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 OE.4FaTE 1000 MW A2 A6 FHULLIR R BLAR R SiB AT P AR BATREAE R R A B FH A,
£ B NGA2000-MLT3 A X8 &, 247 AL SE BF | 2 iR 3k BLAR & ek th o S0, & 0, K, 13 3| HL4L BLAR 3L
F PR F R R B &G SO, F R AP A% B R E BT RA, REFERXELE RS A
R T RIBEIRF AL Tr R Rk pH  BOMBE IR AL 3T BLAL AL R 09 % vm | FFARIE X 30 A 18] HULRLIZ AT 4R O
BB R R E A TP A ARKIZT T X, SREAW 1000 MW §i 77 TIOLTF Lz f7id
R L BD RIR AR RS, R E B v SO, R E SR, 12 R IRIEIR T B AR5 L F BC RiRA
RRMARAE P FOKB AL FETL 97.06% , FIBIAE 2 SO, K EH — T, TN T R
Pt RGN R A T7 K BOKIE ik pH AR &, RA T 5 & B 09 7 %, pH L AR AT, SO, Bok if 5
TH, 1000 MW i 47 BC iR AR R A48, 42 ik pH LA 5.50~5.60, pH 143 —F K1%, SO,
HeACH AR T o )T HEA PR  BOKR R A AT BLAR & B AT AR € 2%k BB afatt &, THRS 2
GaBLARAC R A2 A A0 R3S i BACRAL AL, Rk IR IR R 4L A T X A& pH AR, 1 id R B 8 4 0k
PgAL | B R BORIB R AL 3T AR B G0 B A 8 #om | 45 R AR . b T U B R AR ORI R 45 A 8.00 ~
9.00 m, POk 3R AL W 9.53 m £ 9.01 m, BLALE AW 2 010.45 T/h B £ 1 916.65 T/h, KI& T
9.64% .,
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Operation optimization study on the wet desulphurization system of a

1 000 MW ultra-supercritical coal-fired power plant
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(1. School of Electic Power,North China University of Water Resources and Electric Power, Zhengzhou 450045 , China;
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Abstract :In view of the technical problems of large energy consumption and high cost in the operation of the wet desulfurization system in
a 1 000 MW ultra—supercritical boiler,the SO, and O, concentration on the inlet and outlet of the flue gas desulfurization system was meas-
ured timely by using a NGA2000—MLT3 type flue gas analyzer,the desulfurization efficiency of the system was obtained ,and the operation-
costs including limestone , SO, discharge fee and the main equipment power consumption of desulfurization system during the test were cal-
culated or tested. According to the test results, the effect of the slurry circulating pump combination mode , pH value of the slurry liquid and
the liquid level of absorber on the desulfurization efficiency were studied respectively. The desulfurization cost was calculated according to
the operation condition of the unit during the test period,and the optimum operation mode of the desulfurization system was obtained. The
results indicate that during the operation process,when slurry circulating pump combination of BD is used,the SO, concentration at outlet
of the chimney is low,but the power consumption of slurry circulating pump is high under 1 000 MW load. When choosing the slurry circu-

lating pump combination of BC,the costs are moderate , the desulfurization efficiency of absorption tower can reach 97.06% ,and there is
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a margin of SO, concentration at outlet of the chimney at the same time, therefore the optimal choice of slurry circulating pump combination

under 1 000 MW is BC. A high pH value of slurry in the absorption tower is not conducive to the dissolution of limestone, while when the

pH value is too low,the SO, absorption rate decreases. The test results show that the best pH value of slurry is in the range of 5.50-5.60

under 1 000 MW and the slurry circulating pump combination of BC. As the pH value is further reduced, SO, emissions will exceed the

limit of power plant emissions. The level of the absorption tower has an important influence on the costs of desulfurization system. The rise

of the absorption tower level can improve the desulfurization efficiency of the system,but the power consumption of the oxidation fan will be

increased. The effect of absorption tower level on the total operation cost of the desulphurization system was experimentally studied by con-

tinuously adjusting the absorption tower level. The results show that the best liquid level of absorber is from 8.00 m to 9.00 m with the best

slurry circulating pump combinations and the pH value. The total cost of the desulfurization system decreases from 2 010.45 yuan/h to

1 916.65 yuan/h,which is 9.64% reduction,as the absorption tower level is reduced from 9.53 m to 9.01 m.

