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ABSTRACT KEYWORD

Purpose: This study examines the combined effects of building component aging and climate change on heating = h:_iif
and cooling loads in residential buildings in Korea and China. Unlike most prior research that addresses these z Li a JH ur 23
factors separately, this study provides a cross-country comparison across diverse climate zones to identify key TIPS ~eeT’
sensitivities and inform retrofit priorities. Method: Standardized residential models were developed according to ~ s1z-2=2
national energy design codes, ensuring comparable geometry and envelope specifications. Four city pairs
representing cold, temperate, and warm-humid climates were simulated under RCP 2.6 (2020) and RCP 4.5  Building Aging
(2030~2050) scenarios. Aging effects were modeled by progressive increases in U-values for walls, roofs, and fll;:;;t; Sﬁ;lég: oling Loads
windows, along with reduced airtightness, and regression-based sensitivity analyses quantified their impact on  Regrofit
annual heating and cooling loads. Result: Findings indicate that in cold climates, heating loads are highly sensitive ~ Korea-China
to infiltration deterioration, while in warm-humid climates, window degradation dominates heating demand.
Cooling loads show a consistent linear increase, whereas heating loads display mixed patterns depending on the
balance between warming and aging effects. Overall, cooling was more sensitive than heating, with some cases
exceeding 200%, highlighting the importance of airtightness and window durability. These results suggest that
retrofit strategies should be climate-specific and can guide energy policy and long-term building performance
management in Korea and China.
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Table 1. Basic information of the building model

Parameter ‘I:lp:et Architectural drawings References
ety Residential National
type Green

Remodeling
Support
Floor area | 139.75m’ Center [9]
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Fig. 1. Climate zone in major cities
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Fig. 2. Boxplots of January and July outdoor dry-bulb temperatures in representative cities of China and Korea from 2020 to 2050

Table 2. Performance parameters of reference and aged components at various life years

U-value (W/m2 K) Infiltration flow
Year Location Building ene design standards
Wall Window Roof (1/h) § cnergy cesigh
Seoul 0.24 1.50 0.15 0.30 KEEDSB, No. 2024-1026 [11]
Beijing 0.35 1.10 0.21 0.10 DB11/891-2020 [12]
Wonju 0.17 1.30 0.15 0.30 KEEDSB, No. 2024-1026 [11]
2020 Qingdao 0.20 1.40 0.15 0.10 DB37/5026-2024 [13]
(Baseline) Busan 0.32 1.80 0.18 0.30 KEEDSB, No. 2024-1026 [11]
Nanjing 0.60 1.80 030 0.10 DB32/4066-2021 [14]
Jeju Island 0.41 2.20 0.25 0.30 KEEDSB, No. 2024-1026 [11]
Shanghai 0.50 1.60 0.20 0.10 DGJ 08-205-2024 [15]
Aging level A30% per decade A0.2 per decade | [5]
Seoul 0.52 329 0.32 0.90 KEEDSB, No. 2024-1026 [11]
Beijing 0.76 241 0.46 0.70 DB11/891-2020 [12]
Wonju 0.37 2.85 0.32 0.90 KEEDSB, No. 2024-1026 [11]
2050 Qingdao 0.43 3.07 0.32 0.70 DB37/5026-2024 [13]
Busan 0.70 3.95 0.39 0.90 KEEDSB, No. 2024-1026 [11]
Nanjing 1.31 3.95 0.65 0.70 DB32/4066-2021 [14]
Jeju Island 0.90 4.83 0.54 0.90 KEEDSB, No. 2024-1026 [11]
Shanghai 1.09 3.51 0.43 0.70 DGJ 08-205-2024 [15]
Aog A 7| £} F959] A Rk 2ol & I 5 Y] 215 o 2] AA 7]zl whet AdolstA Bh = it o] 21t
9lt. e Ed) 7|5 Wste} A% A weslrt BepH 0w Ageie
A% 729 F5 g8t 2712 7|E E4[5,7]2 Farsto] A &Gl A Yt Folrt o] BA Mdtoh=AE TAIE R v 24
2 A4S 98 AR BAAY B9 QA S BE D T4 GES in
BRBU-valu) 9] F5& WGetel, 1090kt 30%4 F7eke
Ao 714sgtt. F5 A AL ol 2T A &, Low-E 29 . AlEdo]d Zx}
g3t AHE &4 5 B €35t A %Lﬁo}oﬂ Y5t 10
it} 3094 ApRac] Z5H Aoz AYatat g Y 31 7% 9 AW b5 9gT 24
L_T 07"”2‘?!‘ ]5]'7] '(HEH,Z]I'EA]% 7]%%§E qu’]'—]_l, L qu;_Oﬂ/qL __f;]_l?_ZH }.;_?ﬂ7]-0q7}1»§‘4"ﬂg—‘?—6]-0ﬂ U]i]—‘:/g'
_ _ — =1 — -
st Al B o] Aol A= U-valueTt A ¥ L 3h-&of whaf 2745191 oA 2952 Bolsl] Ysto] wighs BAS Sty A o)
— = [} BEnisty |
D:],SHGCJ:J_—Y@%}: E/quo]'oﬂ‘:} O]’Ea 7]%'_] @%’%@7]%01 /‘]',9_0 9131 X]% g é%;qa_ %}i gﬂ(o‘g—, ‘IET'%UJ 7]‘?—:]*6]
£ - ~
0] AR o = o koiRe:| 5] ol 5] 3
OEO} 7]i T o= 7]'0]":]'_1_7]' O 3x \l-?‘i, 29’1—!‘—?’_}' 1_10]_) ik};qg(}igu:] 7_1_—9”/1\_94 Eﬂii}ﬂ'E/\%—‘?—s} Eﬂ%oﬂ
5 =] A =) )
9 £ o 40 5545 99 5 8 12 oW G IAEAE JFHOR weiglet, g R
ARSI, T A A7 S A T £ 4 74ake 9F =g APstel] Sl o Hke
L 7|1&4 F7}x oFsl 41 =7 =2} _ _
Tabe2 ]T'_‘ 9‘]’2 50 ]' ]-‘] I—’]'o\_ “I’ _"I— ] 1_74]2 (Change Rate %)o _uﬂ ]-Z]J%_i /\]__g_s‘l_c}a‘:}_[l@
2,7} EA A% 24 A% v o] Mskes A ele Aot o

