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ABSTRACT KEYWORD

Purpose: In recent years, global building codes and standards have been strengthened to regulate total building FH& U=
energy performance and to improve the energy efficiency of buildings. Therefore, this study analyzes the thermal ;:;l ;TQE%
characteristics due to different building envelopes and weather data depending on climate zones using a reference 9| ]_1'_| Eye
house model to improve the total energy evaluation systems in Energy-Conservative Design Standards. Method: To
achieve the objectives of this study, this study first investigated domestic energy modeling standards for residential ~ Residential Building

buildings and developed a baseline model for evaluating the impact of building envelope configurations and Twmal}?“i]l)ding Energy Performance Evaluation
eather Data

Envelope Configuration

weather data in the same climate zones. The simulations were performed in EnergyPlus to quantify the
weather-dependent loads, such as heating and cooling energy consumption, in code-compliant simulations. Result:
The study identified that the use of different weather data for the same climate zone due to different building sites A CCEPTANCE INFO
resulted in significant variations in annual heating and cooling energy consumption as well as heat gains and losson  Received Jan. 18, 2026

building exterior surfaces (i.e., roof, walls, slabs). The impact of weather data and envelope configuration  Final revision received Feb. 09, 2026
differences was greater in wood-frame single-family houses and on heating energy consumption in simulation ~ /Accepted Feb. 12,2026

models. The results of this study will be used as a reference to improve total building performance evaluation

models for code-compliance using building energy performance simulations.
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Table 1. Targets for total building energy evaluation codes and criteria

Table 3. Domestic climate zones for building energy code compliance

Non- Climate .
Detached . . Regions
Code Contents houses Apartments | residential zones
buildings Gangwon Special Self-Governing Province (excluding
EPI tarect >500m?* of | >500m? of Goseong, Sokcho, Yangyang, Gangneung, Donghae, and
o g Exceptions | total gross | total gross Samcheok), Gyeonggi-do (Yeoncheon, Pocheon, Gapyeong,
buildings Central 1 . .. . .
area area Namyangju, Uijeongbu, Yangju, Dongducheon, Paju),
Building Insulation . L Chungcheongbuk-do (Jecheon), Gyeongsangbuk-do
. Insulation criteria in Tables 1 to 3
Energy requirements (Bonghwa, Cheongsong)
Conservative HVAC svst Section 2,2 Mechanical equipment Seoul Metropolitan City, Daejeon Metropolitan City,
Design system design requirements Sejong Special Self-Governing City, Incheon Metropolitan
Standard [3] Section 5 City, Gangwon Special Self-Governing Province (Goseong,
Total energy Not Not Applicabl Sokcho, Yangyang, Gangneung, Donghae, Samcheok),
use regulation | applicable applicable pplicable Gyeonggi-do (excluding Yeoncheon, Pocheon, Gapyeong,
system Central 2 Namyangju, Uijeongbu, Yangju, Dongducheon, Paju),
Zero energy Certificati Chungcheongbuk-do (excluding Jecheon),
certification © lblcfilcll(.m Applicable | Applicable | Applicable Chungcheongnam-do, Gyeongsangbuk-do (excluding
system [6] target butldings Bonghwa, Cheongsong, Uljin, Yeongdeok, Pohang,

Table 2. Domestic regional U-value requirement (unit: W/m’ K)

Central 1 | Central 2 | Southen Jeju

Gyeongju, Cheongdo, Gyeongsan), Jeonbuk Special
Self-Governing Province, Gyeongsangnam-do (Geochang,
Hamyang), Daegu Metropolitan City (Gunwi).

Exterior walls

. Residential | <0.150 <0.170 <0.220 <0.290
directly

exposed to Non-

. . . <0.170 <0.240 <0.320 <0.410
outdoor air | residential

Busan Metropolitan City, Daegu Metropolitan City
(excluding Gunwi), Ulsan Metropolitan City, Gwangju
Southern | Metropolitan City, Jeollanam-do, Gyeongsangbuk-do (Uljin,
Yeongdeok, Pohang, Gyeongju, Cheongdo, Gyeongsan),

Gyeongsangnam-do (excluding Geochang, Hamyang).