Key words : ultra—lowemission ; coal —fired power plant ; coal—fired plant;wet flue gas desulfurization
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0.40% , WCRIFAIR A7 A FERTE 21.90~22.29 M)/ kg,

1.2 MikigEERFE
1.2.1 REF*

RIS B, R R LR (B
HM7750) F i 45 48K 17 Do 4 2 000 3808 A AL 11 0 36 4
2RI TR 75 2R A K B 48 2 PR 1) B
MBS F-51-2) Sl 038 Ao AR 5 R
FHRE G 2R T T > RS T, AR D L
A , T =



www.chinacaj.net

X ZEAE 1000 MW R I SRR A rE HILAEL I Ik I A R e A AL 5T 2019 4F45 6 #
*®1 PimzrsEEggrng T % L‘”ﬁ
Table 1 Main equipment and specifications of the PP 2 ) meJ:{;}EQﬁ
.. . . 8 L/minZg
desulfurization system AHIE
Wk MU SR AR it w%mmﬁﬁi
— MMm% .
WO WEMRIEE R, BAR 21 m, = 649 m 1E
bR ERKGRES 1 & TT
B0, W 0=12 500 m*/h,A B .C, m}gﬁ&
D& b J
KWIEIHR BT H=21.2/23/24.8/26.6 m, 44 KIERE JHA BT

% P=1120/1 250/1 250/1 400 kW,
HE HLIE 129/142.2/142.2/159.1 A

LZHE LR, R ¢=14 000 m*/h, %
FALRBL 3 1 488 v/min, BEHLI 83.1 A, DR 2 &
710 kW

x2 BREUBRER
Table 2 Test results of coal quality

Fe M,/ % St /% V./% Quero/ (MJ - k™)
1 16.70 0.35 26.23 21.90
2 16.82 0.38 26.31 21.90
3 17.01 0.36 26.11 21.91
4 16.82 0.39 26.48 22.27
5 16.01 0.40 26.56 22.29
6 14.92 0.38 26.13 22.12
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Fig.1 Schematic diagram of SO, sampling system
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], % ;M(CaCO, - 2H,0) H CaSO, - 2H,0 JBE /R JFi &,
B 172. 18 kg/kmol; M ( CaCO, -+ 0. 5H,0) A
CaSO; - 0.5H,0 /R it , B 129.15 kg/kmol,
£ 100% B faf T, R4 B4R 22 G0 0 R B i
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Table 3 Optimization results of slurry circulation pump
combination under 1 000 MW load

Wi H BD AD BC AC

pH fH 5.53 5.60 5.58 5.75
R/ (kg - m™)  1079.11 1082.99 1087.33 1 085.66

WU 5L/ m 10.15  10.14  10.21 10.14

SEMHEL 0, &/ % 3.83 3.85 3.91 3.92
SEIMHE SO, e (A
T8 BR4E) / (mg - m ™)
SEIMHE SO, e (A
F,6%%.)/(mg - m™3)

866.01  871.92  843.79 846.17

756.42  762.48  740.48 743.00

SE O, B iR/ % 3.84 3.87 3.92 3.98
Sl 1 SO, HeE (b5

T 9B/ (mg - m™)

Sl 11 SO, HeE (b

F,6% )/ (mg - m™)

19.31 29.57 24.79 30.21

16.88 25.89 21.77 26.63

R SCR /% 97.77 96.60 97.06 96.42
IAEIN IR HL IR
222.1 2147 2174 209.7
(4H5)/7A
B AL AHLH 3/ A 72.0 72.0 72.0 72.0

HE D SRS
- 3498.18 3473.59 3494.84 3477.89
(b ,6%%)/ (km® - h™")

