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Thermodynamic performance analysis for a 1 000 MW coal-fired supercritical
carbon dioxide power plant

ZHAO Shifei, WANG Weishu, LIU Jun

(School of Electric Power, North China University of Water Resources and Electric Power, Zhengzhou 450045, China)

Abstract: Supercritical carbon dioxide (S-CO2) cycle has great potential when applied to coal-fired power
generation industry. By EBSILON Professional software, the model of a 1 000 MW coal-fired S-CO; power plant
was established. On this basis, thermodynamic performances of the system, such as the energy flow and exergy
characters, were analyzed. The influence of key parameters including the temperatures at the turbine inlet and the
mass flow ratio of the compressor on thermodynamic performance of the system were also discussed. The results
show that, under the given condition, the power generation efficiency and exergy efficiency of the S-CO, system
can reach 47.32% and 46.11%, which are 1.21% and 1.17% higher than that of the typical Rankine cycle,
respectively. Among all the exergy losses, the losses of the boiler contributes the largest, which is 74.55%, and the
exergy efficiency of the boiler is 59.83%. When the input temperature of the turbine raises from 500 C to 660 C,
the power generation efficiency of the system increases by 7.98%, and the standard coal consumption rate decreases
by 43.03 g/(kW h). The increment of mass flow ratio of the compressor can lead to an increase in both the gross
generation power and the power consumption of the compressors. Therefore, there exists an optimal mass flow ratio
of the compressor. When the mass flow ratio of the compressor is 28%, the gross power generation efficiency
reaches 47.65%, which is the highest.

Key words: coal for firing, supercritical carbon dioxide, EBSILON software, modeling, thermodynamic analysis,
power generation efficiency, mass flow ratio
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Fig.1 Schematic diagram of the 1 000 MW coal-fired S-CO: power plant
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Tab.1 Key parameters of the 1 000 MW coal-fired S-CO2 system

TiH A
FERFE/(AY) 25299
ERIREIC 620
TS JE F1/MPa 30
PSR EEIC 620
TS AR E S1/MPa 15.13
IR IEF H H % J)/MPa 7.9
IREE P4 AR 1% 93
F RGN % 89
55 531t L% 30

F 2 IEREMER S
Tab.2 Quality analysis for the selected coal

T H HiE
War(C)/% 73.69
Wer(H)/% 4.29
Wer(0)/% 251
War(N)/% 2.45
War(S)/% 1.05
War(A)/% 6.26
War(M)/% 9.75
Waaf (V)dat/% 23.98

&AL R EEI(KI kg ™)
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Fig.2 Schematic diagram of the coal-fired S-CO2 power generation system (in EBSILON Professional)
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Tab.3 Main components and parameters in the model

RS s BB
FARE 620 C
ﬁm 1R EE 620 °C

fadr GESEMD 5 S /7 30 MPa
q:% B JE45 1.4 MPa
PR ARE TE R 0.26 MPa
oEES R 117

g CERAEHID 21 ATEAIRBER 2%
MR IEE 500 C
IR 130 C

ST 25 W11 77 0.008 MPa
[ LA 93%
i 22 bk 99.8%
R HL 1 R HMAZE 99%
AR 26 HORE 32 C
Vanlikird 18 SrEE 30%
[ 26 T 10 C
FEZHL 8 FEAEHLAER 89%
RERHL BRI 24 R 85%
2.2 A HREITE M IEER
221 B TS F F — AN AR AT

R R AR LR AR R 2 ) B B Y
PEREVEAN IR, RAL T RGREBEFALMIRCR SHAE
Rtk KRR N

n,= P x100% (1)
mxQ,,, X3 600

Quav AABERIRAL K #vi, ki/kg.
KHEBRERFER be N

b = 122.8 )
7,
222 KT #HA 5 5H g PN AR

B 1 _LRARERAN, ARSOEXN RGHEAT 1T
T RPN, BAE B AL re ex, LA
AE; ex M E R 19 exo

SRR e.ex A

Moo = x100% ®)

mXx 5 X QLHV
i E IR LEI S AR R IR I EU AR, 7T i 5X(4)
-H—ﬁ[ZS]’

£ _1.009 + 01319, (0) +0.16w, (M)

4

@ wv P

A War(o) War(M)ﬂ] War(A)ﬁﬁUj‘j‘J:%i%q&EU%Eg
A KK EDE %o

W%’ﬁb’i‘ AEiex 7'3
AEi,ex = Ein,i,ex - Eout,i,ex (5)

ﬁqj Ein,i,ex %n Eout,i,ex ﬁj‘%ﬂ?ﬂlﬁ% i E‘]iﬁ)\iuiﬁﬁ
I, MW,
WA PIRCE 1 el

Moy = (1—ﬂ) x100% (6)
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L RITIIRMAFMRES T