Exterior walls

L Residential | <0.210 <0.240 <0.310 <0.410
indirectly

Jeju Jeju

exposed to Non-

. R . <0.240 <0.340 <0.450 <0.560
outdoor air | residential
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Table 4. Single family reference model description

Categories Description
o - Single story house
Building area - Area 368.39m
- Ext Walls (stuccotconcrete 150mm+
glasswool+drywall)
Concrete - Roof (Asphalt shingle+concrete 150mm+
structure
glasswool)
- Slab-on-grade (XPS+plywood-+carpet)
Envelope - Ext Walls (stuccotsheathing consol +OSB+
configura- glasswool+drywall)
tion :tvrz(c)gfrlcl: - Roof (Asphalt shingle+OSB)+attic floor
(drywall+glasswool)
- Slab-on-grade (XPS+plywood-tcarpet)
- Ref. Energy Conservative Design Standard
Insulation (2025), Annex Table 3. Insulation thickness
for climate zones
U-value* (C1: 0.9,
Windows W\()?B{Ollillf% C2: 1.0, S: 1.2; I:
) 1.6 W/m2K)
- Type: Heatpump (air)
HVAC Type & |- Cooling SEER: 13.15Btu/W-h
system efficiency |- Heating HSPF: 8.35Btu/W-h
- Heating & cooling capacity 10,284.9W

Occupant density 0.027 (people/m?)
Internal Lo . 2
Joads Lighting power density (LPD) 14 (W/m’)
Equipment power density (EPD) 5 (W/md)

*Note: Cl1: Central region 1, C2: Central region 2, S: Southern region,
J: Jeju region

_

Fig. 1. DOE single family prototype model

T3Pt o1& Hdll vl= oA|AF(DOE) ] Tl (single
famlly house) prototype model-& thAF @ [12] =2 EnergyPlus ver.
23.10014 sl =Wl HA “ASE9] oA A 7R3
o] 71529 &d FA 7|=(E R 3) A-8A] 7] F-H o] ¥l 2} 2] n]F
ol whE WY s A Gsite energy)©fl Pl 2l= 23S AlEdold £
A3t cH(Table 4., Fig. 1.).
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Fig. 2. Degree day-based climate region distributions

Table 5. Degree days by climate zone

Heating degree days

Climate zones|  n Avg. S.D. Max Min
Central 1 1 1,918 - - -
Central 2 8 2,565 113 2,736 2,383
Southern 7 2,098 186 2,301 1,807

Jeju 1 1,516 - - -
. Cooling degree days

Climate zones n I SD. Max Min
Central 1 1 2,707 - - -
Central 2 8 2,249 103 2,397 2,100
Southern 7 2,390 83 2,502 2,253

Jeju 1 2,603 - - -

(©2026. Korea Institute of Ecological Architecture and Environment all rights reserved. 71



U E27IY 0 HZ DU W o

FR29 RS 299 715 o] 8 & Y= A (CDD), dH =Y
(HDD)7} 2 AE 2 JA St AL 6k H(Fig. 2., Table 5.).

B7pdE L Ak 0 2 Yol o] B W o)zl GApglon] W
%}EO]/] 78 FHE1T ATl A B9 FAMIo] BTk R 7oA
FEITG AT 292 R A =g AAZAE Al Fsto] g 219
AuHy E4 EAofl= A7 Qo o] HEA Yo & TS Al
71529 9] AL BT 99| AU A HE x7d0] 1l
& Hol, FY 7]6 A ‘41011"15 AR Y= A9 2]

ot . HDD: +186, CDD: +83)

it ek 1o
otk
o

N

N
1o o
B
i)
%)
i)

4.2. x4 9 7] FdolE o Y Hol g
g oy
z FJ_E_ & md o] A9 (Fig. 3.,
Table 6. ) W EUL A 2 571 2192 9.6kWh/m2y, 552 7
1.06kWh/m2y, &3 219 9.0 + 1.41 kWh/m2y,
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Fig. 3. RC structure: annual EUI distribution

Table 6. RC structure house: EUI differences by weather data

ZAYE FH| H 25U 7|5 E Yol 71T o]E 2fo| = 1t 3
o Zpoli= hik EUIOIA 5520 3.1kWh/m2y, g5 3.65kWh/m2y
25U 7% A9 HAg S 29 thH] 30.2%~40.6%7F H LA
AtEEQlon], W EULY A $520 1.25kWh/m2y, HH

