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A Study on Heating Energy Consumption of
Apartment Buildings in Cheju

Hyun, Dong~-soo

Department of Construction and Environmental Engineering
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Supervised by Professor Choi, Dong-ho

Summary

Energy construction is one of the most critical factors to estimate the thermal performance

in buildings. The energy consumption-rate, which is a fundamental data to estimate the energy

consumption and establish the energy supplying plan, is obtained by the research on actual

state of energy consumption. Although the optimum design which considers energy depends on the

amount of energy consumed per square foot per year, there are few researches on the energy

consumption and it is difficult to establish the energy consumption-rate of apartment buildings

in Cheju. Accordingly, the objective of this study is to analyze the energy consumption of

apartment buildings in Cheju and present some fundamental data for designing the heating

system. The parameters of this research include central and individual heating system, the kind

of energy resources, the number of building stories, the size of apartment complex, the

disposed direction, etc. From this study, we obtained the following conclusions.

1. The energy consumption-rate is 206 Mcal/m’ -yr in the central heating system and

104 Mcal/nf - yr in the individual heating system, respectively.

2. The energy consumption-rate is 211 Mcal/m - yr(average of 1992~1997) and 160 Mcal/nf - yr

(in 1998 under IMF) in the central heating system, respectively.

3. The energy was saved in the buildings of many residential households, a south or southwest
direction, and 6~10 stories more than 3~5 stories,

4. In the comparison of energy consumption according to corridor types, the side corridor type

showed higher consumption than the direct access type.

5. In the building with central heating systems, the larger complex the more energy

consumption. However, the energy consumption of the buildings with individual heating systems

had nothing to do with the magnitude of complex.

6. In the comparison of energy consumption according to examined regions, the consumption-rate

in Cheju city was less than Seogwipo city.
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Table 3 Construction variation of apartment buildings in Cheju

Lags B
T & g A 33~66m' 66~99m' | 99~133m' | 133~190m’
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1993 10,905 5,046 4,851 669 339
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1995 2,085 1,337 705 43 -
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A F A 1,910 1,730 180 - -
AHAEA 410 364 46 - -
5AFT - - - - -
GAFT 160 160 - - -
(Z2AT  AFEAY AP AR]
Table 4 Distribution of examined building story in Cheju
a9l APECE)
19963 A ¥ .
T 7 & A A F Al AMAEA AT AT
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Table 5 Average energy consumption according to service
@9 . TOE
s + B AT | HAE | ws 8| 59 | Hd [AgZ[olge| g7
AT A8l 666 687 | 1512 | 1943 | 2014 | 380 | 1.762 | 1.446
1995 2 - 46 48 105 134 139 26 122 100
AdAg Anvl=F| 530 479 966 1,355 | 1,347 | 369 | 1,439 | 1,014
1992 A - 52 47 95 134 132 36 142 100
HAF 2| 530 | 433 791 1499 | 1,007 - 11544 | 1,095
1989 A T 48 40 72 137 92 - 141 100
(A8 @ YR FZ2A B 3A, 1996)
Table 6 Energy consumption per architectural area
a5 T+ ® U7 8 | HHE | w8 | 39 [ 8 [ A5 | olgE
Fy A
95, (Mcal/m’) 191 262 136 517 449 328 188
4 ¥
(kWh/m") 135 220 67 193 135 352 35
Fd Yz
'92. (Mcal/m’) 160 198 98 514 391 324 169
4 9
(kWh/m’) 110 164 51 176 108 321 28
FAly A
'89. (Mcal/m’) 175 203 72 431 358 - 182
A g
(kWh/m") 113 154 34 151 97 - 23
(A& AU FZA B4, 1996)
Table 62 £5¥ JdHHT o 28FS Yeld 2o 1995d0= 59
Fo] 517 Mcal/mZ 7}% =31 w§4 AZo] 136 Mcal/m2 7}3 wekoh 19924

o g

= AU AhvFd was RY, ZE Age duyrt 2 Zoz Zisgeo)
53] Z88L 38 Mcal/m' - y(38.7%), 4d&& 64 Mcal/m' - y(32.3%)7} =718 3
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2y 2ol A Y HAE AT HEFHAYE E4d% IEL E#
T 9dAe FAd ot AgEr Gt stdHY e, 2F FAL Zi%
ool me dAFE K, @ol AFHD FFE J1Fdl weh FEIA

A

FRo ok

SURNLY
B )

£ 19950l e dyA thAaHE AFEd ddtdgE AUy EeF AYME S
st= & sk 19799 ol F MAS AFEHEA dEVIEol AL FHD GLF
Ag AestetdA B geloz dHHo g a2y, FHd @arEL
235719 Helstal g AR 2 #lsr|d folatris FHol Aoy, WA ]
o] & J¥8AQ YAFE Tol mAHA Wol HAFE R AFLE dEdE
A2 Ratn dEYIrt A2 e aRES e  HY FAR o] Foid
A, NEH B Ha dEFEd di@ 7 B dAA §FHE T
717 2@ die] o

1996 ol AEY A9z "HEFES FE&EEUA, o 9A <&
AU zlol & &este AT =AE H=E ey, “AFxe 3

NIIHJ{N

22

=

2) gy ArIed L, TA2dduxddd ZIgha ol #8 HuM13
WE), , BAMIY R, 1997, p.10~p.19
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= AFEaA PHENE AARA ofUss QWA 1000mv e AHBe] AS
ot 22atx opugT 2hm el FHL sm Aok

Table 7 Coefficient of heat transmission according to region and of building

49 . Kcal/m' Hr C

7 = T ¥ [ & 5 | AFs
Adel o9, HaFol e Adel wb |05 olst | 065 ol | 10 ols
(1719 Wb vhete Eged
H3%ol slc Adel WA == A% | 035 olek | 045 °l3k | 065 ol3
FEFool 29 04 o3t |06 I3k [07 ols
Adel o7l st HE7e) 29 olek |31 ol |50 ols

