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Abstract—In this paper, the performance of an energy conversion system is analyzed using two efficiency
concepts, one of conventional and the other of exergetic efficienty. The objective of this analysis was
to improve and optimize the energy conversion system in point, namely, and LNG-fired Combined Heat
and Power Plant (CHP). To this end, exergies which represent the true efficiency figures were evaluated
for various flows of the system with a set of system configurations given. Then the economic values
of the exergies were assigned to respective flows and subsystems. With these economic data locations

of inefficiencies and opportunities for improvement are identified.
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Fig. 1. Exergy balance of system 1

A A E A4 Foll 2H2be] F A ol I AR B S
(exergetic efficiency)-2 AAbslgdc) ey 7z 385E
of that =9 YA &7 A(cost of unit exergy)s 7+
B g W3 B AR 7HA, i gy A
&=Alv}8-(cost of unit exergy loss)-& 3teich wpA|=t
08 7} AR Sl g oM x)&2n]L(average cost of
exergy loss)S 78}y AR EFo] R u]fo] wol
Ev AAE FYsi] Esirh

2-3-1. A gA|~¥

2 odFo 243t CHP power plant(combined heat
and power plant) WA dnle) FAL AR =] ue}
3717 A zEle g FATE = Qi) F AAH 2F 1S
7}2E{Hl(gas TBN)} vi d &)1 o) 2}(HRSG)E =3
Alzg o g 7EAENlY] wigdnbE wid s e
A Faste] SAE Z7] RS Gt dugz
FEFYEo 2N AdF_E FFAAFE Yotk Aoy
23} I 7}2Eul(gas TBN), v d3]4= L U2](HRSG),
Qe NHP-TBN)-S 233 Al2aglez shaeule
g vgdserAdzdA Fstd Uy F7E
dltel o] Hujo] A& AYatelz, F7]EA )
29 375 Ay dudr 2 FEFeEH 98T
dH3HE FFAATE WAl aejx Ay %3
& 7}2¥{ul(gas TBN), vl 3|52 U2](HRSG), i
SFe{WI(HP-TBN) 2|3l E<e{4l(LP-TBN)-& =3t

oL X|12E M2 1S 19931 48

A" oz 7haEl ) mjd-S widslpr e &
Fate] AR F7)2 wistellS TEA]713, wholE
Hlol| 4 g 3718 oA EFEHEle R muo] B
1Yg QAshe vae)ch

2-3-2. AARFH FAPARA L

AR AL A d9A T ZFEd g 94
A edg AAPSEE A A A W ~F Aok 3k Fig 1.2,
3ol A 77t Al2®] =g L L 119 A= gajre]n]
9] HolE g8l 24 AAof| FoirtL e 35
& H3E Esich

2-3-3. A28 FF VA EE % JAHAEE

Al 23], 11, I o3 gas turbine, CHP cycle,
combined cycleol] T3t L E &2 Table 13} 7t} Ta-
ble 1ol4 CHP cycle®] 582 & M9dyiFrdalE
F3t] 3 Hoxle 9& o] 43 rankin cycled
&8L 9u)slm combined cycle®] &EE gas tur-
bine#} rankin cycle2 3t AA 7}2Elyl E§3d
A9 FZag-g 9vidith

2-34. 29 A4AMR71A

Alx=®e] 7k 58 diF 29 G| 7FA(cost of
unit exergy)2 7t #X|o] g FAEWHAE o] &
sho] & £ Qlek AlA®e] 7 Aol tf{t 2
Bl obg3 22 dukale g eld 4 9ok

Z Epce=Zy+ Z Exci a7



AR Al o BGFERE] HERHA B AT

=799, 27
- Ex=319.68
H=11791 He562.157 1152
B=11201,45 o, , :
REL 11 w1.000 Ex=462.721 Jo1
: 14,051 W<653.79
102 Ex=184.31
' »e2.614 (=1296.497
. HRSG
AlR Cuyp
Ex=3891.755 H=636.57 41
Ex=158, 22 1=612.47
02505 =131, 50
i = (kCal/Fuel-kg) 204 w412
tx = {kCal/Fuel-ka) #=612.47 203 H=612.47
= ke/h Ex=131.50 o Ex=131.50
0=0,072 w=4.65
302
1E115.40
1=100, 14 Ex=14, 88
Ex=167.23 -
#2100.06
»:14.051 w02 DIST. W
103 H=99.28
Ex=10.61 /
401 us2.61 n
112101, 92 165.20
Bx=13.68 £ret 95
827,152 01 100,06
=45 38 P
tx=10.19
n=9.695
Fig. 2. Exergy balance of system II
111791 H=799.27
Ex=11201.45 =349, 68 =604, 52
REL o2 oo 1562157 »=7.152 L:m') "
462721 o -

