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AREEREEY) (NO,) HEIR, Sl e R Gk H
Ik NO, BABE 8 45 6 KBRS KU AP N 43 G A e 1
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BT SR ALK A s T R 22 55 1
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FE B O T A RE YR T S AT BB, O —
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REEHLABITART R R B R
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R R A B B B R A TR AR R
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BEAS , H R 847 I 5 53 48 B BN D0 BT (e FAVEL
AR ) R ZTIE 3 AR 4 SCR A T NO, HE il e i B
BT (RS A e B TR ) [P AR TX
HL T i isd T B9340 A 6l R4 (distributed control
system, DCS) [y S Bdfa | o) HAR B 1o im 1 TR e 1) o
BARE NO, HEBURHPEHEAT R GERY 73 A, JT SR S 1 45 6
TR A iE AT B A AT T NO, HE s 7Y
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BAALIE 1T TR RS
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Hes BRI ER B, F B X E SRR
BTtk 0,927 ) iR PR NO, Rl be &
S5 IRBE RS FEAUSE . 12 JEIRALE KR i (Y
fdfy 48 HBLRmINE ) B MZ I | GEEBEIL, A
THELARI A B .C.D.EFF B WA 5 &
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B (CFS) ; BRI (CCOFA) 5 76 - BA B2 28 KUAE
- EB A Ay B ARLXL(SOFA ) i[9 6 J2 7] K F-
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Tab.1 Properties of the as-fired coals
compared to those for boiler design

3 %

g KO b mmty my O
tOML T Ay T Vi) % S/ T T

' (MJ-kg™")
PR 11.4 19.31  33.01 0.52 21.58
BAGHERT  8.31 2842 2730 0.92 20.47
TR A 11.1 19.65  39.61 0.62 21.02
P C] 9.0 27.34  40.98 1.03 19.98
MR C 9.0 26.85  40.01 0.70 19.20
T 7.4 21.40 17.38 0.30 24.40

AP IR TR R 1) e B R A o o e S
AORRBERFIE NO, Az R IR 4 D) AR O 1Y) T 25 s
PESH, N1 PRI AR 45 e o3 0 B e A O
A IR TR 3 RS RFPEAR AR L, =&
EERZE TR Wy i (EARTE BT R Ao
E BT TR, K o 5 o ) 2 S S U (R s
ATF] o P, WERBERFEFT NO, AR AR F E R
A RIS 150 0 ) R P G 3 b 8 0 A A 2 AR A B
. FHECER , RORERARPE S 3 AR Siseit M
PR 025 0 22 57, E R IUN R & i ARAR
JeARa R AR o F AR I, NS ERBEA NO, A=

BURETEA S A TR T A LR R, A UG L R
o BRPIB R T 5 B b A A I B, A AR R
P25 FEUR B RAES R,
2.2 RETRLHER

DA g A > B s A7 4 i Oy O B 2 IRZER
P PRI HUAR S HEAT IR B R R NO HE
TR B A TR R G056, R e O Ak R R 3 56 T 0 D
2, AWK PR T HLRIRIE B 5L 22 A | 38 % 5%
PP fT T S BEHLAL G 7 5 i i L CCOFA J¢
SOFA U I HF BB 17 45 1 i A2 Ak X 5 4 NO, HETil
WP S s AT BE RS

3 PR R ERREESH

R IE B B &R0 [ RIS TR B

R T AET 3 M e bR e i AT R R R X
Fadr NO, HERCHR B2 By s e, K55 9 [|) DCS a0 5% 1)
SCR A 1 NO ¥R JE 5500 H ¥ 12178 1Y NO IR K
SEEAT R, WA 1 B, Hed HLAL H R s TR Y
NO, ¥k FE /K- DCS R GE 580 i Je — S o 1] 11 423
T3 S s B R (B R S e, b B P R BRI AT T
ZAFAEf AL S SRR b R BB AT SN AL, R
Ut B E0I f8] DCS e 5% 13t #ORIR VAR S
RIS AT 5 — FE B[] 423 Dy 52 90 SR B R AT b s, HLgh
R 2 iR,
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Tab.2 Test cases for optimizing combustion

