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Analysis of Electric Substitution Effects by the Gas Consumption and
Characteristics of Gas Cooling System
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(Rae-Jun Park - Kyung-Bin Song)

Abstract — Recently, the amount of electrical heat pump(EHP), a electrical conditioning equipment, is sharply increasing
due to the luxury and multi-story trend of building. Accordingly, the cooling load that occupying substantial part of
summer electric consumption has increased dramatically, making difficulties in domestic supply of electricity in summer.
There are some efforts to replace it with an alternative cooling equipment such as gas heat pump(GHP), a gas cooling
equipment, in order to solve the problem of summer electricity supply through reducing the summer electricity peak. It is
rare, however, to find studies on the actual effects of GHP on the reduction of summer electricity peak. This study,
therefore, estimated the effects of the GHP on the summer electricity peak by the gas consumption and characteristics of
gas cooling systems. In addition, electric substitution effects by gas cooling systems were analyzed through case studies
in the summer of 2010.
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Table 1 COP of gas air-conditioning system and electric
air-conditioning for air-conditioning capacity [2]
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Table 2 The operation rate of air-conditioning systems and
the number of operation days per month [2]
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Table 3 The accumulated spread of air-conditioning system by air-conditioning capacity [2]
B EF®RD] 00 | 01 02 03 04 05 06 07 08 109 10 [FAnE
16 390 | 3250 | 7,622 | 22842 | 49717 | 84,159 | 116,983 | 141,114 | 160,412 | 173196 | 182,875 | 0.170
20 390 | 3250 | 7,394 | 20939 | 45762 | 78220 | 109,390 | 132,647 | 151,270 | 163585 | 172,813 | 0.161
200(GHP) | 0 0 | 21,279 | 37904 | 52009 | 66,339 | 74,985 | 83926 | 102,394 | 110,189 | 121,492 | 0.113
2006&F52D ] 0 0 | 21279 | 37904 | 52009 | 66,339 | 74985 | 83926 | 102,394 | 110,189 | 121,492 | 0.113
500 0 0 | 39,408 | 68517 | 93055 | 120,115 | 136,222 | 160,908 | 185,368 | 198231 | 219,863 | 0.204
1000 0 0 | 39300 | 61,130 | 98930 | 132,540 | 152,630 | 173,890 | 209,680 | 228960 | 257,540 | 0.239
3Hl 780 | 6,500 | 136,282 | 249,234 | 391,481 | 547,711 | 665,193 | 786,410 | 911,517 | 984,349 | 1,076,075 | 1.000
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Table 6 Estimation result of the gas consumption by gas cooling system in August 2010

