r1A s 20009 EAGeds=E2d B pp. 962~969

59 net 3L A& EFAT A

SAAN2R 235

KSME 008313

Ytz

Thermoeconomics Analysis to apply net concept
of material flow to Power System

Deok Jin Kim
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Abstract

Quality that character of exergy is the same at every state in case of equal working fluid and net
concept of material flow was applied to thermoeconomics about energy system, and we could naturally
explain the suitable degree about this concept , also thermoecomic equations about general power plant
was easily deduced. And deduced equations exactly corresponded with principle of thermoeconomics
that overall input cost flow rate equal overall output cost flow rate. This equations is applied to gas
turbine cogeneration power plant as one example and found the product unit cost. Also this product

cost comparison could been naturally explained.
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Table.l Propercv values, exergy flows rates and unit cost of enthalpy at various state points

state P T H S Ey casel) case2) case3)
[kg /sl [MPa] i°c) Mw) | (MW/K] | mw) | CA3/GI1 | ClI®/GIT | C,I8/G))
1 95.919 0.10133 25.000, 0.000] 0.01821 0.000

2 95.919 1.02642 348.677, 32.223 0.02686 29.645 5.051 5.066 6.255
21| 95.919 1.02642 348.677, 32.223 0.02686 29.643 5.051 5.066 6.255
22 95.919 0.97475 576.850! 56.239 0.06115| 43.437 4.240 4.253 5.251
23 95.919 0.97475, 576.850) 56.239 0.06115] 43.437 4.240 4.253 5.251
24 97.684 0.92611 1252.879] 140.543 0.14274 105.249 4111 4.124 5.091
25 97.684 0.92611]  1252.879 140.543 0.14274 105.249 4.111 4.124 5.091
26 97.684 0.11146 718.008] 75.888 0.15127 38.052 2.753 2.761 3.409
27 97.684 0.11146! 718.008 75.888 0.15127 38.052 2.753 2.761 3.409
28 97.684 0.10842 505.768] 51.382 0.12426 21.597 2.308 2.315 2.858
55 1.765 1.21590, 300.000; 1.255, 0.00090, 0.987 4.318 4.331 5.347
N 97.684 0.10842, 505.768 51.382 0.12426) 21.597 2.308 2.315 2.858
100 97.684 0.10234 150.476 12.941 0.06028 2.230 0.946 0.949 1.172
101 14.000 2.02650 25.000 1.493 0.00513 0.027 0.151 0.158 0.193
102 14.000] 2.02650 -1.000; 39.165 0.08864 12.799 2.721 2.850 3.490,

Tab1e2 Exergy balance equation and initial investment cost, corresponding monetary flow rates

Com t Exergy balance [MW] va(re];?r?llent Zyy

| ponen Wee | = EST| + KW | + K| + KT | + KB | — Wi [ cost [$10°] [$/hr]

i Compressor [1] -32.223 0.000 0.000[ -29.645 0.000 0.000 -2.578 3.470 59.001
Combustor  [2] 0.000 89.131 0.000! -60.825 0.000 0.000| -28.306 0.210 3571
Gas turbine [3] 64.655 0.000 0.000 67.198 0.000 0.000 -2.543 2.750 46.759
Preheater  {7] 0.000 0.000 0.000 2.662 0.000 0.000 -2.662 0.720 12.242,
G.T. Chimnev (8] 0.000 0.000 0.000 1.243 0.000 0.000 -1.243 0.000 0.000
Gas pipes _ [9] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HRSG [20] 0.000 0.000f -12.772 19.367 0.000 0.000 -6.594 1.000 17.003
WO(outer) 0.000 0.000 0.000 0.000 0.000] 0.000 0.000 16.300]  277.153
Total 32.432 89.131] -12.772 0.000 0.000 0.000{ -43.927 24.4501 415.729

Table.3 Net cost balance equation and unit costs.

Equation Cw Cr Che Cer Cz
[$/hr] [$/hr]) [$/hr] [$/hr] [$/hr)

casel) no have a component and outer cost flow rate

UNIT COST 6.808[$/GJ] 3.670[$/GJ] 8.325[$/GJ] 5.490($/GJ]
Eq.(18) 0.000 -1177.59% 0.000] +1177.595 0.000]
Eq.(19) 0.000] 0.000] +382.769 -382.769] 0.000]
Eq.(20) +794.826 0.000] 0.000] -794.8261 0.000]

~ Eq.(21) +794.826] -1177.594 +382.769 0.000 0.000]
case2) have a component but no have outer cost flow rate

UNIT COST 7.839($/GJ] 3.670[$/G]] 8.720[$/GJ] 5.507($/GJ]
Eq.(18) 0.000 -1177.595 0.000| +1181.166, ~-3.571
Eq.(19) “0.000 0.000) +400.933 -383.929; ~-17.003
Eq.(20) +915.239 0.000] 0.000] ~797.236) -118.002
Eq.(21) +915.239 -1177.595 +400.933 0.000 -138.576
case3) have a component and outer cost flow rate