FIRAFER/ (kg - h™') 4780.16 4727.67 4 641.05 4 603.55
PEHFEHLFE kW 2 173.20 2 056.58 2 120.40 1 955.85
AKBLEFE/ KW 69429  693.80 695.52  692.70
RAFERA/ (7 - h™')  1146.99 1100.15 1126.37 1 059.42
ARAWMA/(JE - h™')  783.95  775.34  761.13 754.98

SO, fEE#/(J6 - h™')  67.33 102.52  86.75 105.59

E AR B RO , FUFESR 0.40 JC/kWh, £ JK £ ¢ 164.00
Jo/UHEE, R,
H R 3 & 2 AT A A AT B BD SR IEAE 2
R G B K, A A LA Sy, {EL [T R At
ORI, SO, HEVE 2 fe b e A AT A B
AC HELH G HFE B JRA A e A%, {2 SO, HETS 4
e, IR A G THA A%, (AR pH FE 2 5.75 B,
SR T SO, e T3k 26.63 mg/m* (h5T,6% %) ,
E 3 L A HER PR AE 30.00 mg/m’ (FRT,6% %) .
IR ORAE T T8 v FE A BE 25 0 AC A B A TH
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Fig.2 Total costs comparison of slurry circulation

pump combination optimization
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T B pH THE, R CaCo, E 03N, )
AR BT R B K R A R T SO, Mk, 15 pH (Bt
T IS A0 AT i B AT, H VR FERRAIG, Ca™ T HE I
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i, % 4 vl 20,1 000 MW 1 faf i, 32 & pH
B TR, AT 3 i SO, WIS ZEREAIR , FRLFE AR S K
A RAS BB, (2 SO, HEV S T . K pH {A
5.58F% % 5.51, R 4 BB 5 B 97. 06% =
96.14% ,S0, HE 75 %% 1 86.75 Ji/h FH i & 113.41
JC/h, Wk pH EFEZE 5.51 BF, 52l 1 SO, ik i
Lk F] 27.82 mg/m’ (hrT,6% %) , A4k S ALK
pH, K& AR SO, vk BENG R Hi HL ) SO, HERUER A
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Table 4 Optimization results of slurry pH under
1 000 MW load

) pH H
Tt H
5.58 5.51
WL/ (kg » m™) 1 087.33 1073.15
W OB WA/ m 10.21 9.98
SEPHE L 0, & /% 3.91 4.13

ST SO, WREE (BT, EPRA) /(mg - m™?) 843.79  811.21

STHET SO, MEE (Bt ,6%%)/(mg - m™)  740.48  721.26
S 0, & R/ % 3.92 4.46

S SO, WREE (BT, PR /(mg - m™?)  24.79 30.68
ST O SO, M (AR T ,6%%.) /(mg - m™)  21.77 27.82

BB/ % 97.06 96.14
WG B LI/ A 105.9 103.5
WRAGHAIE C LT/ A 111.5 108.2

WA BT (HE) /A 217.4 211.6

B 4L KUBLHL i/ A 72.0 72.1
PEOSZ S A (BT ,6%%0) / (km® - h™!) 3 494.84 3 575.63
HIRARERE/ (kg - h™') 4 641.05 4 596.71
RIS HLFE/ kW 2120.40 2 057.33

AL FE kW 695.52  694.44
FEERA/ (JG - h1) 1126.37 1 100.71
ARAEA/ (G - h™h) 761.13  753.86

SO, HEG %/ (o6 - h™!) 86.75 113.41
BAE/(J6 - b7 1974.25 1967.99

2.3 WRBUERALRIL

AT YR %o PR AR A8 I R G FELFE AT TR 52
M), Y817 37 S AS 224 0] i i o A /= ot %k 0 YRR 04 T
F, WML e 4 BB AT, ARIESRIE IR I
S pH A2 5, X W s W AT ek, FE A
B BAERE BC M fE3 W pH T, Hib B HR
AR 43 B BOR [R RS T A A T ARG, A5 28
I W MACHE VLA, T RIS J0R  H 11 SO, HETRC B A 358 %6
HUFE A KA TR L SRAHAL 5 e AR T
i, 1000 MW Bt W SO 47 p A i R 25 SR L3 5,
W3 A7 PG Ak I B AR A 3 e SR A 3
Fis .