3¢ 14 24 39 44 54 64 74 3d 9d | 10¢ | 11¢¥ | 12¢ | 13¥ | 14¥ | 15¥ | 16¥
ton | 3,263 | 3,605 | 3,665 | 3,728 | 4,341 | 3,560 | 2,636 | 3,451 | 4,224 | 3,240 | 4,009 | 2,343 | 3,179 | 2,871 | 3,049 | 2,348
Y 179 | 18¥Y | 19¢ | 20¥ | 21¥ | 229 | 23¥ | 24 | 259 | 26¥Y | 27 | 28¥ | 29¢ | 30¥ | 31¥ | &4
ton | 3,752 | 3,660 | 4,146 | 3,993 | 3,824 | 3,786 | 3,143 | 2,217 | 1,252 | 2,415 | 3,831 | 2,375 | 1,919 | 3,304 | 2,549 |99,679
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Table 4 Monthly gas consumption for air-condition in 2010
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Table 5 Monthly electric substitution effects
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Ax/4 | 10/04 | 10/05 | 10/06 | 10/07 | 10/08 | 10/09 | 10/10 system in 2010
ton 0 |11,177]45991|82,625|99,679|66,857| 0O NWh =] ] 72 ] 9a
GHP 19,681 | 80,982 | 145489 | 175,518 | 117,724
o7 Wirl71d COPE X 1 ue dow, did 3% =52 36,802 | 151,434 | 272,058 | 328,212 | 220,139
71712] REELS ¥ 394 AL S AFLsAT 20104 A 56,483 | 232,416 | 417,547 | 503,730 | 337,863
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Table 7 The weights factors on daily difference of temperature and using pattern for the gas demand in August 20, 2010
7t A 19 2 34 49 54 6 74 8d 9y 104 114
25%=ko] | 0.03794 | 0.04228 | 0.04390 | 0.04282 | 0.05312 | 0.03794 | 0.02276 | 0.04119 | 0.05041 | 0.03144 | 0.04715
ARSEE | 0.02753 | 0.03006 | 0.02964 | 0.03198 | 0.03399 | 0.03349 | 0.03013 | 0.02805 | 0.03434 | 0.03358 | 0.03327
7+ A 12¢ 13% 14% 15% 16 174 18% 19¢ 20 21 224
2%=ko] | 0.01463 | 0.03035 | 0.02764 | 0.03360 | 0.01463 | 0.04228 | 0.03902 | 0.04824 | 0.04444 | 0.04390 | 0.04607
ARSI E | 0.03238 | 0.03343 | 0.02997 | 0.02756 | 0.03248 | 0.03300 | 0.03442 | 0.03495 | 0.03566 | 0.03283 | 0.02990
7+ Al 234 244 254 264 2714 289 294 304 314
2%=Fo] | 0.02764 | 0.01030 | 0.00813 | 0.01463 | 0.04228 | 0.01734 | 0.01084 | 0.03198 | 0.01734
ARSI E | 0.03542 | 0.03418 | 0.03324 | 0.03382 | 0.03459 | 0.03031 | 0.02766 | 0.03431 | 0.03330
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Table 8 The analysis of electric substitution effects of gas cooling system in August 20, 2010
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16 GHP 1.30 EHP 3.70 0.1699 3,614,952 7 516,422

20 GHP 1.30 EHP 3.70 0.1606 3,416,048 7 488,007

200 | &4 1.25 EHP 3.70 0.1129 2,309,206 12.5 184,736

200 | &4 1.25 HHYsF7] 5.00 0.1129 1,708,812 12.5 136,705

500 | &4 1.25 2 RERCE 5.00 0.2043 3,092,422 12.5 247,394

1,000 | &2 1.25 =32 3.00 0.2393 6,037,263 12.5 482,981
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Fig. 3 The change of demand pattern by penetration rate
of gas cooling system in August 20, 2010[7]
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Table 10 The sensitivity analysis result on electric substitution
effects of gas cooling system
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Hag | Adgt | OO0 u
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7}~y HE 7] 7] o
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H}F 8 2
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Fig. 4 The sensitivity analysis result by temperature change
on peak day
23z ZpAHRI7| RGE
22.00%
20.00% /
18.00% /
16.00% /
14.00%
12.00% —
10.00%
B.00% T T I T T T T T I T I T T T I T
LDMU\LnNqu;—!hmDLDNU\Lﬁ-—!&J%DI‘H
(T T o T v+ B T T o I+ N ' T oV N v+ R T T o v BT T B+ o N ¥ B o
MWh G RN o N oo Mo d o
d8 5 Jtadey|y| EF 8 olst olzds 24 Znt

Fig. 5 The sensitivity analysis
gas cooling system

result by penetration rate of
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Fig. 7 The sensitivity analysis result by COP characteristic
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Table 11 The forecast of electric substitution effects of gas
cooling system in the next 5 years [8]
T 2010(& =) 2011 2012 2013
o d 2 (MW) 69,886 72,194 | 74,414 | 76,207
WA = (MW) 14,676 15,161 | 15,627 | 16,003
Zhayd REE(%)| 124 12.9 134 13.9
A oA EHMW) | 2,056 2,139 | 2222 | 2305
202 ) A H] & (%) 14.01 14.11 1422 | 14.40
T 2014 2015 2016
o4 2 (MW) 78,017 80,009 81,988
WA = (MW) 16,384 16,802 17,217
7kl BFE(%) 14.4 149 15.4
2= o) 2 & 3 (MW) 2,388 2,471 2,554
202 ) A H] & (%) 1458 14.71 14.83
4. 2 2
b2 W71l olgk g A EYE 48] 9o
Wg b et Wizl A 548 olgse e
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