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A Suggestion for the Worth Evaluation of Warm Air and the Allocation
Methodology of Heating Cost
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ABSTRACT: Our government will make a plan regulating the cooling limit temperature of
the summer season to 26 degree and the heating limit temperature of the winter season to 20
degree for energy saving. Where, the key point of this politic pursuit can be the charge
system on heating and cooling cost. Currently, the heating and cooling cost are charged as
much as the volume or heat flow rate regardless of the high and low room temperature.
However, we have suggested new cost estimating methodology as a worth method in the
precedent study, and preformed the worth evaluation and cost allocation of electricity and heat
on various cogenerations. In this study, we applied the suggested worth method to four kind
of warm air, and preformed the worth evaluation and cost allocation of each warm air. As a
result, the more energy a customer saved, the more heating unit cost decreased, and the more
energy a customer consumed, the more heating unit cost increased. From this analysis, we
hope that the suggested worth methodology can offer a theoretical basis to the politic pursuit
of government, and induce the spontaneous energy saving of consumers.

Key words: Warm air(271), Cool air(§7]), Heating cost(:"HH]), Unit cost(7})
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Fig. 2 The values of mass, enthalpy, exergy, and PPD on the each room
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Table 1 Each state, process, and mixing value on the system of Fig. 1
. Return RoomA RoomB RoomC RoomD Exhaust Outdoor Preheat Mix  Heat Humid
TERM Symb  Unit
1 2 3 4 5 6 7 8 9 10 11

Dry Bulb Temp. t T 35 21 20 19 18 19.3 0 10 162 22 17.3
Web Bulb Temp. t' T 215 16 154 135 134 145 -361 252 1 134 15.8
Absolute Humidity w vt 00105 0.0093 0.0090 00074 00077 00083 0.0015 0.0015 0.0060 0.0060 0.0105
Relative Humidity v} % 30 60 62 54 60 59.5 40 199 527 368 84
Specific Enthalpy h MJ/t' 6226 4475 4304 3781 3762 40.5 3762 1385 3162 3747 4412
Specific Volume v mi/t’ 8878 8458 8426 8375. 8350 8396 7757 8041 8278 8443 8368
Sensible Heat Factor SHF 09809 08044 0.7853 0.6585 0.6941 0.9972 0.989 -0.7093
Enthalpy-Humidity Diff. U MJ/t -7TE+17 14120 12730 7716 8668 2E+17 -3E+17 1475
Vapor Pressure Ps kPa 1688  1.493 145 1187 1239 1334 02445 02445 09737 09737 1.688
Mole Fraction Ratio o mdv/mit 00167 00147 00143 00117 00122 00134 00024 0.0024 0.009% 0.0096 0.0167
Dew Point Temp. td T 148 129 125 9.49 101 112 -107 -107 658 658 14.8
Degree of Saturation I % 28.81 594 6145 5345 595 5896 398 1971 5227 362 815
Density p t/m®  0.001140 0.00119 0.00120 0.00120 0.00121 0.00120 0.00129 0.00125 0.00122 0.00119 0.00121
Specific Entropy s  MJ/A'C 02219 01628 0.1569 0138 01376 0.1478 0.01486 0.05113 0.116 0.136 0.1613
Specific Exergy ey MJN 3.56 1.933 1.8 1378 1379 1593 0 0.1803 09563 1.339 1.98
Contact Factor CF -7.156 05976 0.624 04462 0581 -0.9356 -0.5962 0.815
Uncomfort Index Ul 81.3 6725 66.09 64 6322 6495 38 4961 6023 66.08 6441
Discomposition Index DI -129.1 -11.07 -6324 -22.03 -9486 -11.2 0 -4753 -21.01 -6535 37.23
Predicted Mean Vote PMV 2983 0.0387 -0.1835 -0.4643 -0.6616 -0.3567 -4.717 -2613 -1.103 0112 -0.687
Predicted Percent Diss. PPD % 99.04 5031 5698 9.5 142 7.647 100 9551 3065 526 1492
Apparatus(CF) Temp. Te T 1484 1154 1092 -111 563 -10.69 658 16.26
Apparatus(SHF) Temp. Tf T 1484 1150 1088 -476 534 -10.69 6.58
Volume Flow Rate Q m*h 31213 7200 6120 5400 10800 29520 90908 94236 29104 29683 29421
Mass Flow Rate D.A. G t'/h 3516 8513 7264 6448 1293 3616 1172 1172 3516 3516 3516
Mass Flow Rate Hum. WG t/h 0.3705 0.07916 0.06559 0.04753 0.09955 0.2918 0.01763 0.01763 0.2122 0.2122 0.3705
Enthalpy Flow Rate h-G MJh 2189 3809 3126 2438 4865 1424 4409 1623 1112 1317 1551
Entropy Flow Rate sG MJ/hmT 7802 138 1139 08901 1779 5195 01742 05993 4.078 4782 567
Exergy Flow Rate ex-G MJ/h 1252 1645 1308 88% 1784 56 0 2.113 3362 4709 696
(De)Humidification L t/h 0 -0.0106 -0.0110 -0.0204 -0.0368 0 0 0.1584
Heat Flow Rate Q MJ/h 6377  -149 -1396 ~1576 -3187 -7649 1182 2059 2336
Sensible Heat Flow qS M}h 6255 -1199 -1096 -103.8 -221.2 1179 2036 -165.7
Latent Heat Flow ql. M)h 1219 -2915 -~29.96 -53.83 -97.48 0.3279 2272 3993
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Table 2 Results of cost allocation to each warm air on the heat input cost flow 11.954 $/h. Where,
the heat @, is 149.0MJ/h, @y is 1396 MJ/h, Q. is 1576 MJ/h, Q, is 3187MJ/h, and the
average room temperature is 19.3 C

