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Process optimization of post-combustion carbon capture for NGCC power plants
based on waste heat recovery and liquefied natural gas cold energy utilization

LEI Ting, LIANG Youcai, ZHU Yan, YE Kai, LING Xunjie, DING Jinneng, HU Chengxian

(School of Electric Power Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Post-combustion carbon capture is the underpinning technology and necessary choice for low-carbon
power generation, yet its integration into natural gas combined cycle (NGCC) power plants will significantly
reduce the plants’ power generation efficiency. In order to reduce the efficiency penalty of the power plants
integrated with decarbonization system and improve the energy utilization efficiency of the integrated system, a
novel post-combustion carbon capture process that comprehensively recovers the waste heat and liquefied natural
gas cold energy is innovatively proposed. Firstly, the key operating parameters of the conventional carbon capture
process, including stripper pressure and lean solvent loading, are optimized with sensitivity analysis. On this
basis, design and evaluation of novel process is performed. In the novel process, a back-pressure turbine is utilized
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to recover the pressure energy of the extracted low-pressure steam and assist the lean vapor compression as well
as recover the inter-cooling heat of CO, compression to heat the reflux condensate of the stripper, which reduces
the minimum regeneration energy consumption by 17.3% (to 3.35 GJ) at the flash pressure drop of 90 kPa.
Furthermore, the extracted low-pressure steam is reduced from 68.40 kg/s to 48.95 kg/s by recovering the
superheat of steam extraction. Aiming at solving the problems of high energy consumption of the conventional
CO, compression process and the waste of cold energy in the liquefied natural gas regasification process, a novel
CO; two-stage compression and intermediate liquefication process is proposed, reducing compression work by
34.5%, and the cooling load and the number of equipment were significantly decreased. Exergy analysis results
show that the exergy efficiencies of the novel carbon capture process and CO, compression process increase from
23.12% and 62.19% to 29.48% and 65.96%, respectively. The simulation results show that, the net power output
of the plant integrated with the novel carbon capture process increases from 341.93 MW to 358.75 MW, resulting
in a significant energy saving by increasing the net power output efficiency from 48.85% to 51.25% and
decreasing the efficiency penalty from 13.77% to 9.53%.

Key words: natural gas combined cycle power plant; post-combustion carbon capture; process configuration

modification; efficiency penalty; liquefied natural gas cold energy utilization
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Fig.1 Flowchart of the NGCC power plant integrated with conventional post-combustion carbon capture process
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Tab.3 Basic parameters of the CO2 capture system
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Tab.2 Basic components and key parameters of the NGCC

power plant
Giges mH HE
7= R4 L 15.4
2 NSRRI % 88.0
2 [EH U 1% 99.0
PRRACHIZEE \
e DRE/C 1405.0
RGP IR/ C 1328.0
PRAEHLH DRE/ C 615.0
T R 2R R/ C 565.0
) &R/ C 297.0
R E B
REZ&IRIRRE/C 295.0
Fe /7 S /AR S AR R/ C 10.0/10.0/10.0
1 R ME R 3 O /MPa 9.88/2.40/0.40
AR E B
TR R P R MR SRR R 1% 87.0/91.0/89.0
JE J1/kPa 7.4
HR A VK DR/ C 25.0
A HKETE/ C 10.0
R HL R HENLR% 985

http://rlfd.cbpt.cnki.net

2 BRI R R AZ RIME

ASCHEH R4 T2 2 s, £%8
MUE B AEUTR

1 /NS HL IR T A0 2 4 Bh 20
RAEYH . MR RRGHT “HFEHRL”, HH
(100 2 38 3 PR 728 44 A0 B U 3 v L BV ) 7 I Ak
WK BN TR TR, Sl TS ) H
faf o SR EAEHLIT 5] AR FEC T BUA 1) L REIAE,
o T2 RERCR . T R R 2R
JE A1 T s 75 B AR IR E 77, R Hd
PV MR SR A 5 e 77, X Fh 7 AR TR B 0] 47, (H
WIE R TR . T SEELHR R & S 4R
F, SR /NRER LA I 1 [ U< s 7 RE Ok
ANFLA SRS T2 E4ahL, IR R
fre MbAh, BT S VR PR E T
FPNREER, X R AT LLOdE R — 35 7
2R K 51 AR A 77 A MR 257500 BT

