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Abstract - When various kinds of products are produced from a single energy system, the methodology
which dlocates the common cost to each product cost is very important because it is directly related with
the profit and loss of producer and purchaser. In the cost dlocatiion methodology of dectricity and hest
for CHP, there are heat method, work method, benefit distribution method, exergy method, and so on.
Bendfit digtribution method is the most widdly known worldwide, and exergy method is widdy recognized
among therma engineers. As a result of review, it is judged that the rationdity of benefit distribution
method is low because the result deviates from common sense, and the rationdity of exergy method is
high because the result consistent with common sense. In accounting, it is caculated as merit methodology
and the result is used for negotiations between producer and buyer, but In themd engineering, the
rationality of exergy methodology is described only as a thesis. The purpose of this Sudy is to compare
and examine the rationdity of merit methodology and exergy methodology, and the aim is to describe
in detail in order that producer and buyer can understand the rationdity of each methodology.
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Table 2. Cost allocation and cost accounting for a gas-fired CHP

Gasfired CHP, LHV Alternative System T 3.3
Fuel Power Hest H2PR Fuel Cost Efficiency Fuel Merit VA 60
F P @ @ Cp Dy i ) F F) M A 110

Given | Given | Given | @/P | Given | C.-F | Given | Given | P/np | Q/my | Eq(2l) | 7y | 8442

kds ks ks - $kJ $'s % % kJ/'s kds ks At | 22.69%

100 4842 | 4358 | 0.900 100 10,000 | 56% 92% 86.47 | 4737 | 3383 7 143.94

P/F | 4842% | Q/F | 43.58% nr 92.00% | 40% 90% | 121.05 | 4842 | 69.47 ey 33.72%

Wonergy Input | Cost Allocation | Cost Accounting | Cost Efficiency Improved Eff.
Cost Allocation A o Dr Do Cr % Retio I o Ap Ao
Methodology Tale 1 | KKt KDy | DolP | DylQ | ColGo| GolGr| G/ Cy | mph | ng i
kJ's kJ's $'s $'s HkJ $kJ % % % %P %P
1 Heat 52.63 47.37 5,263 4,737 | 108.70 | 108.70 |100.00%| 92.00 92.00 36.00 0.00
2

Power 86.47 | 1353 | 8,647 1353 | 17857 | 31.06 | 17.3%% | 56.00 | 322.00 | 0.00 | 230.00

3 Equal 6955 | 3045 | 6955 | 3,045 | 143.63 | 69.88 | 4865% | 69.62 | 14311 | 1362 | 5111

4 Benefit 86.47 | 4737 | 6461 | 3539 | 13343 | 81.22 | 60.87% | 7495 | 12313 | 1895 | 3113

Rev. bene. | 5263 | 1353 | 7,955 | 2,045 | 164.28 | 46.94 | 2857% | 60.87 | 213.05 | 4.87 | 121.05

¢

Digtribution | 64.61 | 3539 | 6461 | 3539 | 13343 | 8122 |60.87% | 7495 | 12313 | 1895 | 3113

Rev. dist. 7449 | 2551 | 7,449 | 2551 | 153.84 | 5854 | 38.05% | 65.00 | 170.84 | 9.00 78.84

6 Finish 121.05 | 4842 | 7,143 | 2,857 | 14752 | 6556 | 44.44% | 67.79 | 15253 | 11.79 | 60.53

Energy 4842 | 4358 | 5263 | 4,737 | 108.70 | 108.70 |100.00%| 92.00 | 92.00 | 36.00 0.00

(0]

Exergy output| 48.42 9.89 8304 | 169 | 17150 | 3891 |22.69% | 5831 | 257.02 | 231 | 165.02

9 Exergy out in| 4842 | 1470 | 7,672 | 2328 | 15843 | 5343 |3372% | 6312 | 18716 | 7.12 95.16

10 Exergy input| Thermodynamics 1) Integral Cycle Analysis 2) Individud Cycle Andysis
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Table 3. The results of exergy method in previous literature
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Table 4. The result of cost alocation for a simple steam-turbine CHP

Simple steam-turbine CHP, LHV Alternative System T 33
Fud | Power | Heat | H2PR Fuel Cost Efficiency Fuel Merit v -

F P Q ) Cx D, g Fi F) M VA -
Given | Given | Given | @/P | Given | G.-F | Given | Given | P/yi | Q/n} |Eq(21) | 73 -
kJs ks ks - $kJ $'s % ks kJs ks ! -
100 28.79 61.21 2.126 100 10,000 | 39% 90% 73.83 68.01 41.84 Té” -
P/F | 287% | Q/F |61L21% nr 90.00% | 40% 90% 71.98 68.01 39.99 0y -

