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ABSTRACT: The rapid penetration of intermittent
renewable power puts pressure on the stability and reliability
of power grids. To address this tissue, coal-fired power plants
play an increasingly important role in providing the peak
shaving service. Moreover, the high-level layout of turbine
can significantly reduce the amount of high temperature
resistant materials and thus improve the economics of ultra-
supercritical coal-fired power plants. The exergy and exergy
economic models were developed to obtain the performance
of ultra-supercritical coal-fired power plants with high-level
layout of turbine under load-cycling operation conditions. By
analyzing the exergy economic of coal-fired power plants
under different loads, and the distribution of irreversibilities

EEWE: HXKEHARIEEEEITH (52022079).
Project Supported by National Natural Science Foundation of China
(52022079).

was obtained. The results show that the exergy efficiency of
the high pressure turbine can be improved by optimizing the
parameters. Moreover, the cost of electricity per unit with the
high-level layout is 0.332 4 yuan/(kW-h). The exergy price of

electricity generation decreases with the increase of load.
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Fig. 1 System diagram of the unit with high-level layout technology of turbine
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Tab.2 Main parameters of the unit

24 HH
HUE R /MW 660
F VAR J)/MPa 25.823
FERIRE/C 600
THHAZEIRIE J1/MPa 5.427
TR GEIRIRE/C 620
HE EZETRIE/(thT) 1.889.49
BT 5 /kPa 10.5

#3 HIA100%THA TH T EIRASESH
Tab.3 Parameters of regenerative system under

100%THA condition of the unit

[EFAYIES
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Fig.2 Change of temperature and exergy efficiency of

each equipment in the boiler
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Tab.4 Comparison of simulated and actual turbine pumping pressure data

- s IRV 71/MPa

P P, Ds Dy Ps Ps 12 Py Py

JE s Ao 11.477 8.769 5.899 2.600 1.197 0.591 0.371 0.117 0.046

THA TR 11.477 8.769 5.899 2.600 1.197 0.591 0.371 0.117 0.046
At iR 0 0 0 0 0 0 0 0 0

Ji e Hictts 8.409 6.463 4.360 1.940 0.917 0.455 0.287 0.091 0.036

75%THA TR 8.409 6.463 4.360 1.940 0.917 0.455 0.287 0.091 0.036
AR 7 0 0 0 0 0 0 0 0 0

Y ERAETT 5.675 4383 2.959 1.330 0.643 0.321 0.203 0.064 0.025

50%THA TR HE 5.675 4383 2.959 1.330 0.643 0.321 0.203 0.064 0.025
AR 0 0 0 0 0 0 0 0 0

R e 11.477 8.769 5.899 2.600 1.197 0.591 0.371 0.117 0.046

TRL TR 11.477 8.769 5.899 2.600 1.197 0.591 0.371 0.117 0.046
2N 7 0 0 0 0 0 0 0 0 0
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Fig.3 Change of temperature and exergy efficiency of 28 R il
regenerator heater ARAL R #AEE /(KT /kg) 19 652 18 057
K53 I =5 HU % 16.01 21.00
?ﬁ%%f’zﬁﬂ:ﬁﬁﬂﬂm% ﬁﬁiﬁjﬁﬁ’ﬂmﬁfﬁﬂ ’ TRAY SR 5 50 % 17.32 16.02
WA = E ISR A, RN REEIAS AT I TR T A e 5 0% 37.66 33.33
@ T B LA Rk % C I 5U/% 52.50 49.10
H 5 &5 0% 3.03 2.86
32 JREFFEIHT O JR &4 50/% 9.96 9.82
HEHU IR AR, AR S N S N 05 os1
o A4 2019—2021 4RI T- X AR EY, ZEEL S R 2) 5% 0.64 0.68
FEAN 9 0.03 Ju/MI . AR [ A4 F T i) ik RLEES 63 62
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Tab. 6 Dimensions and material parameters of each equipment in the boiler
T4 H%/mf’ﬁﬂ; e B MEER  RRETE,,
. e 7K VA B 35.0 6.5 9 000 15CtMo 457 1.0
I B KA BE 32.0 8.0 4600 12CrMoG 238 1.0
B g 51.0 8.0/9.0 4500 SA-213TP347H 300 3.0
FE I A 51.0 6.0/8.0 6 500 SA-213TP347H 320 3.0
e P AR 445 6.5/9.0 9000 SA-213T92 350 3.0
G T A 2 2 BB 51.0 6.9/9.0 3000 SA-213T91 600 1.5
(STRER Y = 51.0 6.9/10.0 2000 SA-213T92 600 1.5
R I # 51.0 8.0/10.0 4018 12CrtMoVG, 15CtMoG 120 1.0
I 2 2% 51.0 9.0 15 000 SA-201C 900 0.8
ICTH 48 5 2% 51.0 9.0 15 000 SA-202C 900 0.8
SRR 51.0 9.0 30 000 SA-203C 1000 0.8

RT MAFHRANRERT

Tab.7 Quality factors of each equipment in the unit

e R T Fy,,
Hd B A B 2.8
TREEHL 6.0
AL 1.7
R EHAA 2.5
ER 15

BN PRABENLLE ) BA R 3 400 T0/AW, KT
660 MW LA 1 B A o AR &4 53 Cp, 1
Ee, RERFE TR Gy FIILEB T Cop AN
SPIJEEIRRL IR Co 7 124250 34 3 K 27%

