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Abstract ; Along with the completion of the “West-East” project in China,as well as the construction of the “gas transmission
from Sichuan province to eastern provinces” and the further development of gas in East China Sea,combined cycle power
plants (CCPPs) have been developed quickly in the past couple of years. The traditional evaluation method based on the first
and second law of thermodynamics does not consider the influence of non-energy cost. Firstly, the cost model of CCPP is
established based on the thermoeconomic structural theory. Secondly, considering the importance of internal parameters, two
internal parameters,such as compressor pressure ratio and the outlet temperature of gas turbine, are selected and investigated
when designing the CCPP. Lastly, considering regional difference and seasonal difference,the way how the natural gas price
change and environment temperature influence on the CCPP’s generating cost are studied respectively. These researches will
support the thermoeconomic optimization of CCPP and provide a reference for investors or policy makers.
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Fig.1 Thermal system of the CCPP
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Table 1 The main parameters of each stream under 100 % load condition

17T JRRHHFE FB/KW T FE FS/kW 75 P/kW
1 AC 261 432.5 27 711.44 251 434.8
2 CcC 718 204.1 222 967.7 529 022.4
3 GT 562 633.6 13 042.58 518 127.6
4 HRSG 219 357 22 402.93 168 359. 1
5 HP 31 184.18 2 189.05 28 995.12
6 IP 46 234.19 1949.9 44 284.29
7 LP 73 791.75 5903. 69 67 888.06
9 cp 384.03 144.51 239.52
8 CND 6 280.34 0 214 884.5
10 GEN 395 678.8 0 387 765.3
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Fig.3 Productive structure of the CCPP
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Fig.4 HRSG with triple-pressure reheat
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AR 3 AN 5 A KR, £2 PMESERRGREMANEEKTR

% Xd. %_ fﬁFK IEJ EI’J 7k EF‘TK @a %a%: ’ﬁﬂ 53 =125 Table2 Factor level table about influence on the generation cost of CCPP

WS, RS ME L. R IES ak

Sz 5 T A2 1), AR (RIEAIUE T/ MPa R JEARVUE I/ MPa 3R 48U S/ MPa

lﬁj’%ﬂiféﬁé 1 0.2 2.10 9.60
ARSI Ls (5°) TEZEH, L (5°) 2 -3 22 10-33

TR 25 FERBLAL 25 RS L AR 6 3 0.4 2.40 11.10
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Table 3 Orthogonal test schedule

BY s RIEZE R B RFE BY s IR R BEHK

JE 18/ MPa JE 118/ MPa H 18/ MPa JE St/ MPa JE 118/ MPa JE J1{H/ MPa
1 1 1 1 14 3 4 1
2 1 2 2 15 3 5 2
3 1 3 3 16 4 1 4
4 1 4 4 17 4 2 5
5 1 5 5 18 4 3 1
6 2 1 2 19 4 4 2
7 2 2 3 20 4 5 3
8 2 3 4 21 5 1 5
9 2 4 5 22 5 2 1
10 2 5 1 23 5 3 2
11 3 1 3 24 5 4 3
12 3 2 4 25 5 5 4
13 3 3 5
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3.3 EXKUHARILIMN
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Table 4 Orthogonal test results

. LY % T D KA/
TR eEmr RERR BIEER oawen ] || ST ERK PERK BEEE [o/(kWeh) ]
JE {5/ MPa JE Ji{6/MPa  JEJj{E/MPa JE {5/ MPa JE Ji{6/MPa  JEJj{E/MPa