T2 W . W IO S 7 e 1, T SRR S IS
Y PB4 5 B s ] 8 5 T R O B v e sk
B AR R R AL 2 3 m A L KL J7, B FEAH
WK B S &3 RN PRI L IR Y
RUHE T, BRSO B T R, LR 2 50 FLRE AR e AR
B FREEE, WIS AL H 10.21 m % 9.01 m,

JLHT R 46 AR BUAR BT 1 126.37 J0/h [ % 1 104.11
TC/h PSR AL AR, WSO AL R S0,
RO, AR AR T [, SO, Rl & Tt m , SO, HE S
dhn, WA 10.21 m FE 2 9.01 m, SO, HE
15 9% H1 86.75 J0/h Fhim % 110.40 JT/h, LG5 E
JRBRAL AR | LR A | A1 KA AR B SO, HETS 9%,
1000 MW fi i B, e fE B Wl B W fr
A 8.00~9.00 m,
RS 1000 MW DRI AL 4L 25 5
Table 5 Optimization results of absorption
tower level under 1 000 MW load

WRHRE/ (kg - m™)

T H
1087.33 1084.02 1098.18 1 110.07
pH i 5.58 5.63 5.59 5.58
W ISOE WA/ m 10.21 9.53 9.01 7.95
S 0, &/ % 3.91 3.75 3.81 4.06

STIHE T SO, ¥k (b1,
FBR4E) /(mg + m™)
SCIHE T SO, e (bt
6%%.)/(mg + m™)
SR T 0, Bt/ % 3.92 4.35 4.61 4.68
ST SO, W (FR T,
FBRE) /(mg - m™)
S SO, B (AR,

6%%.)/(mg - m™>)

43.79  882.57  792.47 837.70

740.48 76732  691.68  741.76

24.79 32.72 29.14 30.20

21.77 29.47 26.68 27.76

MBS % 97.06  96.16  96.14 96.26
WG HE B HLJE/A 105.9 105.5 107.1 108.1

WWAGHE C HFL/A - 1115 111.0 1124 112.0
WG R (HAE)/A 2174 2165 2195 220.2
AL RBLHL /A 72.0 72.0 72.0 72.0
th SR S (R T,
6%%.)/(km® + h™")
FIRAFER/ (kg - h™') 4 641.05 4 687.88 4281.34 4 434.85
B AR/ kW
LA RBLRAE kW 695.52  695.17 685.67  679.71

3494.84 3643.42 3629.85 3533.90

2 120.40 2102.90 2 074.60 2 082.44

HAEMA/ (76 - h™') 112637 1119.23 1104.11 1 104.86
AREAWRA/ (TG - h™')  761.13  768.81  702.14  727.32
SO, HEG 3%/ (o6 - h7h) 86.75  122.41 110.40  111.85

3 & i

1)1000 MW fifaf T-00 T, 255 % & R 48 &

B R HURE BUBT AR S I RHEFE A 7RSO BAE A 2E

FAEALA AR T IZ T IE O, 26 BC 2GR
G, T RERCRIRAT

2) WS 3R pHL L AT 52 i JBE A 2R 5 4 A T
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Fig.3 Total costs comparison of absorption

tower level optimization
FE, HEMIRZ I RS s 45, 1000 MW 7 fif 1.4
T, e AR G A A BC B, B3 pH
{4 5.50~5.60,

3) W RE VAN 0T 8 A R 8 B FE 52 T 4K B
WORWAL T 1% AT 3R G AR AR SR AR 2 R a3
LR IRAS P R X AR REFERTRZ R, 1 000 MW 171
far s}, SIS W 5724 8.00~9.00 m,
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