.&;Drﬁ %iﬁl*&%%‘—;ﬁ £ 165 F 6202468

Eco-Environmental Chinese Journal of Vol. 16, No.6 Jun. 2022
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

AR XEREHE: KKIFEMBE
% DOI 10.12030/j.cjee.202105036  "1E 43255 X701 SCHEFR S A

BEEE, BT, 2R, A BT NO, [ i B 16 1E (1L 2R e ZAS R T0I 42 1 SR B FORE 2 91 [0]. PR35 TRE244R, 2022, 16(6):
1879-1891. [YIN Guihao, ZHAO Zhongyang, LI Qinwu, et al. Multi-model predictive control of denitrification system based on modification

of inlet NO, mass concentration and its application case[J]. Chinese Journal of Environmental Engineering, 2022, 16(6): 1879-1891.]

O\ 0 NO, Jiv &k B & 1k i BEAE R 48 2 L A i
IEEGHE A ENHEES

FRre,Rem, FAXLBFE,LER, KL HTE, HaAmE
1. IT K 2 B B 0 R 5% T S5, R SRR A P M s e s TR AR e, BN 3100275 2. 7
T R TRARAHR, HLM 310013

1 OE @S AR TO0F 3T R B R0 AR K B I & 4 B R, %A ARG NO, T
BRERIEHATBIE, HIBIFEE E¥ I RIR 228 3.53 mgm™, %55 R0 T WL 00 [81 051 5 36 1R JBE b 48 ) 4% 5 Bt
HLERAR B0 5 T 45 5 . LADE A e al, IF 5% 7 36T A 10 NO, Jit i ¥k & & 1E 19 2 5 R FTN 3% 6 (MMPC), 31T
HAT TS RG AT H . FESRERY, SEAERHRSMMELL, T A B NO, FT &8 i B & 1F i MMPC 38 B {4 JIi A
RS0 1 NO, it ¥k BE I 3 I8 BE /N T 63.7%, IR 2 L P B = vk FE AR B8y 40 mgem? I I BOK, SLHR
R, W TR SRR . E5. B A IEWZSITW IR, AEIE-MMPC 5 /] ) 0
NO, Jit 2 9 B I 8l 43 il 45 i 7E£10.6 mg-m >, £5.5 mg-m™, +4.9 mg-m>, LLFR U2 K M i 5 20 08 B B 43 ) s/ T
53.4%. 74.7%. 64.6%, BCYEHIKF-O0 T IEA A H8CR s 7E 10 NO, it Wk B2 5 AR H 30 ey ok 2 2k 09 1 P
A TALR , Fh L RESUE H T NO, BT R BE % 30 43 3 4% i 7E+6 mgrm ™ +5 mgem”, MAE I AKCE AL T A 1
TR . AW A& TE-MMPC 5 il 50 v] SE U R 5 f . o0 T A me g # , wi/h 1 NO, % 2l i B
FEEARG I £ 15 25 AR RS b i JXURS: . AN TTT 42 755 SNCR/SCR BX A i Al 28 433 17 1) £ 0 1t e &1

KBV Ve PR MR A A DR e PR A AL O SR A B s PRPRURALIR ;. NO, JE ik e B2 508 0E 5 20 BT T 45
il s AR

WEBIRBE 23 7 A WAL . AL R AR TS Y, O R ARCER R R B R i S
201447, ERKEUEZ . AEAPE . BEGRE)R —MZE & CH B RemHEA %5 & 1750
TH (2014—2020 4F) ) o &R 5 AR HESE AR K AL RT3 Je Wik pnHEBOR R el #f iR
M DRI e i AL A T G i HE G SR RS ALAL AL HE A BR ™, BPHE Y NO, BT R vk BE AR T
50 mgm>, SO, FREKEMT 35 mgm>, PM FEKEKT Smgm?,