T B4 f 17 Wﬁﬁk%ﬂl Ji—“éﬂ:‘z:ﬁ SOFA JFJE  CCOFA gﬁ’f@ P
/ MW Tt F / % HE/ % RSN
1 900 BRI B-Fs5 G 100 100 S5
2 900 BRAK A-ES G 100 100 S5
3 900 BRI A-E 5 B 100 100 1N 0.5%
4 700 BETTE A-E S5 G 75 75 > 15
5 700 BEREAK A-ES G 75 75 F#A% 0.5%
6 700 BREAK A-ES G 75 75 [ T8 5 U5 JZ IR I3 BiE
7 700 BREAK A-ES G 100 75 [/ T4 5 C % (B0 HE) 980 20 t /h
8 700 BERAK A-ES G 100 75 1 0.5% [/ T8 5
9 700 BRI B-E4 6 100 75 [ T35 8
10 700 BRI B-E4 6 100 75 F#AI% 0.5%
11 900 WP B-T 5 B 100 100 L. 5
12 900 WP B-T 5 B 100 100 FEA% 0.5%  F /D 5 t/h, C RIS t /h
13 900 HLAIE A-E 5 G 100 100 [ T4 12 ST
14 700 HLIE B-F 5 G 100 80 55 5
15 700 HLIE B-F 5 G 100 80 [F T8 14 F B 20 ¢ /b, HIRIHEHN BC BRI
16 700 HPIE B-F 5 5% 100 80 [F] T8 15 (+51tﬁfﬁ§f tE B%ggé ’
17 700 WM B-E 4 B 100 80 [A T4 16 SR A Ay T




e H) ALK 16

wn N I X O
S O © o O
S O©O © o O
LI B B B |
<
o
o ©

N

(O8]

S

(=]
T

—_— N
oS O
oS O
T T

1 1 1 1 N 1 1 J

550 600 650 700 750 800 850 900 950 1000
MHDIZ MW
© SCRAFMEIEJENO, MK EEEDNA.1DCS.A12509
B 2SI BEH2014-10-30)
A BB B BE(2014-10-31)

SCRA INO K [ (6%0,)/(mg * m™)
S
(=]
(=}
T

(=)

B 1 A% NO HERMIR BN AR ELRER
Fig.1 NO, emissions from the furnace varying
with unit operation load
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Fig.2 Main steam temperature and reheat steam
temperature varying with unit operation load
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Tab.3 Results under co-firing lean coal with bituminous
coal during usual operation and testing

TiH Bl T H Kl
it/ MW 900 E BB/ (t-hh) 71
FEKHE/ MPa 23.9 F R/ (t-h™) 75
A BERR/ (b — i S % 2.35
B MR/ (t-h™) 69 SCR A& &/ % 3.60
C R/ (th™) 72 NO,/(mg-m™) 365
D BEHEE/ (t-h™) 75 R % 94.44

N 3 AT UL E AR ) B AT A (e s
iz A7 R )2 R B-F B & s1T)
TBERABEEAT, B ffr (900 MW, T8¢ 1) B
BIER T NO HERCH B 2 365 mg/m*(SCR A LAk, 37
HE] 6%0,; F W), #w T AH R 5 far 2KF T L4 A
FASATF - 1K, (I v T4 b B B T RIE A
(350 mg/m’)

3.2.2  RbeiREiAnn g

A3 SHIAE 900 MW , 700 MW 5 FlAILZH 7 faf T, 3F
T2 B ML & 7 2 A8 0 i 40 & 8 CCOFA I
SOFA KU TH B 455z 4745 il 7 =X e 28 /) i 48 6 3%
BT AL RS IR A5 Rk 4 FR

