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Technical analysis of denitrification performance improvement of

coal-fired units under deep peak regulation
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Abstract: When coal-fired units participate in the deep peak regulation, the units are in low-load operating
conditions for a long time, resulting in flue gas temperatures deviating from the normal operating range of
denitrification device and excessive NOx emissions. In this paper, the wide load denitrification technologies are
sorted out. The selective catalytic reduction (SCR) denitrification transformation schemes are analyzed from the
catalyst side, ammonia spraying side, combustion side, flue gas side, and feed water side. The replacement of
high-performance wide-temperature denitration catalyst and intelligent fine ammonia injection are the trends to
realize the optimal operation of SCR. The selective non-catalytic reduction (SNCR) transformation schemes are
analyzed in terms of flue gas circulation, adjustment of spray gun position and addition of wide temperature
additive, and the three transformation schemes are conducive to improving the denitrification performance under
low load. Combined denitrification technology can improve unit flexibility. Among them, the combined SNCR

and SCR denitrification technology of the circulating fluidized bed boiler can meet the denitrification
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requirements of the unit under 30~100% load. The combined denitrification technology of the pulverized coal
furnace can improve the denitrification efficiency and reduce the investment cost. Ozone combined SNCR and

SCR denitrification technology can further improve the denitrification efficiency and improve the adaptability of

the denitrification system.

Key words: Coal-fired unit; NOx; low load; SCR; SNCR
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Fig.1 SCR denitration process flow chart of pulverized coal boiler
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Table.1 Unit denitrification catalyst modification effect

iH WiE TALE
BUA 5455 /% 100 90 45 30
JiifiF 266 BN 1 NOx ¥R ¥ P H1/( mg/m®) 450 262 347 620
FiA s E 0 NOx IR EESFI{E/( mg/m® ) <50 27 34 29
NOx H43/% >88.9 89.8 90.1 95.3
IR E/(uL/h) <3 1.9 22 2.7
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Table.2 Data comparison before and after ammonia injection transformation of boiler denitrification system

TiH A /% THREHT WS
JBAE B 1 NOx ¥R JE T 2415 /(mg/m?) 40.88 /42.09 35.65/41.01
NOx ¥R J AN BR 1 Ot 22 /% 29.09 /31.96 18.64 /36.68
100
IRV LT Y E /(mg/m®) 4.56/5.02 3.37/3.67

15558 =/(mg/m’) 228.00/219.00 185.00 / 209.00
JuAE B 1 NOx ¥R JE T 2415 /(mg/m?) 43.29/37.89 37.67/34.32
NOx ¥R JE AN FR 1 (i 22 /% 30.44 /36.46 18.41/20.08
IRV LT Y E /(mg/m®) " 3.37/3.66 2.63/2.15
5558 2 /(m/h) 170.00 / 162.00 137.00 / 125.00
JuAE B 1 NOx ¥R JE T2 {H/(mg/m?) 42.91/48.18 36.33/40.88
NOx ¥R JE AN FR 1 (i 22 /% 31.36/38.80 35.34/21.18
IRV LT Y E /(mg/m®) ¥ 227/2.23 1.98/1.86

I B/ (m3/h)

102.00/ 130.00 104.00/95.00
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Table.3 Effect of economizer grading modification

SCR A\ iR/ C B R HE I IR/ C NOx HEAHE/ (mg/m?®)
AT /%
0 | o Bg Rl s fE 0 Hi s fE

100 338 381 126.1 118.8 40.2 19.5
75 321.9 363 121.4 114.2 50 252
50 287 329 113.3 105.1 165 20
40 276.7 319 104.2 97.6 303 19.2
35 273.6 316 95.5 90.6 241 215

1.42 BRI KR

55 B 1) A DR B R R B ) R
AN XIS ALARFT T, R B B (0 s
Hi st B BRI R SCR R GE H AT <
TR B SRR e B BT (R IR I R R R 5
1] FF) T B b BB, 32 85 v ) AR T P PR R Ok B v
SCR A VBRI, 9% MR A7 Ar A AL 3 SO I 1 17

RIS, JE eSO B 1000 MW HLALHEAT T i,
A JE HE B ST L W3R 4. 75 15%Fumr 1, @i
LSRR, SCR 2 BN IR REfE 3 =2 300 C
DA b ARSI 55 B e e T B T (8, ] LR
IR B, (HAEAR S I WLAL AR R & B AR