PAEK, TG FALIK (circulating fluidized bed, CFB) £ R A3 8] & JEIF )12 B FH . 1% AR FLA K
PR . BRRHIE PR R R R AR . NO, HEBCR IR AR A R R LAL NO, HERRR(E, EX
Z X CFB HLZH & T e £ 1E AE i fb 18 )5 (selective non-catalytic reduction, SNCR) It £ 14 f# 1k
i J5 (selective non-catalytic reduction, SCR) Bk & i fiff £ AR et i o i 2 NO, HEAlc 2ok, b 3t

s BHEE: 2021-05-08; FAHH: 2021-07-06

E2EWHE: BEXESTLITIBE (2020YFB0606203-4) ; AR H AR GH CREBE (2019J22Y010403) 5 #iiL4 & A48T
&%) (202103165 )

E—EE: PR (1993 —), B, Wi LKA, ghyin@zjueducn; BRUBEIEE: BN (1984 —), B, WL, #HxZ,
zhengch2003@zju.edu.cn


mailto:ghyin@zju.edu.cn
mailto:zhengch2003@zju.edu.cn

1880 ok L B ¥ W Fl6 &

330 MW 11 ¥ i Ak PR AL 240 7E 5 A K 018 52 8% +SNCR i A JE aib [, B4 92 SCRAEfL 7], k3
NO, HEAK T 50 mg-m™ A9 HAx,  FLECE i 38 S50 6 FH K T oo g, IR P SCR AR R Z 5
M, SCELT SNCR 5 SCR Bl A R A4FA8 A1, XB &M 4 R F SNCR/SCR Bk A Jit i £ A X it
220 t-h A B AL R B BE AT B0, Bk S WL AT Ok B 50 mgem P A HE RS A, &k i e 3 ) AE
3x10° LAY, #Rifi, SNCR/SCR BEA AN R G AFAEA T NO, U 5 Mk . WERbE2E . Rgcddtt
SO L R T e R I A T M e S R R A R R, SO A s o 2R e M AR o s o s 4
w2 RO T NO, S R A HE R R 5wt g i 22 4 B Ak O A R PR R
SRS Wi . AR RS ZE, ST L e U S, R RIE S FURA T NO, R R R IA R
PRtk BRI R R BT et gy, mFEIRIE A T NO, i i B 5 16 1 5
SRS HETES I

FEA T NO, Ji i i B W e 8 1E 5 T, 3] e A A — i () 2 0 i 4 R & S i e . PN G O R
fe /N I S K1) AL (least square support vector machine, LSSVM) £ 537. T 2 )R 43 #1 A9 NO, HE il 5l
EAL ZHAL 5 5 B R FE N A SN ER SR IEAE L, SR A& N LSSVM BRI S EEA
NO, JFi 5 ¥ BE (B 5 TAN 2500 SR K2 2 4%, 358 T NO, Ji 1 v Ji 19 0 4 A
AT AU T IR A TR R NO, R AR R, H i R BE AR T A Ak NO, 9 B st A5 1k
T . FEBTE O, A SRR BEST T T s A R IR A S A R, SE PR
SNCR it filf & G F #5hl, H3F K% A T NO, 286X RS m 5% m o X1 S0 gl 7 7 A H
N f Z2 AR 0 s o 2, (ELA AR R AR R R 5 s R AR I b &5 AR

A FEE X HE CFB BUHLAL A9 SNCR/SCR B A Al &R 48 A H NO, Jot £ ik B v H I 5 i J5, X5
B 2 ) B g s AT T T B 2, ST T IE AR AR T LT ()4 JR) LSTM it 28 ) 4%
AR, XA T NO, iR W B JE AT R B 1E . 7R SERE b, $E 3T A T NO, JR R & I Y
SRR T I B R W, IFBEAT B TR ERAE, DL RS 5 R A 2R 48 B NO, TR R
bR kR, RGBT NG A,
1 BERBEES

1.1 CFBia N = R B HERE
ARSCWFFRXS G R — G RABEIE A AR B, LR (R BT R, W AT F 28R R
220 th™', RH SNCR 5 SCR#E A MMM RS . BIEARHMWE, S WAFEREBRERFHAW
W, SR NO, AT R N, DTS BUBEAS ) H A . TR AL IR B S5 i an Al 1 R, A
PR I E 2SR 1 R,
7 AR R BT S ) BCHE B BT {5 S (Plant Information, PI) R 4t K4 . REEMIRE 5s, R
20K, &M, . mENNME, Jh K.

