,.

KEY WORDS: boiler; NO,; boiler efficiency; artificial neural
network; mixed burning; genetic algorithm
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Fig. 1 Dimension of furnace and the arrangement
of the burners (mm)
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Tab. 1 Boiler operating condition(l)
BERL A TIF 1% NS LR
TH MW y Eﬁf* N I EEI% i3 z:)f ? Je s “F
MRE/(N)  AB BC cD DE EF B J#% C % D E j# F %

1 700 430.1 90.5 90.3 41.2 40.3 39.8 [ 4 ]y ] = ]y ] A
19 660 437.7 725 72.8 22.4 22.7 22.2 S o3 EIPEY E[ e (EEp ) EE
37 700 437.9 80.2 80.0 303 30.0 30.1 [ = [l =4 =g (EEp ) ] A
38 660 424.6 81.2 80.9 30.2 30.1 30.1 B [l =4 L =g (EEp ) ] A
39 660 429.1 94.2 93.9 43.1 42.4 425 [ P [ 4 ] = [EEp ) ]
40 630 426.3 83.7 83 315 31.1 30.3 [ [ 4 ] = [EEhP [ A

He: I—EER S E RSty 0:5, 1:4, 2:3 M13:2; 3.2 JIRT —4l; 2—FEBIFA BRI AR, SR P RO LK 3.

F2 DFEARSRETREA)
Tab. 2 Boiler operating condition (1)

TR SRR 1% BEREHLAA R (th ) PUHE 5 0 e s WRpE NO,HE =/ B
C-OFA B c D E F #AP/kPa A1) (mg-m%) B l%
1 80.0 50.7 50.5 50.9 50.4 50.3 1.47 18.4 674.9 94.47
19 78.2 53.8 53.1 53.6 53.0 52.4 1.34 22.9 216.8 94.35
37 80.0 52.9 53.4 52.7 52.8 53.1 1.46 21.3 269.2 94.67
38 78.9 49.9 495 49.8 48.7 47.1 1.34 19.6 281.7 94.48
39 78.1 49.3 49.3 495 49.9 50.0 1.30 21.6 262.7 9457
40 76.8 49.7 47.8 49.9 50.2 50.2 1.28 19.7 4259 94.59
o NOJKREEYHH 2 6% =, T,
3 HABEmESERERERTFE
Tab. 3 Properties of domestic coal and indonesian coal
S W(Car)/% W(Har)/% W(Ou)/% W(Na)/% W(Var)/% Qrerarl (KIIKg)
Parps 60.33 3.62 9.94 0.70 27.33 22760
] = TSIy 63.4 3.33 8.44 0.96 39.69 24190
78 M HRE 63.5 413 8.01 1.03 31.17 24540
EIEP 53.89 3.75 15.20 0.60 4253 18 990
B XTI 36 AFEA S K & 4% . R HIBP
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Fig. 2 Schematic diagram of propagation network
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Tab.4 Comparison of the NO, experimental
value and the calculated value

T NOSEMIME/(mg-m™)  NOJRUE/(mg-m™)  FIx 5 2/%

37 269.20 272.06 1.06
38 281.70 277.33 3.33
39 262.70 261.19 0.58
40 425.90 466.59 9.55
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Fig. 3 Neural network training
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Fig. 4 Comparison of experimental value
and predictive value
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SEEIRIAIRZE N 0.23%. L 5.

F5 SR ITNE SRR HE b

Tab.5 Comparison of the boiler efficiency experimental

value and the calculated value %
T BRI SN YRR RLME AR 2%
37 94.67 94.84 0.18
38 94.48 94.77 0.30
39 94.57 94.72 0.16
40 94.59 94.87 0.29
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Fig. 5 Optimization modeling and optimization
processing of boiler combustion
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Tab. 6 Comparison of parameters before and after genetic algorithm optimization
e B B R AT T % IR TT 1% AP/ e NOHE g
” I(th? AB BC cD DE EF C-OFA kPa  EAIC)  A(mgm)  HCEI%
% R4 430.10 90.50 90.30 4120  40.30  39.80 80.00 1.47 18.40 674.90 94.47
At JE 458.11 7859 8114 2198 2511  26.46 71.42 1.08 14.33 421.44 94.56
c R4 44510 7250 7240 2170 2200 218 78.9 1.36 23.7 361.42 94.13
Ab)E 444,61 88.64 8575 2381 2042 21.44 77.05 1.14 22.79 255.05 9453
BC Ak 441.20 86.00 86.00 3290 3360 33.10 74.70 1.22 19.90 310.2 93.97
)G 421.30 86.49 8095 3230 3184 3437 73.19 121 13.72 215.4 94.80
zT1T BEMLER
Tab. 7 Results of mix-burning optimization
P S Ptk )s
C BC B c D E BC CcD DE
NO,HE# (& /(mg-m3) 361.42 310.20 267.32 255.05 208.8 159.55 215.40 203.38 131.43
BRI I% 94.13 93.97 94.63 94.53 92.66 94.81 94.80 94.86 94.73
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