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Abstract — In this study, a performance analysis for a 500 MW class coal fired power plant was carried out using ASPEN
PLUS, a chemical process simulation code. Exergy analysis and steam turbine user models were developed to perform the
analysis for the steam cycle which was not available by the existing ASPEN PLUS. Also, the cause of inefficiency in coal fired
power plant was defined through the exergy analysis. From the analysis, the exergy destruction and loss in the boiler were
found to be approximately 76% of total exergy and 43% of chemical exergy input, respectively. Exergy losses by combustion,
in the evaporator and the reheater showed about 250, 130 and 50 MW, respectively.
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@ 1,800-rpm, condensing without goveming stage
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F=Packing flow rate(Ibm/hr)
K=Factor for packing type
=Leakage area in square inches=n(Packing diameter, inm)(clearance,
in)
P\=Initial pressure in packing(psia)
P,=Final pressure in packing(psia)
v,=Initial specific volume(ft’/Ibm)
N=Number of stationary packing teeth
C=Packing lcakage constant
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Table 1. Efficiency calculation procedures
=
. Non reheat High pressure sections Inierme la.t © pressure Reheat sections
Turbine type sections
D @ @ @ ] @& D

Base efficiency 80.48 87.00 84.00 91.93 9193 92.95
Efficiency correction for volume flow O ) O O O @)
Efficiency correction for governing stage @] O

Efficiency correction for pressure ratio O O

Efficiency correction for initial conditions O O O @
Efficiency correction for governing stage at part load O O

Efficiency correction for part load @] O 2

Efficiency correction for substitution of 1,800 tpm O

low pressure section
Efficiency correction for Mean-of-Loops O O @]
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Ty=environmental temperature

Az e BHoTRE A2ge] o= A Held RS v}
7] wlZof, AHEsEe|E #1732 Helsie Fo] Hasio), 1 & g
7L Gibbs o4Rizle] Be B2 FAFeRA ooz 5
gu3) A= FAH A, B Aol MRS fAd d
J1AE oA 25°C, 1.01325 barS AR Sk} oJele) @z
E2 Ahrendts?] Fu-2 AMRFETSE $0 EA4ER] g =F
¢ EHEQ COS % NH, 59 7158 27300 dMAl= 3F
dlaz|ghe] A EFEY H4AFQ T 7MFE) v ol8st
o, thE 2oz RE] AakEo]Ate].

= —Ag(Ty, Py

+ [Exkeﬁh(To’ Po)% Z (TO’ ”)memz.r] ©)
&

products

e“=chemical exergy on molar basis g=molar Gibbs function

x=mole fraction Py=environmental pressure
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Call subroutine PHEXE

Retrieve number of conventional FLOWS
(NCC)

Read stream vector FLOWS(1..NCC)
{h,5, MW and mole flow)

Initialize parameter list of subroutine FLASH

Call subroutine FLASH

flash calculation at T ; and P,

Read h, s h,, s,

Calculate physical exergy

s there anoth no
conventional -
component ?

yes yes

s there another

component ?

s there another
non-conventional
component ?

|| Calculate chemical exergy of
conventional component

Calcutate chemical exergy of
salid component

e

Calcutate chemical exergy of
non-conventional component

Return exergy vaiue
to model manager

Fig, 1. Exergy subroutine flowsheet.
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HHV=higher heating value(Ml/kg) s=absolute entropy(kl/kg - K)
¢. h. 0, n. s=mass fraction carbon, hydrogen, oxygen, nitrogen and

sulfur
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Ye=activity coefficient of component k
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Fig. 4. Schematic diagram of the coal fired power plant.
Table 2, Design coal and steam turbine generator design basis Table 3. Simulation results
Coal analysis Parameters Design data Simulation Error(%}

Proximate analysis(dry basis, wi%) Power output(MW) .