VRO ZFEAT T, B — e R il
SEHL B AT TR . 4 B B F 2 I LG

. A
Bz ™M & [mmane |
12 NO, REREWEHEHH 5 & y

CFB 5% Al R 48 A 1 NO, Jiz & i 38 5 g \ ’é’%ﬁ&

M5 e W HE i iE 28 W I R 48 (continuous
emission monitoring system, CEMS) #; Il . M H | *{E&?El‘é‘iﬁ‘i%%l
R R B E T, L CEMS 43T S
YPGB TR R, AR

KA B, LA T FE 4 B R \\—f—-
K, W% RS0 G i, S AN E1 CFBGHPEMTEE
NO, Jii & ¥ B B9 5 A8 1E,  FAE by s 2 45 1l Fig. 1 Diagram of the CFB boiler



FRZEL: BT A CINO, i R B 16 1E 1 A 2 0 20 A 8 0 s ot S s S JFL g e 2 461 1881
90 000 200
:-; 85000 = 1sof
™ 80 000 - M\E‘H 100
: |
£ 75000 | ﬁ 50t
‘ =
70000, 2000 4000 6000 8000 10000 % 2000 4000 6000 8000 10000
HR BRI
(a) =R s T (f) BERARFUR st T 5uE
_ 30 000 .
,; 60 000 S 6l
= -
= 40 000 %m 4t
=X |
£ 20000 2t
1] )
0 1 1 1 1 J O 1 1 1 1 J
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
K K
(b) KR s T8 s (g) M EE BT R
30 o _
= 350
[ en
= 25F E 300}
< B
5B o0 h £ 250
E I8
& B
m 15 o 200
Z
jui
10 : . . . . 2 150 . . . . .
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
LK LK
(c) LA REF TR (h) AEINO i e B ig A T4
850 f;
&
o 825F £
s i
E %
= 800 - Z
= e
= 775t S
Z
750 1 1 1 1 J D O 1 1 1 1 J
0 2000 4000 6000 8000 10000 - 0 2000 4000 6000 8000 10000
R SKH
(d) PRI 21 TH (i) B ONO B e B iz A TE
920 £
on
£
& =
s
o 820 &ﬂéﬂ
B =
L 701 5
) ]
720 Il Il Il Il J I O L L L L J
0 2000 4000 6000 8000 10000 =3 0 2000 4000 6000 8000 10000
R SKH
(e) Bt LRI A T4 (G) th ARk TR B A T

TE: EIP R AR A 2L R RN 550
2 EMHIMIAEITHRIE
Fig. 2 Partial field operation data



1882 woE T

Fl6 &

FIRTRAE S, DA M RGAEAS T 00T 9 i o 5k
BE o Ay AT Ja B 1) G vk A T R S
SRR AR R G T ik, sy
MR35 5 25 A5 5 5 NO, J e & - {1 [7]
THEgmHE] 22, 155 CEMS 4 W Jm ist ) 29k 72 s
(1 3),
1.3 BTHB TR

AT A & gt H A AR 5 0 AE 2R PR AR T,
T 20 25 I 1% 0000 A6 78 SR FH i R i o7 28 2 2
B 773, AGHE R — A B A A A L O R 5
TEFEAS T 00X 0] 1 i m B 55 o0 TRME . BRIk, A
AfF 9 A% 8 B A R RS s T T
AT 0L, FFERXT 24 B T A kA7 s, LA
PR RS B o R BEA T vk A0 STk [16] Jir
iR, M x4 a4t 3 CFB #44is 17 R A 1 1Bk
IR ZA R L X 20 d S 25 R 1Y SR AR B R AT
B AT, g 4R 11.8, 17.7 Al
25.3 th' Ry 5 S AE AT T R I R A
FEGLTTAY 3 A HE R M KRB S, IR &
Wis TRy 3 AR T, JE8: A 0 NO, i
V3 TN AR TR 5 o A5 7R s o) 2 A R 849 o T A X
3ANHLA T 5 b

