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NO, Concentration Soft Measurement and Ammonia
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Abstract: The delay of NO, concentration measurement may result in large fluctuations of NO, emission
concentration. In order to improve the operation stability of the denitration system, the delay time of NO,
concentration measurement and the response time of SCR inlet NO, concentration after changes of boiler
key control parameters were experimentally analyzed. The data structure of SCR inlet NO, concentration
soft measurement was established to characterize the dynamic characteristics of boiler operation, and then
the real-time soft measurement model of SCR inlet NO, concentration during dynamic processes based on
XGBoost algorithm was developed. Results show that the measurement delay time of the NO, concentra-
tion at the SCR inlet is about 1 min, and the soft measurement model can obtain the actual NO, concentra-
tion nearly 1 min in advance. The soft measurement curve can follow the actual curve with high accuracy.
After the soft measurement model was applied on a 660 MW unit, the stability of the ammonia injection

flow curve and NO, emission concentration curve was significantly improved.
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Tab.1 Main design parameters of the boiler

Bk 1 T (B-MCR)
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PIT4FF (VWO)
B R R ISR ZE R G/ (1 h™ 1) 1903
AR 1 ZRE J1 / MPa 25. 40
i B O ZEVRIR B/ °C 571
TRRZER TR/ (t- h™ D) 1551.3
TR HE 1D 28758 71/ MPa 1.716
PRI D Z8KR 1/ MPa 4.526
AR D2 TRR B/ °C 324
PRI I O AR/ TC 569
B REARHE T 28 KR/ °C 289
I AR IR K IR/ °C 289
SR EOR % 94. 06
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F M £ % (Spearman rank-order correlation coeffi-
cient, SROAH KA M7 . 15 2] CEMS I 5 5 10 <5 By
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Tab.2 Delay time of NO, concentration at SCR inlet by CEMS
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Fig. 1 Relation of NO, concentration and air-coal ratio
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Fig. 2 Correlation coefficient of different forward time
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Fig. 3 Response time of NO, generation for air-coal
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Al B BE A 00 AT SE A AL Y 4 T I, AE
330 MW 500 MW Fi1 660 MW 3 4~ faf BE F » 43 3
XA GE i O KU T BE KU 2L A58 i 2 1R XU D TS XL
75 2 RS RS 3 LT T XU =K B R AIL 40 15 2 2
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Tab.3 Orthogonal thermal test conditions

Wo g G/ PR A o PRI A B ] OFA £ R4 B8 . R — kR
MW KT KT = R RT5 =X AT K5 =K PRI B/ %6 W/ % Tt/ %
1 660 4 — P4 — HaE— 40 1.9 20 0
2 660 14— Ay — i X — 50 2.0 35 —10
3 660 e Yo — Wi = 60 2.1 27 +10
4 660 Y4 L2 - Yk — 50 2.1 20 +10
5 660 pio R S mi i X — 60 1.9 35 0
6 660 ¥4k = Wi = Wi = 40 2.0 27 —10
7 660 ¥ = i — ¥rag— 60 2.0 20 —10
8 660 ¥ = B — i — 10 2.1 35 +10
9 660 W= Wi — 7 - 50 1.9 27 0
10 500 Ay — wi s — 60 2.0 35 +10
11 500 14— mi i X — 40 2.1 27 0
12 500 4k — Wik Wik — 50 1.9 20 —10
13 500 s T 2 — s — 40 1.9 35 —10
14 500 By — i — Wi — 50 2.0 27 +10
15 500 4 i X — Wi 60 2.1 20 0
16 500 HeE= Py s 50 2.1 35 0
17 500 W= 55— B — 60 1.9 27 —10
18 500 sk = sk — izl — 40 2.0 20 +10
19 330 s T Ty — 50 2.1 27 —10
20 330 s — s — i — 60 1.9 20 +10
21 330 sk — ik — Wizl — 40 2.0 35 0
22 330 s — i e — 60 2.0 27 0
23 330 Ay s — i 28— 40 2.1 20 —10
24 330 pio R S 45— Wi 50 1.9 35 +10
25 330 sk = ik s — 40 1.9 27 +10
26 330 s = i i X — 50 2.0 20 0
27 330 W= il i 60 2.1 35 —10
F4 BMRREGRITFE
Tab.4 Damper openings of the burnout air sleeve damper BT %
i XU = OFA1 OFA2 OFA3 OFA4 OFA5 OFA6 OFA7 OFAS8
g4k 100 100 100 100 100 100 100 100
i — 100 90 80 70 70 80 90 100
wist — 100 80 65 50 50 65 80 100
x5 MEFBEARIIFE x6 MIESFHORITFE
Tab.5 Damper openings of the burner sleeve damper Tab. 6 Damper openings of the burner center damper
LA AR LAY
XTI TS XT 2 5 XT3 S XIT 4 FXIT 5 FXIT 65 KT XTI TS XT 2 5 XT3 S XIT 4 ST 5 FXIT 65 K]
e — 100 100 100 100 100 100 ¥WaE— 100 100 100 100 100 100
wis— 100 85 70 70 85 100 Y4 = 60 60 60 60 60 60