Tabel 8 Region standard for thickness of heat insulating materials

HREMY)FE | ZIEHAE A

gdx) 74 A UxZe | Ao g9 @t

2EHAZ QALY | o HL3= A3
Heojd BeAE e | 9o FAY A

2] Z (49 :mm) (&9 mHC/Kcal)
AL od - HlZol Y= | T F 50 o) 4 16 o4
Ao veh(Yr]o date | B 40 o) 4+ 1.25 o|4
vlet g ¥ §Hsith) AT T 30 o4 1.0 o4
HGZ AE AMe wxp | F B 80 o4 25 ol
e A 4 3 60 o) 4+ 1.9 o4
AFx 40 o4 1.25 ol &
= B 70 o4 22 o4
TeTde =49 g B 50 ol 4 1.6 o4
AT= 40 o1& 1.6 o4

M3 L AES] 7 GAAZA AUxolgHsy A2z A6se) FH WP
she 994 AAE B AUEe FHo @ FAEAL VL A
oo} @},

2. dEAZAM ALY v AFdE AL WIH(LFLEZ IS
she Atol @), Hrdd AR AAEsE 2 1 EdF FE

__?_
8l ME F A FEE 7H AHolojo} ot

Aol od, HESol 3l Adel WA wE A, Hakel Y= AN wpet
3 $55de Z2WE Table 79 Fohe ABHE olste 722 AU, 4P %
Ad wdAe /1% FA7 Table 8N4 FASE ol Hoz ATIEE sz 3
.



Table 95 H &4 AATE L Table 102 7|AREY W - e &FA
A A HAY 9r|eEE YEHIG.

Table 9 Region section

o s o7 A=
F B [ MegEHA-FE - JHAYA - YL - FYE
g 2 | 2AYE - AP BE - 33N - dedE - AR - AEREE

REA G - FAH YA - A A
AFE | AFE

Table 10 Design temperature of open air for calculating the capacity of cold

and heating system

T oy A8 (AFLE C) AL (AFLE C)
A & 31.1 -11.9
o A 29.7 -11.2
F 4 30.3 -12.8
A4 F 319 - 85
3 T 31.9 - 74
o 32.9 - 82
5 A 29.7 - 58
< 4t 32.2 - 70
2 ¥ 31.1 - 59
A F 31.6 - 16

. ml=e oyA "erlE

njZze oiix] $7]olF FouAle 37%E AR AT FEAUA #HE
9)3to], o2 4(DOE : Department of Energy)d A2 &4 A #
2 & & AU

U Hekn A" 71E 2L HAe HAA2AH571EMPS @ Minimum Property
Standard), 221 % 4% 7% (BEPS : Building Energy Performance Standard)
2 ASHRAE Standard 5°] ot HAxAS7182 AT Afe dEo AA
290 e wi Ao gt FHEANLAYAHUC AMAsted &3 Ao, d
2oy YsrEe nZ2AAL 71T EF oduA AuwrEE THASD
NE AYE - FAL A9 oyx &g Hdsste g Ay Adef A
22 #2yat= Ao|n], ASHRAE Standarde &71%3} - WEstsle 71ge2 AF
Hael A2Ee 71Foz Aty e, o]FolA 1Y RUHOR AEEL
2l ASHRAE Standard~ 250 wat 3A FAL AEY 71EHR FAEL oY

_ll,.



o FEZ FEH o}

T8 A€ A%, ASHRAE Standard 90.2-1993(Energy Efficient Design of
New Low-rise Residential Building)lA 4% System/Component Method 2
Building Energy Cost Budget Methodol ¢l olux] Hefxo MAE %z
Atk =, 71& H&Hd FDH5AS(OTTV:Overall Thermal Transfer Value)
T A HoAldl A 854 ¥Eslvn #dte F0S b RE AELY 9
FAG, AdAS, FHAW, 4% WRELd T oge g9g :
(Alternate Component Package)® 2 ENVSTD Z 2182 7|2s

olgd &% Av A L MHoz oquyx HIznE oF 10~20% 7Hs e

o2 H7HHY, ASHRAE 71&2 A&Ho2 4 -8B 2 AA%Yo] o] 2o
A3 At

o
411
£ K

o 4R AUz doprlE

19529 2RAgol o3 A3Y THo| =YW o7, A2 YANFL £UF
S ARET Wk A W, AFH P4 2 vdZsel BE 4dw)
o zash olsh BAYW AAYTH AU okl oy So st Waod g

do] dELE A A2 IAYY € Ho HE gnE

€ Z 33 olHol doy, FHHY e °ilL1Xl
T A& B ooy &H Aos} s "o w
= BtEE o] 30meolde Few 1 9 Sxo AEo y
el A7t A% FEG HAHSA oA HYS FEIHTE stod 19899 A
T % 1990 Approved Document L2 7Y @ollA t}2jon vE 7574 g7
&= Approved Document®] 2| & Eo ojsf 2 go] gt}

AZEo dist lyx d%71F2 Building Regulation 1991(19953 #)& 1994

3

Gkl

B S 3E Abol o] o) EH,_ %%7]*@«] ’:4_73, 7H’ll-r T4 ‘éi’-"}l 714
42 2L F dE F5E A4sta old ol s Fojg sArt w3
oAZ AFede 71EH /MY H(SAP:Standard  Assessment

F7F ARFEE YA EE TESGE YRS Adsgon,
=9 ©EAT, dRA AR BEF 2H FH $7)AHS UALY
s st A dErt 719 HEL SAP Jvx S3FH2 TR
QAFEH NTF] B 3 @S W22 U}
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DRE 8=9 Ao HEgEe A PAHe
O duddd 18 5 U= FHFE AP AEF22HN F2A 9
ddrES A
@ #Fe%, &, WY Tol e dVF/FE 7IFo] o|F A ZAGA A
S FAAH 83 W3 R BPYE HEo e 7EFEHY 24887t
@ AFE FHY 2udLE a2 F de FF A
& AT R FRAE T ANELE FaAE F A FF A
® 2 R waAde 4T g 71E AN
2) Teol9le] AE HEH xUAE
O FH FAHE GAE Tt AyA FFE
@ Element Method2 H ¢ zt Q4o gt A FEaAF HEHA AA