2 BEHRZANONO, REKREIEIE

2.1 BERBEERSGE

UG T R RS D NO, i i
AL, AR AT CFD gkl
AL AR 27 2 U222 2 AR5 SR FH K S e 12
(long short-term memory, LSTM) il 25 [ 2%, it il
K3k 70 s BYBELAY A E NO, i 7 ¥ B 5 CEMS 24
A B R 228 . Z IR A 2 5. —
SR T TE 2 0 % a2 ) e (A
ki AAELI AR o5 a5 5 R ) kA
K CEMS SR WA IR0 12 (i St SR A s

DLRS R 11.8, 17.7 M1 253 th! K
W, X D7 s B E AT R HEE B RS, 1R A
3B, R LSTM #4711 4%, Rk
RHE B AL (1)

n

d(x,y) = | D =)’ (M

A xo y 2R 2 D EEAR SR s d R
MRICEEES ;. n RANFEARSE
22 BELRSWBEMILL

LSTM [ 28 Il 25 K4 R AE (] B g 20 s R

#F 1 ADONO, RERENEMEEREMAIFIE
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Fig. 4 Analysis of typical operation conditions of coal feed
based on kernel density estimation
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Table 3 Identification results by IPSO algorithm for model parameters under typical operation conditionsons
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Fig. 6 Model identification effects on typical operation conditions
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Fig. 13 Comparison of control effects under the condition of rapid load increase on scene
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Table 4 Comparison of control effects under different load segments
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Multi-model predictive control of denitrification system based on modification
of inlet NO, mass concentration and its application case
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Abstract A composite long short-term memory neural network was trained to correct the lag of inlet NO, mass
concentration, on dataset divided by the Euclidean distance of the total coal supply of the boiler under typical
working conditions. The root mean squared error on the verification dataset was 3.53 mg-m™, which was better
than the prediction results of common regression methods, such as deep neural network and random forest
regression. On this basis, the Multi-model Predict Control (MMPC) strategy based on the correction of the inlet
NO, mass concentration was studied, and the denitration system simulation was designed and carried out. The
simulation result shows that compared with previous control, the MMPC with inlet NO, mass concentration
correction makes the fluctuation range of outlet NO, mass concentration reduced by 63.7%, and it can also meet
the control requirements when setting outlet mass concentration at 40 mg-m. The results of field application
indicated that under operation conditions of high, medium and low load, the MMPC with inlet NO, mass
concentration correction can control the outlet NO, mass concentration fluctuation between +10.6, £5.5 and +9
mg-m~, and the fluctuation range was reduced by 53.4%, 74.7% and 64.6% respectively by standard deviation.
Then, under the condition of fast variable load, it is easy to happen that emission of NO, mass concentration at
the outlet exceeds the standard and ammonia escapes at high concentration. However, the fluctuation of NO,
mass concentration at the outlet of load up and load down coditionis controlled respectively within + 6 and
+5 mg-m~ by MMPC with inlet NO, mass concentration correction. It proves that the control performance is
better than the original control effect. Above all, under different loads and operation conditions, the MMPC with
inlet NO, mass concentration correction strategy studied in this paper can well control the amount of ammonia
injection, reduce the fluctuation of NO, mass concentration at the outlet, minimize the risk of low temperature
corrosion of subsequent equipment, and consequently improve the economy and safety of SNCR/SCR coupling
denitration system.

Keywords SNCR and SCR combined denitrification system; circulating fluidized bed; NO, mass

concentration measurementcorrection; multi-model predict control; ultra-low emission
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