METHOD  Worth Energy &' [MJ/h] Worth Ratio  [%6] Unit Cost CI[$/GJ] Unit Cost Ratio [%]
Room A B C D A B C D A B C D A B C D
Room Temp. 21 20 19 18 21 20 19 18 21 20 19 18 21 20 19 18
Case 1) Mass 185.2 158.1 140.3 281.4 124.3 1133 89.0 88.3 19.43 1769 1391 13.80 300 273 215 213
Case 2) Enthalpy 149.0 139.6 157.6 318.7 100.0 100.0 100.0 100.0 15.63 15.63 1563 1563 250 250 250 25.0
Case 3) Exergy 13.85 12.78 14.07 2820 929 09.16 893 885 16.13 1589 1549 1535 257 253 246 244

Case 4) PPD 1000 993 955 90.8 1644 1632 1569 1492 259 258 248 235
Case 5) ~5%/C 1085 1035 985 935 17.08 1629 1551 1472 269 256 244 231
-109%/°C 1170 1070 970 870 1855 1697 1538 1380 287 262 238 213
Cost Flow Rate D[$/h] Cost Flow Ratio [%] D/D,—1 %] Total Cost Flow
Case 1) Mass  2.895 2470 2.193 4.397 242 207 183 368 +24.3 +132 -11.0 -11.7 11.954 $/h
Case 2) Enthalpy 2.329 2.182 2463 4981 195 182 206 417 00 00 00 00 11.954 $/h
Case 3) Exergy 2403 2.218 2441 4892 201 186 204 409 +32 +17 -09 -18 11.954 $/h
Case 4) PPD 2449 2278 2473 4755 205 190 207 398 +52 +44 +04 -45 11.954 $/h
Case 5) -5%/C 2545 2.274 2.444 4691 213 190 204 392 +93 +43 -08 -58 11.954 $/h
-10%/T 2764 2369 2.424 4397 231 198 203 368 +187 +86 -16 -117 11.954 $/h

Table 3 Results of cost allocation to each warm air on the fixed cost flow 1.848 $/h. Where, the
cost flow rate Zp, is 0625 $/h, Zpc is 1.223%/M, and Z, 5 p is all 0$/h

METHOD Unit Cost C [$/G]J]  Unit Cost Ratio [%] Cost Flow Rate D[$/h] Cost Flow Ratio [%]
Room A B C D A B C D A B C D A B C D
Room Temp. 21 20 19 18 21 20 19 18 21 20 19 18 21 20 19 18
Case 1) Mass 300 274 215 213 300 273 215 21.3 0.448 0.382 0.339 0.680 24.2 20.7 183 368
Case 2) Enthalpy 242 242 242 242 250 250 250 250 0.360 0337 0.381 0.770 195 183 206 41.7
Case 3) Exergy 249 246 239 237 257 253 246 244 0371 0343 0377 0756 20.1 186 204 409
Case 4) PPD 254 252 243 231 259 258 248 235 0379 0.352 0382 0.735 205 190 207 398
Case 5) -5%/C 264 252 240 228 269 256 244 23.1 0394 0352 0378 0725 213 190 204 392
-10%/C 287 262 238 213 287 262 238 21.3 0427 0.366 0.375 0680 23.1 198 203 3638
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