€
&I ok
e

B, é}ﬂ%“gc’aigi Al2dl 58 58 1 Energy Use Method

gt 599 oA HefrE

22U QA 7l gixaste Az Aok wd Wy oz Mg g
WS HesAeH, AFoA dyA] LH|[7L ojdfdd FHE dojue 7HE

T3 FEFYU0F)E A2 FABIY AEe Fo] oFz &4dHEe A&

1ol BogF3 gl

Table 11 Heat loss according to parts of building

@l %
CRE 9579 (93) F579 (10%)
A% 22 7
(@7 13 17
THE) 20 30
s 2 40
A 5 4 20 6

1995 14 RE 71E9 @d7IES Ao 719 dAEAHTG e
140~180kW/m2 A ded M2 /IFd d871FdA = 54~100kW/m=Z o
S Zsstdo HRE dEvIEAME dE R V1L T dAbol g Az £
geuen Axzte HA A4S FHusA FEE FFHA dALHez dE
HA
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Ag7EA S ofqz] deprlEe eI 7 Fod AR S ATse Wl
Ao, A2 73" 71Ee A2 A &43 458 Rl AXsL 5
T &Y € dANEYSE ndtd AW FsAAE T AuA Hts

"—-—-__*
FEsn 9

Table 12 Allowable standard of maximum heating load according to the outer

cover area and volume of building

A W 8 Hd 343
A/V \Y% AN
(1/m) Q'Hell #d% 8 (1) Q'Hel #d% 2 (2)
kWh/(m' - a) kWh/(m'’ - a)

< 02 17.3 54.0

0.3 19.0 59.4

0.4 20.7 64.8

05 225 70.2

06 242 756

0.7 259 81.1

0.8 217 86.5

09 294 91.9

1.0 311 97.3
>1.05 32.0 100.0

Bl 1. (1) Q'H = 13.82 + 17.32(A/V) kWh/(m' - a)
2. (2) Q"'H = Q'H/0.32 kWh/(m' - a)
3.zt &= Table 13 &=

Table 13 Comparison of existed and developed standard on thermal insulation

71Ee dEA (1984) hEe GEA (1995)
(193 A4 = FZFAL71H)
1L aA9ds A9 &4 1 A9Ey Ae A
2. dEL Vo A 2. W Ve A4F
3. A/Ve A 3. ANV A
4. 4 AFF A9 Kt A 4. 4 A=RA Kat 44
5. d&4AF(Km)o A 5. ol A %E'é‘ :
Axg 3}(Qt 7] 73HQD, H
FEY5Qi), HFEYS(Qs),
°J7JLJ” o}(QH)

o =21
6 d¢ duFetel 94 2 AA

D
b
oo
e
b
x
)
3
lo
=
ol

43 a93d3 98 ag
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Aede Azl A4 ANGAN AAel BE A YRS AAste £
Mol FAE 83 2108 Table 125 M2 ARE FH¥st FVIAE, Table 13

o} Zepzol ouix|

Ao &

1960d 4EE FYHHLM)olF, 1974 H=

74~
deo Ay d9 84T dELE

REES vebd Holth

30654 HAFE 37 FHL

2 FRE #4% (718 AU e=A 1TY
gEAgs Ao gx0z U gh Gate HAsEL, olF 1988 HEY &
To] g 4de FAEE MAsFon, SHAFE b, AL, 713 A
o So wet AABE ANFEE Hol ok 3789 71FAH S FE o 2/39)
AFsts 22x9, FHAG(HA YA 2 2FAJ(AFHAMN LR TEIAY
oz dAFEHS At ULt
Table 14 Coefficient of heat transmission of roof
49 W/m - K
Val RARA

71% =9 | 1914 o)A | 1914~1974 | 1974~1982 | 1982~1988 | 1988 ol §

15 <0 <30 1 07 <CU 15 |05 <011 |04 <U <08 | 04 <U.<0.6
A9 Um=2.4 Um=1.2 Um=0.7 Um=0.6 Um=05

15<U0 <30 |07 U 1.7 106 <U 1.2 04 <U 0.8 | 04 <U <0.6
A4 Um=24 Um=2.2 Um-=1.1 Um=1.0 Um=0.8

17 <U 30110 <U 24 108<U5]06<U<L0O]|05<KUK07
23124 Um=25 Um=1.7 Um=1.0 Um=0.8 Um=0.6
vz 1 B2 B AAREES FUsva 2o

Table 15 Coefficient of heat transmission of wall
%49 W/m - K

| AY7|1zt
71Z =2 [ 1914 o)A [ 1914~1974 | 1974~1982 | 1982~1988 | 1988 o] ¥

12<U0 <24 | 15<0 <28 1 09 <U 1.3 | 09 <U 1.1 | 0.7 <U <0.9
FE&A4A Um=2.0 Um=2.2 Um=1.1 Um=1.0 Um=0.8

13U 25115 28109 WU 16|09 <U(L.2|0.7<U <09
A9 Um=2.0 Um=2.2 Um=1.2 Um-=1.1 Um=0.8

17 U B0 | 15<U <30 |10 <U Q1.7 ]1.0<U<1.308<U(<I1O
2 3}x o Um=25 Um=2.3 Um=14 Um=1.2 Um=0.9
oo ] durwlAel Aol Hays s 2ot
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digate FEAY, FEAG(MNMLEALD) R oA (4 FdAchog TR
FHEZ 4R[S MM ok

deolde] 2o JdBFEge A WslE Table 14, Table 15, Table 16
% Table 17614 B 4 9lon, dBFEHS dAHY9} FFZUme 2 T 8}
Aok A=W FHFEE 191493 vmes) BE, A e 484, WA= 258, v}
g2 279 223 B2 16WE Yo glo] gdrFe) B2 ZaEan ges
¢+