T 2 I A5 S 3 B L 7 AR [R] () R e 4 i K
T, RH A-E B GBS 1 NO, HEL
e n] [ & 246 mg /m’ , SR T T
(B 1) FHEEFEAR T 3T 120 mg /m’ ; RS2 7E SR B
AR 0.5% M2 F (T80 3) 40 NO, HE R
FEAS 2T s 4T T 0UKGE 80 mg /m’ . H B AL
SR BTN, oS B-F B4 A i 745
Hil 7 A B, A-E B Azl o e S8 i
FRRBEX B T B, N T FHEEEIX 5 SOFA
JAZZ TR A D DX L, L PR R A5 30 20 B 1] 1) 2 K A
FITF EBREE X A ) NO, R s, IR, e NO,
HeloHe 2 B 2 AR, R A-E BB A is 47
BATHE (O 2) B RCRA — R &

M 4 B 45 3R F H, 7E L4 17 fa 2y 700
MW B, R 5 BB A2 B REITRETT,
iopal NOXﬁFﬁﬁtfiﬁfEﬂﬁ%%ﬁ 404 mg /m’, T80 932,
e R YRR 4 A5 (B.C.D.E ) 44
el oy B, v S BRI NO, HEIOHR BE (335
mg /m’>, T.I9) .

3.2.3 K NO, HEBUR betit e 4a 4l

AFE 3 AT Y 2R IN KU Y T RN R AR R
PRI (T 5) , NO, HE i ik B 2 3 B {IR = 362
mg /m’ 5 X I PR EAROR 53 T B £ 5 ) 3 2 B 1
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Tab.4 Results for optimizing the operations tests under co-firing lean coal with bituminous coal
Tt EPRE ABEME BEME CEBEE DEME ERME FEME  PREHE SCRAD NO, ARl
5 /MW /MPa /(t-h™') /(") /(t-h7') /(ehTh) /(™) /(R H/% BE/% /(mgem™) R/
2900 24.0 66 71 76 74 75 — 2.37 3.20 246 94.53
3900 246 66 71 76 74 75 — 2.80 3.66 284 94.45
4 700 18.8 46 42 61 69 64 — 2.96 4.25 404 93.91
5 700 19.2 46 42 64 68 64 — 2.57 3.86 362 94.23
6 700 18.9 43 61 62 67 52 — 2.51 3.78 356 94.23
7 700 18.9 51 61 48 65 60 — 2.45 3.55 313 94.32
8 700 18.6 51 61 48 65 60 — 2.77 4.14 371 94.24
9 700 19.6 — 61 74 71 71 — 2.62 3.91 335 94.82
10 700 18.7 — 61 74 71 71 — 2.12 3.30 305 94.80

BB (T 6) B AT AR NO, HECH BE , (HAE T
ANBRE (AR S BRAC C BB (T 7)
RBEARBbe i 2, AT oE— 20 1 S5 B AR NO, HETi
WIEE 313 mg/m’, Won AU BT NO, HEBUR
JEE A I RS R iR AR (T 8) T
R NO, HEROR B 1 3 1 m , HAR g B i — 2 %
BRI 671 fof B 52 4 7 4800 R 45 DR A NO, HE R R B3 45
TR, 3 TR AR 0 25 R R W i ik
TR | REAE AR NOHEHe 2 1 1] e 45 05 44
PR X B s A7 S KO I 2 A ik
T HER AR

SCRAN FHHAEE/ %
<

" IR BE(2014-10-30)
A BB BE(2014-10-31)
3 fmIP NOREMIEITEETULENR
Fig.3 NO, emissions from the furnace varying
with combustion excess O, level

MF 2 3 3 Al g T LAA % i 7
IRt far (700 MW ) BRI XM T, RIT 5 &
J& (A B.C.D.E ) 4151217 20 F 1 NO, HEBO&
FEJEHE A 310 ~ 410 mg/m’, & T H ¥ RMH L5
HHE (B .C.D E.F &) 414 Jr 0as 145l 7 2L
SRRV, FL 3 R Be e Ak T S AR ) NO, HE T