571,

4 MAF A EIL B R
Table.4 Summary calculation of flue gas bypass
G5 /% BT SCR AU/ 'C - BiUE SCR AU °C RF/ C HEUAES L B1/%
30 288 305 17 14
25 273 305 32 24
23 384 305 21 16
15 282 305 23 18
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Table.5 Comparison of SCR denitration flue gas side retrofit schemes
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Table.6 Comparison before and after the transformation of the water supply bypass of the economizer

BT /% 75 50 35
T H Biéeail) U I i i 5 I i U
SCR AR/ C 3422 342.2 312.1 320.6 289.4 320.7
HEEIRE/ C 115.6 115.6 104.0 105.8 95.4 104.6
AP RE /% 93.93 93.93 94.32 94.24 94.52 94.04
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AR PRSI AR, FERBAR SCR N I IR AR it A2

JBUR BSR4, 457 i 1S R 600 MW T I L4
A AR FHEA AT B 80E ,  BSO& RS X b R
7o BOKFAEIA KR X T HUA PR S B AR H A o
B RES W F R T AR AR 2 R IR



TR FEOE R R, HL 30% G0, BPReR RS R AT FHRIMOK BRE T AT AR A
SURBET 0.59%. (HFEN A RESCRIOKEFE, S8 T,
T HUHBOK IR BOE ROR

Table.7 Effect of hot water recirculation in boiler

g /% 50 30
TiH i iy s 5 i iy B
SCR A TTRIR/ C 296.87 310.82 278.30 309.10
HEARRE/ C 112.21 117.55 104.65 115.25
Bt R /% 92.43 92.14 92.63 92.04
153 ESEMEAR im AL, 4R 8 Pin. £BUE /5 SCR AH

ESEMEARR TAERE AR R RFAY TR A B R 4 =, 7B K S AT 40%THA (turbine
JEE8 2 (A1 25 7K T8 TP s N — 2 &5 vy F I # heat acceptance, THA) T, A2 & i N 10 G A0
70 PR, Al Dhd iy AL e e 4 B REIA R 317 C ik, Retbimi 2 EWis1T. 2RI,
W] R 1 IR ATL Pt R 9R,  FRAEALAAR A7 A I A R EH T A AN B SRR LA, I
WA 2PN K . SR M N AR 457K B ANV = 547 e AT I 1008 T 5 ) e 0 #ds 2 8
MEE, P> o RAS e, 2 KRR I R TTRARRIG R, EFEI N, AT R EW,
U7, @ E W TS S IR 1E 2] 660 MW
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Table.8 Comparison of smoke temperature before and after technical transformation of No. Zero high additive

% SCR A TT4HiR/ C g P A HERR L/ °C IR %
B i B 5 B B B Bt 5
100 340.2 347.5 122.8 125.0 93.4 93.3
75 321.9 336.7 117.08 121.0 93.36 93.2
50 298.8 326.0 106.4 114.0 92.7 92.2
40 289.1 317.0 102.6 110.3 92 91.5
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Table.9 Comparison of economizer flue gas temperature before and after transformation

35%THA T4

TiH
U AT B I
257KV /(th 570 570
SHER UL EL/(tV/h) 0 340
TEH IR = /(t/h) 0 445

SCR A iR/ C 282 315
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Table.10 Comparison of SCR denitrification water supply side transformation schemes
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Fig.2 Circulating fluidized bed boiler SNCR denitration process flow chart
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% /NI P2 B A R AE 2 e ki, Fir LA
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B AR JiR 7 O TR B, = AR S5 071K P WA R 7 v

X300 MW 7GSRIt A6 R 88 b HLZE e A i, A
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SPRIRE . PR DL SRS {5 7 A LR &,
&5 IAT S HANFR TR . £100% 70%H150%
Bl T, Aad H CINOxHE R FE i L B IR HE B R

K11 SNCREUA S & 1 ZH0on L

Table.11 Comparison of parameters after SNCR denitration transformation

Bk 58 /% 100 70 50

AR EE/C 948 845 803

NOx JF 4R E/(mg/m?) 128.5 96.8 73.1
JREFHE NOx K FE/(mg/m?) 10 10 15
TSR 1.4 1.4 1.6
H T NOx %/ (mg/m*) 33.1 36.8 452
Bt A 22 % 74.2 61.4 38.1

/N B EPS IR P RAE M E, K
SNCR WAt A & 170 B A% th 1 O fa BB mIE AL,
SGREW, M Ewie I E R MR EL R
60%, ZEAMDH DKREAEIT 50 mg/Nm?. HAk

Hlax etk 12 fros. 4 EPrik, 2 SNCR £0R
FEAR AR T AR e A 2552 52 3 A A B A H0R 1 5
Mah, I A PR, W] DUSE A SE I EUK BUR R
RS HARRS, REREAE.

