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Abstract We experimented with the energy saving effect of applying a multiplex heat pump system and suggests a dissemination

plan for new and existing educational facilities. The development and dissemination of a new system could reduce energy
consumption by up to 57%, and help solve environmental issues. Experimental performance evaluated in the kindergarten
to analyze the energy saving effect of the cooling and heating system. The average daily COP of the cooling and heating

period in the field test was 3.79. Our results showed that the annual energy consumption was reduced, and proved that

the multiplex heat pump system is effective in reducing energy consumption.
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Background and Purpose of the Study

Analysis of Energy Saving Effect in kindergarten on the
Applicability of Multiplex Heat Pump System

|

Selected Experimental building

Selected Kindergarten

|

| Experimentation
Results Analysis

Annual Energy | Compared with other
Usage preschool

Performance

Conclusion

Characteristic Analysis and Provided Benefits of
Multiplex Heat Pump System

Fig. 1 Flow chart.
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Fig. 2 Substantiation building whole view.
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Table 1 Substantiation building summary
Item Content
Location Osan-si, Gyeonggi-do
Use Kindergarten
Scale B1F ~4F
Ground area 1,768.00 m’
Gross floor area | 2,098.52 m’
Operating hour | 9:00~18:00

Application
system

Air-to-Water Heat Pump : 124 HP

Ground Source Heap Pump : 20 HP

Hot water system boiler
(medium temperature) : 20 HP

Under floor heating system boiler
(medium temperature) : 30 HP

Under floor heating system boiler
(high temperature) : 16 HP

0% S| EHE A2"e 379 S|l ERE, A9d AAdro] ks S8l 3% R iy HAhdge] b
S EF e} 31 g vt HAhG-S @dehE Al 2~E = AAEATE 7A Y] AR AR E A
HAdHZ A Ak o] A|=ElE Thefdk S EH BAS 98 717] AR AFHS Fig. 3, Fig. 49 2
I 7)o AFaste]l i Wy vper EARG, i W, 5% 9 vk Eapbd §skE A
HEo] 7hEd AlnEo R oux] AlgaFa) o] ibaleh get7] 9l 24 Aol A= ST 2%
2 WELFS ASAL F dE 15 E YA 2Eo] 2 55 AS shal wf el §f, &l & &A
th 53], o5 o= A9E HEAE 71 59 S 3 F FEFAE Al 3, CoP AHES fE
Fate] Wi H F'ell AAREE] wiEel olyA] A dag AudEES A7 fls) 2 Aorlel A
S5 Aol gz olrt gZFAE AAsdon 3% 9 nte BARGEE

Al=g Hdele] AnAgs SA38ke] COP A&
2.3 CIE S| EHIZ AlAH 7HEf wkg gkl ot
Ao AAA A" AE D A S

A9 o] ¥7|49 S| EPE A7 |7t A 4& 9e A FEA, 25EA9 AA A=
o] haL Aste] 7| Al AEd S| EFE H)7)7t d Fig. 50 veplon, dejrje AZd€ dui7]e] 914
2| =o] Qom Zt Ao] Aur]et AAR o] tF Wy 9 A~ wdyete] A4 AHE the9 Table 2
S Tl Ee 7] A AAE A~ Bl o} ot