2) FIH LNG A REFEAK CO2 WAL 77, ks>
JEAE AR L BEFE . HRLIK COL WU R 45 1. 204
HAERERHAE, RERCH) FRBHE. R
RES A3 CO A NR, FHEIIEME, KA
IRPBEAG CO2 FE4EREFE . LNG 15 FH AT 4054k, FIH
FAA I FE R A BBV COL TERE 18 b A2 T AT
(1) AR 2% B 3R A5 1) CO2 [k 7174 0.2 MPa,
N T Bk CO TERR RIS FE TP A, R EEI R
G IR R =M AR B 5 LNG ##U5H
L) COIRFEAE 0 CULR, N TR COx fEE
Bz b R B E AR S, JTEHRHAR R
30 C. DRILASFH —> 2 3t M 4 2t BAR A () 4 )
P LTAS CO I aIA HD L FE AR A CO2 ke
PR, SEELA SR I VT AL o

3) HWH COp ML, FHABBETIH AR
JBE PR K 7% S0 I VA e % VA I [P A AR B R DL
WD IKAFE . BEAk, R /K AR P28 3 v 75 A #4




198 kA%

2025 4F

R PREHEEE LU AR IR AR CO . N T
Ikl oy i A DA R ISR SRR, ASCRA 2

A A 1ETHAC CO2 Fs 4 1 [ 4 AN A [l e K
e Hn A= F A IR R WA R IR AIEA R S

<|'_ L H 3

PRI
ARy 1

HZibl

= €O, Wl T

fIRE AR et

i
i
Bl

EHI |

¥

CO.-LNGIIAEE LNG
2R i

o 75%5

ANFURHL

K BHIK LNG

B2 FERRERFHEIZRE
Fig.2 Flowchart of the novel post-combustion carbon capture process
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Fig.7 Effects of flash pressure drop on unit regeneration
energy and work
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ANREEHLIF DR NI EESE R, PRI RSt S AFE DB T
TN, FEINZEIERE 90 kPa B/ 5e/IME 33.6 MW,
FHBE AR REFE BRI CO,3.345 Gl. 15745 % 1,
BT H AR T2, HBURARMNIREZREMN
68.40 kg/s [% % 48.95 kgls, /b T 28.4%.
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Fig.8 Effects of flash pressure drop on extraction equivalent
power and net power consumption of the system

N T AR A AR A LRI, X
R A T A8 B et 52 1 2 AT IR~ 437
2 FhRidSE T MM R WK 6. HT/MNAEe
WU B30 25 SR 4e T E My s Bk, Bl
T AR E 2575 B M 68.40 kg/s 18 = 48.95 kg/s, 1k
FE AR AN AR T A 5 T2 M 55.42 kW
PR %2 39.69 kW Ith4h B3G5 /MR E AL R 1) 15
D3N 17— KRG, P R
M 23.12%7 i 2 29.48%.
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Tab.6 Exergy balance of each carbon capture process

WAL ) B2 B FE DA 7.45 MW, EEHEFL CO;
B TERRT 34.5%. 2 Fhifre mom b4t 5
% 8, T LNG ¥ M, #il CO, 4 fEH
A NG N . HEAh, COp WL 45 ) fa) 4 A
a1 2 I A RS RSO T 0 A A B T
BEE K, AN 784.41 KW, 45 RE MR
FM 62.19% ETFE 65.96%. Uik HAEE P B
R A AP 9 iR, CO L4
)4 2047 1 9 9 161.89 kW, i 35.75%FH T4
A CO, A-9.58 CHn#k 4 30.00 ‘C, 45.63%H T
B FEAESE R BE IR 40,00 CHN#A % 120.00 C,
o 4% B R A KR A

RT72H COERJRILZHFEIE Bl kW
Tab.7 Power consumption of each CO2 compression process

& WL CO R4 T E Bl CO R4 T4
FE4ENL 1 3005.0 3362.0
JE4EHL 2 3117.0 3526.0
JE4EML 3 2893.0
JE4ENL 4 2358.0
CO. %% 563.3
MFED) 113730 7451.3