£ 12 SNCR Wi 512 TS 50T e

Table. 12 Comparison of operating parameters of SNCR gun after adjustment

BAdP GUAT 1% R/ C H 1 NOx ¥ /(mg/Nm?) BT 23R % AEE/% Z k3% /(mg/Nm?)
100 950 45 63 45 15
90 930 44 60 3.8 1
80 925 42 57 3.9 0.9
40 825 40 55 42 0.7

2.3 SRR BN

B FA LA R Ot S5 7 ) e 0 88 X 1] 2850~
950 'C, METSNCRIFIRH & = il IAH]70%. #alid
FARS A, WNBhF (Hyw HaO2. FAEREE) FIE
PEIRIRF CBedhy ARG JREME WEHEE A~
AR DAIR /A S Y, 3 ] DR e A S B ) 3
9, R A= A s N g, AT DLSR B8 B0 A s S
JaFE, FEENOXHIFILER ., 15900 TR, 5 wt%fE
Wil B8 95 {4 SNCR 2 45 3& B (1) T/ iR B X 18] )\
210.25 CP KZE262.43 'C, T HIEJE G
M944.04 C [EA% 2 881.93 'C, HLA ARk R 42
21%l601,

RN =Y R TSN

G 22 i B0 B R AT 4 v A AL ZE AR I £ A
N HIBAH R - SNCR+SCR A i fs 78 4 Ji Py B A
BEmE R E, FH SCR Ml SNCR A[HE M) AR R E
X 8], 23 BIAE PN OV IX SEE NOx (1) 2 BRlel, X

T RS H AR AT L7840 A 3 s, SR st
RERCR, HEREEMFERK, BIERNEE.
SRS BOARE T 60~130 °C RIS .
F2 R R R A AR RN S R AR
WHERNSREY), REHETKERMRE:, &
AP A TR, AR 62, BLAR A 4
A EA s AR . NOx iR m . Al [F A B
Z P05 Gei) Jonl RGEVR TS50 2 . SNCR+E A LAY
I 2 A Tl o 2 v SL UK B R 2 7R NH A NOx 1)
SSHE S, MR E SNCR JRASHI R . Fl AR5
G Tt Bk A R0 SE A UL 3E ToE J TT F RL AEU R A R
JBL A Hh AR A TR SR A2 R A R AR HE AR, [
IR 75 B R R A S R A 138 S L, B4R
AL B ALK SCR SN 8 5 i [, 18958
HNEHR EALBRE AT DL B SCR IR FliE £
Mo ZH A U AT IR Z kiR, S NOx B (KHE
T ARTTZ I B 4 ARG 75 B A e i TR AR 56 1 i)
H PRI E E Ak
3.1 SNCR 5 SCR X & B HH AR R A



3.1.1 BRI KRRASUIE

HA NI 204 %] B 2x350 MW # If5 518 FF A IR
gt AT SNCR+SCR B & A it » AH OGS0 25
R 13, 7F 30%~100% 51 far yu Py, HLALBEAE 2L

HALIE B 75% LA b, NOx HE SOk FE K T 35
mg/Nm?* . HLAL 98 G IS 4TI, RAZIR G Ui HoR
AL R RIS ROR , SEIL NOx B R HEAL -

13 PEMU PRI B Pt A S50 B P A R 2l x Ee

Table.13 Comparison of denitrification efficiency data before and after circulating fluidized bed combined denitrification

transformation

B Al (SNCR)

it J5 (SNCR+SCR)

- NOwx JF UG HEROR
S % \ VPR NOX R YRR/ NOX R
/(mg/Nm?) TR 2R /% Jie A 2% %
/(mg/Nm?) /(mg/Nm?)

100 2295 333 85.5 235 89.8
50 168.6 37.8 77. 6 28.1 83.3
40 172.5 99.1 42.6 36.2 79.0
35 165.3 108.3 345 34.6 79.1
30 131.2 113.5 13.5 327 75.1

3.1.2 BEMERIFRIE

Jil 9 5106 300 MW IR 41347 T SCR+SNCR
A WL BRI 7, S5 SRR 14F7R . B R
IIRT R I, A FHAZIR A A B AR AT LA o Jid A 2

, T HAERE SRR, NOxHERK E & EH K br
. 11 H K FH SCR+SNCREL & i il A i #5895 2
ZINSCREARFI =02 —, e SUBEARI 5 Bl AsL00]

o

R 14 PR & TOU R BE LAH s OR

Table.14 The effect of combined denitration transformation under various working conditions of pulverized coal furnace