Table 2 Multiplex heat pump system arrangement

Outdoor| Number of . System Boiler
. . . Indoor unit -
unit | indoor unit Hot water Floor heating
No.1 5 IF Lobby(2ea), 1F Kitchen, 1F Rest room, 1F Restaurant Hot water No.2 -
No.2 5 2F Classroom(4ea), 2F Health room - Floor heating No.2
No.3 4 2F Special classroom(2ea), 2F Teacher’s room, 2F Playroom - Floor heating No.4
No.4 5 3F Classroom, 3F Library, 3F Studio, 3F Auditorium, 3F Anteroom - Floor heating No.1
No.5 1 3F Playroom Hot water No.1 | Floor heating No.3
No.6 3 3F Auditorium, 2, 3F Classroom - -
1F All day classroom(2ea), 1F Night watchman’s room, .
No.7 > 1F Admin?stration ofﬁ(ce, )lF Presiient room ) Floor heating No.5
542 (© SAREK
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Fig. 5 Schematic diagram of multiplex heat pump system.
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g A = Table 3 Existing kindergarten summary
A Qe 548 A" AA 7HsEo] B YEb Sl " " 5
E Baha Alzdle] Bt CoPE oF 3798 A& e
Atk AlE EHS 9o 2 (9)2 B3 /\]—go}lﬂ A= Location Seongnam Mokpo
A guuy Q7 9Astvin 7Hgde W coprt Scale x x
l_\]—;:: }_ ]Ud W7]' 7];/]\_0]'7'” E]Tt__t_“ O] u_ﬂ WL_ Eo] ] Oﬂ Ground area(m) 1,29600 1,220.87
Lﬂx]i OP7} ol ™ o+ A}&eko] 7hashrtar Total number of student 134 108
& 2= Qlth, A, afo] ol EH oy u Operating hour 9:00~19:30 9:00~19:00
H] dojx= g37) 37] o] L duAzRE B Energy source LNG, Electricity |LNG, Electricity
& ders W 4 9lE Aol System EHP Cooler
wela] T | EHT A AL o9 F A ~E COP/}F Cooling | Capacity 204.8 (Sum)125.2
B3 3795 3 e ol 1A 488 AXsh) & o (kW)
A 5 Qo oA Azt EoA ol & F gt cating | Efficiency 254 (Aver.)3.20
(aver., %)
3.2 O|L{X| Al22 H|W System Gas boiler Gas boiler
» Hot Cﬁpalc/i:y 275,000 16,000(2¢a)
AN 71E FAY A oUA AL A water | kealh)
EH Ep dn] A28 ARE Agks B4 98l /\] - = Efficiency 0.83 0.82
WEH) Be Wb 7)E fAY AR ARES 5 ()
Qe 20 fAD SN F5 Asdow 7}
0o AgE, 29 2B AUA 2 A BAVE Aesh AFazew 488
sele] AFUAARI g AR 230 FALS Aoy AP wea] A8 ol A&l A
Aot letg AL A F olas FYsglon], se
uepA AT ddEd oluA AR RS Halghe | AE2 AAdurlEd o] AFAN] oy A Aok
2N v SIER L AJAEY] ouA] ARk E S A Pef-S Fxste] F AMEHE ] 9% Akt
gtk AAE 71E fAAe 47 A% A A U% SERE A0S 488 ATUAAR A
o EEe] 9N FAYOR, ASNYARI N 2 olF G, ke Bl 2 39e Sae) 9
AolA tha Apel7h wAst, e dRAGe] 5 oA Ron Ar|Re ALHAT JE fA9) 4
S04 FRAGe] waf oA 8TF W s8] FB Axvom hauAAE ALga] wFe o
o YA g TE7) miel, 98] vF SERE A Ao wAZksst 1715 A Bk ouX
28] oA dta s gl = Ul vlal g Tl 27| wol HFAAAFE o] &3t
dow AARE 7IE FAY dE9 JH8+= Table 33 AFEHHE(TOE) 2.2 3HkeE -, Theja A o1~
ca ARE RS Blaskglt) o] W, olyA] EF e
Table 4= AFUFALI] 71E FAL] A A} ofx] )y Alsﬁz] Aszel @ FudR 71E
|35 Yeld Ao w 2011 3€5E 20124 3€7} < AFES w48 A= Table 59 Fig. 83 2t

Table 4 Energy consumption comparison

2011 2012
3 4 5 6 7 8 9 10 11 12 1 2 3
field | Electricity | )0 ¢ 111 580 | 0.534 | 8300 | 8,022 | 8.643 | 7.565 | 13.184 | 16.767 | 28.600 | 27.340 | 19.403 | 16,956
test (kWh)
LNG(m') | 2,657 | 1,951 | 1,405 | 778 | 472 | 498 | 159 | 413 | 818 | 1,269 | 2,863 | 2,683 | 2,967
A —
El(elf\t;g;ty 8,480 | 0 0 |5960 | 6,920 | 8,600 | 6,920 | 4,800 | 4,960 | 6,840 | 9,280 | 9,560 | 9,280
LNG(m') | 1,779 | 1,042 | 388 | 451 | 802 | 579 | 537 | 397 | 946 | 1314 | 1,498 | 1,191 | 1,512
B —
El(elf\t;lf;ty 4326 | 5,493 | 3,995 | 2,710 | 2,695 | 3,143 | 2,584 | 2,605 | 2,950 | 3,921 | 4,760 | 4,303 | 4,507
© SAREK 545
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Table 5 Energy consumption comparison(per square meter)
(Unit : kgoe/m’)
2011 2012 Total
3 4 5 6 7 8 9 10 11 12 1 2 3
field test | 2.56 1.19 | 0.98 | 0.85 0.82 | 0.88 | 0.77 1.35 1.72 | 293 | 2.80 | 1.98 | 1.73 | 20.56
A 3.57 1.59 1.14 1.62 1.53 1.83 1.28 1.13 149 | 2.17 | 3.87 | 3.77 | 395 | 2894
B 2.30 1.87 1.04 | 0.87 1.17 1.05 0.92 | 0.80 1.34 1.83 | 2.13 1.79 | 2.10 | 19.21

* town gas higher heating values :

10,550 [kcal/Nm'], electricity higher heating values :

2,150 [kcal/kWh]

(The energy fundamental law enforced regulation star 1, 2006. 9. 4 enactment and revision).

m field test

EHRIHE Y 0 A X| A8 H(kgoe/m)

2011

Fig. 8 Energy consumption comparison(per square meter).
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