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ABSTRACT

This study compared the annual per-unit area greenhouse gas (GHG) emissions from buildings in Seoul from 2017 to
2019, with those from 2020 to 2023. The objective was to empirically analyze how changes in building occupant behavior
due to COVID-19 impacted GHG emissions from buildings. The analysis utilized the ‘Seoul Building GHG Emission
Database,” which integrates building information and monthly energy supply data (electricity, LNG, district heating) for all
buildings in Seoul. The analysis revealed that behavioral changes induced by the COVID-19 pandemic temporarily reduced
overall GHG emissions from buildings in Seoul by approximately 3% on an annual basis. GHG emissions from commercial
buildings (49.4%) and residential buildings (50.6%) in Seoul were nearly identical. While emissions from commercial
buildings decreased by 4.6%, those from residential buildings increased by 1.1%. However, these GHG reductions were
observed only immediately after the introduction of social distancing measures and subsequently reverted to the pre-2019
levels. Additionally, the reductions primarily were driven by non-residential buildings, while emissions from residential
buildings increased. Even after the easing of social distancing measures, the increased emissions from residential buildings
did not return to previous levels. In 2022, there was an observed increase in GHG emissions compared to pre-COVID-19
level. The findings of this study can serve as a foundation for emission reduction scenarios through behavioral improvements

and for policies aimed at encouraging such improvements.

Key words: GHG Emission Intensity, Korea Building Energy Integrated Database, COVID-19, Behavioral Changes, Carbon
Neutrality
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715 A7) 7 AlEsE AAFA 24§ skt
2 ez H A4 B2 F7HE0] 2AVA HiEE &
of FAFHOREO A FXSHAL et 20239 3Y &
Q1% IPCC Al6xF H7FEIA(AR6) ZFE I A(IPCC,
2023)= 1.5C AF-243} AlRE HH1 22 lsiA= 2019
3 tiE] 2030@7HA] 43%, 2050@71A] 84%2] 2AI7FA
THIES £01oF etk W8S T itk ey /4l
7153k F(UNFCCC, 2022)°] AlA Z4=9] =7} 24
7}A ZF=E-H (Nationally Determined Contributions, NDCs)
£ 243 23, 2030 2A7FA HEFS 20109 E T
Q35| 11% S7FE A& AYE ]It

TAY] 2 QT 9k, A 859 HS, ARE 2
2 Qs A AlA A7 HiE9] 80%7F A A o)A
o] 5o sl WAt AR FHHTHCai et al,
2022; Cellura et al., 2018). o]o]] ZA|EL A& A<k,
ICLEI (Local Governments for Sustainability)? 2 C40
(Cities Climate leadership group) 5 @37]+ 3o 5 o
&t FE= 7] eHS}t Ao AT AAIF Y ol I
A3l QJth(Even-Levi and Kissinger, 2023).

AEA] 2A7FA QIHIEE] H 1A (Seoul Metropolitan
City, 2022)0] W2 A29] 2020 2A7tA vj&FS
20109 o] 13%E A=EHAoY, A& 72 247t
Hl&THS 3% 7= 21X 29 20208 AR 9 =2
TSRO 2AVIA S-S diFE ZEU9 AR (olst
COVID-19) 7]8to] W& a4l d AT Al
of 71913t A O Z(GIR, 2023) COVID-199] st I3
ARt AEAl ZAZFA #EFY T1%E AAsh=
2RY 2Akao] W U5 AFL © ZolE HsAo
Art.

20209 1€ =HE FYH COVID-192 <ls] A|P=H
AP A TE7]E 20229 49 AW iAo o]27]7HA]
olF, &, E3EE 5 LE AY FH o Avkst ¥
Rt =7HE WY 7|17 o] i oy A AH] A
Fole & HIE 7PAR, & &4 22 E FH =7
oNAe 71 TS AAsHHSE B4 717+ &<t Ha

o N mr o

15%2] A7] &H|7} Fradhs 422 UEth(Kim and
Lee, 2021). 213U B9 max S0g 9st COVID-19
4 2A &3} o]F, o|A AHPZL HES] SEEHM
COVID-19 oJd AH|E ZISIUTHY EAEUTHIEA,
2021).