Ash 10.57 Turbine 551.300 356.030 +H).86
Volatile matter 38.20 Consumption 43.500 43.500 0.00
Fixed carbon 51.23 Extraction rates(kg/hr)

Ultimate analysis(dry basis, wt%) Feed water heater 1 61,546 61,470 —.12
Carbon 73.79 Feed water heater 2 38,746 39,426 +1.76
Hydrogen 481 Feed water heater 3 40472 40,447 -0.06
Nitrogen 1.29 Feed water heater 4 75,560 76,478 +1.21
Sulfur 3.07 Deaerator 94,734 94,734 0.00
Ash 10.57 Feed water heater 6 48,341 48,347 +0.01
Oxygen 6.47 Feed water heater 7 152,036 151,842 —.13

Coal feed rate(as received, kg/hr) 171,705 Heat rate(kJ/kw-hr, Net) 2,338 2,317 —0.93

Steam turbine Exergetic efficiency({%) 39.8 401 +1.00

Type Tandem compound, four flow exhaust,

single reheat, 30 inch last stage buckets Table 4947 EF$} EP: 4] (8)o1A] Holdt el ol Alx J 2] A=),

Design data
= AALFERE 77 = pe
Gonramee atingk¥) S41500 EDV dA2e e 27t Jepie, G GAAESS tehao,
Speed(rpm) 3600 Table 4] &t e} Al2slols £ xiz)(1211.931 MW) 2ol
Throttle pressure(atm) 163 oF 550 MW7F £4=0], olaigl =4 FollA uj7rel=e) Aiukgof]
Main stearn temperature(°C) 538 O3 &40] 250 MW, 4718} Fomrle] Ay Salo] 300 MW
Reheat stearn temperature(°C) 338 Aws Jehgr},
Throtde flow(kg/hr) 1642.486 AaTHge) ANAELLUL vl A AR sjela
Exhaust pressure(atm) 0.08 = A @ .
:r_y ShAL AL e 2 =N [}

Number of extractions 7 NSE, 4R ] o 4 B Ak, VgEs upukg. sieel

C= gt o] RUS o835 AR BN Table 4-79) Lie}
wlglek,
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Table 4. Boiler system exergetic analysis results

Equipments EF(MW} EP(MW) EDIMW) &%)

Boiler
combustor 1331.154 1080.679 250474 81.2
1st superheater 194.168 146,836 47.332 75.6
attemperator* 588.856 585938 2918 99.5
2nd superheater 127.513 93.464 34.049 733
reheater 156.178 105.910 50.268 67.8
evaporator 343.056 212.147 130.909 61.8
economizer 133.911 106.200 27.781 79.3
1st air preheater 12.496 8.275 4220 66.2
2nd air preheater 47.987 42,663 5324 889
Total 1211.93] 661.644 550.287 54.6

*The exergy loss of the attemporator was excluded from the boiler loss.

Table 5. Turbine system exergetic analysis results

Equipments EF(MW) EP(MW) ED(MW) &%)

HP turbine section 167,855 153.789 14.066 91.6
governer stage 677.448 677.364 0.084 99.99
1st hp stage 43,720 42.496 1.224 97.2
2nd hp stage 123.011 111.293 11.718 90.5

IP turbine section 137.470 125.947 11.523 91.6
throttle section 569.868 369.138 0.731 99.9
Ist ip stage 569.138 566.900 2238 99.6
2nd ip stage 81.421 76.292 5.130 93.7
3rd ip stage 53.080 49.655 3.425 93.5

LP turbine section 300103 276.297 23.806 92.]
1st Ip stage 86.488 80.663 5.825 933
2nd lp stage 72.040 66,790 5.251 927
3rd Ip stage 36.832 33920 2.914 82.1
4th Ip stage 35576 32.549 3.027 91.5
5th 1p stage 69.167 62.379 6.788 90.2
Total 49,395

Table 6. Exergetic analysis results of the Feed Water Heaters

Equipments EFMW)  EP(MW) ED(MW) {(se)

