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ABSTRACT

The building sector is one of South Korea’s major sources of greenhouse gas emissions. This study analyzes systematic

growth patterns and characteristics of technological innovation in greenhouse gas reduction technologies in this sector to derive

policy implications for promoting innovation. Patent time-series data from 1990 to 2022 were constructed for climate change

mitigation technologies in the building sector and its four constituent technology groups. A generalized logistic function was

used to examine the dynamics of technological innovation. In addition, patent data from Japan, Canada, the United States,

France, and Germany were analyzed to compare technological innovation characteristics with those of South Korea. The results

indicated that, although Korea’s technologies generally exhibit high potential saturation levels of innovation, the activation of

innovation has been delayed, and its growth rate remains relatively moderate compared with advanced countries. As of 2025,

all analyzed countries appeared to be approaching their respective saturation points of innovation. To further reduce

greenhouse gas emissions in the building sector, future policy measures should strengthen technological innovation systems

to induce new innovation cycles centered on emerging technologies. The findings of this study provide valuable foundational

evidence for developing future technology policies in the building sector.

Key words : Building Sector, Technological Innovation, Patent Analysis, Generalised Logistic Function, Climate Change

Mitigation

1. M2

[

o] 78 AL Wi Hop F shel ARRES

NF97] e A8 A LUAA HE o] &
FHI YTk ] ABEE LA WSS 20244

AYEFE 102 oF 4360 EOT HE 4
o(Ministry of Environment, 2025) =7} Suj&3F9] <F
6.3%% AHARITE. SHA|RE, AEHFEo] 7105k 1HgHlE
T B AL AL MBS 150297 A
S7FotH, =71 SHIEF] 22%0) €3k (Choi, 2025).

FCormresponding author : park5085@nigt.re.kr (14th Floor, 60, Yeouinaru-ro,
Yeongdeungpo-gu, Seoul 07328, Korea. Tel. +82-2-3393-3928)

ORCID

2|38 0009-0002-3609-2632 =3 0000-0002-0418-8851
Sl=21 0000-0002-7361-5810 dFdS 0000-0003-1098-2901

Received: October 24, 2025 / Revised: November 5, 2025 / Accepted: December 2, 2025

http://www.jccr.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2025.16.6.1325&domain=https://jccr.re.kr/&uri_scheme=http:&cm_version=v1.5

1326 IS - ofl -

2, &2 ASFE0M Add A7 H €& &
A7 HiEC] PR 9T WAL Ee 9Hlos
HojErh wEhA deiEe AwEdET ohyet 2t
Jeleds 2T 2A47A wiE S WA &
= kEo] 875, olF F I7F IHEFS 424
o2 5T+ Ut

olof we} gL ABEES LANA 75 BRE A
o]

=
5 9 w8 2Uae ot 202140 S
2030 =7} 247t~ Z=EF(Nationally Determined
Contribution, NDC) A¢¢t o= AERE9] EH7} 2018
g A& s2.195F EoflA 20301 3714] 35.087E &
07 fAFsh= AoE AAE] lomD, 11 o] Hjte
2 oUA B& P, L8E 77] By, e, AnE
N4 e, ABAUA BF G S AN Aot
(Joint Ministries of Korea, 2021). A|AX]E 0|3 =tof A
& 4 %ol AEFEZ Ut A5 A5EY oyA
AH[E E0|2L ANHAIE Fdll AUAE AAH o=
Ait-gashe AS 8 AR st e, olF &9
AR ESFET ofyzt MRl 2AVIA HiE o)
T BstaAt sh 9=rt BHgE Ao = olsfdr. &
o sjjof mpdE 12050 BAFH AU Q= BAaFETo]
AdE 20509 AEFE HiEFE 629 202 AW
stol, Ak olel Ehe AASIT QAh050 Carbon
Neutrality Commission, 2021).
q7\sE e BRE DA AN ABREY &
AZMA 45 7]1e9] A&ZHRI Y4alo] ROl F a5ttt
WA AWE oy FEHZ A% ARNHAAE(Zero
Energy Building, ZEB)?) 7]&9] &8-& HAA|Z st 1o
b, @4 JE3tE Vleve 2= 7S RRE 240k

fl

gAS OSiAL ZEB 7|48 HIEYE AREE 247}
2 A% 719 g4lo] s Eolof s, 571 29
A olE FAT & e BT vidE 87EH

