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Analysis of the effect of zero-output modification of low-pressure turbine on the
flexibility enhancement of coal-fired power plants equipped with carbon capture

LIU Jun, YUAN Xin, CHEN Heng, PAN Peiyuan, XU Gang, WANG Xiuyan

(School of Energy, Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: To study the effect of decarbonization on thermal power units, a simulation model is established to
analyze the performance changes of the conventional scheme of carbon capture retrofitting in thermal power units.
Moreover, a zero-output scheme of a low-pressure turbine is further proposed to improve the flexibility of the units.
The conventional method uses the exhaust steam of the intermediate-pressure cylinder as the reboiler heat source,
and the zero-output scheme of the low-pressure cylinder cuts off the low-pressure cylinder inlet steam. On one hand,
the two methods are analyzed separately by taking a 300 MW coal-fired power unit as an example. On the other
hand, the effects of the two schemes on thermal power units of the whole province is predicted by taking a province
in northwest China as a research object. The results show that, the unit output range under the conventional scheme
is reduced from 87~300 MW to 147~217 MW, and the power supply efficiency under rated operating conditions
decreases from 37.32% to 27.02%. The minimum unit load ratio increases to about 70%. The unit load range ise
widened to 47~217 MW when the zero output scheme of the low-pressure cylinder is adopted, which is 2.44 times
of that of the conventional scheme. For the discussed northwestern province, the thermal power output range is
reduced from 1 103~3 940 MW to 1 875~2 793 MW under the conventional scheme, and the output range is widened
to 550~2 793 MW under the low-pressure cylinder zero output scheme.
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Fig.1 System diagram of a coal-fired power plant equipped with carbon capture
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Fig.2 Schematic diagram of the system with low-pressure cylinder zero-output solution
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Fig.3 Schematic diagram of the model of the coal-fired power station equipped with carbon capture
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FZRRMPRZER, ARKGEE SRR (HPT),
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Tab.1 Coal consumption parameters of a 300 MW
coal-fired power station

LALSYHT wi% TGz BT wi% A/
Mar Vdaf Aar Car Har Oar Nar Sar (M‘] ‘kgil)
504 5167 4733 3473 195 963 041 091 12.76

CEE B NIE S B R RS R, AR
SCUHE TR B 2 R e e = R B AR
S, AR HEE S« B SR NS F
TSR A BR A SR, TR, HE BRI AL
B RS s> Wk 2. lidig4T EBSILON
Professional FT+& & (A FEL 07 BB, 2RI
BifE THA T EESHER 3—K 4.

*2 BmBESSH
Tab.2 Parameters of the flue gas to be decarbonized

415y wi% BIEL EA SRR
CO, H.0 (o} N2 c MPa (kgkg™)
2160 471 422 6947 40 0.10 10.14

3 MIEBILE THA TR TEAREITSH
Tab.3 Basic operating parameters of the coal-fired power
station under THA operating conditions

miH 1A
IRBEFER (kg 571 58.60
FERIREIC 538.00
FZAESI/MPa 16.67
TR/ (kg s7Y) 260.38
FRZERIREIC 538.00
FIHAGRVRE S1/MPa 332
AR R/ (kg s7Y) 217.45
ZIRREIC 52.57
Z VR Ji/kPa 14.00
ZRTR/(kg 57 172.40
Ak EI(kg 57Y) 260.38
R HE/MW 300.10
fit Hi E/MW 279.10
PLHRI% 40.12

% 4300 MW HREE B3 B A R SH
Tab.4 Parameters of the reheat system of a 300 MW coal-fired power station

i H RH1 RH2 DEA RH5 RH6 RH7
iREEIC 381.72 323.99 453,74 356.81 295.54 201.27 100.87
Eibat £ J1/MPa 5.55 3.58 0.91 0.56 0.23 0.08
Fil(kg s 17.19 20.10 7.50 11.04 10.48 11.55
T 243.78 204.66 175.66 124.52 93.03 52.57
K HiEl(kgs?) 17.19 37.29 47.02 11.04 21.52 33.08
HEREIC 243.78 204.66 178.78 153.29 121.72 90.23 53.84
25K H IR EIC 272.21 243.78 204.66 178.78 153.29 121.72 90.23
H O R/ (kg sY) 260.38 260.38 260.38 260.38 205.86 205.86 205.86
222 FAHEKE R, AR MEA WU, A&k