Table 16 Coefficient of heat transmission of floor

49 W/m - K
val g 7] s
ZIFAY | 19149 o)™ | 1914~1974 | 1974~1982 | 1982~1988 | 1983d o] %
0.8 <U 2.0 ] 1.2 <U <3.0 |0.95 <U 1.0 | 0.3 <U <08 | 0.2 <U <0.8
FLA4d Um=1.1 Um=2.0 Um=0.8 Um=0.6 Um=04
10 <U 2.0 {12 <U €30 | 06 <U 1.0 | 0.4 <U <0.8 | 0.3 <U <08
A H Um=1.2 Um=2.0 Um=0.8 Um=0.6 Um=0.4
1.2 <U <23 | 15<U €30 | 08 <U 1.2 {06 <U 1.0 | 04 <U <1.0
231A 9 Um=14 Um=2.2 Um=1.0 Um=0.8 Um=0.6
H 3 0 ] A4 ulgn dwt e agte bigas £Astin B
Table 17 Coefficient of heat transmission of window
@ W/m' - K
A g 7] s
71F X9 | 19149 oA | 1914~1974 1974~1982 | 1982~1988 | 1988\ o] %
37 <U <42 | 37<U <48 | 25<U <34 | 24 <U 26| 22 <U <26
A=A Um=3.9 Um=4.1 Um=29 Um=2.6 Um=2.4
ML S 9FvlE $ES FUsign 2o,
s AR oy Wepr]E
TH 5o AFE B HEo) 7HE WL AT D22 99 3
TS T AE&HE HAEy] A% 22 2 FrzHHEE 2 AZZ= Yy
Ao BEAA o8 AP 2AE AAFER st ANHA v 92 vy
she #H, AN ol59 HHF HAE £ Ystd dE2Fo BUs|E A}g

< YA . FEIEE st Q)
2] Ay LuFe 1987d ol F FZHE FtetArh £3 39 L ARA
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ABA A9 oz 2vE & Aol Hlal A FrtEReH, §F AFS
Zo] Ao W& oy AL o] B sojd HoZ Ao 1991 AAHA

N AFE9 oy BAdAS FHAHOR uRbte] DMANG AR LnFES
d dH FEo2 fAstE FAMor AaAgIY, AsTE, FAE Ve AFA
g9 9d7IE § AERE YA "ol #- FAZIEH Aol &g s el
g JE AAET Ao

134& MAsA G725 570AHdN 674292
2 gdisti G&AdAF 71EAE At en, @dVEe VIEEY HE 16
uj o] oz Zstadct ayx, F43 Frhste Wy 2HE oAl

fate FRALE FHeR ‘Q*}H A 71E daHrt. 53, 712F9

1992 g 2] deFrjEat 2

A 715 Boste) ¥e oluA ool £7HE HRAMe Ae, o vIy
ol gAReRE ZEE DHY F ool eUAF AW FHe FF
ge A4der] 148 BAE JU4dse $4e LR sl =

Felo] HE5E oYz Hr|EL dux] A4S AR AA, AEdY AEA
A whyolnt FAEZR Fn HFAHQY dSAYAE AT AEZAM EEHAT
FAstR, dEdATE FHYTE, F AR AAY ALY, AF T
neiste] gz Fegejd w1 g AL Yoy, dEAAFE 7E
2 3to] T AN BT gRIAY 4 ujatd dAFEE 2= A
Aste g YENTS FREIES L U

BHRFANNE YA o2 AMY FHIAA F ZE 59 #obdA oYy
Az2Y dek A@AEAA #ARHY S A s 31201, #7248 g FYIEA 9
A8Y A¢ AR BxE VS F Ut

AE2AFABRDAME 29, vz Hedy RG] AEAFAN A5
A7 A o) AFEE o xR Avle AAFIIHE Y] AY ATFE da gled,

AEEA ol auBe do zAbstel A AYA AAAY SHH AE
2o 584S TAY AN TR BRATHLAL dIs: 2dS ALse
so duxs B8FE SA Telshe FRHA AL 2 Aok

AL Aok e] o] dorlE

hvtcte] oYz AeF7]E CCEENH(The Canadian Code for Energy Efficiency
in New Houses)® CCBFC(Canadian Commission on Building and Fire Codes)®ll
A A &od National Research Councilol A 2ztetd &=, 71§, A58FF 2 7H4
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B A4 neE &34 AUy HavFoer FHAMY JFoz ¥4
a glew, FHol9o g fxo HWEL CCEENB(The Canadian Code for
Energy Efficiency in New Buildings)oll A #| A3t it}

CCEENHE A5 &9 AY, 71&EF9 S Fdsted o A4 Ade &
T A= &8&Hy, CCEENBE 7%, d8% 7% % #4724 So] n3d golx
AtolZ FAEE 71802 3§y, CCEENHE 7159 HY 9 Ao duAlg AE
o EXY R VEAET FEE HAAYdE AR, 2YRE Uy 2 T x

w&, d7144¥] 2 Building Energy Performance Compliance® 74 ®t}.

oh 4% AUz HoprE Wm
22e) AUz "2 9uINFE, AR $9E 7

, %7

2 gel

M
MN

Table 18 Standard comparison with other countries about the outer area

considering thermal performance of buildings

= 7} W £

1] 2 | Envelope Trade-off procedured] 73t i xu] 234

Zlutt}t | Simple Trade-off Complex, Trade-offHol] A3ty 71 &9 91
o gt A4 7bs

Target-U Valueoll ZAstd FAHH 2 7} 294 dAFEg =

4

q =

Table 19 Standard comparison with other countries about parts of buildings

= 7t W £

- GEAFY FIHAEFY)