WREE EAR (R, BCETH B 0 3k | AR IR 35 B AR
TH®EEIKY, YRHTH 4 58 (B.C.D.E
JE) H A ATa s U (LA 9.10) WAl il
T 4 GEHG T TR (A-E BEHGET ) i
AH S B HAK NO HEBOHR (335 mg /m?®, T 9) , 7E
PR S B P R AR IR T 3K 305 mg /m*( T4 10) |, 1
Hid FH#GRIRA T TP H 2T (LS &
BEIEAT) B B K O XOEECN, 5T 5 Bistr
AE, e 4 & BEE1 T AR KOG TL 1R (HIR R
XA I B AR b, FLBR e e Hh i R B IX a4
ARG AT B R B E R BE X ) NO, A it ik 2D
JIT LA NO, HEBOAR B2 B A% B O ot 1 1 F i 4K
AR TR R R, A, 5 R A-
E B4 Gz 720 P A, T 9 T4 10 AR b
BRI, X REAR L TR, KGR
AR A e, 7 i o S TBCHA 3 i, AN (R R
et FERGRIR, 0 EAR S BOHE R IR A S R
I, NIRRT B il e, IR, 76 1% 674 (700
MW) BEEEHEN S5 T R a4 55 (B
C.D.E ) dHGsiradln X,
3.3 BEMEMNETRLIRE
3.3.1 Pk A

A3 HIAE 900 MW, 700 MW % Fl (1L 2H 17 faf | 30F
FT 8 2T BRI A7 43 T 2 Y e d e ( T
13, T 14) iR FEEE R R 5 ok, W&ES
AU B AR TE I s AT 2 (I A s A7 07 X
ESZEB C.D.E.FEHGE/T A, TH 11)
T HBHREE T B NO HER IR B} 310 mg /m”?
BB 20 AL 50 mg /m® . DS Y 20 Sk
F, BT T (TR 1) RE N 94.36%, 515
PR (T 1) JLP—2L,
3.3.2  RbeiEEaR 2
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Tab.5 Results under firing bituminous coal during usual operation and testing

TH fdy ERE AR BESE CBER DESME EESEE FEBEE PR SCR AN NO, Bk
Z /MW /MPa  /(t-h™') /(t-h7')  /(t-h7')  /(th7) /(eeh7h) /(ieh7h) H/% /% /(mgom™)  F/%
11 900 24.4 — 68 78 76 75 66 2.30 3.14 310 94.36
14 700  19.1 — 41 56 61 62 53 2.29 3.09 305 94.31

A3 HITE 900 MW, 700 MW P RhHILZH f 75 T, 33
A B IR A 5 o A8 i S i A8 CCOFA
SOFA I THF BE A 1745 il 7 =X ek 28 1) 5 o B 5 A
BEEFT AL IR 25 R an sk 6 iR, Tl
12 25 R R W 38 i B AR e is 47 i, ml il —
HFEREAR NO, HERCHE 2 50 mg /m®, ZEHLLL G o
700 MW i far B, BRI 5 S ESA 7R
B.C.D.E.F BB Giafr ) 817, Sl NO, HEL
W RE WA PEHRILE 300 mg /m® e A5 (T 14—16) 4
TR G faf KB H % 2B iz 47 7 PR RR
IR, 28 VR S B0 JE AR L 0 0 AL, 4 1) 2 P
PIRIR T IRE] H H IS T 2UF W R RRAL
3.3.3 ik NO HEBUSBet bt dl 43 Bt

F 5 FEHLAL AT N 900 MW T | 4 [& MKz 1T
AatE (T 12) R T s 2 94.52% , iX
BRI S BRI R i 5 B
FELH G TR AR P8R T DA 5 & 94.729% , 3K J2
PP PR DX S8l e AT A ¢ S 5 e A TR B D I R
AR RN HEH A5 2% /N il 25 58, TR ot B 0 5%
T, B iHEE R T 5 A4 A, AU
AL 5 E AR B Y NO, HE RO B 38 mT 52 B = 1Y
BRBoR