n=14.051

HRSG
“R Ex=3891.755
H = (kCal/Fuc|-kg)
EX = tkCal/bue
vz kaoh uel-kg)
402
H=103.14 H=49, 28
Bx=167.23 Ex=10.61
103 9=14.05 #=2.61
-
401
11=101.92
Ex=13.68
0=7.152

Fig. 3. Exergy balance of system III

A7)l A Epe} Eps 47 4

b=l
Sebig s

Y5

ﬂﬂﬂ%ﬂﬂctebaﬁﬁﬂﬂaiwaﬁk:az

212
Hz609,62
Ex=1140.79
»=0, 996

201
H=514,36
Ex=45.44

8,770

N

——

CUNBENSER

301
H=41,16
Ex=2.48
n=8,770
\ 7
Y
DLAEKAJUR
Z0LZ,<K)2 JepfojA+ FE& AA T A

7 Ao Bl Ax)ske YA epi,

Energy Engg ] (1993), Vol. 2(1)

87



88 2934 - AEA

Table 1.Energy and exergetic efficiency

System Combination I I I

Gas Turbine Efficiency 33.0% 33.0% 33.00%
Gas Turbine Exergetic Efficiency 34.70% 34.70% 34.70%
CHP Cycle Efficiency 81.51% 80.05% 26.45%
CHP Cycle Exergetic Efficiency 20.25% 35.20% 32.14%
Combined Cycle Efficiency 87.61% 86.65% 50.74%
Combined Cycle Exergetic Efficiency 46.50% 55.18% 53.40%

T) CHP Cycle: Rankin Cycle
Combined Cycle: Gas Cycle+Rankin Cycle

Table 2. Fuel exergy and product exergy

Fuel exergy product exergy exergy loss exergetic efficiency
System Erk Erx Eix €k
Component (kcal/kgg/hr) (kcal/kgs/hr) (kcal/kgg/hr)
Gas TBN 4699.758 3891.755 808.075 0.828
I HRSG 4151.943 2805.982 1345.961 0.676
Dist. Heater 2796.790 1316.662 1480.128 0471
Gas TBN 4699.758 3891.755 808.075 0.828
1 HRSG 4151.943 2785.585 1366.359 0.676
HP Turbine 1491.987 1296.497 195.481 0.869
Dist. Heater 1310.932 849.756 318.757 0.648
Gas TBN 4699.758 3891.755 808.075 0.828
11 HRSG 4151.943 2772943 1379.851 0.668
HP-LP TBN 2368.904 2123.495 245.409 0.896