3 = AE9ue Zt H ol RFEY FAE 7|FA olde FxE
A AT B9 dEAe FAZ IFA ol FERE F§ A

-~gEsTd, 35FY, FAslFY oz TRl 7 BYd 7FA A

7 R | s, YRAEAE JFer YR

- Ao J3 B AW 9o FEo7 PRI 7 EAHS 19

vt o} AR Fo g FHd 7FE AA

- SAP(Standard Assessment Procedure) ol 5302 TR

9 T Element Method Al A|
-Fde 7} B8 gETZE e A 9AFE S NNFE £
d B g4gA FAZNES JUE HFe 2 F A
~EAIEAYEZR, 7|ETY, X To2 TR 7 Hepd
71E 8 AA
- DIN4108oll A 2t 294 7] & A A
= 9| AR FH ‘3! FTEHA A #HeElgd s udse Z 9u Qi

e dBFEH AA

_18_



7)1 S Table 18, Table 19, Table 20 ¥ Table 2191 Yel 1 ot

Table 20 Performance Standard of other countries

5 7t W £

& 2 | 50Md oo 2 FAAZTA b FEeFHe AL UFHL

AHA A A AYM ASE

o] 2 | Annual Energy Cost Methoddl 2739 €54 A= 44 7ts

siutc} | Building Energy Performanceo] 2739 §%54 dE AA 75

o = | Energy Rating Method(Z1 &7 5o W& A SAPAYA a3 HA)

-9 F 5o d&A WX E 9% 2A(FH e E 7R
of W& A&AAF AA)

- A GRS E U Lo met FE3A A A

d

e

Table 21 Regional comparison of coefficient of heat transmission in Korea

49 W/m K

5 2 ZE A9 g 29 ATFE
- AA e vz £ 25 0.41 0.52 0.76
- Ao 9 0.58 0.76 1.16
- vke (2)7]0 Hake A 9) 0.58 0.76 1.16

i 3.37 3.61 5.82

3. 1% 999 i 2 4SSV

7t ol 2 A
229 oy dugfe AR x50 mE viody] AAHY oy LW FS
ehY, HEe A7), 7kA 9 59 AHFS AR 8 met £ F2,
TA9 A AEFe dyAE ¥Y, 2F, 148 2 B ALFS Ags=d £30]
Qou 7ol oyx A= AEE A wep 2g4 A HEshrl: o
1) AN A & 2(DER : Design Energy Requirement)
25 Ao dis] 23 U2 ALY A dURA ARgo s XFHTI
oy sdd WAH/PY S o) &8t At
2) A AR An]E(DEC : Design Energy Consumption)
A2AA AddAe daf 13 U2 A" A AURA AuFez, U7
oz @ FHDER) AUz ZEFAZ {3 71FAE 38t AL g

3) @FAURIEATA,. (AEY AL Z1FChHA T #F FHEAA
(IabdE), , Faatd S, 1997, p20~p.23
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3) AAlY A o 4H(Design Energy Budget)
A AHgd By, Asg L A qE AWMIE glo] AEAE MA o
& Hd g 23l

4) o] 3 8o J2 FEBL : Energy Budget Level)
deeae] dA4%, Ydwdd, 39 2 29 5& ¥dss £ Avoyx
of gAY FTAE YA oo

5) AANUA] A
H7E7IME ol &3 HAYR AnvFE ABHA sux e
AE9 HAANZ, o] & Hd FHEoUxFog Ry ot

6) Az 45X F(Energy Performance Index)
AgE A9A AEE ol &dte] dHHS o4 EPIE YA HFAA e 7
FToz AAdE Yol

7) Y

Jim
oX
2
Jm

Qg w7t

4o Wrhe AR UAAY, TR ol Yok, B vle] A
4 AUAYY 5 TFY 2 dehue, 4% dmete Aeloh ok
2o 99712, HATFEDS LuduRaE: YA E E0T e ol

59 olEglol AN PARE YHY ¢ ATE Bl Yo}, Alzde
&3 4y Aol N2WEE AAe P Bobssn BEAD wEoz
S %A ¥ 4 Ao, Yo FAHE wHo Ak

)

o

ot

o dEFE

AR AAAFAMNE AHEE AUAE Qo2 FASY d9E KealE 2
€, 1 Keal& 145CAM 1 Kgo & 1T ¥oled ¥ I3 w3tth Keal
3TEY GHARA ZE YA LuFE Uehlle A2, Table 229 Table
232 oA kel BoF AFE YeUE ol o]H Y KcalZ @4tstes A
< A2 Y45 vlusted Zasty] ¢ ol

TEA LY Z4F AAde Ao WEVI2RE 9y, 2HL 59 &
AUz Fde ARz ddE AHHA T4 A P22 Z Yt 534
A7 2+ don, dddele W g 3ot £ A AHE g2 o
Ae U4E % A €.

rle
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Table 22 Transformed standard of oil

g7 A 84
T o g 9 ki 4 9 whg
4 F Kcal/Kg 10,000 Kcal/Kg 1.00
e Kcal/ ¢ 8.300 Kg/ ¢ 0.83
T A Kcal/ ¢ 8,000 Kg/ ¢ 0.80
5 ® Kcal/ ¢ 8,700 Kg/ ¢ 0.87
M AT Kcal/ ¢ 9,200 Kg/ ¢ 0.92
WA Kcal/ ¢ 9,400 Kg/ ¢ 0.94
w7 B Kcal/ ¢ 9,700 Kg/ ¢ 0.97
W IHCH Kcal/ ¢ 9,900 Kg/ ¢ 0.99
A EA-] Kcal/ ¢ 8,700 Kg/ ¢ 0.87
JP -4 Kcal/ ¢ 8,500 Kg/ ¢ 0.87
2@t~ | Kceal/Kg 12,000 Kg/Kg 1.20
Al Kcal/Kg 11,800 Kg/Kg 1.18
T A7 Kcal/Nm’ 7,000 Kg/Nm' 0.70
b T A7k Kcal/Nm’ 11,000 Kg/Nm' 1.10
T A 7b~ Kcal/Nm’ 15,000 Kg/Nm’ 1.50
A7k Kcal/Nm’ 10,500 Kg/Nm’ 1.05
HA7F2 (Kcal/Kg) (13,000) (Kg/Kg) (1.30)
T Kcal/Kg 4,500 Kg/Kg 0.45
el F e Kcal/Kg 6,600 Kg/Kg 0.66
FAA Kcal/Kg 6,500 Kg/Kg 0.65
71 € A 7] Kcal/kWh 2,500 Kg/kWh 0.25
A Kcal/Kg 4500 Kg/Kg 0.45