0.5kWh/m2y=2 &9 71§ A9ellq gk T A9 oy
5.3%~11.1%7} o] A 424 4= )= Ao 2 eyt
o, Bz ¢ A (Fig, 4., Table 7.) 9] 73-¢ W EUL 24k
51 292 10.3kWh/m2y, 552 292 11.1£1.10kWh/m2y, ‘&
£ 2192 9.8+ 1.58kWh/m2y, AlF 29L& 7.1kWh/m2y= &<l
ﬂﬂu} W EULO] A9 F81 2192 10.4kWh/m2y, £5-2 A9
€ 11.8+0.54kWh/m2y, g5 2 9-& 10.1+0.24kWh/m2y, A5
2192 12.0kWh/m2y &2 ettt 71§ ol o2 EUIgEe] A
92 Bx QA ZAPE 128 fASH i EULE 513
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7| dlole &-gof g 2tol= ZAE L2 (P £0.19~£0.48
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+0.54kWh/m2y, W+1.10~+1.58kWh/m2y)oll A Atdoz
AR e Bz FH 9] o] 7] sAfofl A <julg 2 A=
2 7|3 dole 9] ko] th2 A 283 4= Gl A0 =2 SRlE|gleh
E3h HFX FEOA FY 71 & Yol 7] do] g zto] = 2l
gt o} EULS] ARl Wit ohs digol A o & 93 %% 742
2 U= ¢ EULS ¢ 55320 3.44kWh/m2y,

16.0
15.0
14.0
13.0
12.0
11.0
10.0

9.0

8.0

Annual Energy Use (kWh/m?y)

7.0

6.0
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Fig. 4. Wooden structure: annual EUI distribution

Table 7. Wooden structure: EUI differences by weather data

Climate : Annual heating EUIs (kWh/m2y) — Climate : Annual heating EUIs (kWh/m2y) —
zones Avg. | S.D. Max | Min |Max A %) zones Avg. | S.D. | Max | Min |Max A %)
Central 1 1 9.6 - - - - - Central 1 1 10.3 - - - - -
Central 2 8 10.3 1.06 12.0 8.9 3.10 | 30.2% Central 2 8 11.1 1.10 13.0 9.5 344 | 31.0%
Southern 7 9.0 1.41 10.2 6.6 3.65 | 40.6% Southern 7 9.8 1.58 11.2 7.2 4.04 | 41.0%
Jeju 1 6.6 - - - - - Jeju 1 7.1 - - - - -
Annual cooling EUIs (kWh/m2y) Annual cooling EUIs (kWh/m2y)
Central 1 1 9.9 - - - - - Central 1 1 10.4 - - - - -
Central 2 8 11.3 | 048 12.0 10.8 1.25 11.1% Central 2 8 11.8 | 0.54 12.6 11.1 1.46 12.4%
Southern 7 9.5 0.19 9.7 9.2 0.50 5.3% Southern 7 10.1 0.24 10.4 9.7 0.70 6.9%
Jeju 1 11.5 - - - - - Jeju 1 12.0 - - - - -
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Table 8. Total building envelope heat gain and loss (kWh/m2y)
a) RC residential structure

Climate zones n Opaque surface total heat gain & loss (kWh/m2y)
Heat gain Avg. Heat gain S.D. Max A (%) Heat loss Avg. Loss gain S.D. Max A (%)
Central 1 1 10.8 - - -15.4 - -
Central 2 8 10.9 0.86 2.7 -14.7 0.75 2.1
Southern 7 11.1 0.92 2.4 -24.3 2.22 6.1
Jeju 1 95 - -142 -
Windows total heat gain & loss (kWh/m2y)
Central 1 1 251.2 - - -57.9 - -
Central 2 8 255.7 3.07 9.3 -60.0 2.09 6.2
Southern 7 253.8 5.10 15.0 -61.4 4.36 11.5
Jeju 1 223.9 - -67.5 -
b) Wooden residential structure
. Opaque surface total heat gain & loss (kWh/m2y)

Climate Zones " Heat gain Avg. | Heat gain S.D. Max A (%) Heat loss Avg. | Loss gain S.D. Max A (%)
Central 1 1 21.3 - - -15.5 - -
Central 2 8 24.7 1.70 43 -14.7 0.71 2.2
Southern 7 26.0 1.92 5.8 -23.2 0.30 0.9

Jeju 1 24.4 -13.7 -
‘Windows total heat gain & loss (kWh/m2y)
Central 1 1 251.3 - - -57.7 - -
Central 2 8 255.7 3.07 9.3 -59.7 2.10 6.3
Southern 7 253.6 5.14 15.2 -60.9 4.33 114
Jeju 1 223.5 - -66.6 -

4.04kWh/m2y= 594 71% A doA izt dA Ao diH|
31.0%~41.0%7t © A A== oH, Wi EULY| ¢ $H52:

1.46kWh/m2y, ¥4 0.7kWh/m2y2 5 7|3 2o A 2|4t
2 219 4] 6.9%~12.4%7F B 2A A4tEE Ao & e
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ot A7F Y55 Aol EIHE F2(9.5~11.1kWh/m2y) 7}t =
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]t ] T QI 2]g, S H oA o AL 5T A}
ol TY 71FE el A= o9 A mof et ol (22 E F
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Aol Aol s 2 E FX(-14.2~24.3kWh/m2y), S
Z(-13.7~-23.2kWh/m2y) Batgto] Yettoen 59 719%&
oA 74 Amo] g FFdA= ZAME FH2
+0.75kWh/m2y, B2 +£2.22 kWh/m2y2 Aj & 0.2 gAKg B
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=2 zol7h glomz Ao FAR} Fow FAHUOY EE5
oA &L 71FE el Z1dolgel mE Aol FH2
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+3.07kWh/m2y, &3 5.10~5.14kWh/m2y, B4 S5} v wst of
Se A450R A8 o 27 WAttt Ea, Gedeo] Zuo
A ZAZE X -57.9~67.5kWh/m2y (+2.09~4.36kWh/m2y),

EFZ -57.7~66.6kWh/m2y (£2.10~4.33kWh/m2y) 2 F2 <]
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o 310} S 1] Aol e 5.7 2
S1ck, 24) 9 D5E 7| A4l T} 19.1-20.2/m2 715
Aol 2o) ARe 111~13.9%7h 24gs}e] 2o B 98E 42

o M B 2 J5F2 v Ack(Fig, 5., Table 9., ¥hel, 22 e mule]
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Fig. 5. RC structure: Peak sensible heat gain distribution

Table 9. RC structure: Peak sensible heat gain (W/m’)

. Peak heating heat gain (W/m’)
Climate n A
Zones Avg. | S.D. | Max | Min | Max A %)
0,
Central 1 1 17.0 - - - - -
Central 2 8 18.7 3.17 232 14.7 8.46 45.2%
Southern 7 18.5 3.01 24.5 16.0 8.45 45.6%
Jeju 1 17.5 - - - - -
Peak cooling heat gain (W/m?)
Central 1 1 19.6 - - - - -
Central 2 8 20.2 0.75 21.2 19.0 2.25 11.1%
Southern 7 19.1 0.92 20.6 17.9 2.66 13.9%
Jeju 1 20.0 - - - - -
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Fig. 6. Wooden structure: Peak sensible heat gain distribution

Table 10. Wooden structure: Peak sensible heat gain (W/m’)

X Peak heating heat gain (W/m?)
Climate n Nox A
zones Avg. | S.D. | Max | Min | Max A
o)
Central 1 1 18.3 - - - - -
Central 2 8 202 | 3.05 | 243 16.4 7.95 39.5%
Southern 7 19.7 | 3.10 | 255 17.1 8.37 42.6%
Jeju 1 18.0 - - - - -
Peak cooling heat gain (W/m’)
Central 1 1 222 - - - - -
Central 2 8 227 | 079 | 239 | 21.2 2.66 11.7%
Southern 7 219 | 099 | 234 | 205 2.85 13.0%
Jeju 1 224 - - - - -
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Table 11. Annual total cooling and heating energy use (kWh/m2y)
a) Concrete structure

Climate 3 Max A
Zones Avg. S.D. Max Min | Max A %

Central 2 21.6 1.0 23.0 19.9 3.1 15.8

Southern 18.5 1.5 19.9 16.2 3.7 22.8
b) Wooden structure

Central 2 229 1.1 245 21.0 35 16.8

Southern 20.0 1.7 21.6 17.4 42 244
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Table 12. Building envelope requirements for climate zone 3 and 5

Walls, above grade Floors
Opaque elements Climate Climate Climate Climate
zone 3 zone 5 zone 3 zone 5
Mass U-0.701 U-0.513 U-0.420 U-0.321
Metal building U-0.533 U-0.286 n/a n/a
Steel-framed U-0.435 U-0.315 n/a n/a
Wood-framed & 1| 1y 504 | va0201 | U-0.188 | U-0214
other
Steel joist n/a n/a U-0.214 U-0.188
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Appendix A. Simulation Result Summary

Table A-1. Thermal characteristics of RC detached houses by climate zone

Annual energy use Peak sensible heat gain Building envelope heat gain & loss Degree days

Climate zones* Cooling Heating c(l::;:g hle):zl;g sm?:ca:llineeat m:: Window Window
EUI EUI ot e P heat loss heat gain heat loss HDD | CDD

(kWh/m2y) | (KWh/m2y) W) W) (KWhim2y) | (KWh/m2y) (kWh/m2y) | (KWh/m2y)