= Ao Fgste deiee] 2As A= Ve
A BAE s fEiM e, TEet sHielM AAE

o] 2 g4l 4% FS EA5taL ojHg EAE Ho|
=Aof gt olsi7t A¥E BR7E Ut =S ©HAS
g 100t A47]&o AZANUAAE 7I& 41DE 2T
stal 7le94l A= fs sYshe § 7ls/idY ®
S AHSH vt o (Ministry of Science and ICT,
2023), 2024 Toll= "A3A SAASE 7 EAY S ¢
gato] 7|ed AAAAE vrAS vF A ch(Ministry of
Land, Infrastructure and Transport, 2024). 121} o|2{gt
Lo E5ta, AEFE 2A47A TS5 71eg4lo]
ot FFom ANEHA=A O et AAHQ] A+t+=
ZrolH 7] ojYr}. E5| A7t E &5 & FAE &
s 7edAil A4 S AFgFer 245kl w7t 7F
H W E 85t AAZQl A+ AFsit) o3t 4]
< GAZEH
i

-

©

] ST Aok AEE = A SiE

AL AT & Y= FAE vH=HeE

olo] Wt £ A= &5 AAE ARE &8oto g
oA AERE 2A7A 5 7)< digt g4lo] o
3t AZE AAX A S=A B4 B A 7]
&84 5 B AAHS R T 23E A9
‘SAY A4 (S-shaped Curve)” FEHE 7HA= Lut
A Al SF(Generalised Logistic Function)g &
g8y, 3 FHE ZHste BFE Yot
gk, 3=t 71&g4lo] A Y= EA4E wds
AL vtdstr] Yaff, L&, v, vl=, TEA,
57 vl Ao R FUS T8 45kt o]
= E5| BE9 YA E vlwsto =9 71eg4l
A= A B4 ol 238 BRI,
obt, TG ARVE LA 25 7EH 0] 4F
2 542 HA AR 4 Ao RN, g B4
H3 29e AT ANAE ABSHTA sk

2 ATE the} o] FAHo] stk A2gelAE 7l
ERE LWL 25 7140 g} BB QT2 SP
HATE Geke] AmBo A 2 Ao AEA o

m
o A
O o o fN H Ot puorle

o,

o

oft
|o

4o &
ot

i
e

4 ¢

O
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%37 QITH(Choi, 2025).

2) A9 "ZAASE A AYH, A2 A450] 929, ASES A oA Rotg FHagstn Ao 4 AP E L85t
o QUAALLFS HAadlole ZMAZER Ao EHRepublic of Korea, 2024).

3) 15 s AE Y 7%, AE AH 4713 E© 185E3) V&, AE AAYAYA D ouA FFAAE Y&, AE YA #
2]- Aol & glolg &g 7]<%o] EFECHMinistry of Science and ICT, 2023).
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A= OECD glofEH|o] A7} AlEstal U= &7
T2 Bl B4 5, DERE L4712 3 7)&(Climate
Change Mitigation Technologies Related to Buildings)2]
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&84 mlo]aEdolH A-4(OECD  Science,
Technology and Innovation Micro-data Lab)®] A& & H}
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o oiEioE AZE BA 9§ 71&(Enabling
Technologies in Buildings, |3} 7|EF & 7]&) Z 39
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% (Enabling Technology in Building Sector)&4]2] Ao}
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(Integration of Renewable Energy Sources in Buildings, o] E3E ey}t
o5t A= AFA ZleyolH, B, HFE & d=
Table 1. Technologies used in the patent analysis
OECD Technology Code in This
. Technology Name CPC
Hierarchy Study
Climate Change Mitigation Technologies Related to
5 . YO02B Technology 0
Buildings
5.1 Integration of Renewable Energy Sources in Buildings YO02B10 Technology 1
. . . Y02B20, Y02B30, Y02B40,
5.2 Energy Efficiency in Buildings Technology 2
Y02B50, Y02B70
Architectural or Constructional Elements Improving the
53 . Y02B80 Technology 3
Thermal Performance of Buildings
54 Enabling Technologies in Buildings Y02B90 Technology 4