Wonergy Input | Cost Allocation | Cost Accounting | Cost Efficiency Improved Eff.
Cost Allocation e o D o Cr “ Retio " e A Mg
Methodology Table 1 KK+ KDy | DpIP | D/Q | ColCo | GG | ol Cy | mp—r | mg—rih
kJs kJ's $'s $'s $/kJ $kJ % % % %P %P
1 Heat 31.99 68.01 3,199 6,801 | 111.11 | 111.11 |100.00%| 90.00 90.00 51.00 0.00
2 Power 7383 | 2617 | 7,383 | 2,617 | 25641 | 42.76 | 16.68% | 39.00 | 23387 | 0.00 | 143.87
3 Equa 5291 47.09 5,291 4,709 | 183.76 | 76.94 | 41.87% | 5442 | 12998 | 1542 39.98
4 Benefit 73.83 68.01 5,205 4,795 | 180.78 | 78.34 |43.33% | 5532 | 127.65 | 16.32 37.65
Rev. bene. | 3199 | 2617 | 5500 | 4500 | 191.03 | 7351 | 3848% | 5235 | 136.03 | 13.35 | 46.03
S Digribution | 5205 | 47.95 | 5205 | 4795 | 180.78 | 78.34 |4333% | 5532 | 127.65 | 16.32 | 37.65
Rev. dist. 53.77 46.23 5377 4,623 | 186.74 | 7553 | 4045% | 5355 | 132.39 | 1455 42.39
6 Finish 7198 | 6801 | 5142 | 4,858 | 17858 | 79.37 |44.44% | 56.00 | 12599 | 17.00 | 3599
7 Energy 28.79 61.21 3,199 6,801 | 111.11 | 111.11 |100.00%| 90.00 90.00 51.00 0.00
10 Exergy input| 28.79 | 1635 | 6379 | 3621 | 221.54 | 59.16 | 26.70% | 4514 | 169.03 | 6.14 | 79.03
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(b) T-s diagram at condensing mode

Fig. 4. A simple steam-turbine CHP

Table 5. The result of cost alocation for a simple steam-turbine CHP by

exergy input method

i) m |2 | 1) hy T, Kp P hy EN Ty K, Q Dp | Dy Cp C'Q Anp

- kg/s |-, bar| € |kJkg|kJIkg| kIs| kJIs|kIkg |kIJkgK|kIkg| kIs| kdIs| s | $/s | kI | $kI | %
1.187|0.0256| 0.775| 15.0| 1974 0 |41.16|41.16| 63 |0.224 0 | 0.00|48.84|100.00| 0.00 |2.430|0.000| 2.16
1.308|0.0261| 0.806 | 33.0| 2091 | 117 |39.00|39.00| 138 |0.478 2 | 3.00|51.00(92.86| 7.14 | 2.381|0.140| 3.00
1.395(0.0265| 0.826 | 45.0| 2167 | 193 |37.57|37.57| 188 |0.638 6 | 494|5243(88.37|11.63|2.352|0.222| 351
1514 |0.0270 0.851| 60.0| 2259 | 284 |35.80|35.80| 251 |0.831| 13 | 7.32|54.20|83.02|16.98|2.319|0.313 | 4.12
1.64410.0275/0.876 | 75.0| 2348 | 373 |34.04|34.04| 314 |1.015| 23 | 9.64|55.96|77.92|22.08|2289|0.394 | 4.68
1.788|0.0281| 0.901| 90.0| 2434 | 460 |32.28|32.28| 377 |1.193| 35 [11.92|57.72|73.04|26.96|2.262 | 0.467 | 5.20
1.892 |0.0284| 0.918 | 100.0| 2490 | 516 |31.12|31.12| 419 |1.307| 44 |13.41|58.88|69.88|30.12|2.246|0.511| 553
2.126|0.0292| 0.952 | 120.0| 2599 | 625 |28.79|28.79| 504 |1528| 65 |16.35|61.21|63.79|36.21|2.215|0.592| 6.14
2.400 |0.0300( 0.986 | 140.0| 2704 | 729 |26.47|26.47| 589 |1.739| 90 |19.22|63.53|57.93|42.07|2.189|0.662| 6.69
2.59410.0306| 5.050 | 160.0 | 2766 | 791 | 25.04|25.04| 642 |1.864| 106 |20.96|64.96|54.44|45.56|2.174|0.701| 7.00
2.727|0.0309| 6.129 | 180.0| 2804 | 829 |24.15|24.15| 674 |1.939| 117 |22.03|65.85|52.29|47.71|2.165|0.724 | 7.18
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Fig. 5. The result of cost alocation according to heat to power ratio for a steam-turbine CHP
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