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<{E 1> The details of the object

Location Munmak Gangwon—do
Area(m?) 27,028
Number of persons Maximum : 2,260
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[3% 1] Schematic diagram of the fuel cell driven
ground source heat pump heating and
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<E 2> Properties of the element of ground heat exchanger

olkg/m®)
Cp(J/kg - K) 837 4,187 500
kK(W/m - K) 3.1 0.594 2.66
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<3 3> Variation of mean ration of persons staying at the resort building to the maximum. (total floor area 33,000m’,
Heat recovery, Light-electricity driven Ground source heat pump system)

people stay in bulding | 40% | 60% | 80% | 100% | 40% | 60% | 80% | 100% | 40% | 60% | 80% | 100%
hourly maximum G705 | 1,040,005 | 1,045,364 | ~1,380353 | 1,017,606 | ~1,167557 | ~1,370,224 | ~1,546,54 | 1,017,686 | ~1,194,008 | -1 505,480 | ~1,506.544
cooling loadkcal/hy)

hourly maximum 142130 | 1065 | 108 | LAB25T | 122033 | 1220815 | 1221064 | 1200513 | 1220363 | 1220501 | 1,089,080 | 1221513
heating load(kcal/hr)

annually maximum | ~9.33X |—1.26X |—1.63% | —2.08% | ~1.29% | ~1.66X | ~2.07X |-2.50%| ~1.38% | —1.78 | -2.21 X | -2.50
cooling load (kcal/year) 10 10° 10° 10° 10° 10° 10° 10° 10° 10 10° 10
annually maximum | 269X | 2.56% | 2.49% | 2.28% | 2.21x | 2.00% | 1.89% | 1.76% | 221X | 1.94x | 1.49% | 1.48%
heating load(kcalivear) | 10° | 10° | 10° | 10° | 100 | 10f | 10° | 100 | 10f | 10 | 106 | 10°
healing and coolng fieat | 1 1| 4005 | 3972 | 385.8 | 3768 | 3677 | 355.3 | 3476 | 356.7 | 341.5 | 388.4 | 425.8
pump capacity(kcal/hr)

bath heat pump capacity(RT) | 267.6 | 267.6 | 267.6 | 267.6 | 267.6 | 267.6 | 267.6 | 267.6 | 267.6 | 267.6 | 267.6 | 267.6
total energy cost 11,363 | 16,552 | 16,572 | 16,611 | 12,386 | 16,562 | 16,578 | 16,721 | 11,363 | 11,731 | 16,351 | 17,070
(ten thousand won)

COP(heating) 360 | 3.75 | 3.84 | 440 | 367 | 394 | 423 | 453 | 368 | 3.94 | 401 | 454
COP{cooling) 10.57 | 912 | 868 | 652 | 940 | 7.85 | 6.78 | 598 | 9.40 | 7.88 | 7.93 | 5.98

<X 4> Heat pump system simulation results for heating and cooling resort building. (total floor area 33,000 m?, Heat
recovery, Light-electricity driven heat pump system)

Air

heat source Ground Air Ground Air Ground
hourly maximum cooling load (kcal/hr) —1,045,364 | —1,045,364 | —1,167,537 | —1,167,537 | —1,505,430 | —1,505,430
hourly maximum heating load(kcal/hr) 1,428,346 1,428,346 1,220,615 1,220,615 1,089,050 1,088,050
annually maximum cooling load{kcallyear) | —1.11x10° | —1.11x10° | —1.47%X10° | —1.47x10° | —1.56%X10° | —1.56%10°
annually maximum heating load{kcal/year) | 2.49x10° | 2.49x10° 2.00x10° 2.00x10° 1.49%10° 1.49x10°
2:222%‘2:23;?}3""9 heat pump 397.2 397.2 337.7 337.7 388.4 388.4
bath heat pump capacity(RT) 267.6 267.6 267.6 267.6 267.6 267.6
total energy cost {ten thousand won) 18,371 16,572 18,306 16,562 17,702 16,351
COP(heating) 3.18 3.84 3.27 3.94 3.42 4.01
COP({cooling) 584 8.68 5.69 7.85 5.80 7.93
COP(bath) 4.21 4.18 4.21 4,18 4.21 4.18
thermal storage reservior for bath(ton) 511 51 511 511 511 51
waste heat recovery storage reservior {ton) 919 919 919 919 918 919
Z;e(;‘gzg‘z;"ﬁfis’sew“” for cooling 2,209 2,209 1,879 1,879 2,161 2,161
pump power (heating and cooling) 46.1 46.1 39.4 39.4 48.8 48.8
pump power(bath} 6.2 6.2 6.2 6.2 6.2 6.2