Feedwater heater
FWH1 7.064 4.899 2.166 693
FWH2 5.275 4.489 0.787 85.1
FWH3 6.423 5.628 0795 87.6
FWH4 16.295 13.810 2486 847
FWHS5(Deaerator) 66.030 62.768 3.262 95.1
FwHs 15.113 13,769 1344 91.1
FWH7 39.263 36.862 2402 939
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Table 7. Exergetic analysis results of the balance of plants and pipe
losses

Equipments EFMW) EPMW) ED(MW) (%)

Balance of plants

Condensor 38186  37.463 0.759 98.0
Condensate pump 1.063 0.872 0.191 820
BFP turhine 14463 12.556 1.907 86.8
BFpP 11.294 10309 0.985 91.3
Steam seal regulator 2.045 1797 0.248 87.9
Pipe loss
Main steam pipe 121,198 121.163 0.035 99.97
IP steam pipe 568.109  566.990 1.119 99.8

Steam extraction to FWH7 47167  47.033 0.134 99.7
Steam extraction to FWHG ~ 15.789 15689 0.101 994
Steam extraction to FWHS 27435 27222 0.212 99.2
Steam extraction to FWH4  17.524 [7.337 .212 98.9
Steam extraction to FWH3 6.560 6417 0.143 97.8
Steam extraction to FWH2 5.146 5.049 (.098 98.1
Steam extraction to FWH1 6.583 6.461 0.122 98.1
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Table 8, Total system exergetic analysis results

Equipments ED(MW) EDI(%) - EDX%)
Boiler 550287 76.29 4541
Turhine 49.396 6.85 4,08
Feedwater heater 13.242 1.84 1.09
Balance of plants 4.829 0.67 0.40
Pipe losses 2.176 0.30 0.18
Mixing losses 16932 233 1.40
Loss(stack, blow down) 66.706 025 5.50
Other losses 17.506 243 1.44
Total 721.275 100. 59.5

o FWH7S] SEeald ol 4l FWH2, FWH3Y] 2
S F7W e ekE eisieiel Fht

Table 791 YElY B327)7]|(Balance of Plantsyes] &A=l 2l&)
™ 2&7)e] AMASYE ofF AL 7o JEdy, dMR|ES
351 98%EA ol =4 vEhdtl ole &dol yH ZA el
AR B Aol Ao|d oz, &G AAEE §E5E2 A
Adoz A7 B AdRgke A L 5 Ak oleld & i
diaie] diR)dde AEsr] witelre] dMalsEdE ALisha A
o] ¥AIE FE]) Aoz et

AA A AzS AP Table 82 2T Table 8914 EDIE 4]
252 & xRS0 e G zuge] $4L Jehiv, ED2
E Aekel BdMRI(1211.931 MWl thel Alaefe] oja=] ¢4
ATE e o oled AR dig Foi, thEF A
el Al elola] 71 fdo] & B0 Rdw FRUL 44
debg 4 glzich Wb, ol2igk Alage] AEldg HEiMe B
de B2 A4 22 $4HH02 Flgdol FE Y 5 9
ot A, By YR &) Fda rhke dAnke A v)7t
odige]] 71218 AR ol F 4 FollM HHFHoE A 7T F
& detste Aol Halwc) 43 doigt § ot} =& ojuldt
ALAYel vrtgAS Y 5 = Aok AeS © S5
& vi7l¢l4(Chemical-Looping Combustion) 5ol ti$ d53% 24
& Aeolti12, 13].
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e A8 A =9l ASPEN PLUSE ol&sle] Ziriie
o] Qe rleAS dlebaldct o] =g oldeld o] o

AHE F71kel g Aol e Al T oixel Y3
B/7E et AR B Adskel e WAL R

slEZEr H378 Ms5E 19994 108

|dre gy Alghlle) ¥IEEAES et dsf ASPEN PLUS
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242 AARE dATE Fo B A7 sids 2dg o
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