Source: OECD (2025b)
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Yk gstel B dAFoA s AYstant
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Table 2. Summary statistics
Country Obs. Avg. Std. Dev. Min Max
Technology 0: Climate Change Mitigation Technologies Related to Buildings
Korea 33 808.6 623.4 15.0 1,959.7
Japan 33 560.6 324.4 127.5 1,144.8
Canada 33 77.9 49.3 15.0 179.6
United States 33 987.9 639.0 198.3 2,033.5
France 33 115.4 96.5 11.5 310.5
Germany 33 426.0 189.3 24.4 799.3
Technology 1: Integration of Renewable Energy Sources in Buildings
Korea 33 113.8 107.0 1.0 279.5
Japan 33 44.6 349 4.0 137.7
Canada 33 16.9 13.6 1.0 50.6
United States 33 183.5 162.7 19.0 500.4
France 33 37.9 48.1 1.0 176.3
Germany 33 115.8 83.4 5.0 338.5
Technology 2: Energy Efficiency in Buildings
Korea 33 668.9 492.8 14.0 1,590.2
Japan 33 481.0 282.1 108.5 951.2
Canada 33 54.6 353 11.0 120.2
United States 33 724.6 449.5 168.8 1,546.7
France 33 72.6 52.6 9.5 153.2
Germany 33 286.1 116.3 20.4 457.2
Technology 3: Architectural or Constructional Elements Improving the Thermal Performance of Buildings
Korea 33 34.0 259 1.0 81.5
Japan 33 11.1 8.6 2.0 32.0
Canada 33 2.4 2.1 0.5 9.0
United States 33 23.5 19.4 3.0 68.5
France 33 4.2 3.8 0.5 13.7
Germany 33 16.3 6.3 35 27.9
Technology 4: Enabling Technologies in Buildings
Korea 33 29.6 30.0 1.0 133.5
Japan 33 43.7 352 2.0 139.8
Canada 33 9.0 7.7 0.5 27.5
United States 33 111.6 76.8 143 248.7
France 33 11.0 8.8 1.3 33.0
Germany 33 30.0 133 0.5 65.7

Note: Obs., Avg., Std. Dev.,

value, respectively.
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Min, and Max denote the number of observations, average, standard deviation, minimum value, and maximum
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(R-squared)= 19 71749 Z+

2go] 383 4L 7NE Aoz werE. o 2
e Aow duste 2AAY P4 14 £

H Fig. 1 9 Fig. 29} Zth A3.14 04
ARt Hiel o], AvtstEl 22 AE 0] 13} E3ke
© 3 BYOR UEUH(Fig. | F11), 49 ool o
2t =49 7187 4 e 5 F4 FA(Fitted Line)
o AIFAQ FHI7F HEA ZAEY F BFeE ®F
H =7hE A E5 £5 ARE o] wE #AE FE

okF 40 ‘IJrL AIC 74]** 7E‘JJr-‘:—_ —‘?%01] Xﬂ/\l‘é

(Table A-1 Z11), HEH oz AT PP
= Table 33+ 2}, & 7= Table 30 Zﬂ*l & Mol ot
g2t Zt =71 9 7]&of diste] AutstE A AH
HeE FASHAT

422 =R

AE

4= Table 401 A|AI5FS]

>

R WA RE 7|49 X*HPXJ‘H
BE oA 7HE J)&

U%E’:

2 Table A-2 1), v AUTHS

Table 3. Estimates of fixed time shift parameter

el
Ll

AW SRS sk 2AAY U
W ewl(Fig 2 21, &

=AY 5 9

8 %7k Aol © Pt 1 oy

Jols W M, e Edh SE(AZI] O] FAYL 2 o H S35

o Faghe RO FAT & e,
S0 B Kb UIE S, QE, 59, mus vty &
A= 2 Aoz F4uglon, B ABNE LA7A
72 7129 FAL sl mojdo] b Ao v
(Technology 0) WA e ol S30 A02 ehiek . A4 271
Sul opo] ey FEE Ik B 5O A9, W] o] B4
3} 7&—7 o]q_ _%_;g]% %7]' o '('S'Z_]' X’onﬂ HX]E]' 74031' ]4—]5]—14—0]4-’ cx’?]_‘?:,
sAqdoz o MHTES] Aok SAMOR FofstA] kT

