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Cost Allocation of Heat and Electricity on a Steam-Turbine Cogeneration
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ABSTRACT: When various kinds of outputs are produced from a single energy system, the
methodology which allocates the common cost to each output cost is very important because
it is directly related with the profit and loss of producers and purchasers. In the cost allo-
cation methodology of the heat and the electricity on a cogeneration, there are energy method,
work method, proportional method, benefit distribution method, exergetic methods, and so on.
On the other hand, we have proposed a worth method which can be applied to any system.
The definition of this methodology is that the unit cost of a product is proportion to the wo-
rth. Where, worth is a certain evaluating basis that can equalize the worth of products. In this
study, we applied worth method to a steam-turbine cogeneration which produces 22.2 MW of
electricity and 44.4 Gecal/h of heat, and then we allocated 2,578 $/h of common cost to elect-
ricity cost and heat cost. Also, we compared with various cost allocation methods. As the re-
sult, we conclude that exergy of various kinds of worth basis evaluates the worth of heat
and electricity most reasonably on this system.

Key words: Worth(7}A]), Exergy(2) A4 #]), Cogeneration(8 ¥ 8aA), Unit cost(A7}), Cost
estimating (1 7}4+4), Cost allocation(B]-&¥] &), Heating price(€ 2F)
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Table 1 Unification of previous methods to worth method

Allocation Worth  Inflow in common Transfer in private component Worth ratio
methods Evaluation component K, o= K W + K o Ky KgQ
Energy  Enthalpy W+ Q W Q 100% 100%
. alternative : Fe Nag — Q
Proportional heat Fenyg Fengo—0Q —_— 100%
alternative . . . . . Foengaw—W
Work electricity  £* 4w L
Equal equal fupl i w _ M Q _ % I M 1 Lf
distribution saving( A7) Naw 2 Nag 2 Naw 2W  Nag 20
Benefit  alternative Q w Q 1 1
distribution fuel Naw  TNag Naw Nag Naw Nag
alternative - p
worth Weywt Qkag We kqw @ kg Ry ko
Worth rual
actua . . . . . . . .
worth Kyt Ko K Ko Ky/W K,/ Q
o] Aite 7€ Energy W, HALZ ddd (44.4 Geal/h)8] &5E Axsle A iﬂ}‘f_% 86.1%
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Table 2 Results of worth evaluation by Table 1, cost estimating by Eq. (3) and (4), and cost all-
ocation by Eq. (2) on the fuel cost. Where, D, is 737 $/h, F is 856 MW, W is 22.1 MW,

and Q is 51.6 MW

Cost Allocation 7y 7g j('c KW kQ kw kg Cyw Co DW DQ
Method [%] [%] IMW]IMWIIMW] [%] [%] [($/MWhI[%] [$/Gcall[%] [$/h] [%6] [$/h] [%]
1) Energy 738 222 516 1000 1000 100 500 116 500 222 30.1 515 699
2.1) Proportional 850 728 212 516 956 1000 97 489 118 511 215 292 522 708
22) " 999 855 339 516 1527 1000 132 604 100 396 292 397 444 603
3) Work 36.0 308 222 86 1000 167 239 8.7 47 143 530 720 206 280
41) Equal Dist. 360 850 856 433 423 1951 821 168 704 82 296 373 506 364 494
42) 360 999 856 478 378 2154 734 185 746 7.3 254 411 558 325 442
5.1) Benefit Dist. 360 850 1223 617 607 2778 1176 167 702 82 298 371 504 365 496
52) " 360 999 1133 617 517 2778 1002 181 735 76 265 401 544 336 456
6.1) Exergy 378 248 130 1117 252 218 816 57 184 484 656 253 344
62) " 402 273 130 1228 252 225 830 54 170 499 678 237 322
63) " 402 248 154 1117 299 204 789 64 211 454 616 283 384
60% ’ MWZEMA, k2 1228% 12813 ko 25.2%
0% b % I 2 grian. vRgo s dHd4772 FRIT
3 A1) Energy i g A, KBy 5~ Ex, 5,75 402MW, K, (Ey ;3 1
§40% :i:;:Propomon X S T | _EX‘2.4‘ 12, 15, 14)% 24.8MW, '__LE]IL kQ(kc
§ o T - Kp¥E 15AMWEH, kpe 1117% 283
E | * = 299%% BrhAT. 919 Al 7 e oA,
CR s s F4717 14, 5, 7, 8 1918 AW EoNA2 T2
10% |®6.1Exergy J - g A AVAAE FAYE driAe A2 ¥
o : HE i, dALI)R FEE A AN E A
0%40% 50% 60% 70% 80% 90% 100% L2 §7]‘j]}€_ atﬂi %7}%‘:}- E}E}/\v} o—]}}\:f 21%

Unit cost ratio of electricity

Fig. 2 Unit cost ratio from Table 2.
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Table 3 Results of cost estimating by Eq. (6) and (7) and cost allocation by Eq. (2) on the fixed
cost. Where, sy is 111.7% and #¢ is 25.2%, 11" is 222 MW, and @ is 51.6 MW

Basic Cost z Z f7) ZC
Allocation [$/n] {$/h] [$/h]

Unit Cost € Cost Flow Rate D

[S/MWh] [$/Geall (%] [$/h] [9]

Indirect ID 1,418
Common C 147

Electricity W 221 931 97
Heat Q 55 487 51
Overall 1,841 1,418 147

65.4 56.2 83.0% 1,248 67.8%
134 115 17.0% 593 322%
1,841

Energy ¥¥lol s A9 4o 97 E 50%
: 50% &, Proportional WM& 489% : 51.1%
T 604% . 306%E, Work oM E 857%
© 143% 2, Equal distribution ¥ oA 70.4%
o 296% Hv 746% . 254% %, Benefit dis-
tribution WM 702% : 208% E¥ 735%
D 265%%, aga AMNAE FE4F AddeMe
816% : 184%% AR HAAUT © dFERE A
7o} Ao 97 4& $HE ¥ Energy WY T
Proportional W& Z7i¢} 4o 477t A2 4
oA AREEE B Alade] A7HEAC 1 g
FAo] widm geksich dbd, Work ¥, Equal
distribution ®%, Benefit distribution %9, =18
I dMAE FE3 gy E Ao 4A
# 23 H79 AAE 54 A A 9
b g
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