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ABSTRACT: The study is conducted to study a new, optimum and new and renewable energy
application method that can cover the minimum energy and operation costs within a range of
school budgets. By deriving the optimum application method, it is expected to maximize the cool-
ing/heating and hot water supply energy saving efficiencies for educational facilities. Therefore,
this research implemented a study on the new and renewable energy utilization technique diffusion
expansion method and the optimum method. As a result, the first optimum plan was introduced
with the multi-type geothermal heat pump 475.6 kW + highly efficient electronic cooling/heating de-
vice(EHP) 545.2 kW. On the other hand, the second optimum plan was induced as the multi-type
geothermal heat pump 261kW + solar heat collector 240 m’ +highly efficient electronic cooling/
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heating device(EHP) 759.8 kW.
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geothermal heat pump(HE| S 3| EH )
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Table 1 Material properties of outdoor wall

Specific
.. Thickness Thermal Density  heat
Materials Fmm] conductivity ) U/kg -
W/m - K] ke/m] L
Outdoor - - - -
Granite 30 2.17 2,180 712
Insulation 50 0.034 24 1,590
Reinforced ., 15 2400 920
concrete
Cement
mortar 11 13 2,000 837
Indoor - - - -
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Table 2 Temperature and relative humidity
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Month 1 2 3 4 5 6 7 8 9 10 11 12
Outdoor
temperaturel C] -25 -03 63 115 168 219 244 254 211 149 71 0.2
Relative 5
humidity[%] 62 69 65 63 66 75 80 73 71 59 67 58
Table 3 Power rates of school
[Unit; won]
Power rates
Section Base rates - ;
[Won/kW]1 Summer Spring, Autumn Winter
[7~8] [3~6, 9~10] [11~12]
Low tension 4,090 73.00 46.90 53.10
High tension I 4,340 72.60 46.70 52.90
A i 4,970 69.30 4350 49.30
High tension I 4,340 72.20 46.30 52.40
B o 4,970 68.80 43.10 48.80
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Table 4 Gas rates of school

[Unit; won]

Month Heating/Cooling HZEJI‘;?;H

1~2 H88.14 581.01

3~4 574.08 570.47

5~6 596.79 587.50

7~8 613.26 608.55
9~10 653.73 631.41
11~12 669.89 665.40
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Was 7o L8y slae wdae 10550 [Unit; won, 2008]
kca/Nm’ o2 7} gt 7h~a58 FHAhed o - New and
g slaadel FEH U renewable Type Cost
(thousand won)
energy
3.3 £7| &EXju| Photovoltaic  Fixed type 9,300/kW
Vacuum tube 2
2AFANE U], F47)7, Wiggan),  Solar collector T 1,040/m
?_@BI 58 e 'P“}_?}’&si'?i-‘lﬁ, Bojgar g Geothermal Vertical L 140/kW
A5 A& AL st Al Heat pump  closed type ’
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Table 5 Price data
[Unit; wonl
Section EHP GHP Absorption chiller
Chiller(130 RT) :
84,566,667
Outdoor unit(58 kW) : . ) Chiller(150RT) :
Heat source 9,493,636 gg;‘ﬁago unit(58 kW) : 94,380,000
system  Outdoor unit{29 kW) : (,E 1’ e ) Cooling tower(150RT) :
5,050,000 xcluding Suppo 32,050,000
Cooling tower{(200 RT) :
34,660,000
Indoor wit(5.8kW) : Indoor unit{5.8 kW) :
) 679,091 679,091 . .
Indoor 11 door unit(11.6 kW) : Indoor unit(1.6 kW) : FCU = 260,000
758,182 758,182
Chiller(130,150 RT) :
Outdoor unit - QOutdoor unit. : 2,25Q,OOO
Installation  450,000/Unit Il ’OOO’OOO/];Jn.lt ggggriiotower(lSORf) ’
cost Indoor unit : ndoor umfi ) S
850,000/ Uit 850,000/Unit Cocling towe(Z00RT) :

8,084,804
FCU : 85,043/Unit

Refrigerant pipe :

Piping cost 100 000/Outdoor unit

Refrigerant pipe :
1,100,000/Outdocr unit

Duct @ 30,192/m®
(total floor area)
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Table 7 Actual dimension and capacity computation table for a school with 36 classrooms