2% (1Kg=10000Kcal 2 #12H)
AU A7z HAFS BAsE

g 7

Table 23 Transformed coefficient of energy calory

Foz @ RY
A2 1kWh=860Kcal

Kcal &4t (34 = Azl x| 4n Fx84HAT)
Azt Ay R A8 F FAHAF 3 Al (Kcal/year)
A g (kWh) X 0.00086 = () x 1000000 (Kcal/yr)
B-C+# X 0.0099 = ( ) X 1,000,000 (Kcal/yr)
7 ais X 0.0092 = () X 1,000.000 (Kcal/vr)
L NG X (.0095 = ( ) x 1,000,000 (Kcal/yr)
F e x 0.0046 = () x 1,000,000 (Kcal/yr)

B 1 1. 1kWh=860Kcal, I1HP=645Kcal/h, 19§ E=3,024Kcal/h
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134 oliA BAHe 23 iR Bagdl 2 A do] FFH7AA 2ulE o
YA RS F7s4 FHRAelA oz aulRe 71Eo2 & Rolm, 23 U
Fue AL YoM oux AuFL 71Fo2 13 U2 By Hol AL
AARAN 2% oz dusRe wAdFo Yepar

2. Az HderlE

FEFdY QYA A57EL B dHUAT iR FANE FAHINA
AAXN 7 FAA o)Wt HES FARSANYE o] &=, AEY W, 2d
NG, FEA Fd To dg nA7 uFan 71AEE 2 293, M7
ot o2 AnjFE ndA Fu HHAE ZA FU7] Wl 7
Aol gl

ool ZA$ HE9 oYX AF7IFBEPS : Building Energy Performance
Standard)2 2 Agd=z 22709 AEFHA AT AR 2u]FIR(EBL
Energy Budget Level)E A3z W =9 IYI dE9 fFAIeo HQ3H
BE AU E 13 iR e ddgoez AAET

Az Azt dad o giE, A7A 2 FIVBAAM AAHoZ AF,
ZASt A E 3 oy, d@gel A ZiEE oy A 24 A &4
of o] Adeigtol ztolzt U AF O AUA MY Y FaPo] EFE op7)A
713 Qo

&

Table 24 Standard of unit heating load of apartment b'uildings
@9 Kcal/m' - hr

e A o 23}
T (m’) A B C D H| i
60 =3 550 |530 |49.0 | 450
FEFY | 45~60°)3F | 577 | 556 [ 514 | 472 | * FHAREGAA 4
33~450]3} | 588 | 567 {524 | 481 | (AN 60m'x#HA])
33 o]3} 605 | 583 |539 | 495 | 55%x8760%0.27
AdFd | 60 =7 605 |583 | 583 | 495 | = 130.1 Mcal/m' - yr

60 o3t 605 | 641 |959.2 | 544

Il BRAAGLTA AR
2. AXS : dd, FHA A Bl 1 49, dFA
CAe A 2 SR, AH, AF, BF, T, 2EAY
od
|

DAY R4k, FA, A, 4, 4%, BEA
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£, ZblA oju] nAE FETFEHY dUA ddie GG R AxT
Yol w2 ol glen HLsrix £ Mol vt Table 24 ¥ Table
2501 A HE upe} ol @A btFAtet @I B IddN 7EE FE
GG EEVIE € GEREGER FFEFo] MR Foldn ANQERE g2
TFEo] Ho ASE ¢ F Utk

Table 25 Thermal insulating load
@2 Kcal/m' - hr

e84 GG R | DGR | G g e 4 3

> Y 70 54 16 * GRS A AL 4
HaF 73 70 3 54 x 8,760 x0.27
A 91 89 2 =127.72Mcal/m’ - v
FA AL 121 116 5 x FERZAA o
ga(Fs8) 91 89 2 16 X 8,760 < 0.27
AFA4A 100 97 3 =37.843Mcal/m’ - y
FAAA 121 116 5

BlA L @Fd g e e AEAAE V1E
2. AAAWLE20C, ALY 2E:-12T, Qu g 7|&E

U EBEDEE

1) " =
Table 26 Energy consumption in U.S.A.(1989.)
A7 [Wayd [ 99 d g9
o) ] x] 4 H] 294.6 3726 3979 411.6 Mcal/m’ - yr
A 5 1754 162.5 115.1 216.3 kWh/m' - vr
A F 85 4.3 14.3 - K¢/m - vyr
7} 2z 6.3 19.2 16.3 22.6 m - yr/m - yr
2) T
Table 27 Yearly energy consumption in France
¢ W'
A R e 1975 d o) A | 1975~19823 [1992d o] ¥
Full central heating plant 380 250 170
Independent central heating plant 360 210 140
Independent heating appliances 170 130 80
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and the kinds of fuels in England

Table 28 Yearly energy consumption according to household

A E dw g8 | 2y 27 FH A AR | 7hEEeld R
70~74 5172 | 2271 58.7 62.2 865.2 55.3
75~179 555.1 | 234.3 80.6 67.5 9375 53.56
80~84 5926 | 2437 1004 70.4 1,007.1 51.6
85~89 7114 | 2755 1204 64.1 1,1171.54 53.48
90~92 7731 | 3035 1385 60.8 1,275.9 52.6

4Hd B
Table 29 Energy consumption in Japan 4
@9 Mcal/m' - yr
T i d s ks v a I3

95T (FF) 1.1 31.4 25.2
g Fe(rzh 8.1 143.8 62.3
g+ - 1679.9 3.650.0
gud 46.2 97.8 85.6
wejwWA 9.8 20.8 52.2
AN 216 66.9 86.0

_.24_




M. ofuizl zvldel @A % 24

L delrstel e 2 @8

b zAOY TEEY WY

Ax) el HEZAINA F5F YL Table 3004 & & & vieh 2ol AlF

Al g 1970 @A 119% 50154, AAXA AHL 87F &3 63F 20254 U=
MRt AR xALE AAEAH

gy, 2ANAY TEFEFT AWAdol 24 Ag R SEHY HEYE dF
b raE $EFY A8E AYstd FhdidAe 671 dA 1656 Adet A
bk o] 878 A 17504 e FEFES HF dEddes Adso dux