AQJsta BE =7t

Country Technology 0 Technology 1 Technology 2 Technology 3 Technology 4
Korea 21.0 21.0 21.5 25.0 22.0
Japan 25.0 24.0 25.0 11.0 24.0
Canada 23.0 19.0 30.5 19.0 16.0
United States 26.0 18.0 29.0 25.0 24.0
France 21.5 19.0 26.0 20.0 26.0
Germany 23.0 23.0 25.0 24.0 20.0
Table 4. Estimation results for technology 0
Parameter Korea Japan Canada United States France Germany
i 29,511.396™" 20,942.776™" 2,930.890" 35,478.073" 4,019.734™" 15,784.353™"
(1,160.570) (883.389) (121.556) (1,053.058) (233.789) (804.236)
B 0.208™" 0.209™ 0.195™ 0.254™" 0.265™" 0.203™"
(0.010) (0.014) (0.011) (0.013) (0.020) (0.018)
0.666™" 1273 0.965™" 1.510™ 1.090°" 1.602°"
g (0.030) (0.088) (0.056) (0.083) (0.094) (0.162)
R-squared 0.975 0.975 0.973 0.985 0.934 0.949

Note: Parenthesis indicate the standard deviations of estimated parameters. ~,

levels, respectively.
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" and * denote statistical significance at the 1%, 5%, and 10%
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Fig. 1. 1st-order differential generalised logistic functions for technology 0
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Fig. 2. Generalised logistic functions for technology 0
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Table 5. Estimation results for technology 1
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, SARCR = 549 K FAHATE k= AR
< 7178 Eotol, = 599 A 28} =
FARE RO BEEHTH(F-E Table A4 1), Wi,
Ao 4FEY B9 A= 5, 2E, YL, Ay,
=, A= AR FAE, =2 Aw AA
of et Al A £5(0.230)7F AHH LR Wtd
2 gRIHA. vF F=9 ZFES 7P @A F
Ao, 7Hd A A, = v 7o) Aole 2

U R o)

Qe

o

—_

N,

A
=
o
5]

Noox

&2 A O 2 YERHTHAES Table A-4 1), HITHHg
Aste B voll s 5UT do] 1Hnt 2
e 7= Ao Yet IARE A&H02 As A
Aol A] 7)o wat A2 FAse AoR A=
g 59U GRS AR UHA Sk 15T 22
#or FAuol, F4lo] Wy A 7i&shd Aow
=T,

AE ABAA 71&0l ozt
THoHE, T HAlE 45
THR7F ATEHE § AR 2AE A5 7
& 4l AN e EAom, 25 5o 34
Adl AH oz o deteh vlastel g4lo] 9 AFH
A ez sfMdct T 20019 TRAGA V)&
MEEF 712AY,2 AFez A4 7]1&H
T o8- ET VEAY 2 S T, 20049 HF
BFHIOATEFALS AZOR TAF1009S HFA
A, FEADAR] L AEA RIS AlYst] dEe] A
AolvA] 71& 85 K18 ot 2= 7t A

filo

Parameter Korea Japan Canada United States France Germany
i 3,841.418™ 1,385.700"" 529.237""" 6,103.597"" 1,095.976™" 3,496.693""
(194.989) (93.793) (25.541) (192.555) (75.659) (219.086)
B 0.230"" 0.387"" 0.272"" 0.240™" 0.422" 0.501"""
(0.013) (0.040) 0.014) (0.007) (0.028) (0.058)
0.487"" 1.942"™ 0.622"" 0.382"" 0427 2977
v (0.029) (0.245) (0.035) (0.014) (0.035) (0.448)
R-squared 0.949 0.899 0.939 0.977 0.902 0.903

Note: Parenthesis indicate the standard deviations of estimated parameters.

levels, respectively.