Aol 1948450 ABRE, D718 Fol

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 731



32 U 23 SIS (o= 3 7|5 Hist 2

r
rE
_k')j
oE
-|II
_o'ﬂ
=2
o
ﬁ
rir
oR
]
Hr
iz

[k

L2050, agmg_ L2020, baseline

L2020, baseline

Change rate(%) = *100 (Eq. D

o71A, L,

2050, aging =

208 DT Py ¥l T, £,

220509 =5 FA 59} 3 vl 7] & At

o
020, baseline = 20201 71 A

Hom, o] 5 Foll A 7o E A PA o= wfobet 4 9l 5}
Ak (Fig. 3.).
w4 A, Y 719 278 7H BAE W Fok SHofA] 7]

iy

WY Aste] TS 4 %A ekt S g
o] oFaHE|9lS 1) A7 A Rt 66.4% o F7Hete] 2
EANG @A 2 e Bk ¥, Luthg 75 St

[ | Exterior Windows Aging|
[ | Exterior Wall Aging
[ |Roof Aging

[ |Infiltration Increase

Shanghai Wonju

Nanjing Busan
Qingdao Jeju Island
Beijing
a) Heating
Exterior Windows Aging
Exterior Wall Aging
.| Roof Aging
Seoul Infiltration Increase
250%
Shanghai 200% Wonju
150%
| 100%
|
“ S
| A
Nanjing 1 & T Busan
/ /
/ /
/ &
[ =
/ -~
1
Qingdao Jeju
Beijing
b) Cooling

Fig. 3. Impact of aging factors and climate change on annual
heating and cooling loads
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Table 3. Regression equations and R’ for heating loads under
—m—Seoul - @ Beijing building aging and future climate change
100 -[—A—Wonju - v- Qingdao
—&—Busan - <~ Nanjing Heating load regression equation
e —b—Jeju Island- - Shanghai & Location
S oS y=a-x+b R
E 80 < S R o
<= e Seoul y=0.536x-1049.812 0.9980
5 7 _-v
= _-® e __"--e )
% 60 L .- P il . Wonju y=0.676x-1335.857 0.9978
= ¢ e Korea
2 Busan y=0.279x-539.170 0.9825
3
T 40F
= Jeju Island y=0.141x-261.450 0.9622
< 0k Beijing y=1.053x-2070.776 0.9994
1 1 1 1 .
2020 2030 2040 2050 Qingdao y=0.801x-1572.800 0.9964
v China
ear Nanjing y=0.314x-557.313 0.9454
—m—Seoul - - Beijing Shanghai y=0.186x-315.733 0.8350
30 - —A—Wonju - v- Qingdao
—&—Busan - <~ Nanjing 5
—»—Jeju Island- - Shanghai Table 4. Regression equations and R° for cooling loads under

[N}
W
T

\

Annual Cooling Load (kWh/m?-a)

1
2020 2030 2040 2050

Year

Fig. 4. Regression analysis of the impact of future climate and
building aging on heating and cooling loads
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