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Abstract— This study focuses on the exergy and energy analysis of the general power plant system containing vapor-

compressor cycles. As the result of the exergy analysis, the amount of irreversibility of the interior of each subsystem is
computed and the efficiency of the total system is improved by optimizing manipulated variables of subsystems which in-
clude the most dominant exergy loss. The energy analysis based on the first law of thermodynamics shows that the con-
denser is the most dominant part of the energy loss. On the other hand, the exergy analysis based on the second law of
thermodynamics shows that the boiler is optimized for reducing the energy loss in practice and improving the efficiency of
the total power plant system. yEXERGY, a user friendly program, is also developed for the analysis of the general power
plant system.
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Fig. 1. Schematic diagram of the plant system.
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Table 1. Thermodynamic properties of subsystems

Path Unit Pressure(kPa) Temperature(K) Enthalpy(kJ/kg) Entropy(kJ/kgK)  Exergy(kJ/kg)
2 High pressure heater+Superheater 17314.64 812.94 3389.31 6.26 2337.54
3 High pressure turbine 3688.72 604.93 3051.73 6.55 1135.92
5 Low pressure turbine 16682.54 810.42 3372.53 6.29 1530.15
6 Condenser 5.03 351.15 2313.23 5.59 384.49
7 Pump 19441.24 517.15 1056.87 2.74 257.05
8 Feed 101.30 298.15 3074.40 8.21 626.44
5y = m,H, —m,H, (10)
mg, Hg, Ss
< >£H1, S, T8k Aele] 38e) 234 719718 A 1, 2¢3EE 58
M As] 1A R okt 2,
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EXg10ss = EX, + Ex, —Ex, =T (m,S,-m,S)) (11)

Q high pressure heat

Fig. 2. Balance diagram of high pressure heater.
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Table 2. Exergy loss and energy loss of subsystem

Exergy loss Ratio Energy loss Ratio

BTUMD fuel) (%) Unit ®TUMb fuel) (%)
6970 89.56  High pressure 1500 10.76
heater+Superheater

80 442  Turbines 48 19.50

810 1.48  Condenser 230 47.33

186 4.08 Pump 7260 19.80

770 0.46  Others 210 2.25
3800 100.00  Total loss 9248 100.00
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Table 3. Comparison of exergy loss and energy loss in subsystem

Loss ranking Exergy analysis Energy analysis
1 High pressure heater Condenser
+Superheater
2 Turbines Pump
3 Pump Turbines
4 Condenser High pressure heater
+Superheater
5 Others Others

Calculation Moduie
File def. —
Start Iteration

Input T, Pn (n=1,2,..)

Set Eqn system
{Matrix)

Caiculate Hn, S, (n=1,2,..)
No

Solve Egn
{using L/U ;'

Calculate EXn, Qn, W (n=1,2,.)) f
Dicomposition) E

i

Convergency

Calculate 1, nex
Yes
End iteration

Hn, Sn, Qn, W,
EXn, 1, nex
S T

Fig. 8. Flowchart of yEXERGY program.




HE A R AL dla]zx] BA s

A E3s}9l 20|, o] 5 Table 3¢ LJefgict.
5. WEAS MK BA mzO spg

A RAgE dAx2 257] 8] A" =2 a9 yEX-
ERGY+= Visual Basic o] &3} stEogch AL K 8le) 7+

o vEXeQy

Fig. 9. Inserting part of input variables.

TR elE e EEH IHTAHE AU fEHE 589 9
S EAUEY 25, 4HE =9 " (input variables)Z3 41
3t 22 72 2gA 71 A3 W (output variables)2 4 e,
AE2H, dMA] g3t 7 B TR A S AR AL A
289] A2 Fgo] ALtk o714 7 oux] =R S5} @A
A PANES BF A Je 2 Jepds, o213 Ayt

Fig. 10. Window of power plant system embodied in YyEXERGY.
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N = k-
b : maximum available work from state 1 to environmental
state [J/s]
Ab : maximum available work from state 1 to state 2 [J/s]

Excpwe : exergy loss of condenser [J/s]

EXupniss : €xergy loss of high pressure heater [J/s]
Exuy  :exergy of high pressure heater [J/s]
EXgu0  : €xergy loss of superheater [J/s]

Exgy : exergy of superheater [J/s]

Ex,.  :exergy loss of total system [J/s]

EX,pm. : €xergy loss from low pressure turbine [J/s]

EXyprs.05 : €xergy loss from high pressure turbine [J/s]

d - WA - FHE

H, : enthalpy of liquid stream from high pressure heater to super-
heater [mol/s]

H, : enthalpy of vapor stream from superheater to high pressure
turbine [mol/s]

H, : enthalpy of vapor stream from high pressure turbine to
low pressure turbine [mol/s]

H; : enthalpy of vapor stream from low pressure turbine to con-
denser [mol/s]

H, : enthalpy of liquid stream from condenser to pump [mol/s]

H, : enthalpy of liquid stream from pump to high pressure heater
[mol/s]

Hs : enthalpy of liquid stream from feed to high pressure heater
[mol/s]

m, : flow rate of liquid stream from high pressure heater to super-
heater [mol/s}

m, : flow rate of vapor stream from superheater to high pressure
turbine [mol/s]

m; : flow rate of vapor stream from high pressure turbine to low
pressure turbine [mol/s]

m; : flow rate of vapor stream from low pressure turbine to con-
denser [mol/s]

mg : flow rate of liquid stream from condenser to pump [mol/s]

m, : flow rate of liquid steam from pump to high pressure heat-
er [mol/s]

my : flow rate of ligiud stream from feed to high pressure heater
[mol/s] '

(07 : heat load of condenser [J/s]

Quey  :heat load of high pressure heater [J/s]

Qsy : heat load of superheater [J/s]

AS : entropy change of system [J/s - K]

S, : entropy of liquid stream from high pressure heater to super-
heater [J/mol - K]

S, : entropy of vapor stream from super heater to high pres-
sure turbine [J/mol - K]

S; : entropy of vapor stream from high pressure turbine to low
pressure turbine [J/mol - K]

S : entropy of vapor stream from low pressure turbine to con-

‘ denser [J/mol - K]

Ss : entropy of liquid stream from condenser to pump [J/mol - K]

S, : entropy of liquid stream from pump to high pressure heater
[J/mol - K]

Ss : entropy of liquid stream from feed to high pressure heater
[J/mol - K]

T, : environmental temperature [K]

W, : work from high pressure turbine to pump [J/s]

W, : work from low pressure turbine to generator [J/s]

J2|ojA 22X}

n : efficiency based on the first law of thermodynamics

N : efficiency based on exergy

ATES

EXpriss  : €xergy loss from pump [J/s]
Exy,  :exergy work of from low pressure turbine to pump [J/s]
Exy,  :exergy work of from high pressure turbine to generator [¥/s]
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