1 1(0.2) 1(2.1) 1(9.6) 0.246 0 14 3(0.4) 4(2.55) 1(9.6) 0.246 4
2 1(0.2) 2(2.25) 2(10.35) 0.246 2 15 3(0.4) 5(2.7) 2(10.35) 0.246 5
3 1(0.2) 3(2.4) 3(11.1) 0.246 2 16 4(0.5) 1(2.1) 4(11.85) 0.246 6
4 1(0.2) 4(2.55) 4(11.85) 0.246 4 17 4(0.5) 2(2.25) 5(12.6) 0.247 1
5 1(0.2) 5(2.7) 5(12.6) 0.246 5 18 4(0.5) 3(2.4) 1(9.6) 0.246 2
6 2(0.3) 1(2.1) 2(10.35) 0.246 1 19 4(0.5) 4(2.55) 2(10.35) 0.246 5
7 2(0.3) 2(2.25) 3(11.1) 0.246 4 20 4(0.5) 5(2.7) 3(11.1) 0.246 6
8 2(0.3) 3(2.4) 4(11.85) 0.246 0 21 5(0.6) 1(2.1) 5(12.6) 0.246 9
9 2(0.3) 4(2.55) 5(12.6) 0.246 2 22 5(0.6) 2(2.25) 1(9.6) 0.247 3
10 2(0.3) 5(2.7) 1(9.6) 0.246 2 23 5(0.6) 3(2.4) 2(10.35) 0.246 5
11 3(0.4) 1(2.1) 3(11.1) 0.246 4 24 5(0.6) 4(2.55) 3(11.1) 0.246 7
12 3(0.4) 2(2.25)  4(11.85) 0.246 5 25 5(0.6) 5(2.7) 4(11.85) 0.247 1
13 3(0.4) 3(2.4) 5(12.6) 0.246 1
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T = RZERSACE TP R AR, angk 5 iR, MR ZE9R R EE 1 K ], N3 4 R &
AMEZERETIME 1 KF(0.2 MPa) A 5256 1 ~ 5255 5, FOAH I 1Y & B BUAS 435914 : 0. 246 JT/ (kW -h) |
0.246 2 56/ (kW+h) 0. 246 2 55/ (kW - h) .0. 246 4 50/ (kW - h) 1 0. 246 5 50/ (kW - h) , HF 1 1{ A
0.246 3 5o/ (kW-h) , AR ZEA R TEIKT 1A A& B RS B~ P34 (KL

MR 5 W SEIRAE R ] LA AR ZE7R I E 3 1 F/ ), UK 1(0.2 MPa) 5 i R 7875
THESHETIE 1 e/, BOKF- 1(2.1 MPa) 5 5 28R ST EETE S e/, BUKF-5(12.6 MPa).
3.5 RUBRESH

VRS T AR EZEIR R MBS 12.6 MPa 2.1 MPa 0.2 MPa B}, 71545 B HC GG R 40 Kk LA
0.245 7 50/ (kW-h) , ¥/NF bk 25 05055 PRIk, 3R s o AR = R 28R i R A, 4390 8 12,6
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Table S The average generation cost under all levels Table 6 The comparison of system performance between
SES before and after the optimization under 100 % load
Kop  TURERRR S RERURR Elii,%%ﬁﬁiﬁﬁ iy AL HALSE
WANTIM, AR, AT — :
[S8/(kW-h)]  [FE/(kW-h)]  [T6/(kW-h)] FIRARTUR I MPa 9.757 12.6
1 0.246 3 0.246 3 0.246 8 hEZREE MPa 2.19 2.1
2 0.246 5 0.246 5 0.246 7 (255 MPa 0. 4086 0.2
3 0.246 7 0.246 7 0.246 7 .
4 0.246 9 0.246 8 0.246 7 R Mw 387.77 396.70
5 0.247 1 0.247 2 0.246 6 RGER A 76/ (kW-h) 0.250 1 0.2457
£ 3/
4 ik

(DM T = He AP b B 3T ST, B e, 20 il AE 4 A AN TR 08 Ol BE X N A S 1 3P 1507
i s SR RALIX 4 A T5 R OT 4L s ey , SRR AN J7 R AL, A5 AR B o b IR 28 POV AR
AR I B HEAR L

(2) 16 = IR P A A I BB A A L, A SCAS S ER B IR AR U S M BB Y O 1, il 57 1 IR
5 = R AR VR I R AR O = R KO IE A8 S B X R R e | R 2R VAUE
THEREAT TAAL, A T o AR R 2RI B U T B 23 510 12.6 MPa 2.1 MPa #110.2 MPa, ff{EAL)5
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ARG RGN T 8.93 MW, & HLA /N T 1.76% .

(1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[ 3% 30k | (References)