%82 CO: EHILZ RN T &
Tab.8 Exergy balance of each CO2 compression process

L3 BrE
COJE45 T2 CO &% T8
I CO, 1423.94 1423.94
HEEAEE B K 13.16
R4 1 3005.00 3362.00
K W JEAEHL 2 3117.00 3527.00
FE4HL 3 2 893.00
4L 4 2 358.00
COx % 563.50
LNG 13 936.83
ETGETPN 12 796.94 22826.43
HE A B R K 784.41
iy AW WA CO, 7957.80 7709.95
RAA 6561.44
ekl 7957.80 15 055.80
TR % 62.19 65.96

i B
R R LZ
R 5.74 5.74
fICEANR 55.42 39.69
Nl AT 423 4.24
HAE 0.36 0.47
ETGE PN 65.75 50.14
H A, 9.43 9.43
PSS Ok 1.42 1.42
L T 14 HEK 435 3.11
NREEHLIE D) 0.82
RS 15.20 14.78
KRR % 23.12 29.48

4.4 3B CO, [EHRRIZ I REST T

AR HHIH R CO, i fEilid [ LNG
AT RE PRI BEFEAR CO2 WAL 77, AL
FEFPIRLE A ML, SR R g % 15 MPa.
AR T ZR B & A EXT LR 7, CO L4
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Kl 10 R THT A COo JR46 T2 AN A B4 11
MO RS He . B 10 A WL, CO2 A kas M A5
KA K, N 5532.9 KW, 7 5% 2k 1) 73.21%.
XA T CO2 A& iR VA FAIR I 2 18] o R e FAEL
7, CO #l LNG il 245k 30 ‘CHI-162 C,
A] S At PR R 2 3 R AN T 2R o T 2 9
A BRI 2 785.4 kW, (5N 10.39%.
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Fig.9 Composite curves in the multi-stream heat exchanger
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Fig.10 Exergy loss ratios of each device in the novel CO2
compression process

i B A SEATLZEL RN BT B B R AL A 9 14 BT L
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3.45GJ, KT 17.3%. Lok, INSEHLESMNE M T
0.82 MW Fiaiiohe BT #40f CO, 45
(VA HFARI, AR EHKE M 68.40 kgls FFIKE
48.95 kg/s, REGLAFHH TN 22.61 MW 3%
34.80 MW. 24 LNG A RERIULT CO, 48 U
4 FIRZE 2 %, IE4EThM 11.37 MW [£ % 7.45 MW,
rhR) A H 6T A 79.16 GI/h FEIKZE 6.14 Gl/h. #iAY
HLLE 55t Th oy 358.75 MW, AR T SRR 42
MLZHIE N T 16.82 MW, 4k FLRICR M 48.85 % L7
% 51.25%, RHEIETIM 13.77%FF{K 2 9.53%.

e — 0 I AR SR H R AL T 2R
W5 A 223 0 FU 4 R4 3R A5 R A R R
JERHEE TR NGCC ) R E AT, &5
SR A SRR K T SCHR 10.75%~14.08%11 36
Fl, RIZH ARG BERTRSCR.
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Tab.9 Performance comparison between the novel and
conventional carbon capture unit
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TiH BRI S WA SN LA
PRASEEHLIA H DI/MW 254.34 254.34
RSN RS L THMW 507.45 507.45
TS RN IFE MW 249.24 249.24
ZERECHLIE T HThIMW 99.32 111.51
T 4 HH ThIMW 29.95 29.95
HR R L H Th MW 48.08 48.08
% FE L4 HE Dh MW 22.61 34.80
TEHIKGERETHIMW 132 1.32
AV (kg 571 68.40 48.95
T S5 R IMW 148.6 119.3
T 4 LMW 0.36 0.47
CO, E4i HFEIMW 11.37 7.45
NREEHLIH H ThIMW 0.82
F 3 v HH /MW 341.93 358.75
FL 3 v R PR % 48.85 51.25
R IET % 13.77 9.53
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AR T —HMHT NGCC i) i ke
JEURIE TZWAR, I NREEHL ISR b
JE I REMR AN MR UL A TR R 4ibl, LI T RE
SRR ZOR AN s LA R CO2 He i Hh [H) v
PN B PSS B RIRK, A A AR IR T
17.3%. FESCEEAE b, 38 R ey S s
M 68.40 ko/s f& % 48.95 kg/s, /> T 28.4%.
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