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ABSTRACT: The calculation of each unit cost of productions is very important for evalua-
ting the economical efficiency and deciding the reasonable sale price. In the present, two me-
thods of exérgy costing on multiple energy systems are suggested to reduce the complexities
of conventional SPECO method and MOPSA method and to improve the calculation efficiency
of exergoec¢nomics. The suggested methods were applied to a gas—turbine cogeneration and
the unit costs of the power and the steam energy were calculated as an example. The main
points of our methods are the following three. First, one exergetic cost is applied to one cycle
or system. Second, the suggested equations are the internal cost balance equation and the
production cost balance equation. Third, necessary states in a system are only inlet and exit
states of the components producing energy.
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Hol, FAVNZEY 94&F e dstd =
gid SPECO Wwieo] 4z gt o] i¥E
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S Hadoly WaAgAN & FHE NAx
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4. OECOPC2 OECOPS Wil Mg of

o}Al OECOPC W3 OECOPS W#el #4&
d & AHRA} Fig. 2= 7AW HAEg 1
d 3 HIdIFEgdHdA FI1E A4t 2ZMW
F gugdadozy A Aadrtel S
AAEE 7 AAHI}E FAoth £ AL
A 7t BAXE JANAFY golzo e}
e B3OS o)A, 57 € EY 2
A e IFC™ol v Q= x4 Ade olg
Btk o9 Lo gAM WA FoAX ol He
278 4&H g

(1) Table 19140 Z+ J&F ZejolAg 2
FHE 2%, ad3 o4E,

(2) M A 7]Fo] =& dirle] 2=(257),
A8 atm), 233 EBZEY(N2: 77.2%, O2:
20.7%. Ar : 0.9%. Hz0 : 1.2%).
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Fig. 2 Gas-Trubine Cogeneration.

(3) AG)9 g FANNEEEE(Zy))E A
Ahal7] 98k ghe 2 M Table 20149 7] 7]
S(CH), FARSFAF(py~1.06), 2 A
b 2F A1 ZH( 674§ 8000 hr/yr).

(4) Table 29| [0] FA7INAAN A2 =<
AN 83 E( Z pe=277.15$/hr).

(5) 98 FHING), T TIH HHV=54.723
MJ/kg), 282 AaFYe7H CF =4.00 $/G)).

Table 19 Fo)z ZAeczRY Z+ &3 4
ol X dgysEH AMAEEo] ANFA
AL 5 EL AT 2 AP YIH( Wiy 5)S

32432 MW, FANF( Q) 37666 MJ/s, L
g HAATEL 7258%9 A LA AAY L
& 4 gtk Table 261 2+ F47)7]8lth A=)
FY4, 3 49)¢ H4 A% ey glew
A(6)2RE TA7]7) Hl&EE( 2y )0l A
o] ot Z+zte] FA7| 7R ol Alad A
Ao dHME AMANEES FYo] I PEY
o, AESRERAY AANE ] LS dolA
AEE AF o] 00 €& HAY F AT
olA Fig.29] @WgAaddo] & UYPEL 3
43t A BA o] Al2"E& OECOPC d#
oA shte] AR Ape]Z ko] EA3 i OECOPS

Table 1 Mass flow rate, pressure, temperature, enthalpy flow rate, and exergy flow rate at inlet

and exit states

State m [kg/s] P [MPa] T[Tl H—H, IMW]  Ex [MW]
1 ‘ 95.919 0.1013 25.00 0.000 0.000
10 95.919 1.0264 34868 32.223 29.645
1 95.919 1.0254 34868 32.223 29.636
12 95.919 0.9748 576.85 56.239 43.437
13 95.919 0.9738 576.85 56.239 43.428
2 1.765 1.2159 300.00 1.255 0.987

14,15 97.684 0.9261 1252.88 140.543 105.249
16 97.684 0.1115 718.01 75.883 38.052
17 97.684 0.1105 718.01 75.888 37.974
18 97.684 0.1084 506.77 51.382 21597
19 97.684 0.1074 505.77 51.382 21517
5 97.684 0.1023 150.53 12.947 2.232
30 14.000 2.0265 25.10 0.031 0.027
31 14.000 2.0265 212(sat) 37.697 12.799
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Table 2 Exergy balance equation, initial investment cost ( Ci})

component { Zp))
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fitel) and capital cost flow rate at each