UNIT COST - 9.441{$/GJ1} 3.670[%/GJ} 10.679[%/GJ] 6.799($/GJ]
Eq.(18) 0.000) -1177.59 0.000, +1458.318] -280.723
Eq.(19) 0.000 0.000] +491.019 -474.016) ~-17.003
Eq.(20) +1102.305 0.000) 0.000] -984.302; -118.003
Eq.(21) +1102.305 -1177.595| +491.019 0.000) -415.729




5.0 2ot A Eo

Table.1olv Fo13 AZFHH, 48, 2% dis)
z} Abel BA A B(715:250C, latm, 00Cx=0)S, o
AR AMGET B AF A A 239 dg
5 7}Zo] et 9lch Table2ol & Table.19] %o
ZYEH AMA FFH@Y 4 P deSHE @&
3 7t 24717 uE5E gEC] AEHAA
.z A 7R olJe AFFEAZIME
483 Az #FPo] 2 R FERAS 7
TA7171EY 5L AYs 00 B& E F
. Table3olE 21(18,192021)9 Z} dtof o2&}
T 7HE 58 @gEo] AXHAA Uk 474 7]
3E FYu|gsEoln +r)lay AtEH|§EEoz
W A3 o ugsgo 2LL AT 5 Auh
casel}& TFA7]71% 2% ExH]4
olal case2)= 7+ TA7|7Iv] R E o
Fzplgo] 98 WE cased)T T X &3
g o E g cGAMY A$ F7)19AMA 9 s}
Aol MEe 7HARY o vinA AxsH A=
I olf= A9t 220y I8 Table29lA %=
Z718 Adsted AdAocz o

_l

&l
9l
A

HLEQ
to 3
o 2 -

e EES
}.

-I‘r
;;2
>ln
2

& £4%0 BAHYY WRolth. T4717) 7
5§l nesoNY FYS e HdB gl ol
B2 ¥t 2 F7)AMAwNE G b
A2 ¢ 4 Ao B 9AAGos AN
A

)
i on
N
N
wn

7t4o] Table.19l C,22 Alte ol

2 2@ 0 e X N e
2
i)
o

oz duseld £ ot} ®=g T4
sgo] nFYFE I 7HFo] HnARE ¢ ¢
ot 2 A ALgSeld Age] LHV 7}

I

s

Al

AR 2721[$/GNEH EQ o W gl
B da mddERy AR Z71E BAgh
W gPoRe) E4EFo] Jde=g LHV/HRG
o Folop stx I 3 P A2ie] F7RA)
g4 #Me 1EEFoz HAggd A F7)
gz FY9 dFolnz 1 7HFo] g
3 #Hoz9 EAGFo| glopE LHY 7}
At o A AdHESgE A8 2 ¢ F o
o ey dEn F21e BY O Adol ¥

ROl

£ HE =A™ 2 geoA

3750[9/GI Y HALE 5 BAde] Z7) &é

AAEER AZe slde] A ¢ BMor L
¢ 5 Ued B AAANH AL AE ol o}
F 2 9EA7L Aok

6. 8 E

iz A" W BAASHAMA) net
Wdg olgste] A2 Buk 1 EgA o

AQaYsl AYE 5 ARD EF JRH :a;%i
A2QAAE 2 £45 44 45 + U9
% 2da fEacld ks AATYNesE
5 aENgEEe Yo 2AANY Gl

H&3) Ayt ol ‘”%‘*ﬂz‘% CGAM EAoj
HEAA a2 PADr7MEL Fited Bup 1 Pikd
71Ee ArvnE Z}OB.Z:%*.HI ARd F A
BE AREELS AFGA dAz Ag=EHe 7}
Aol vk wald 9o FHAEH A PP
olH g R ALHBAXHE FAE HA AL
S & u 2 ANEEY AAEstE BAA A
Ao AlE 2 PAE S0 dis) Fx19 ol A
AR AE 1 FUEY g3 78S AlA
Zo} 3 A9 SMYHE A2dad Foj
FHAEA dEHoiAelE 7giHh

> 2 o

i

i}

[y

Hao

1. Tsatsaronis, G., and Winhold, M., "Exergoeconomic
Analysis and Evaluation of Energy-Conversion Plants-,
ANew General Methodology," Energy Vol. 10,
pp.69—~80, 1985. ‘

2. Lozano, M. A, and Valero., "Theory of the Exergetic:
Cost," Energy Vol.18, pp.939~-960,1993.

3. Oh, S, Pang. H, Kim, S. and Kwak, H., "Exergy of
Eng. for Gas Turbine cogeneration system” . of Eng.
for Gas Trubine and Power, Vol.118. pp782~791,1995. -

4, Kim, S., Oh, S., Kwon, Y. and Kwak, H.,
"Exergoeconomic analysis of thermal systems” Energy.
Vol. 23, pp393~406, 1998

5. Moran, J., Availability -Andlyais : A Guide to Efficient
Energy Use, Prentice-Hall Inc., Englewood Cliffs, 1982.

6. JANAF Thermochemical Tables, 1971, National Burean of
Standard Publications, NSRDS-N3537, Washington, DC.

7. JSME Steam Tables, 1968, JSME

-969-