fan power{ventilation) 17.9 17.9 17.9 17.9 17.9 17.9
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<3t 5> Heat pump system simulation results for heating and cooling resort building. (total floor area 33,000 m?, Heat
recovery, Fuel-cell driven heat pump system)

heat source Air Grond Air Ground Air Ground
hourly maximum ~1,045,364 | —1,045.364 | —1,167,537 | —1,167,537 | —1,505,430 | —1,505,430
cooling load (kcal/hr)

hourly maximum heating load(kcal/hr) | 1,428,346 | 1,428,346 | 1,220,615 | 1,220,615 | 1,089,050 | 1,089,050
annually maximum cooling SLUXA0 | —1AIX10 | —1.47X10° | —1.47x10° | —1.56x10° | —1.56%10°
load(kcal/year)

annually maximum heating 249%10° | 2.49x10° | 2.00x10° | 2.00x10° 49X10° | 1.49%10°
load{kcal/year)

healing and cooling heat 397.2 397.2 337.7 337.7 388.4 388.4
pump capacity(kcal/hr)

bath heat pump capacity(RT) 267.6 267.6 267.6 267.6 267.6 267.6
total energy cost(ten thousand won) 11,669 8,324 11,511 8,111 10,821 7,970
COP(heating) 4.62 5.34 4.68 5.44 473 5.51
COP(cooling) 5.84 8.68 5.69 7.85 5.90 7.93
COP(bath) 4.21 418 421 4.18 4.21 4.18
thermal storage reservior for bath(ton) 511 511 511 511 511 511
waste heat recovery 919 919 919 919 919 919
storage reservior(ton)

thermal §torage reservior for cooling 2909 2.209 1,879 1.879 2 161 2,161
and heating (ton)

pump power 46.1 461 39.4 39.4 4838 488
(heating and cooling)

pump power(bath) 6.2 6.2 6.2 6.2 6.2 6.2
fan power(ventilation) 17.9 17.9 17.9 17.9 17.9 17.9

<I 6> Energy cost of gas absorption cooler-heater system for a resort building(total floor area = 33,000 m?

absorption cooler—heater gas cost 38,988 | 38988 | 37464 | 37464 | 34504 | 34,594
(ten thousand won)
Heat absorption cooler—heater electric cost 24,966 24,973 24,003 03,997 92 166 22,159
Recover | (ten thousand won)
absorption cooler—heater total cost 63,954 63,961 61,467 61,416 56,760 56,753
(ten thousand won) ‘
absorption cooler—heater gas cost 53,300 | 53,300 | 51776 | 51,776 | 48906 | 48,906
N (ten thousand won)
0. - -
Heat | a0SOrption cooler—heater electric cost 24,189 | 23280 | 23213 | 22,346 | 21,372 | 20,537
(ten thousand won)
Recovery -
absorption cooler—heater total cost 77,489 76,580 74,989 74,122 70,281 60,443
(ten thousand won)
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<X 7> Comparison of operation costs

gas absorption cooler —heater
(ten thousand won)

76,579 | 74122 | 69,444

gas absorption cooler —
heater+waste heat recovery 63,961 | 61,461 | 56,753
(ten thousand won)

Night—electricity driven air
source heat pump water 25,743 | 24,238 | 24,052
storage(ten thousand won)

Night—electricity driven ground
source heat pump water 25,128 | 23,808 | 23,822
storage(ten thousand won)

Fuel cell driven air source heat
pump water storage 7,562 7,338 6,636
(ten thousand won)

Fuel cell driven ground source
heat pump water storage 7,327 7,140 6,521
(ten thousand won)
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