NESEVE ¥

Table 30 Summary of examined apartment buildings in Cheju

A o o A % s A o &
72 [awy [ 299% | Agus [ sodd | Addy | 299y
A F Al 13 6 79 40 3.449 1.656
A9 (62%) (56%) (63%)
AR 8 - 63 - 2,025 -
A q (38%) (44%) (37%)
T AA 78% 22% 78% 22% 7% 23%
M3l E AAD AFRA AT HATA D AN Fastel HE@ RY
o) Fobdube) W eg dehdch

o sed B

Table 301 & Gt s i 2 7
d Adsd F4EE debd
s vl gol 453 A dehd
EA g FEgE
Az AFe

Fig3dlA Yetlz U =A% 2 2
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Fig.3 Distribution of examined building story in Cheju
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of, AIFA AHL& 20~298 Yo, MAXEAAL 199 &Holsle] AFE Felo] =37
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€ olFx vk &8, 54 P ofFETL & dq AFHE YL B 5
Aem, 53], 169 %, 2399, 249 %, 2% ¥, 338 ¢ 48EY ol¥e AFAY
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Fig.4 Distribution of the number of households according to

region and residential area(above 10 pyung)
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Fig.5 Distribution of the number of households according to
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Fig.6 Distribution of the number of households according to

region and residential area(above 30 pyung)
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Fig.7 Distribution of the number of households according to
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Fig.8 Distribution of the number of households according to
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Fig.9 Global distribution of the number of households according to

region and residential
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Fig.10 Distribution of the number of households according to

residential area(Near Cheju)
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Fig.11 Distribution of the number of households according to

-residential area(Near Seogwipo)
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Fig.12 Comparison of exclusive use area of examined buildings
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Table 31 Comparison of exclusive use area according to

architectural area

@9 o om
I A_F b W7 2 7 Wod H 3
15 42.7 45.8 38.6 48.8 454
20 55.8 90.1 54.6 50.3 59.6
25 65.2 63.3 61.1 60.9 64.8
30 83.2 739 69.8 84.9 84.7
35 97.2 844 38.8 87.2 101.6
40 110.9 106.5 108.7 108.3 1114
45 124.7 125.0 126.7 126.0 1258
50 131.6 135.5 143.6 138.7 141.1
55 152.6 154.2 155.5 154.0 1544
60 163.0 1714 1674 163.7 170.4
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Fig.14 Distribution of average floor height of examined buildings
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Fig.15 Distribution of open area occupied in examined buildings
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Fig.16 Thickness and location of heat insulating materials

for roof in examined buildings
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‘Fig.17 Thickness and location of heat insulating materials

for wall in examined buildings
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AHEFL A9 7 Al A RAsC Aveld Bad AR A &
xA7ld o8 TS wEd, Wyl dF uEY L ASILe A A
Nxg v, Bde 2 AEBr)Y B R AL ALLHE AW AW L5
exe 44 5ol F EAS uHd 502, A H§skA Fahe YHow
RS FIHLE 24 Ao WaF Aol AW e A ReAY 2
gag Avl FFHE 59 BAL Qs 23l Aadugsol duxy B
Fejo] 4§59 maol WAST Atk
3) A g
shbel =4 £t 43 A9 Wl At Fd, 4o AT, %, B9, T2 5
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2% Aol AEHOE WPPNE 2FA @I Ula == FAxe I¥d
e 52 o185t A ANE Al Wy

derslel Aodyhgel FFL 19864 25 AN ofEe] xduuo)
© olel, 19879 ¥ HAVHAE o] g3t VEAAo] FFHAUN ¥F 5o
AEAZ FAE Bogn Aok ey, $FFY 4A8 ddeszdls A
ddgAe) eAgoz BA AZHNLR, NAY FAAYel @ AYLEz
d7le gedel ol Jldgsd BAA Rahe At ok AMAA Aozt
obd o §atsl £5H uAoje] o3 Wil 2HNE FIt B Ao U
v Qe

U mdee FF

1) /H8

TETYe dbduo oux dofute dAxd, FXNE&H HAY nEEY
719] Abg, HE3F, A HH3 2 HdA FeEsz 3A JdE F Ao
53], Y s A9y doz oy de] @2 ZHu} Mujggg nedstd Ade
stojok st 71719 7Aooy HAv|go] Attt fFAH]Eo] Bol EAY
Aol oFgt 7]7l= HlAAAolmg HE dig 77]e HAF £FS HAG
1 Adujufe] @9 dgdE stofof g .

dibol] Algsle BHdele FAse AR 2 ¥4 g A 7R g
Table32¢} Zo] 27 & Aoy, vday FH did MeE b 2o
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AR = ol wFoly A#S Wi Rog Byt £Ho Z By F
5o ZA2 39 10kg/cr AF S FAAA ALEF F Aok
B s A '

Agol e £ F2 AdWog st Hdon, ush % e Fel A
P02 IdYuHG $£87} e ndejo|rt
@ ¥HF By

galel 71 @il oste] AL M, AdddelA F5, BdM F7] £E 257t
o= melegoltt

Table32 Kinds of boilers

A s T+ E g A FE T 28 4 L
FEA Ry FAA 2YY
L5 By
A5 B YY AW BwYdY
ZaA Bd 598 599
PERRE
F8 5199
#F Bdd

2) del@ g

Az zAY FEFUNN FFEEE st 6718 16564t A
Baelel 2% £% 2 WFE Figls® Figl9dld mE vieh ol EA
Ax e therelel @x7b glol, 833%7t =EAY w2 £3F A 5Ev o
666%2 AAsm Aok £, B W 1) wAol 2gEwoe AFE @

g gHskn Yok

CPN

16.7%

Fig.18 Boiler types in examined complex(Central heating system)
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Fig.19 Boiler capacity in examined complex(Central heating system)
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Fig.22 Types of heat exchanger in examined complex

(Central heating system)
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Fig.23 Number of heat exchanger in examined complex

(Central heating system)
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Fig.24 Temperature distribution of supplied hot water
in examined complex(Central heating system)