[ - 100 70 40 40 70 100 W= 20 20 20 20 20 20
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Tab.7 Overview of datasets

EX 4 EE S 3 4
s [ i) g /s 60 5
B A K 24 475 3500
T M /min 24 474 292

8 R R/ MW 665. 28 635.10

A% K L B i/ MW 240. 33 430. 97

Fem NO, FiE W E/(mg » m™*) 596. 00 490. 27

ik NO, Fft e /(mg « m™*) 186. 57 339.08
(a)
(¢)

3 BROMENA

31 FEIRWRLERRSW

Sk [) B 38 TE BT 42 HS %) Bl 28 TR AE A Sk 5
AN TRV 3 T Ve 23 A A T3l A LA R AE S
BRI NO, A R 5 vk B S R AE S 800 2 Pk
PRAE Ay I AR O D1 A D2, 2 RhECH 48 ¥ © AT
NO, A& B ot i B2 I 62 98 3R B (8] & 1E , £33 D1 il
D2 Il Zh 1) 455 8 43 550 187 7k kg 3l S A AL R S R AY
F 1 XGBoost,GBDT, Light GBM #l RF &3 43 B %t 2
P A AT AT SRR T S 45 S DL BT 4 RSk 8.,

(b

(d

Pl A TR ) A5 0 1 5

Fig.4 Test results of different soft measurement models

RS ARRNEEBMGEER

Tab. 8 Soft measurement results of different models

ik B A SESR B[R] /s SNBSS
D1 10 0.993
XGBoost
D2 20 0.958
D1 15 0. 980
GBDT
D2 50 0. 988
D1 15 0.974
LightGBM
D2 45 0. 966
D1 20 0.997
RF
D2 40 0.920

FTIAL 4 AT A B AR AS AR R L Bl A5 A5 R AT 1) 1) 4K

I 55 2R NO, AR il 5T B 9 B2 0 S {0 A R P o
4. BRI AE  E BEAT T NO, Az a5 vk 2
S 3 IR (0] 468 TE 45 S 2 A 1 ) N {2 5
SEAEL il 2N FE AT AR A — B W 00 s B r] . L BB
PR 2% . B AR X S IR I () 257 45 ol 3 R B A AR Y
J& XGBoost B3k, SR I [ 44 10 s, i KA G JE
(IR B [ IE I B9 SR AHSC R B0 ik 0. 993, Al
FIFE T AR S B  A PR RE R LI A 3 SR Y,
B GBDT Sk o A 3 3 349 2 3l 2540 80 1) d KA
IR fi vy« BRIV Bl A AR RS R B
32 AEBEZENEEERSNT

oh B AR Y 32 Ak P BE 5O B . il X B T
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D1.D2 ¥4 4 I % ) XGBoost, GBDT, LightGBM
FRF 528 1) 25000 12 45 2R A7 22 0005 22 48 bR 20 A
WAERE )5 (8, 4% XGBoost 5 4 XGB. #4 LightG-
BM &5 2 LGB, 45 R K 5 FE 6 fros, H,

(a)

(d

B SOFME 6D “>0 5% F%®R 80 & E 5
CEMS il & A = 18] FH X 15 22 19 46 %63 {1 > 0. 5 %6 (1 4%
it 0 AR B B T A e > 10 R
2007 IR RS

(c)

H

B 5 DI Bl A R AL 60 5 4

Fig.5 Evaluation indicators of different models with D1 dataset

(a)

(d

(o)

H
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