: Dimensions . Tota'l Capacity
Section Room name [m2] Number D1rr1[(r3:1125]10ns [KW]
class room 675 36 2,430 4176
dg’sesn‘if;m Small lecture room 3375 4 135 232
Large lecture room 101.25 2 202.5 34.8
Teachers’ room 113 1 113
Faculty Infirmary 56 1 56 58
room Administration room 675 1 67.5
Principal’'s room 67.5 1 675
Music room 101.25 1 101.25 939
Preparation room 3375 1 33.75
Art room [ 101.25 1 101.25 939
Preparation room 33.75 1 33.75
special class Art room II 101.25 1 101.25 -~
room Preparation room 33.75 1 33.75
Science room 101.25 2 202.5
Preparation room 33.75 2 675 o4
Domestic room 101.25 1 101.25
Preparation room 33.75 1 33.75 2
Computer room 101.25 2 2025 34.8
Library 262.5 1 2625 348
. Information retrieval room 33.75 1 33.75 939
rgé)r(;rt Language laboratory 101.25 1 101.25
Dining room 350 1 350 58
audio-visual classroom 350 1 350 58
gymnasium 818.8 1 818.8 139.2
= A 6000.3 1,020.8
" 1HP = 2500 keal/hr = 29 kW 7] %.
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Table 8 Comparison of performance

Multi-type Geothermal Water-Water Geothermal Absorption
cop Heat Pump’ Heat Pump” EHP GHP ™" Chiller
Cooling COP 5.00 411 3.81 1.00 1.00
Heating COP 5.42 424 3.23 1.20 0.80

* Cooling capacity : EWT 30 C, Indoor 27 C DB/19 T WB, Outdoor 35 C DB/24 C WB, Piping length 10m, Head Om
Heating capacity : EWT 20 C, Indoor 20 C DB/15 C WB, Outdoor 7 C DB/6 C WB, Piping length 5m, Head Om

” Cooling capacity : EWT 25 C, LCWT 7T
Heating capacity : EWT 12 C, LHWT 50 C
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Table 9 Comparison of cooling/heating energy and hot water supply energy costs
Multi-type Hgd AE71(m?)
EHP | Geothermal
(kW] He? pu]mp 0 46 | 66 | 104 | 124 | 164 | 204 | 224 | 264 | 284 | 324 | 364 | 384 | 424 | 444 | 484 | 5
kW
35,496
5452 4756 5 -
00 &
36,5561
556.8 464 E
L7 feee o
35,871134,800%:
585.8 435 Energy cost [thousand won]
52 | 0.0
35922(34,847(34.46 ,
6148 406 Photovoltaic system (kW]
88 | 37 | 14
36,025(35,007|34,615/33.901 ¢
6438 | 37 il
12472 | 50 | 00 Bl
36,081(35,058|34,672|33,921(33,572}
6128 | 3 > gl
159 | 108 ] 85 | 43 | 20 i
36,339|35,321|34,929|34,183|33,83033,170
701.8 319
195|143 1121 78 | 56 | 11
36,395135,372|34,985(34,287|33,881133,221
7308 290
230 | 179 | 156 | 114 | 92 | 47 | 00 [
36,550|35,518/35,037|34,343|33,989133,277|32,682132,422
7508 %1 } > L
266 | 214|192 | 149 | 127 | 82 | 38 | 15 &
7888 992 36,955{35,532|35,089|34,394/34,041133,381|32,738| 32,474
) 3011250228 | 185|163 | 118 73 | 531 | 00
8178 - 36,637135,618|35,227|34,426|34,077)33,417|32,769|32,509|32,064| 31,89
' 3371 B5 (263|221 198|153 (109 86 | 42 | 19 b .
s 17y 30042]35619135.208/34 482]34 128/33 468/32.877 32561 3, 120[3L.936 3638 ‘
' 312|321 | 299 | 256 | 234 | 189 [ 144 | 122 | 77 | 55 | 10
8753 15 36,797|35,774/35,387|34,636|34,287133,623|33,032,32,772|32,275|32,094| 31,813 :
' 408 | 367334292 | 269 | 2251180 | 157|113 | 90 | 46
9043 116 36,879|35,860|35,469|34,775|34,42233,762|33,119|32,854/32,413|32,229| 31,951 |31,714|31,645
' 444 1392 | 370 | 327 | 3051260 1 215 | 193 | 148 | 126 | 81 36 | 14
933 . 37,009(35,986|35,599|34,90134,552133,835|33,244|32,980(32,539| 32,359 32,025 |31,840(31,771|31,712
' 479 | 428 | 405 [ 363 | 340 | 296 {251 | 229|184 | 161 | 11.7 { 72 | 50 | 00
- o FTRAIT 195,788|35,041[34,688(34,028(33,43733.173/32,680[ 32,495 | 32,218 32,028[31,911(31,820/31 811
' 515 | 463 | 441 | 398 | 376 | 331 | 286 | 264 | 219|197 | 152 [ 108 | 85 | 40 | 18
018 % 37,462 36,43&36,053 35,302(34,953134,289133,698|33,433132,940|32,756| 32,478 132,294132,172132,090|32,071|32,122
’ 550 | 499 | 476 | 434 | 411 | 3671322 | 300 | 255|233 | 188 [ 143121 76 | 54 | 00
L0208 0 37,933|36,914|36,523|35,829(35,475|34,764|34,168|33,908133,467| 33,283 | 32,953 |32,764(32,699|32,613|32,598|32,556| 32,607
o 586 | 534 | 512 1469 | 447 | 402 | 358 | 335|290 | 268 | 223 [ 179 {156 | 112 | 89 | 44 0.0
5 AAsE Aol AASH, & AGoE o UOm'E FEFEE gdetn YA e
B} g Hgst= 3o £l ol2 EdE ¥F BAdeE dAste 98 A9, AAFEAE
NE ngste] HYIEE 60%E 7Fo2 HY 2o sl % 10,550 keal/ Nm*E 7)Fo2 6
AFH Alade AALIS AN 47 97 AL wel A7t shaam@Be 13811 Nm'e2 By