WRIEA AL BRI A, H AT SRR 5
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Horr, BRBeEH RN L2, R FE ., &
PR 5 H AN B2 v ) U & B R S5 1 RN
FFE PR r sl SC LB £ 1) £ BEOR, IX B R AT
TEPTE R AR . RARE] CO, T i%, A
I AR L) 0 IR UEERE ) 538 B 2 4 A
AFE. HAT, EREOIECEALARNGE, P
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W, EHANRBOERT RS A S 1 kA
1, k%) 40.00 CRO, [N, fERIEAE—ENE
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W MEA WRTHE, K78 K 5 S5 H
1] COz —[Fl LA ZEETI, KA SLELETN 7 B 48
el R 48 °C o AT AR KI ) COz (AT
s 99%) HENIELE RYE, Sid = WSS ik
HAEF LT . CO IRAFNLIEEAIZIT S HNK 6.
* 6 WLLEH: CO. L4k BILHAE 21.41 MW HL
BE; AT 525 B AR AN S, PR R T s
208.60 MW [J#vE, YHFE T KREMHERHNT. K
7RV AU AR T VR IR R IA B S AR R i
ANV A TR AR L R, ML H )2 A 2 IR .

F5 WIHEEEAE THA TR THETSH
Tab.5 Operating parameters of the carbon capture device
under THA conditions

TiH ol
TR (kg s7Y) 345.37
ik MRS 1/MPa 0.10
W35 & F1/MPa 0.12
W< i (kg s7Y) 279.44
TG DB C 111.94/59.39
W E/ (kg 571 2510.75
HX1 w WG DR T 55.27/100.00
EWRER/(kg s 2579.52
A MW 446.80
FAEE J3/MPa 0.22
. Sy B ESH E COREEIC 48.00
' S8 T CO, JE J1/MPa 1.90
Sy gRH O COx i /(kg sh) 68.77
B A 4225 B A B EURE /MW 12.95
FIIB AR HGEE (LU CO21t, RHED /(G 1) 2.89
CO: fli /% 90.00

F 6 CO: EBIERIZITSH

Tab.6 Basic operating parameters of CO2 compressors

miH JE4EHL 1 JE4EHL 2 JE4EHL 3
AR A CO,  mAliE CO  malifE CO
by 7N 48.00 38.00 38.00
#11 E F1/MPa 0.19 0.67 2.35
AR E(kg 57Y) 68.77 68.77 68.77
H R EEC 168.60 157.10 158.20
tH F1E /1/MPa 0.67 2.35 8.00
FE 45 /MW 7.74 727 6.40
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¥t %F % T EBSILON Professional ~F- & 5 4
300 MW SRS A sl R 7 LAY, XPHLAHAR T T

HI AR ALEA TR S B R AT TXTEE, Z5R I

7. R T AUES, BEEORERFFEL£1%LIA,

7 HAE A s AT E R SHLA B SRR 6
F 7 300 MW R BB R BT IR THE AR BTN IE

Tab.7 Model validation of the 300 MW coal-fired power
station based on design values

WA TMCR  THA  75%THA 50%THA 40%THA
H A THE/MW 32220 300.23 22510  150.06  120.07
H IR E/MW 322.74 3001 22503 151.05 12101

FHXHR 2% +0.17 —0.04 —0.03 +0.66 +0.78
232 M EEE
YR IR B S, H el 2 A MR

FNAET Aspen Plus V11 #4817 Al 4 K945 E AR
RARU, ARSI FE R T AR R I 07 FL 45 R 5 Sk
BT TXIEE, SRR 8. Wk 8 WAL, A
WRZEDRFFE £ 1%L, 07 B RIE47 4035 S5 Bkl
SRR B SCIREEE A A

CRERT. RS WH, AHBR AR TS,
A T 5 S0 Al SE LA RE R 0 A

#* 8 IIFEEERTSERUIRMIEEIIIE

Tab.8 Model validation of the carbon capture devices based
on reference data

miH W BAUE AT IR Y%
CO, 2040 20.40 0
——— H.0  6.20 6.20 0
0. 8.60 8.60 0
N2 64.70 64.80 +0.15
AR/ h ) 4000 4000 0
WA % 90.00 89.90 -0.11
CO; # i 14/ (mol mol-2) 02100 0.2125 +1.19
CO2 & i f 4w/ (mol mol-2) 05100 05132 +0.63