C1 | Chuncheon 114 10.5 20.6 16.3 10.9 -15.2 2552 -60.5 2,627 | 2,353
Seoul 10.8 11.0 19.0 232 12.6 -15.6 253.0 -58.6 2,630 | 2,195
Incheon 11.8 9.8 19.9 15.5 10.0 -13.9 2572 -59.9 2,524 | 2,310
Dagjeon 11.0 8.9 21.1 19.1 11.5 -14.8 256.3 -58.4 2,478 | 2,143
Gangneung 11.7 11.0 20.3 22.8 11.1 -14.9 260.5 -62.3 2,640 | 2,280
@ Suwon 12.0 9.1 21.2 183 10.0 -13.5 258.5 -57.4 2,383 | 2,397
Jeonju 10.8 9.9 20.0 14.7 10.6 -14.5 251.2 -59.1 2,500 | 2,100
Seosan 11.0 12.0 19.8 19.9 10.8 -15.6 253.5 -63.6 2,736 | 2,217
Cheongju 9.9 9.6 19.6 17.0 10.8 -15.4 251.2 -57.9 1918 | 2,707
Daegu 9.6 9.8 19.6 20.7 10.6 -29.3 254.3 -65.1 2,231 2,502
Busan 9.7 6.6 19.8 16.7 10.7 -23.2 259.1 -56.0 1,807 | 2,469
Ulsan 9.3 7.6 18.2 17.3 10.5 -23.5 254.5 -60.0 1,976 | 2,381
S Gwangju 9.7 10.2 19.0 16.0 11.0 -23.5 250.4 -64.8 2,288 | 2,404
Jinju 9.4 9.7 20.6 17.6 10.2 -233 260.2 -67.5 2,301 | 2,253
Pohang 9.2 8.8 19.0 24.5 12.6 -23.6 253.1 -57.5 1,980 | 2,384
Mokpo 9.6 10.2 17.9 17.0 12.2 -23.6 245.1 -59.1 2,101 | 2,334
J Jeju 115 6.6 20.0 17.5 9.5 -14.2 2239 -67.5 1,516 | 2,603

Table A-2. Thermal Characteristics of Wooden Detached Houses by Climate Zone

Annual energy use Peak sensible heat gain Building envelope heat gain & loss Degree days

Climate zones* Cooling Heating c(l::;l;g hz;:g smi:):eql:mt %g:: Window Window
EUL EUL heat gain heat gain gain heat loss heat gain heat loss HDD | CDD

(Wh/m2y) | (KWh/m2y) o . (oVhm2y) | (whvmzyy | KR | (kWvm2y)

C1 | Chuncheon 104 10.3 222 183 21.3 -15.5 251.3 -57.7 1,918 | 2,707
Seoul 11.8 11.2 23.0 17.4 232 -15.0 2552 -60.3 2,627 | 2,353
Incheon 11.2 11.6 21.2 243 273 -15.2 252.9 -58.4 2,630 | 2,195
Daejeon 123 10.7 22.7 17.3 23.0 -13.9 2572 -59.6 2,524 | 2,310
e Gangneung 114 9.5 234 20.6 23.8 -14.5 256.4 -58.2 2,478 | 2,143
Suwon 122 11.9 225 242 25.3 -15.0 260.5 -62.0 2,640 | 2,280
Jeonju 12.6 9.9 23.9 19.9 24.7 -13.4 258.5 -57.1 2,383 | 2,397
Seosan 11.1 10.7 224 16.4 27.0 -14.9 251.3 -58.7 2,500 | 2,100
Cheongju 115 13.0 22.7 21.2 234 -15.5 253.6 -63.4 2,736 | 2,217
Daegu 10.4 10.9 223 223 235 -23.5 254.2 -64.6 2,231 | 2,502
Busan 10.2 7.2 227 17.7 26.7 =227 258.9 -55.5 1,807 | 2,469
Ulsan 10.0 8.4 21.0 18.7 254 -23.1 254.3 -59.5 1,976 | 2,381
S Gwangju 10.4 112 21.6 17.1 253 232 250.2 -64.3 2,288 | 2,404
Jinju 10.2 11.1 23.4 18.9 24.5 -23.6 260.1 -66.9 2,301 | 2,253
Pohang 9.7 9.3 21.7 255 27.0 -23.1 2529 -57.1 1,980 | 2,384
Mokpo 10.1 10.8 20.5 17.4 29.3 -23.1 2449 -58.6 2,101 | 2,334
J Jeju 12.0 7.1 224 18.0 24.4 -13.7 2235 -66.6 1,516 | 2,603

*Note: Cl: Central region 1, C2: Central region 2, S: Southern region, J: Jeju region
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