K 3 MR 4 70 2 AR R 8 R I T 22 2
B ARG -05 18, Horb g5 CAE R 2 e Ak
fiE. MK 3MEKATTLED, RGP
RS

600
500F

400

i FEC

300

JE/(kT-(kg-K)

3 RGR-IEE
Fig.3 The T-s diagram of the system
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Tab.4 Thermodynamic parameters of each node in the system

Pors wE R A‘E'LFE/ Il s/ il

(thl)  MPa C (kIkgl) (KItkgK)Y (KIkg?h)
1 25299 30.00 620.00 1118 2.76 607.33
2 25299 1539 53051 1015 2.77 501.56
3 25299 1513 620.00 1125 2.90 575.54
4 25299 790 53497 1027 291 474.59
5 25299 7.80  245.60 692 2.40 278.84
6 25299 7.70 83.04 499 1.95 208.02
7 7590 7.70 83.04 499 1.95 208.02
8 17709 7.70 83.04 499 1.95 208.02
9 17709 7.70 32.00 306 1.35 181.13
10 17709 3160 77.75 344 1.36 215.72
11 17709 3150 235.60 620 2.01 311.85
12 7590 3150 222.23 600 1.98 303.02
13 25299 3150 231.56 614 2.00 309.17
14 25299 3140 487.33 949 2.54 496.67

http://iwww.rlfd.com.cn

ASCIERCE AL IR 7+ 1 000 MW BAKERL
HAZM, BRI S-CO KRG H LKA N LR
Mt SRS, LA 2SR 5.
2 MR ARG RETL A 4 TR




512 W

R 5% 1000 MW Il 5 — SRR A il R GE 38 0 24 TR RE 3T 13

%5 MAEBRIGR 1000 MW REHEXBHRNESH
Tab.5 Key thermodynamic parameters of the ultra-
supercritical 1 000 MW coal-fired power plant

IH Hfl

PRBER /(L) 262.99
FARRIME/(thD) 2688
FEIRIEEIC 600
F L S1/MPa 26.99
FRGRIRIRREIC 620
F#IEIR R F1/MPa 5.3
%7 1 R A1/kPa 4.89
[ # 2 K 9
e EE S
o P 44.88%
it mrak BVIE T b
100% % 0-67“/) Lo
- 47.32%
K HBL
66.90%
[n] A 2
175.49%
J 4 AL
18.90%
a) S-CO, & &
B R A
Er KL 40.18%
R bR )
{ﬂg\}% Lwr);;:\% 0]84} EEEHL‘JF!K
o 0.46% , o | 0
O
46.11%
| Al
46.64%

In] 4 74 4
47.44%

e K A
0.07%

b) it ll 5 B 1 3

B4 ZBRGHER
Fig.4 The energy flow diagram of the power generation system
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bro B 6 ATLLEH: 24 S-CO KL RGIF R HEE
41000 MW I, REEBFER N 256.25th, B H
PEIR YLD 6.74 th; S-CO, K ARG M KHEN
1399.47 MW, H 213.33 MW 4 FH T3R5 5 5 4
ML, 186.14 MW #iH T EE4i0l. A KE, %
S-CO2 RHLIM K HREE AR U ATk B 47.32%
A 46.11%, HCBAHE 16 0] 430 B 1.21% A
1.17%, FH L % F b v 5 R 22 50 B H 708 20 P A1
6.83 g/(kW h), & 259.49 g/(kW h).

% 6 REHANFHEEER
Tab.6 The thermodynamic performance indexes of the systems

i H S-CO2 EERSEIEAN ZEH
JRIE R (thY) 256.25 262.99 -6.74
PRI R 3L 1.026 1.026
PRI LA (KD kg ) 30 464 30 464

PRI EIMW 211314  2168.73 -55.59
PREEIMW 2168.84 222511 -56.27
[E /MW 3708.36 102884  2679.52
RRHE/MW 1399.47 100158 397.89
FEAEHIFED/MW 399.47 397.89 1.58
W FERIMW 1000 1000

SRRBEI% 46.11 44.94 1.17
R HEBEI% 47.32 46.11 1.21
R HBRHESERE R/ (g (kW h) L) 259.49 266.32 -6.83

RT3 M i vk, BIS AT
2 NRGEIR S . HE 5 WL, S-CO, REEHI
MR 1 168.84 MW, AR /0 MR 45 e e
(871.24 MW), |5t 7455%, kN A28
(11.32%), HABWR ML, AR A il (7] 34
. ET. RERIRES. RSN KN HIE
5HL, 2 EE 4.96%. 3.35%. 2.13%. 1.37%.
1.21%- 1.12%, FARHAH PR 05K =
AR VR AR R . SR A R A
b, S-CO; RGUEMRIFHE 57.27 MW, &R
BB M PR 132.40 MW, 74 21 28 A1 [m] B4 2 G 1451
Iy RS 26.22 MW 1 37.99 MW.

KM, 1.21%
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