WP PIBENOIRIE SNCR - SNCR A SCR ATINO %  SCRZ  SCR HITNO¥KE  SCRBLAY  SCR/SNCR BE&
% /(mg/Nm®) A SRS /(mg/Nm?) AL /(mg/Nm®) RERD JEAE R0 %
100 450 0.77 27 328 1.197 96 81 84.67
80 602 0.77 30 420 1.245 86 77.1 85.71
50 772 0.77 33 515 1.304 69 79 87.56

32 REFKERERARNA

RFNZEOTN6F L 300 MW AR AR ) AT T
SNCR+E A BUAHH A KR IR w7t . #FFE R,
B A AL B AE FE 0~40% 1 17 ¥ BBl P B A 5 04 F
80% /AT, Hfr ks LT, HIRERSZ -
T+, 241X %] SNCR JBififf fr 75 22 iR B I, B4 SNCR
FAR B R FFE AR ] 80%. (H G fif 4k 2 Tt
I, BARIE RS R, REGE ARG, R
7t e L [V B SR FH I A A 7 2R s L A R0
SNCR-+ 5L A A A i i — J7 T R85 fif U SNCR
AR SE MR RIERS &, 5—TH, SRR
I, A SNCR MDA R A ZER, BT EE
JEEA 3k B TR AN X AN AN 21081,

LU B SCR B AS AE250 “C IS i Al R4 % M i idk
I 17 56.84% & =1 2| o i Ji5 1) 88.25% o # W AE
100~250 C P, NOxM B A N 5, 11 AR
TEM I T R p 2 TP aa i, B DAL A
KT, NOxIHIHEAL R BE 2 FEAKO, g o0

X200 MWIABENLZE R FH “ SNCR+SCR+ A AL
S = vt A 5 S e B A G S [
SNCR+SCR LA MLAE, TES0~75% M N, HT)
B 5L N 2% N R NOx K B B X 2 80~140
mg/Nm?e M8 i ik fIlKHT, SNCRAISCRBLAH KL
R E R, AT LS R AR R
FEEFBIIBAN R, FE ZE BCRE T, TR R4
JiiAE 2 45 tH I NOX K FE 7] LAFEIK 2250 mg/Nm3 AL R
, HAREBSREFRRE .

4. #Eip

X AR, BRENLZH 2 5 IR LR e 2 HE S i
BT RGN E R . PR R )R A
BATCHONER, ARG N T IR AR
i 43 74T SCR. SNCR PR A5 flii l BAR B
B S NI RCR, T ZE R



(1) SCR iy R Gu it AT v P e T U Ju i 18 Ak 750 5
AN RERE 4Bk 5528 /2 SE B SCR LAKIZ AT Iy,
(B4 38 1 A FE A A 4 B 3 0D R UL 8 A7) 7
SR FEAR E 100 “C B H 8w LA PE REFI 7K
FaE e, fERmEAEENSOE T E S, BHEA
I AR BB I 2 15% B far T 1) 08 A HE s 2
R, AHFEAT A s SE LR SRR RS B
HR, Fozdefaise, @86l RRAEEMZR
HEBREAR, RS A G K IK G IR B
K, BEBE R B TE A T T IR R, (HXTE
TRERA BRI, SRR R AT AR R LA S A AT ik
#%.

(2) SNCR WA 2 Gt Bftiss 77 58 v M S 16 21 R

A B NOx HERCHR I, B3N T R = FRE
FEs WTAR TR R AT O MR R Io R PR RS T RIS B R
NOx HE, {5 75 ZORE 6 (1 JH B A WG 58 T B R 77
AT DAEF AR AP AN [F) S5 A T s LR S 3 v B A%
K,

(3) SR H Z RS MR BR P IBA J735 7T AR 3L
8 5 AT R PR BL AL R R . o,

SCR+SNCR I £ Jit it 1 A 75 A H1 38 A0 PR 803 4 o B
2T RERI ENLH AN 30%H1 40%HT, i i
R T 61.6%F1 36.4%, i /& 7 NOx HE
LR o FEREAD B b o SR FH DR B0 A R AR AN 7T LA
FEm UK, R RE PR T A D 1 £ 1 2
(AR o HbAh, fd FH RAEE AR S SNCR A
LA EE AR, ATEMLZL S far B 90%HT 3Rk SNCR
WA AE FIAS AL, TS NOx B IRHER. R,
AR EAR S —FH AR, ATk
X BRRE, SEmBREReR, JEG AL fum
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