" and = denote statistical significance at the 1%, 5%, and 10%
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o2 yegon, dulsty 2AAE ¥5rt 2 271 g, ghte) 84l 57 &= pok w|giYA v B
Filg EA5ke o] SE ABEE 7HE AR & A w79 Bl o iAo R AL o8 FAHS]
= At ok 25 BY A, vt 73 ﬂJ_, I 9Zes m
ASE ovA &5 7ol Az k=9 g4l 23} =, LA, S, A7, 5Y AR F , =
FEOE BAGE B} FoIH RO 4EoT 2YH AR 95U 2YAE §OIT A0S iom QESATHE:
o @=e] B4 K 2AL oF 2400008 0F TR0 B Table A6 F1). B v BE 27l fejs SAH
2 22 Zog 2AHYoH, R 0goR: Y8, 5 0= 13} Zol7} 9l AO2 AL (RS Table A7
o, ZTFA, Ut +M= FHEHUT. E3E, Fig. 69] ), =9t fFdsHA 12 22 g THAlE AL
A % o], AT A=) Z1&EAe @ £ 240 F4lo] %A kasiE Ao Wk,
Table 6. Estimation results for technology 2
Parameter Korea Japan Canada United States France Germany
i 24,201.545™" 18,262.174™" 2,024.335™" 25,788.385"" 2,645.847"" 11,301.104™
(931.151) (784.548) (79.922) (456.937) (140.600) (586.434)
B 0.213™ 0201 0.530™" 0.451"" 0.249™ 0.189™
(0.010) (0.013) (0.072) (0.021) (0.019) (0.019)
0.769™" 1.193™ 5.982™" 4338 1.445™" 1.840™"
g (0.036) (0.082) (0.995) (0.256) (0.136) (0.223)
R-squared 0.975 0.973 0.973 0.994 0.948 0.955

Hkk ok

Note: Parenthesis indicate the standard deviations of estimated parameters.

levels, respectively.

1800

1600

1400

1200

1000

Patent

800

600

400

200

0

1980
1984

o= Data

(a) Korea

1800
1600
1400 N
1200 l

= 1000

5

=

£ 800
600
y / |
400 / \
200 /

Fitted

(d

Journal of Climate Change Research 2025, Vol. 16, No. 6

United States

1000
900
800
700
600

500

Patent

400

300

Patent

1980

aaaaa

(e) France

o= Data

Fitted

e Data

Fitted

Patent

Patent

140

120

100

80

60

", and "~ denote statistical significance at the 1%, 5%, and 10%

e Data

Fitted

m— Data

Fitted

1980
1984

ITrOCSHRILSTR
=—=q 3

SRS RS R R R R RS RS RS R R ]

() Germany

Fig. 5. 1st-order differential generalised logistic functions for technology 2



oimo| HERE 2AVIA USRS QI8 7IEFN WS4 24 0t 2 HWE FHe= 1337
30000
Korea
e Jaipan United States
25000
e Canada Korea
e Jnited States
20000 France
_ Germany Japan
“2 15000
e
Germany
10000
5000
France
0 i Canada
Note: Only the fitted values are shown.
Fig. 6. Generalised logistic functions for technology 2
olifel 4 ZAIE T, =9 UFE YA 425 HE 3 FX 7|&(Technology 3)
78 7|€9 dAl A AL O AAAE JFEE I XU _ B )
& 1SS A WA S WG AR I 2 22 18 Beje) ge) 14 ope duste
L}E. —;‘7-7].9,] AL 7—73—5]-_77_ 1 /\c—;;@ 5\_57]. 110 O]:/\J-
- sSHues= T o /i 1T O AE A ix—]-‘—]- AT [ A= Ke) .:.]_
_ EAAH ?::‘T“é‘-ro?_ A3, 22 AR Y A| 574
el Ao ahHgh ol AR AA A& LT LS T o e ma
o aa— 9 T
A3 GAe, @ M S7]8 e @=ol ouiA & o oo o i

& ot ZH 7Rk xH
= B7EtY AR By

el 4 g
2 oItk Holt}. ARL 4

O

K9} B7} 5741}4 o= foJatA| gkgton, ngo] AAA
2T 0.669% AMH o2 Wokth(Table 7 1), A9
%, Fig. 70 =A1H AR} Zo] &35 &Y} iyt

= o Fofj 4 x| o] & S} & 19794¥9] AAT ~
F3H5 o]F ool JEM%J_ AALE o ouis mase = maro] obd AH(Bimodal) B
of A6z L A1720] Zﬂ =0l gk o9 A Tt - N
) . e T Y5 Ae2 RAsk metd & drd 33
P 259 A¥|EE FA45H o (Republic of - o shos ShaL o)
HH EP— rAZY A8 o oyx USSR 2AAE 5L =P G
sz;];ijga% 19855 AN TR S E qug Ausple] H4g 2
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9 A714u9] oux TRESIE 2AsHYTHRepublic 5 .
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of Korea, 1985). ZL&{\} 0|9} Zr2 A& 7]ubo] ZA % g okt 2349 Fed 2 9}
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Table 7. Estimation results for technology 3
Parameter Korea Japan Canada United States France Germany
i 1,012.642" 1,209.993 67.803"" 736.202" 106.890° 854.044™
(78.106) (2,372.037) (14.174) (49.391) (14.242) (125.383)
B 0.261"" 0.042 0.173™" 0.326™" 0.269" 0.194™"
(0.029) (0.057) (0.048) (0.030) (0.039) (0.040)
1.026™ 0.287" 0.764™" 1.134™ 0.395™ 4307
v (0.109) (0.140) (0.189) (0.110) (0.065) (1.169)
R-squared 0.921 0.669 0.593 0.927 0.763 0.923