572 nAQ

52 et M4

e gae) EdHAL 1300mPed HE
FAPE o 1099] Yolrk. o] FAbulel 5%el of 59
437 92 A - AR Aulo] FAZ Ao] AL
& thebe Table 103} 2o}

53 o AXju] & H| @

A nl &g AN AT Fig 49 2 o
St 1% dijk 29 o dAu|E9 Aol 1ES A
714 W71 (EHP) 3 GHPA =8 9 o1 x)u]-&
Aol BEE WY WIHVHEHP)7 GHPA &
drcl COP7F o =¥ GHPA2doe] ouxgde
2 7t2E AFEEY] wite AH e & Jhx
@7tE Qs duAulLe] T Ao=m AGHY,
tiet 23 ohgk 39 oA ulge] Aol HEY
AHdYIEHEY E-F AdYsEHEe
Ay zelelAM o= Ao FriA]] AUE &
o FEia Aoz ¥e COPE oY

Energy cost{thousand won/year)

3 Gas{Water heating)
60,000 VT Gas{Heating/Cooling)
; B Eleciricity
50,000

14 1 43,738

40,000 f------- LT3

30,000
20,000

10,000

0 L hEE . .
A1 AL2 A3 AL4 ALSE ALE ALY

Fig. 4 Energy cost of alternatives.
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Table 10 Systems of alternatives

Alt, Cooling/heating method

Multi~type geothermal heat

Alt. 1 pump svstem 261 kW
Alt. 2 Multi-type geothermal heat
’ pump system 261 kW
Alt. 3 Water-water geothermal heat
’ pump 475.6 kW
Alt. 4 Water-water geothermal heat
' pump 4756 kW
Alt. 5 Multi-type geothermal heat
’ pump system 4756 kW

Photovoltaic system
Alt. 6 59 kW
Alt. 7 Multi-type geothermal heat

pump system 145kW

Absorption chiller

GHP 5452 kW

EHP 545.2 kW

EHP 1020.8kW

EHP 8758 kW

Hot water supply method
EHP 759.8 kW Solar collector 240 m’” + Boiler
GHP 7598 kW Solar collector 240 m” + Boiler

M It -
150 RT Boiler 250,000 keal/h
Boiler 250,000 kcal/h
Boiler 250,000 kcal/h
Boiler 250,000 kcal/h

Solar collector 364 m’ + Boiler
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Table 11 Initial investment cost of alternatives

[unit: thousand won}

Alt. A B C D Total
Alt. 1 547,140 129,267 141,520 96,800 914,727
Alt. 2 547,140 344,817 141,520 96,300 1,130,277
Alt. 3 542,184 139,375 121,455 395,524 1,198,538
Alt. 4 542,184 249,929 103,479 233,525 1,129,117
Alt. 5 542,184 93,740 141,520 96,300 874,244
Alt. 6 548,700 146,306 141,520 96,800 933,326
Alt. 7 543,860 149,155 141,520 96,300 931,335

. New and renewable energy installation cost.
. Additional equipment cost.
* Indoor unit installation cost.

o ® >

! Piping cost.
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