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Thermodynamic analysis and economical optimization on various
configuration of Gas Turbine Combined Cycle Power Plants

Seungjin Kim®, Sangmin Choi’’

ABSTRACT

Thermodynamic and economic analysis on various type of gas turbine combined cycle
power plants was presented to build up the criteria for optimization of power plants.
The efficiency considered about energy level difference between electricity and heat was
introduced. The efficiency on power and heat generation of power plants whose have
different purpose was estimated and power generation costs on various type of combined

heat and power plants
pressure HRSG.
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: fired/ unfired, condensing/ non-condensing mode, single/ double

. Gas Turbine Combined Cycle Power Plants, Efficiency

el A% R v

o EE, AN, 717

Mg Es melelel HAE
°]
S

et A Al
S ux=
ﬂ@xﬁﬂ%@4
o2 WAZTAEY 74
o @AelL Reua Eas Aeqe
AurE s AR Be EE

B QEATE A4 4AF o}
of majo] gl A4 AT HYEA
W} stk o) A7 Al

=]

o R Ve

g R o
i
m

ny
et

r—{o
:\9r3i~2‘~'_12£
Mo & AN & @ @ T p
= o o O T ox pE |

Im S to ¢
2

of
2

N
-
N

T}, ]Oﬂ st & ﬁxﬂ@ H7V e 0}74‘%[6] HH
a3 WAl 2yl stack =
= 7]%9_i HH%‘.Q-’F E%JE%Q = *éﬁ]i?ﬂ%
Asle AF[T1E] HaE o g} = vhgd
el AtolFol tidk AAA H7H8-9]¢F, 7FAH
Hl Alo] S8 FAoR 3t H@AlolE HdZd
E9] 54***474] Oﬂ?[lo ll]c ] ANt HA
5% a7

o0 =
SHA H7ts }“ 7401] EHT‘SL 3’—‘313 =3k A7 o]



Al 453] KOSCO SYMPOSIUM

—————y

HRSG

ﬁ

1

HRSG

—

ST

50MW

S0MW

Desalination

Desalination
- ]_r

—

condenser

HRSG |

—

o}

— 1

75MW

SN e 1

HRSG —

‘. -'\\; %
ﬁ Heat Exchanger

Type 3 : Combined Heat and Power

Fig 1

Schematic Diagram of Case Power

Plants

Table 1 Case Combined Cycle Power Plants

Type 1 | Type 2 | Type 3
Firing Fired Unfired | Unfired
GT  outlet
temp. Of gas 573 520 605
()
GT
capacity per 166 85.9 161.21
each(MW)
Number of
GT 3 4 2
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HP steam
temp.(C) 544 / 492.3 / | 5237 /
/pressure 9.040 6.149 0.539
(MPa)
ST
capacity (MW 322 160.8 190.99
)
Number of
ST 2 1 1
Plant
gross output 735.25 4277 511.31
(MW)
Heat
output(MW) 564.1 342.5
Fuel
consumption( | 1496.00 981.05 966.48
MW)
Combined
cycle 4915 | 4360 52.9
efficiency
(%)
Power Combin
ed heat | Electrici
Purpose and and ty only
steam
power
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Fig. 2 Efficiency of various type Gas Turbine
Combined Cycle Power Plants
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Cycle A-Unfired HRSG Lp process steam
Cycle B-Supplementary fired (922K)HRSG, LP process steam
Cycle C-Combined cycle, unfired, two-pressure level HRSG,
HP at 6.149MPa, 765K, LP at 0.685MPa, 437K (saturated),
noncondensing steam turbine-generator
Cycle D-Combined cycle, supplementary fired HRSG, HP at 6.149MPa, 765K,
LP at 0.685MPa, 437K (saturated),
noncondensing steam turbine-generator
Cycle E-Same as Cycle C, but with admission condensing steam turbine-generator
Cycle F-Same as Cycle D, but with condensing steam turbine-generator

Fig. 3 Performance envelope for gas turbine
combined heat and power system
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Table 2 Economic Analysis on various system
configuration

Net power | oo | 335.| 437. | 452.| 335.| 509.| 517
ouput 9 9 2 9 8 4
Efficiency | % | 345| 449 | 464 | 345 | 523 53.1
Capital | 0

o W | 542 | 1063| 1279| 607 | 1128| 1345

s /KW

Fuel

consumpti kg/s | 205 | 205 | 205 | 243 | 243 | 24.3
-on

electricity W
generation | /kW
costs h

250. | 202.| 200.| 296.| 207.| 207.
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