TRV AR PFE(G £7) 3.36 3.33 -0.89
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Fig.4 Energy consumption distribution of the CO: three-
stage compression system under THA condition
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HE 5 AT LEH, BT 2RmERE e,
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217 MW, H ) AR 4R/ | 2 67.45%.  Hthncdili
LA BN TS, B R RKER
DB, A H T R R PR AE A BRI AL 1) I
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Fig.5 Forecast of power generation for the 300 MW coal-
fired power station
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ZF MR RS KR SR E M, Kz %
ALK SRR 216.84 MW AR, 76
i RIS B /NS, AREGLVINTEER, HLARE
WL /N E BRI TR, WL At r s N2
30%THA, /M SRR 47.38 MW, 55 Ikl 5
J7 AL, AR JIBRK T 67.83%, HLZHH 777 1H]
WTENEITTRE) 244 15, —RAE K. 5E KB
AL, (KRGt 77 & LA FFE 817 18
30%THA L5 TMCR Ltz iul, ZEINLLH F1
A 4k 1 20.68%.

EEXTASCHTIR W B BA SR, B4R B S
W R ERR AR R R WE 7 Fis.

300, 300.14 MW
250k 27.76%
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S 200}
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R
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50 22
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Fig.6 The output ranges of the 300 MW coal-fired power
station with different schemes

i 4t A A
90 |—e—i ¢ 1 ¢ Bt
80+
700
éf 60
=
w2 S0r
;l; 40+
=
30+
20F ‘ . . . . .
100 150 200 250 300 350 400
Ttk 4l AR+ e AT T4l 4
THAH
A (kgs )
B 7 BHENAERR A FOREER R ERLE
T thzx
2

Fig.7 The carbon capture quantity and carbon capture steam
consumption of the carbon capture unit at different loads
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B TRl AL S mr %, el = AR R =
BB, REEEFID IR, B, Hha SR
e MEA WS AE I RRRE R AR, X ERAE
S W O SRR P e iR i ] 2 S
B 73%HE T, BakPHEH T 256.40 kgls K
K, HPA 49.84 kgls 1) CO, #i i g, MEA %
AT BN AE 154.93 MW # B, CO, A REFEL N
2.80 GJ/t. LIy, 3t 62.12 kgfs R FLHES v
B, {XFEI4x 78.31 kg/s AIHENAR RS, RIFAR T
RN R R I FHYE, BRI A TR
Bo AT IRMERRS, BRI AR R E 2 H
FH%, APERERRIER AN, AU 2R
MNACESL A T BOEAR 7T 7 37 A R A=,
11 JC 7 25 FEAC R L (1 fe /MR = PR, 3 2 P b 2%
REFE TR SRIE IR R AR T LA 7EEMERR 2=,
1% B 7 78 VR TGV T AR RN E R B AE SR,
FENAHBEREAL, ST R FRERN AR
THLALR S5 1a) o 4 LLHAE 30%THA T FigfT
B, JR K FALZE I (i FEL % 33.20%; TMifIG FR 6T %
TR TR ENLA, KONRE T 23.39 kgls
ff) CO2, HIEHEIHER A 29.07 kg/s #H T ik 25 it
FE, IR 34.33 kgls 7875 ICIE 4k 4L 1E (R IR T
IR, HEFCRAN 18.19%. A T %31
FIF IR o #E, AT LUK 2 2 2805 T TR,
TEHEREZS, o R H R 28950 T B3 T ERE,
A ARG b A2 #3512 KX — R i
33 HE MRES T WBEREERAER SR

Bx T 50 4T 300 MW ZE BRI S FEA R T 2T
I 77, X SERRAFLER— & 660 MW [R5 M H vk i3t
ITT FIRER ST . BT 2 G IVENLA i BE R, v
KETMAFFENAE O 255 F RIS
A8 A K LA AT A A O S T, b
Tyt R et s (RIS AR R R 22t ) 5 58, Tl 17
B IR, SRWE 8 s, HE 8
W SN, #BRmETE T 2% K
A K 77T 3 940.13 MW R FE % 2 792.75 MW,
XA T 29.12%, A3 As RACA JE K R HLZ )
32.55%; # KAUREGLEH 1%, HLAMH =
AR 45 T 20.95% . 58 B0 A Bl AR s 7 R
FHEG, SRAMRREL 2 H 107 & BRI A TR LA
fIsoRH A1, 3R 2 792.75 MW, E1fiik T F Ak 7
TF 2128 T0%THA (1108, FRAK 1 R SR HLZE 1 e/
H e, WHEE T AR KNI RN T, )
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Fig.8 Comparison of the output range of thermal power
units in different scenarios in the provincial area
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