_38_



detda glony, e43g 2EE 55T ~60T7 833%2 yetst

Epxl e o] oz iujdeie vlus Y, FRAYEGE 5T, FYAGRGE
10C7F &4 &5 e, ol AuvA dddd I9FE vAE F3F a<le]
g0, 243 2 859 2EA(IUE 10C~15CT2 97 2= o} tha 3
o7k AUk,

45T
16.7%

60T
0%

Fig.25 Temperature distribution of returened hot water

in examined complex(Central heating system)
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Table33 Energy consumption of central heating system

T8 o 4 7]
LR ! H A TEEE 2 & AH] g A9 Al 4=
(m') (Geal) (Mcal/m’)
C -1 40576 1978 5 i 9,890.74 243.76 630
C - 2| 40095 1993 7 =1 7614.71 189.92 448
C - 3| 22687 1991 7 =i 4,739.81 208.93 252
C-41 12230 1990 7 Gl 2.082.15 170.24 84
C-5{ 10014 1984 10 S 1,789.08 178.66 119
C-61 11297 1992 7 @5 2.126.38 188.23 123
A | 136899 - - - | 2824287 - 1,656
P 4y 196.62 Mcal/m'
F) 1. AFEd s HA-BY
2. oA avEE A7) F88o] X3,
Table34 Energy consumption of individual heating system
T8 o 4 7]
@A) H 3 T3 | & & A & A4 Al 4=
(m') (Gcal) (Mcal/m’)
I-1 12,477 1992 7 o 873.99 70.05 140
I -2 14,772 1992 7 cE 1,532.86 103.77 168
I -3 24,165 1995 5 o 3.136.44 129.79 360
I -4 28,571 1993 6 i 3.116.12 109.06 468
I-5 13,649 1994 6 =1 1,273.14 93.28 228
I -6 6.636 1993 6 g% 707.22 105.77 101
1-7 9,995 1994 3 A 1,067.34 106.79 143
I1-8 9,350 1995 3 A 774.98 82.88 142
A | 119665 - - - 112.482.09 - 1,750
P g9 100.17 Mcal/m'
F) 1. AH8ds @ LPG
2.9 A &g 3td7] 39 2 HAMEo X3 ¥
25799 Uz LuAHE BAR FPdY L APdtoz TRa

Aix QeelE s B,

UAlAHg %S

ol 4ulsm gt

A AREe deulEs Rolth

z s
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Table 35 Anticipated energy saving based on energy consumption-rate

T ¥ TGy ZH kA
il il & 63,263 m' 84,189 m'
23 AR A& e 2,192,029.61 Gcal 1,197,551.19 Gecal
ZHALR YR L9 59.45 Mcal/m’ 54.33 Mcal/m'

T) ZHARE YA e 4 99 29 dlux] 99 E dF A,

Table 35914 & F A& vle} o] Pt oz A FE 273l AL
g ool A g Fokdubo] 2192029 Geal, 7RGl 1,197,551 Geal2A Za) =
s o] s A ™S YR Hef 2ol AFHEGH, oo HFEE oyxo A

&
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Fig.28 Comparison of energy consumption according to
types of heating system
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Fig.29 Yearly comparison of energy consumption(Central heating system)
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ctl(Mcal/m . 8)
L 0SB RBRS

&

Qe
L2

Fig.31 Yearly and monthly comparison of energy consumption

(Central heating system)

rir
of.
o
S
OH
rlr

Fig.29¢ Fig.300lA 2@ dxd oz 49 &% 2t
7)ol = Fokbbwto]l 4 Mcal/m' - €, 7idddto] 3 Mcal/m' - ¥ %Eik] 7o 59
& 9998 Jehya gou, vo]l #FHE A7dE F A 493384
7re] de g zolg #EIY £ AUtk

£3), 280 & AES Fig3l# Fig32dlM & =+ upe} o] 1992\ ~

19974 9] AH T oYz Y& E 211 Mcal/me g, 19983 @3 B A

_43_



A 160 Mcal/m 2ot F8 24%(51 Mcal/m)7t 243t gch o] 2 %37
o (IMF) A A stoll FolA Holl ulel 2+ 7Fhvich 7hA Q&) 53], Guru) o) 2%
2 HUg A=A Aol 7]AE Ang =g

240 ‘MR-97
210 .0

°

o)

¥

CcH c-=2 C-3 c+4 C-5 Cc-6
e x| o

Fig.32 Yearly comparison of energy consumption according to complex

(Central heating system)

el ABEe K3 uY, Wiolvle) BEELH e Aurlr) EdeAg
AHg ALYl olUR depe] W@ 2F o AT BUYE wol uy

A 71ed® & Qe WS PFsn AT

S
rlo
il
ri
o
AU

oA 5 oy ALg

FEFEHAA oAl amlge] 2 xolE Mol 84 F F %olo WE d
o daME Be& Auo odte wE ul gon, 53 AMRE 1A A44E
(1986.10.16)o M= Azt bR dakgto2 5%o0s, 6%0|4 10Z0]3, 18x
HHFolgez AAIE v o] Fdeo @& oYz 4n e zol7t AUSS L £

FAM 71Ed vt o], AFAAL 1050149 FEFYo] gong B =7
Me 5599 $571 5%0l8te @x9 6F014 1030389 Y2 TRy
YL E 423 At Table 362 T3 ¢ & UXo], YL AL
T ddE 5Fclste] Y7 244 Mcal/m', 63014 10%o|dte] w7} 19]
Mcal/m'2 24, 6F°]% 10%°]3tel ©x|7} 5%0]ste] ©x BT} 229%(53 Mcal/m')
HE ANYAE HA 2nste Aoz Yeyo



Table 36 Energy consumption according to building story

3 A | A
S EIA A g | U ddg | FoluA g | oA g
P | (Gceal) (Mcal) (Geal) (Mcal)
' 5%0]3} | 9,890.74 243.76 4,978.76 114.43
6~ 10F 5 18,404.10 191.07 7.503.33 98.53
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Fig.33 Monthly comparison of energy consumption according to

the number of stories(Central heating system)

ek (Mcal/m . 8)
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