Exergy balance [MW] CE";:']W Z[ A

Component Wiy = EX + K3 + K - Wiy [10°$] [$/hr]

(1] —-3222= —29.65 —258 347 59.00

[3] 0.00= 89.13 —60.83 —28.30 0.21 357

[5] 64.65= 67.20 —254 2.75 46.76

[8] 0.00= 2.58 —258 0.72 12.24

[19] 0.00= 0.18 -0.18 0.02 0.34

[20] 0.00= 19.29 —-12.77 —6.51 1.00 17.00

[0] 0.00= 1.25 —1.25 277.15

Sum 32.43= 89.13 +0.00 —12.77 —43.93 416.06
QAN sipe] AAH A AEge] EAEE 1 129, 139, 29, 149, 17H, 2El: 189 B
ez 5 uye HefAe NE 1 HF 4 A AE AEHA FPLL E 5 Utk
39 gAagst =8 M2 2A "k oA A SPECO #'d ¥ MOPSA Wi BE FAAMY

(14) Ex H018)¢ A&7 4eDF g £
& Qe 4 YW, o) £HoE AUANIF §
& AAAN2Y WP AN BHE ANY &

itk A(15) EE H(19E 38 @9 2
e 548 A2 & YT o) FHoE AFYNY
e 7% & Atk 406 £ HQ0OE 83

i A% 2E FHE 4 5 A3, o 74
o2 FIIAEME 72 F o

0=QH"Co" + Zpc+ Ziz8.19
— K% mCe

(21

Wi Cw = K% Cox+ Z 115 (22)

0=KGEC8+ Zpg+ QunCo (23)

‘?'] }'\-10“1"1 Kﬁ?]‘k‘ E.XI_EXI()%r K%;s?]“E’

AEigS 8= B2 HAg A2"gds
o]Eo] S HFYF UL ¢ F Utk
e e AN LE-E SPECO WHoR *—l
< x4 2740 3 m AT &
Atz 33709 $4e) "K3ty, MOPSA ¥
o7 F£4& FE3E Z+ FA77| Futv} 1749
n A7 EAs 3719 uRAFrE FUME H8
2 5u2 89 4o et wety 349
Falo] 9o 2 Hi E el /Y tuEs ¢
4 et

A2pe AHAFE g

m e
> o e

iy

lete HA H&TH

HozH AW AAYLHEBEL, $EY A
Age AUFYNE5EL, TATE P EE
g, ANYe APNE3 8L, 19T WAL

714N 8BRS EEG £ 4(21-23)& &
gatd 2(24)7F 28 #49¥ F Aok

-{ﬂ 01}1 :l

Exis—Ex® Kihe Exw— ExsE Wy WisiCw = Q1 C&" + Zinc o)
® Hi— Hy&, Wiie His— Hyg, 283 Q) - .
e g - 5 + 22wt QunCe
= — HyE 3t 7)ol ez 119 =
Table 3 The cost-balance equations and the unit costs
Equation [$/hr] W[]_s] CW = QﬁgI]{VCHHV [k] C + Q 1201 CQ + Z [£]
Unit cost [$/G]] 10.436= 4.000 8218 4.340
Eq.21) 0= +1390.84 —1684.14 +293.30
Eq. 22) +121847= +1111.71 +105.76
Eq. 23) 0= +571.43 —588.43 +17.00
Eq. 24) +1218.47= +1390.84 0.00 —588.43 +416.06
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Table 3ol 2](21-24)] g H| & 5ES0] 7
A5l gt Fold e o3 AzFYu&
BE(QMVCE e 139084%/hr, AN EEE
(Zpc)& 27715%/Mhr, 182 JHu L3589 %
(X Z )& 13891 $/hrolth. et A £9
8§58 180690 $/hrojtt. 2 (21-23)8 H&H
A3 AFYPMDAIH Cy)eE 10436 $/G], 23z
Z718AGTH Co)E 4340$/GI2 A= o)z},
mebA AHYNE R EE( W5 Cx ) 121847

$/hr, 28 F7) A B EE( Q gy Co)2 58843
$/hrozA AA) AN LIEL 1806.90 $/hro)
o SN E RFSEK0l AL Ao T
AARA 2D WRHEEEY BT 0o1
o, A4 £YHg§EEd AN YU gsse 2
& $AE 4 Y
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