7% F166%, 2P E AN 0.332 4 70/(kW-h),
X5 H s A A ) B EEAT 0.33 T0/(kW-h)AHI) &
R R 28 5 M R Nk 8 BT, &
WA A2 T T in R 9 i . FERAIE R
G, A N AR FG FE — B AL R P
B KRR o 8 BT & U B AR AR A, 15 B
PR E B R R R R I A
3.3 BTHRAATFTES T
K HVREC L LA B AR PRI A T
If, B R KR R B AR, LR (Bl HROD B s (0 A 2%
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Tab. 8 Exergy and exergy economic data of the unit

w o R W REE RE/ JMW g/
%% MPa  FEC  (kgls)  (kl/kg) (JL/MT)
2 258200 600 521 3486 83378 1
3 114800 464 0 3259 0 1
4 87700 422 37 3186  46.87 1
5 59000 365 485 3088 572.32 1
6 59000 365 51 3088 60.40 1
7 59000 365 434 3088 511.92 1
8 54300 620 434 3710 67040 03743
9 26000 502 23 3465 2980 03743
10 12000 386 20 3232 2095 03743
11 05900 294 12 3050 1007 03743
12 05800 294 379 2052 32579 03743
1303700 243 23 2052 1747 03743
1401200 130 17 2735 887 03743
15 00500 79 18 2594 668 03743
16 00105 47 230 2410 3541 03743
17 00105 47 390 200 473647 04654
18 37100 75 390 316 132 04661
19 37100 100 390 421 752 02289
20 37100 136 390 575 1457 02284
21 37100 153 390 648 2881 0.0883
22 11300 185 521 787 3703 0.2962
23 387400 191 521 829 93.98  0.2962
24 387400 223 521 971 121.97 02031
25 387400 273 521 1194 17172 02718
26 387400 301 521 1331 20520 0.1154
27 109900 307 0 1381 0.00 1
28 85200 278 37 1226 11.79 1
29 57300 229 88 985 18.99 1
30 24700 196 11 835 1732 04066
31 05600 142 12 596 091 04066
32 03500 105 35 442 136 04066
33 01100 80 17 336 033 04066
34 00400 52 35 219 0.17 04066
35 387400 273 521 1194 17172 0

R, W 4R ML 57 A 100%THA
B, 8RB AR N 48.3%; M HLAL B fr A
40%THA I, )P B REE N 44.7%

TEAR THLISAT Y, R F ISP BB+ A2 4k 4
BI5SFR. ML 100%THA I, & AN
&~ 0.030 2 70/kT; ML 7 N 40%THA B, &
A% 0.075 8 Jo/kT. (KL, ML TfiTis

75
X9 FRANEMAZGHSHT
Tab.9 Exergy and exergy economic analysis of each
equipment
Wk E kW E, kW Eoul A e e/
' ’ kW (Ju/s)y  (ou/k)) (7u/k)
HP1 125.57 118.45 7.12 1.53 1.000 0 1.073 0
HP2 39.15 37.73 1.41 0.65 1.000 0 1.054 7
HP3 49.87 47.55 2.32 0.77 1.000 0 1.065 0
IP1 111.20 106.31 4.89 1.41 0.374 3 0.404 8
P2 98.80 95.63 3.17 1.33 0.3743 0.400 6
1P3 68.22 65.74 2.49 1.00 0.3743 0.403 7
LP1 36.48 34.26 2.22 0.60 0.3743 0.416 0
LP2 75.71 70.53 5.17 1.04 0.374 3 0.416 5
LP3 47.61 43.61 4.00 0.72 0.374 3 0.4251
LP4 61.95 53.60 8.35 0.43 0.3743 0.448 2
HT1 0 0 0 0.53 1.000 0 0
HT2 34.95 33.47 1.48 0.53 1.000 0 0.1154
HT3 53.01 49.75 3.26 0.87 1.000 0 0.271 8
HT4 31.30 27.99 3.31 0.55 0.374 3 0.203 1
HTS 36.23 34.96 1.26 1.28 0.374 3 0.296 2
HT6 9.07 8.22 0.85 0.21 0.374 3 0.088 3
HT7 16.84 14.24 2.60 0.45 0.3743 0.228 4
HT8 8.42 7.05 1.37 0.30 0.3743 0.228 9
HT9 6.67 6.21 0.47 0.34 0.3743 0.466 1

T e g T ANMBERT i ) AL WA s HP1—HP3 . IP1—TP3 .
LP1—LP3 4> 5 A i AR R LA HT1—HT9 Ay [l 3% .

100

48.5
48.0
475
= 470
EN
% 46.5
= 4e.
& 460
455
45.0
4
44.5 1 1 1 1 1
40 50 60 70 80 90
WL a2/ %
(a) WAl RCR
98
9%
S
ﬁx 94
%
= 92 ——100%THA
= —— 90%THA
£ 90 80%THA
= — 70%THA
& gg |~ 60%THA
—— 50%THA
40%THA
86 1 1 1 1 1 1 1 1

Qg\ QS"\/ /\zgﬂ‘) @\ 8“/ \Q"'J \)Q\ /\S’\/ \Sﬁj \sb‘
(b) [ FIM#A IR
B4 AR T T R

Fig. 4 Exergy efficiency under variable load conditions
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Fig. 5 Exergy cost of electricity under variable

load conditions
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3) BRI R AR AT AT, 45
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