Note: Parenthesis indicate the standard deviations of estimated parameters. =,

levels, respectively.

ok

, and " denote statistical significance at the 1%, 5%, and 10%
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Fig. 7. 1st-order differential generalised logistic functions for technology 3
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I:}(Ti Table A-10 Z31), B2 = £ ]940}; 7
S 13 feld Aolg Holt Aoz YHHUKES
Table A-11 #31). &, =FA 0= 2] = 7Lt
U= w7t 1B 2] A= gle, 718 f-& 7<)
o 27]5E AZAQ] A4S Hol= Aol ofyg Iy
Aol FZ35] Filo] 7t&3lEE P EAth

ol 4 ANE TFH LR R4S EH, =9 7]

& 7le2 g419 1 vt Slof e 7led
I FARE AA E4E 7HAAL oy, F4l9] IAH
TEZF BE =7ke] Bl & o] otiH F4l9] 7t
SL7t HEne Fo| EAoltt. &, AEolA ARHAE
3-835}l= 7]&o|y B4} 7]<4(Enabling Technology)®

2 N,
=

O.

S i =
e
[ rlr u°"

_;

¢

\l

ol

e,
lr

Parameter Korea Japan Canada United States France Germany
i 864.980"" 1,409.087"" 288.422"" 3,911.979™ 356.499" 1,096.385™
(74.982) (93.014) (20.022) (121.903) (37.514) (77.568)
B 0.343"" 0.368""" 0.253"" 0.261"" 0.319" 0.167""
(0.036) (0.043) (0.020) (0.012) (0.061) (0.017)
0.815™" 2.095™" 0.540"" 1.370™" 1.993" 1.096™"
v (0.088) (0.280) (0.046) (0.069) (0.427) (0.109)
R-squared 0.865 0.920 0.909 0.982 0.825 0.926

Note: Parenthesis indicate the standard deviations of estimated parameters. "

levels, respectively.

