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Economic Analysis of Heat Pump System in Educational Building
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ABSTRACT: Buildings with heating and cooling systems have been increased, since the re-
quirement of thermal comfort for residents is grown. Heating and cooling systems, have been
changed from two separate systems to one multi-function system which includes both heating
and cooling. Especially, heat pump heating and cooling system has been adopted for general
classrooms in schools since education environment improvement project has been launched.
This research suggests the best option for the heat pump heating and cooling system in edu-
cational buildings through economic assessments for four alternative systems based on electric
heat pump (EHP) and gas engine driven heat pump (GHP), which are most widely used for
elementary, middle and high schools. The model buildings are in the Y high school which has
24 classes of new construction building, which will be built soon. Annual energy consumption
for alternative systems uses BECS 3.10, which can be used for system simulation.
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Fig. 1 Elevation of the building.

Table 1 Summary of the building

Categories Contents
Gross area 12,902 m?
H/C gross area 6,948 m”
Stories B1~7F
Building height 272m
Cooling load 673 kW
Heating load 609 kW
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Table 2 Capacity of each system

. GHP EHP
Categories Cooling/Heating (kW) Cooling/Heating (kW)
11.2/13.2X53 EA 11.6/125%X53 EA
9.0/10.6 X 10 EA 9.3/100X 10 EA
Indoor unit 7.1/85X2EA 7.3/80X2EA
Total room 56/6.7X30 EA 5.8/6.3X30EA
2.83/3.4xX2EA 2.9/32%x2EA
Outdoor unit 56.0/67.0X1 EA 87.4/945X 8 EA
45.0/53.0X 18 EA 57.6/63X4EA
General classroom Indoor unit 11.2/13.2%24 EA 11.6/125X 24 EA
Outdoor unit 45.0/53.0X6 EA 57.6/63.0X6 EA
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Table 3 Load conditions for simulation

Categories Lighting (W/m?) Person (P./m®) Equipment (W/m?) |Infiltration (m>/m°h)
General classroom 20 0.67 5 10.0
Special classroom 20 04 20 10.0

Dinning room 30 05 10 10.0
Etc 20 02 5 4.0
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Table 4 Energy consumption of each case

Total room General classroom
GHP EHP GHP EHP

Elec. | LNG | Elec. | Elec. | LNG | Elec.
[(Mwh)| (km’) |(Mwh)|(Mwh)| (km®) |(Mwh)

Feb.| 508 | 150 | 1832 | 391 | 1.15 | 14.09
Mar.| 372 | 1.16 | 1335 | 2.86 | 0.89 | 10.27
Jul. | 499 | 144 | 1533 | 384 | 1.11 | 11.79
Sep.| 603 | 165 {1724 464 | 1.27 | 1326
Dec.| 1015 | 291 | 3518 | 781 | 224 | 27.06
Total| 29.97 | 866 | 9942 | 23.06 | 6.66 | 76.47
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Fig. 2 Interest and price escalation rate.
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Table 5 Prices of energy source

- Categories Prices (July, 2003)
Demand charge : 5,280 won/kw
Electricity Consumption charge for : - July, August : 83.4 won/kw

(Education, option I, high voltage A)

- October ~March : 61.3 won/kw
- The others : 56.8 won/kw

Fund of power plant : demand charge X 0.04591

LNG (In Busan)

Consumption charge for heating : 542.62 won/m®
Consumption charge for cooling : 293.83 won/m’
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Table 6 Initial cost (Unit: 1,000 won)

Categories Total room General classroom
GHP EHP GHP EHP
Construction cost of machine 596,836 215,795 177,257 56,203
NG Pipin'g C?St 18,208 - 9,146 -
Contributions 835 - 259 -
.. Construction cost 15,006 114,503 5,864 70,000
Electricity
Payment cost 617 4,900 193 1,863
Support cost for cooling — 28,500 - -9,000 -
Total 603,191 335,158 183,719 128,066
Table 7 Annual maintenance cost (Unit: 1,000 won)
Categories Total room General classroom
GHP EHP GHP EHP
Energy cost Electricity 5,931 36,775 2,876 16,850
LNG 4,323 - 3,323 -
Management 3,015 1,675 918 640
Change cost of engine oil 1,900 - 600 -
Agency cost of electric security - 2,684 - 1,342
Total 15,169 41,134 7,717 18,832
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Table 8 Present cost of service lives (Unit: 1,000 won)

.\ Agency cost

Catogores | It | Foesy | Manaecment Change conl ot ccire | ot
security

LCCo GHP | 603,191 74,581 24,692 15,561 - 718,025
Total EHP | 335,158 272,876 13,718 - 21,981 643,735
room LCCis GHP | 603,191 97,983 33,979 21,413 - 745,566
EHP | 335158 361,138 18,877 - 30,248 745,422
LCCo GHP 183,719 44,846 7518 4914 - 240,997
General EHP 128,066 125,030 5,241 - 10,990 269,329
classroom LCCis GHP 183,719 58,797 10,345 6,762 - 259,624
EHP 128,066 165,471 7,212 - 15,124 315,875
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Table 9 Total present cost of sensitivity analysis (Unit: 1,000 won)

Categories Interest escalation rate Ergzgéﬂz?;?c;;%;tégn Initial cost
5% 7% 11% | 196/0% | 5%/4% | 7%/6% | —10% | —20% | —30%
LCCu GHP | 740,436 | 729,527 | 708,047 | 711,122 | 725,706 | 734,250 | 657,706 | 397,387 | 537,268
Total EHP | 708,006 { 674,610 | 617,016 | 618,359 | 672,052 | 703,311 | 610,218 | 576,702 | 543,187
room LCCus GHP | 801,844 | 778,467 | 738,574 | 744,443 | 770,917 | 787,848 | 696,247 | 635,928 | 575,609
EHP | 872,224 | 803,820 | 697,526 | 700,556 | 798,747 | 861,634 | 711,906 | 678,390 | 644,875
LCCuo GHP | 252,543 | 246,694 | 236,053 | 236,851 | 245,605 | 250,743 | 222,625 | 204,253 | 185,881
General EHP | 298,758 | 283,464 | 257,098 | 257,703 | 282,304 | 296,627 | 256,522 | 243,715 | 230,909
classroom LCCus GHP | 282,404 | 270,345 | 250,807 | 252,358 | 268,216 | 278,354 | 241,252 | 222,880 | 204,508
EHP | 373,929 | 342,607 | 293,950 | 295,317 | 340,308 | 369,123 | 303,067 | 290,260 | 277,454
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