TR RIS R AR P RE CRAIE Ty SR [T ] R UL TR 2740, 2007 ,27 (1) :70-74.
Xu Qing. Ways about guarantee performance of gas-steam combined cycle[ J]. Proceedings of the CSEE,2007,27 (z1) :
70-74. (in Chinese)
XS, 8, IV, 55 IR 2RV SRR R USA A [ ] REATRE IR AR 2011 (11) :26-28.
Zhao Hekai,Shen Zhewei,Sun Donghai, et al. Electricity generating cost for the gas-steam combined cycle[ J]. Applied Energy
Technology ,2011(11) :26-28. (iin Chinese)
AR AR} AR, AF . AR T AR S R E [T ] WA R FAARIERR, 1999(3) 1 121-124.
Gou Jianbing,Ni Weidou, Li Zheng, et al. Visual modular modeling of heat recovery steam generators[ J]. Journal of Tsinghua
University : Science and Technology,1999(3) :121-124. (in Chinese)
FEBE, EIW, mdlm, 5. R ARPUR P Sh BB S R LT] . E AL T4 ,2006,26 (19) :103-109.
Cui Ning, Wang Bingshu, Gao Jiangiang, et al. Study and application on an dynamic model for the large capacity heat recovery
steam generator[ J ]. Proceedings of the CSEE,2006,26(19) :103-109. (in Chinese)
ST A RGN h B A [T ] R EEHLE AR ,2003,16(3) :26-33.
Feng Zhibing, Cui Ping. Heat recovery steam generator in combined circle[ J]. Gas Turbine Technology,2003,16(3) :26-33.
(in Chinese)
BOCYE MR, B B0, A5 BRGTEER h A v B ATV R AT [ ] R RER PR ,1996,9(4) :21-30.
Huang Wenbo, Lin Rumou, Xiao Yunhan, et al. Heat recovery steam generator in combined circle and its thermal
characteristics analysis| J |. Gas Turbine Technology,1996,9(4) :21-30. (in Chinese)
A, 205 ISR AR I I 2R S BN A [ 1] 3571 T72,2002,22(6) -2 064-2 066.
Yue Weiting,Li Sufen. Optimization and analysis of steam parameters for heat recovery steam generator in combined circle[ J].
Power Engineering,2002,22(6) :2 064-2 066. (in Chinese)
Ghazi M, Ahmadi P,Sotoodeh A F et al. Modeling and thermo-economic optimization of heat recovery heat exchangers using a
multimodal genetic algorithm[ J]. Energy Conversion and Management,2012,58:149-156. (in Chinese)
k51 SREHL LI BB ER A i [ M. bt bl g g i i, 2004 :45-50.
Yao Xiuping. Gas Turbine and Combined Cycle Power Generation[ M ]. Beijing: China Electric Power Press, 2004 :45-50.
(in Chinese)
Franco Alessandro,Casarosa Claudio. On some perspectives for increasing the efficiency of combined cycle power plants[ J].
Applied Thermal Engineering,2002,22(13) .1 501-1 518.
W2, 1o SO, T 7. OFA BURSECHUR SR FEREFIE [ J ] R EEHLEAR ,2006,19(2) :21-24,29.
Chen Yingying, Xiang Wenguo, Ding Liqi. The performance study of 9FA gas turbine combined cycle [ J]. Gas Turbine
Technology ,2006,19(2) :21-24,29. (in Chinese)
Valero Antonio, Correas Luis,Zaleta Alejandro,et al. On the thermoeconomic approach to the diagnosis of energy system mal-
functions ; Part 1;the TADEUS problem[ J]. Energy,2004 ,29(12-15) ;1 875-1 887.
Uche Javier,Serra Luis, Valero Antonio. Thermoeconomic optimization of a dual-purpose power and desalination plant[ J]. De-
salination ,2001,136(1-3) :147-158.
Zhang Chao, Chen Sheng, Zheng Chuguang, et al. Thermoeconomic diagnosis of a coal fired power plant [ J]. Energy
Conversion and Management ,2007 ,48(2) :405-419.
Deng Jian, Wang Ruzhu, Wu Jingyi, et al. Exergy cost analysis of a micro-trigeneration system based on the structural theory of
thermoeconomics| J |. Energy,2008 ,33(9) :1 417-1 426.
Valero Antonio, Lerch Felix, Serra Luis, et al. Structural theory and thermoeconomic diagnosis: Part 1[I : Application to an
actual power plant[ J]. Energy Conversion and Management,2002,43(9-12) .1 519-1 535.
FWEIR, H I, TN iz AT 25 MBS A T RS Wr R [T ] b R AL TR 740 ,2003,23(9) - 178~ 181.
Wang Qingzhao, Xiao Weijie, Wang Jiaxuan. An inquiry into the application of the structural theory for diagnosing malfunction
in a thermal system[ J]. Proceedings of the CSEE,2003,23(9) ;:178-181. (in Chinese)
T PEE, XI5 -2 PR B T RGBT A SRR [ ) ] 1EEHLEAR ,2003,45(4) :198-199,202.
Yan Hongbo, Liu Yanfang. Choose of thermal parameters in gas-steam combine circle system design[ J]. Turbine Technology,
2003,45(4) :198-199,202. (in Chinese)

[ A4 X 4]