RIS S5 R AL Fg ly 700 MW T, fi
FRRIARER HT T T A 51817 )7L (L 13) ,NO,
HER e FE AT [ 2 200 mg /m’ AR (183 mg /m*, T.1%
13), 7 H'F 5 GEAGE7 7 ARSI
M /N ULIEL 2)  Sdrasce I e 4 & & 94.72% , 38
T VR A B R A T — S AR AR ] S B A

R NO HERCH BE (T 16) , i 880 5 A Al 1
T T BREEIE TR A — 2, 2R ] 4
BEE(B.C. D E )z 7y ( T4 17) , 5245
NO HECAE A 187 mg /m*, 5 | 5 Gzt ik
A, 3% SR KA O TR 0 I i X I i 2
PRIGEER ik Fiz 17 XX 28RS E0E i AR
N, BEAN, SRR RTERT—4E, thiE] 4 B AETT
Jr PR AR A . R, FEHLAL 574 o 700
MW T RHITHIE 4 8 (B .C.D.E ) izfrr
(H AR I IR A is 1T =
3.4 BRAFKES BREEKE BT
MR 2—5 AT LLFE Y, ZEHLAL 7 faf o 900 MW
T,1% 1000 MW i 47 BB IR IR AE 2 1Bis 17 45 1
(T8 11) NO, HEBHR B R 310 mg /m’, 537 8505y
94.44% , SR T BRI T (T
B 1) AL B AR AT, 15 NO HEBOH B2 KT 50
mg /m’, BRI T 13, RATE 5 B8
MG 773, NO HEBORIE Jy 183 mg /m’ ; i #5ke
TR T 00 2 B NO HEBUHKR N 246 mg /m’ | L
HRIRER AL, T2 5T 13 MEEES
T H MR B AT 0.5% , X B E RS T
13 FHIFE A K, T80 2 S NO, HER ik B 2>
HRTREAR, BT T 2 5 T.00 3 IHLECEE  1E
T 2 Ay [ B AR b U 0.5% 1T 531 NO, HEi
FEARZ) 40~ 50 mg /m®,3X 5 T8¢ 13 A kL NO, HEiK
WREA SR i . PR ILAE @ f g (900 MW) 32 4T,
FEARIRI Z5E T B R30I NO HERCHE B H SRR A A
Bles, HEET S BB FET A ZHNER

®6 MPBRRAEETRUAELRER

Tab.6 Results for optimizing the operations tests under firing bituminous coal

T R ERE O OABERE BEME CEME DEMER EBEER FEER PREE SCRAD NO, Bk
5 /MW /MPa /(t-h™") /(t-h™") /(t+h™") /(t-h™Y)  /(t-h7Y)  /(ehTY) B/% /% /(mgom™) T/ %
11 900 244 — 68 78 76 75 66 2.30 3.14 310 94.36
12900 24.1 — 68 78 76 75 66 1.91 2.86 262 94.52
13 900 235 63 72 82 78 79 — 1.83 2.60 183 94.72
14 700  19.1 — 41 56 61 62 63 2.29 3.09 305 94.31
15 700 187 — 55 60 61 62 47 2.19 3.40 308 94.26
16 700  18.8 — 60 60 60 57 47 2.44 3.26 297 94.28
17 700 19.0 — 70 70 70 66 — 2.33 3.41 187 94.82
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FHXFAE /N,

XFTFHLA T A 700 MW B, BB Jr 1 il T 050
17 5BEFHE T 00 10 BRBeis 1 AT, — 3
BIRHWIE 4 5 B8 1T, b R K P HET . 45
WIR, BAR T R ROR — 3 (AR BT RS NO,
HERIOHR FE L B R RS 53 120 mg /m’, PR, 7E
LR ST IS AT B SR FH BB MR R A2 A7 % 4%
K NO HEBCEA BB AR
3.5 MEIEITEEREI NO HEMIRER I