" and " denote statistical significance at the 1%, 5%, and 10%
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Fig. 9. 1st-order differential generalised logistic functions for technology 4
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Fig. 10. Generalised logistic functions for technology 4
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Table A1. AIC values for different time shift parameters M, = 7, =4
Country 75 +4
20 | s | a0 | s 0.0 0.5 1.0 15 20
Technology 0: Climate Change Mitigation Technologies Related to Buildings
Korea 21 435.3 435.0 4349 434.7 434.7 434.7 434.8 435.1 435.6
Japan 23 414.6 413.8 412.9 411.8 410.7 409.5 408.1 406.5 404.8"
Canada 21 282.8 282.3 281.9 281.4 280.9 280.4 280.0 279.5 279.1°
United States 24 447.8 446.2 4444 442.3 440.0 4374 4344 431.0 426.9"
France 21 338.5 3384 338.4 338.4° 3384 338.5 338.6 338.7 3389
Germany 21 411.8 411.3 410.8 410.2 409.6 408.9 408.1 407.3 406.4"
Technology 1: Integration of Renewable Energy Sources in Buildings
Korea 21 329.5" 330.1 330.8 3315 3324 333.2 3342 335.2 336.4
Japan 24 295.1 294.4 293.6 292.8 291.9 291.0 290.2 289.3 288.5"
Canada 19 206.7" 206.8 206.9 207.1 207.5 208.1 208.8 209.8 211.0
United States 18 340.3" 340.6 340.9 341.4 341.9 342.6 343.4 3443 3455
France 19 291.7" 292.6 293.8 295.3 297.1 299.3 302.0 305.1 308.1
Germany 23 361.3 360.3 359.1 357.9 356.5 354.9 353.2 351.4 349.6"
Technology 2: Energy Efficiency in Buildings
Korea 21 421.7 421.5 421.2 421.1 421.0 421.0" 421.1 4213 421.7
Japan 23 406.9 406.1 405.3 404.3 403.2 402.0 400.7 399.2 397.5"
Canada 29 264.7 263.5 262.1 260.6 259.2 257.8 256.7 256.3" 257.5
United States 27 432.7 4304 427.6 4242 420.1 414.9 408.3 399.6 388.5"
France 24 303.3 302.7 302.0 301.3 300.6 299.8 299.0 298.1 297.3"
Germany 23 380.8 380.4 379.9 379.4 378.8 378.2 377.5 376.7 375.8"
Technology 3: Architectural or Constructional Elements Improving the Thermal Performance of Buildings
Korea 27 235.7" 236.6 237.5 238.6 239.8 241.1 242.6 2441 245.8
Japan 9 236.0 236.0 236.0 236.0 236.0 236.0 236.0 236.0 236.0"
Canada 21 132.8 132.8 132.8 132.8 132.9 132.9 132.9 133.0 133.1
United States 23 243.6 2432 2427 2422 241.6 241.0 240.3 239.6 238.8"
France 22 151.9° 152.0 152.1 152.2 152.3 152.5 152.6 152.8 152.9
Germany 22 205.4 205.2 205.0 204.7 204.4 204.1 203.8 203.5 203.1"
Technology 4: Enabling Technologies in Buildings
Korea 21 277.3 277.1 277.0 276.8 276.7 276.6 276.6" 276.6 276.7
Japan 23 281.0 280.7 280.4 280.2 279.9 279.7 279.6" 279.6 280.0
Canada 18 182.97 183.0 183.2 183.4 183.6 184.0 184.4 185.0 185.6
United States 22 302.2 300.9 299.6 298.2 296.7 295.1 293.5 291.8 290.1°
France 24 217.9 217.5 217.1 216.6 216.1 215.6 215.1 214.5 214.0°
Germany 18 243.5 243.4 2433 243.1 242.9 242.8 242.6 242.4 2423

Note: * denotes the minimum AIC value. A time shift parameter M, is calculated by 7, +4
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Table A2. Inequality test results for technology 0
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% Statistics
Null Hypothesis
K B
Korea = Japan 47.033™ 0.000 49.850™"
Korea = Canada 543.676™" 0.976 27.6117
Korea = United States 16.467"" 8.620™" 99.887""
Korea = France 537.406™" 8.791" 23.124™
Korea = Germany 118.613"" 0.092 34,987
Japan = Canada 453.886""" 0.847 13.707""
Japan = United States 315.759™" 15.750™" 12.036™"
Japan = France 403.2417" 6.991"" 3.090
Japan = Germany 27.656"" 0.091 4,532
Canada = United States 1,060.637"" 21.710™ 56.945™
Canada = France 33.714™ 18.505™" 3.125°
Canada = Germany 300.008"" 0.242 22.060™"
United States = France 1,065.535™" 0.313 22273
Unites States = Germany 432.149" 8.807"" 0.427
France = Germany 319.987""" 16.098™" 22.183™
Note: ™, ™, and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
Table A3. Asymmetry test results for technology 0
Null Hypothesis 27 Statistics
Korea Japan Canada United States France Germany
v=1 123.560™" 9.546™" 0.386 37.9317 0.917 13.755™

Hk ok

Note:

Journal of Climate Change Research 2025, Vol. 16, No. 6

, ", and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
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Table A4. Inequality test results for technology 1
% Statistics
Null Hypothesis
K B v
Korea = Japan 190.073™ 16.042"" 38.247
Korea = Canada 324.198"" 6.880"" 14.988""
Korea = United States 121.954™ 0.632 15.108""
Korea = France 179.989™ 391377 1.754
Korea = Germany 2.515 21.980™" 32.209™"
Japan = Canada 107.256™ 9.920"" 32.108™"
Japan = United States 759.256™" 14.472" 42.055™"
Japan = France 7.447" 0.599 38.948"""
Japan = Germany 139.113™ 4426 7.430™"
Canada = United States 992.231™" 7.193™" 68.612"""
Canada = France 67.877"" 30.116™ 22.668""
Canada = Germany 209.623™" 18.455™" 29.659""
United States = France 922.220™" 48.314™" 2.182
Unites States = Germany 219.807" 21.942"" 34.450™"
France = Germany 136.825™ 1.783 33.035™"
Note: ™, ™, and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
Table A5. Asymmetry test results for technology 1
Null Hypothesis 27 Statistics
Korea Japan Canada United States France Germany
v=1 312.526™ 14.836™" 118.197™ 1,883.574"" 272.774™" 19.443™"

wkk ok

Note: S

, and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
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Table AB. Inequality test results for technology 2
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% Statistics
Null Hypothesis
K B v