T)kgr : unit mass of fuel
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Table 3. Thermodynamic property and unit exergy cost of system I
Flow No. T (C) P (kg/cm® H (kcal/kg) S (kcal/kg'K) m (kg/kge) Ex (kcal/kg) c (W/Mcal)
101 470.0 65.00 799.27 1.6135 7.152 339.68 17.507
102 1434 4.05 635.79 1.6482 2614 184.31 3472
103 110.0 1.06 103.23 - 14.051 167.23 2.993
104 1434 4.05 653.79 1.6663 0.082 17948 0.106
105 1435 4.05 653.79 1.6663 2.534 179.15 3.272
301 67.6 3.00 95.38 0.2998 11.788 10.19 3.193
311 65.0 12.00 65.50 0.2132 127.999 4.99 4519
302 1154 12.00 115.80 0.3536 127.999 15.28 13.831
313 1204 2.05 646.44 1.7043 3.568 160.97 17.507
314 95.3 0.87 637.37 17795 5.686 13047 17.507
401 100.2 91.00 101.92 0.3105 7.152 13.68 0.705
402 99.1 4.50 99.28 0.3120 2.614 10.61 0.200
403 100.2 91.00 101.92 0.3105 2.102 12.93 0.705
501 530.0 1.06 562.16 - 14.051 462.72 7.848
502 - - - - - 3891.76 27.525
511 12.0 - 11791.00 - 11201.45 14.119
Table 4. Thermodynamic property and unit exergy cost of system II
Flow No. T (€) P (kg/cm® H (kcal/kg) S (kcal/kg-K) m (kg/kgr) Ex (kcal/kg) ¢ (¥/Mcal)
101 470.0 65.00 799.27 1.6135 7.152 339.68 18.958
102 1429 3.93 635.79 16482 2.614 184.31 3.760
103 110.0 1.06 103.14 - 14.051 167.23 3.056
201 - 2.09 636.57 1.6793 5.046 158.22 10.533
202 1429 1.03 612.47 1.6885 4.721 131.50 8.191
203 142.9 1.03 612.47 1.6885 4.649 131.50 8.191
204 1429 1.03 612.47 1.6885 0.072 131.50 8.191
205 - - - - - 1296.50 26.513
301 67.6 3.00 95.38 0.2998 9.695 10.19 1.226
302 1150 12.00 11540 0.3536 100.058 14.88 10.140
311 65.0 12.00 65.20 0.2132 100.058 496 3.382
401 100.2 91.00 101.92 0.3105 7.152 13.68 0.764
402 99.1 4.50 99.28 0.3120 2.614 10.61 0.217
501 530.0 1.06 562.16 - 14.051 462.72 8.454
502 - - - - - 3891.76 26.513
511 12.0 - 11791.00 - 1120145 14.119
B 5ol w3 AA A 7bH(exergy cost) A4bE F3le] ARd ] FAA A28 W= 27 FY
T ek
Table 34,55 2 A|~%] 239 443 dolefe}
A F, w9 AR AE el Aot
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A28l o] Zb Aol fF FJRE AEEL o
AAEE] Aol oA TEEHAA) F, FUFE
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Table 5. Thermodynamic property and unit exergy cost of system III

Flow No. T (C) P (kg/cm® H (kcal/kg) S (kcal/kg-K) m (kg/kgr) Ex (kcal/kg) ¢ (W/Mcal)
101 4700 65.00) 799.27 16135 7.152 339.68 21.388
102 1434 4.05 635.79 1.6482 2.614 184.31 4.242
103 110.0 1.05 103.14 - 14.051 167.23 3.447
201 -~ 0.03 534.36 1.7164 8.770 4544 3.508
205 - - — — - 212350 24.703
211 - 1.03 609.62 1.7158 8.770 120.87 1.147
212 - 1.03 609.62 1.6810 0.996 130.79 1.147
301 - 0.08 41.16 0.1366 8.770 248 0.192
401 100.2 91.00 101.92 0.3105 7.1562 13.68 0.861
402 99.1 4.50 99.28 0.3120 2.614 10.614 0.244
501 530.0 1.06 562.16 - 14.051 462.72 9.538
502 - - - - - 3891.76 24.703
511 12.0 - 11791.00 - 1 11201.45 14.119

< dMRAEFA AN LR TPH RE ZFEZ Az e} 4HE8E JxA)= Fig 29 2rh
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Table 6. Average cost of unit exergy and unit cost of exergy loss

Average cost of unit exergy unit cost of exergy loss
System Component CrK 1T Cpk Acik
(W /Mcal) (W/Mcal) (W/Mcal)

Gas TBN 22.794 27525 4.731

I " HRSG 10.627 15.729 5.102
Dist. Heater 15.669 18.349 2.680

Gas TBN 21.956 26.513 4.557

HRSG 11.509 16.613 5104

I HP TBN 22.028 26,513 4.485
Dist. Heater 10.139 15.788 5.649

Gas TBN 20.456 24.703 4.247

jill HRSG 12.985 19.443 6.458
HP-LP TBN 22.144 24.703 2.559

Table 7. Cost of exergy loss

cost of exergy loss
System Component Ap Ap

(W/kgr) (W/kgr)

Gas TBN 18.597 22.255

I HRSG 14.302 21.172
Dist. Heater 23.191 27.158

Gas TBN 17.741 21.423

i HRSG 15.725 22.698
HP TBN 4.306 5.108

Dist. Heater 3.233 5.033

Gas TBN 16.531 19.962

111 HRSG 17.989 26.827
HP-LP TBN 5.436 6.062

1) fuel exergy cost of subsystem K
product exergy cost of subsystem K
(W/kgr):cost of unit input fuel mass

AW, 25 99 dNA7EL kA g
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ENERGY & EXERGETIC EFFICIENCY

SYSTEM

EFFICIENCY

Fig. 4. Efficiency and exergetic efficiency of combined
cycle
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