WRBEZ AT W B NO HE RO B, 4R
SR — A R NO, Ak 22T R T R R
SR BRI I A5 R e A R B X — s ), [ b is T
i A R I oy E

MR DCS Kol A b H s 178, &
345 THE SCR A FTARER B NO HE MR B Bl SCR
A FHA AR ARG, AR i i, B he 2 i
B NO, HEB BE L H H 2 4T R S E 294 100
mg /m’, —PEZEFEFEIE, BT 1 2400, 50
JEFEAS L2 F BT AT, X5 H R AL
Hia s ORI, 5 F IO D B BRI
F IR R X ™ IR R b NO HEROHR FE R AR
M EZREA , 5546, BB i NO, HE Bk
LB BB R B AR, G — A D PR i 50 ot R
R FH AR S it /KT3I JELARR 70 i i A [] 4t 7K
SR BRI NO, HE O B B AR K I AR R BRI
W 25 S 30

4 i

FTHL DCS RGeS s 178080 4, X e
HLJ™ 1000 MW &8 8 Il 5 HL2H 5 0 T R 45 e 3 18
NO, HEBU RGBT 5T, A5 8 LU R 4538 .

(1) REE5 R 5 Py 5B 475000 e o br & B0
AT A e AP R AT IZ AT I NO RO B2 i
MM EZEFRZ — B0, E YR IRA R, K
REFEARER DT NO HEROAR B (4 [RIE 32 o 5 b A0
ATt e R

(2) TESRYIR T far s T B, TCie 2 HLpe A A
BRI, R 4 588 (B .C D E B)Z111Y
s T R T 5 A Gas it 2, BT
SEELEARAY NO, HERCH B B AR RIS = B R Ak

(3) Wb e R A LB A 12 17 7 sURLs A7 48
T TR AR TR R A R A far A S A A7 i
T, B NO HERBOH B ¥ ] g 4% il 7€ 200 mg /m’
PUT s X6 TR0 & g i T SEAE 250 mg /m?
DL B NO HEBCH BE K- AR 7 far B 503 7 NO, HETi

WIEFHIE] 300 mg /m® , HIHRCRBAE
(4) TEMRGE TR, BB A st il

I G BB SR BEAS I8 B — P R B

7 NO, HECH B 1) H Y
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Combustion Optimization for Controlling NO, Emission from 1000 MW

Ultra-supercritical Boiler Operated at Lean Coal Blending
GAO Xiaotao' ,SHENG Changdong’
(1. State Grid Jiangsu Electric Power Co.,Ld. Research Institute, Nanjing 211103, China;

2. Southeast University School of Energy and Enviroment, Nanjing 210096, China)

Abstract ; Large-scale pulverized coal-fired power plants in China are frequently operated at partial loads, where NO, emission

from the furnace is generally high. The present work aimed at controlling NO_ emissions from a 1000 MW ultra supercritical

boiler at partial load operation through combustion optimization. In-situ tests were conducted to optimize the combustion through

evaluating the impacts of varying major operation parameters on NO_emission and boiler efficiency and comparing testing results

with historic operational data extracted from the unit digital control system. High combustion excess O, level and blending lean

coal with bituminous coal were identified to be the major factors leading to high NO_ emissions of usual operation particularly at

low loads. The optimization successfully reduced NO_ emissions from the furnace co-firing lean coal with bituminous coal at both

high and low loads, significantly lower than the averages of usual operation. It demonstrated the effectiveness of combustion

optimization in controlling NO, emissions for low load operation. Additionally, it was found that, for 700 MW load operation,

applying the mode of mid four mills (B,C,D and E) in service to replace the often used mode of five mills in service achieved

not only low NO_ emissions but also good boiler performance.

Key words: 1000 MW ; ultra-supercritical boiler; coal blending; NO,_ emission; combustion optimization
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