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Energy and Exergy Analysis of a Steam Turbine Cogeneration System

Sung-Chul Choif

ABSTRACT: In recent decades, exergy analysis has been holding spotlight as a useful
tool in the design, assessment, optimization, and improvement of energy system. This paper
presents the results of the energy and exergy analysis of a steam turbine cogeneration
system for industrial complex using two efficiency concepts of conventional one and
exergetic one. In order to obtain the destroyed exergy of each component, mathematical
analysis 1s conducted by using exergy balance and the second law of thermodynamics,
according as the parameters are changed, such as the ratio of returned process steam,
process steam supplied, temperature and pressure of boiler and power. The computer
program developed in this study can determine the efficiencies and exergy destroyed at each
component of cogeneration system. As a result of this study, a component having the
largest destroyed exergy was boiler. And closed and opened feedwater heater had the lowest
one. The affects to the cogeneration system due to the variation of process steam flow and
return rate of condensed water is shown that the total electric power efficiency(ng) is
decreased as increasing the return rate of condensed water under constant process steam
flow. As the boiler pressure is increased for the more production of electricity, the efficiency
of cogeneration system was decreased.
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Fig. 1 Schematic diagram of cogeneration

system
HolAel Addd AFEFS A" FEEs
molel sdg W gl - &7 Fdo] Fdar)
E AoR g o] 1ers] vkl £ gl

ZEin: ZEout (2)

Eulo| Aol Aitsae mdeoa] ateinlo
2 5o oAy dA] F71E A e AGEnl
oA AAT7IZ F71HE oA Aol HHH
=3

9 13
Wg=myhy;— (Y mh; + Y, mh;) (3)
i=6 i=11

213 X =&

AANEE(nS &AL 899 F4FT7=2 Yo}
= ol U3 ndy YIdF H LR FoX
o, AU Hdg8(ny)S A S8 v
H g v golrt

WE+QPN
= —— (4)
K Qp
Wy
Ng = —~— )
& Qp

214 AMK| of A

2141 AMX| 28

2 e elA 7]
condition)¥ FFGH ol =& & wrpA Hoj
T de g e de] de wstrz 3 FH
A =HE G2 dee duxz Hsold
T e F oouA FE gudn oA #H A
A= oy A ek FARE id ez | A ] 7hA
E et g elyux el ZHA A gl #8%
NAA Ve g wHole} & 5 Uk AWF W
Aol dAA F&S T By Aduje oA
A EESs AHgetd o
2 7Y =9 odAe dd 784 FE=

y

€= ——— (6)

- 1399 -



Table 1. Production and input exergy for

each component
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Fig. 2 Simulation flow chart of cogeneration
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Table 2. Range of design variables in

simulation
design variable range
Ratio of returned _
process steam L. 0.2 0.8
IHPI
IIlP2
Process steam 10 ~ 150 ton/h
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Power W 50 ~ 80 MW
Boiler pressure Ps 7 ~ 13 MPa
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