Korea = Japan 28.117" 0.581 25.182™"
Korea = Canada 586.259™" 19.373" 27.632""
Korea = United States 2.825" 112.566™" 197.830™"
Korea = France 538.767"" 2.779" 23.976™"
Korea = Germany 132.798"" 1.052 22.497"
Japan = Canada 426.058""" 20.176™" 23.030™"
Japan = United States 111.426™ 151.034™ 184.943"
Japan = France 467.824™ 7.695™ 4.927"
Japan = Germany 96.570""" 0.416 11.529™"
Canada = United States 2,862.681"" 1.134 2.706
Canada = France 21.194™ 15.806™"" 21.846™"
Canada = Germany 258.469™ 22.1017" 17.660™"

United States = France 3,390.092" 85.426™" 168.324™"
Unites States = Germany 616.091"" 121.583"™ 91.728"™
France = Germany 307.076™ 15.247™" 7.594™"

Note: ™, ™, and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
Table A7. Asymmetry test results for technology 2
Null Hypothesis #* Statistcs
Korea Japan Canada United States France Germany
v=1 41.695™" 5.572" 25.074™ 170.067" 10.640™" 14.219™

Hk ok

Note: ™, ™, and ~ denote rejection of the null hypothesis at the 1%, 5%,
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and 10% levels, respectively.
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Table A8. Inequality test results for technology 3
% Statistics
Null Hypothesis
K B v
Korea = Japan 0.007 10.414™" 14.166™"
Korea = Canada 142.740™" 2.448 1.474
Korea = United States 7515 2.022 0.400
Korea = France 124.791" 0.021 23.623™
Korea = Germany 1.196 2.005 7.961™
Japan = Canada 0.232 2.925 3.944"
Japan = United States 0.040 21.802"" 28.6517"
Japan = France 0.216 10.960"" 0.485
Japan = Germany 0.022 4,086 11.340™"
Canada = United States 148.559™" 6.257" 2.406
Canada = France 3.615" 2.277 3.304"
Canada = Germany 40.413™ 0.152 9.800™"
United States = France 202.205™ 2.492 44.686™"
Unites States = Germany 0.751 6.927"" 7.298"
France = Germany 34.900™" 2.032 11.286™"
Note: ™, ™, and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
Table A9. Asymmetry test results for technology 3
Null Hypothesis #” Statistics
Korea Japan Canada United States France Germany
v=1 0.058 26.007" 1.564 1.482 86.414™" 8.000™"

wkk ok

Note: S

, and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
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Table A10. Inequality test results for technology 4
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% Statistics
Null Hypothesis
K B
Korea = Japan 19.260" 0.181 18.126™
Korea = Canada 58.165™" 4981" 7.979™
Korea = United States 606.347"" 5.501" 32.783™"
Korea = France 29.024™" 0.086 6.670"
Korea = Germany 4733 19.576™" 4.104"
Japan = Canada 140.744™ 6.014" 30.083""
Japan = United States 401.015™ 6.981"" 7474
Japan = France 109.254™ 0.422 0.040
Japan = Germany 6.353" 18.141° 10.638""
Canada = United States 920.680™" 0.136 108.081""
Canada = France 2.394 1.058 114177
Canada = Germany 114.961™ 13.656™" 25.764™"
United States = France 788.134™" 0.878 2.101
Unites States = Germany 519.361"" 25.288™" 6.193"
France = Germany 85.402"" 6.181" 4533
Note: ™, ™, and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
Table A11. Asymmetry test results for technology 4
Null Hypothesis #* Statistcs
Korea Japan Canada United States France Germany
v=1 4392" 15.246™" 99.416™" 28717 5.399" 0.769
Note: ™, ™, and " denote rejection of the null hypothesis at the 1%, 5%, and 10% levels, respectively.
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