7t 9 AZAQ 2ATEA QHIED] BIAE 2 &
Aol 7t =, 2022 12€°] FEH 20209 HiE
AXBIA7E @A 7129 7P T EHrE BiAo|th
(GIR, 2023; Seoul Metropolitan City, 2022). =712} A&
Al B HAEROF 2AVIA HjETo] EolE ZCoE H
=9t 247t HiE ZHAE COVID-199] I T2
Ao R FAstal Jlout o Hk EAA= FHHA
Sotal ok TS 20219HE HZH AFr]9] 435
20221 AH A o] $7tA] 2A7FA wijE&TFo] Gupt of
97 JEE AAAE= AYsA] HEsta Q.

olof o] Ao ‘AEA A& 2A7IA HUEHTY
A 251 9] Hlo]EfH|o] A(0]} ‘AEA] AE 24714 DB)
o] AEoYA 4H] EFS EAot] COVID-199] 2Jgt
AEA9] AE 2A7EA viEF e BA5HAL 51l
ot AE UAEE WHI= IA ol8AY FEAAL
ALY s HAel Yo vetu, el Aoy A
B7te olF SAHLE o]FojX 1 Utk(Cho and Lee,
2020). ©] A= COVID-199] WE AL LAIVIA HiE
F HIE ASHoE AAsk=rl 1 H3Zo] gloug,
ALY 45 740l ofd o] &A19] Feisto] WE HAE
27k~ wjETF HEkE S0 R BASIYITh Aol 4
T AE B 2A7MA HiE ARAEE Y A 712A
B2 &89 5 & Aot

2. Maei7

2.1. A= /e 24IA HIE EY A7

2|2 FRoNA F7IA odA] & 2AZA HiE A5
Aag Al gotel B AR T Aol
w2} o]F 83t A47F EESHA o|FojA L Ut A
|2 Choi et al. (2017), Jeong and Kim (2019), Ji et al.
(2020) 5 =7} oAU AEA Rt ‘=7 AEoNHA] ST

2) g L2 2022 £91F IPCC AR6 ABALELIE HIAOA BAE Yoz g HuA: 20224 99 AHE A57% Z3]0A

ofu] elgl v} gk

3) 19904 International Council for Local Environmental Initiatives (ICLENZ Z% &W3}3it).
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MX] AGEE BRI O R AN HiE S 9 AAE
A Fo|E A, FEd, AU IER A&t o
T AR EAERLE, £3UE 5)2 BHEEA ot
Kim et al. (2013)2 A8 A& 51@1, olmtE, o
g, A7)t AY-aa FE AEY odYA A
St AUAF *}ELH(OH R BA A1)
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Ji et al. (2020)% U E 27} ARz B3
DBE &8st AEY 8%, 2y, A9 S A
s 1316}04 201545H 2018714
E A &S AT
o 7]odstzt skt
74121 L **741 Al °§,

i

)l

247k el Zﬂ% Satar AR &
SAGNAY Ui AgolA WS LANAS U
omaeon 2017). webA WiE WY 9 EHS 45 4

= = =
o] 9ol &&s7] Hoix= A= 547 A 71+
2 COVID-19 59 7% o|go] JFL ud 5 = ot

¥ 292 ByHoz Y WAt Yrk
2.2. COVID-19 Fgko st Ay

A AAHCE COVID-199] 74l o Hshe £37] 9
F 227} o]l gom, therst Fvkeh o)A ol
7k oA S % LAkA BAe] HAE Feol
B ATE YA B3] F2 BAGAE W4 %
A d AEEE 57 o= ol A4F WA Wsle] e
Qo F27 ATE WA ol2olHrt.

Ao H ] 7]FH(IEA, 2020)°] COVID-199] ko] ¥

I-N r°"

F

=AU HiEE0H| DIF Sg 45 24 127

St A HiAo] w2 20208 187] A AA Q] oA
Q% 20199 187] tjy] 3.8% HAstgow Co, v

= 5% ol AAastth F8 Aol = COVID-192
sl AR =27} 20159 ~ 20194 HF HHET} A
3] ZFA(Dabas, 2020; Zhang et al., 2020)5}31t}.

Bahmanyar et al. (2020)= F-8 o8 =704 FHst ot
¥t B 227 A& Y AH]of vA= JFE Y]
aee QAR ZNE Ask A9, ool W)
o, = Y F7t9] AF =5 M7 AP AL A
o2 Ueth 0|49 COVID-199] Jge 7 374 o
3 27 % 9 7|70 et kA e,

o 24 £A7} gsigo] Wet W] a¥le T2
3]E3lo] 2020W ol 20199 $ES 2A%H Aog
LEFGTHIEA, 2021)

AE 8o T JFol sl 53 A E3F o] F
o} At} Geraldi et al. (2021)2 HEHd g ZZ 2ot Z
A A9 A AES tAreZ COVID-19& Qlst &
A7t oA ARGl mA= JFoll dis ohefskalst
shict.

Corticos and Duarte (2022)= Mg o2 QI AL

7, 9425 59 Feirt S0 Het By A4 A
E—’] oA &84l sl A& oA AlEdold B7t
o] #F HdlZ AREoto] o]d W ARE AU E M
shict.

A E FARE A7} o]FolFth Kim and Lee
(2021)= COVID-199] Zhato] 7] Zu|e} L] mfeio]
u|Z FR= mofstaar 4k gAE, AEE, APER
e S AGSF 25 2000 1280

S o3l7 AW 44 Hawo 23 B A7 28]
ﬂo}t 5 4 FAR WA Folth 1= A T
o 23] 7ot A|7|oke A7HH ApEbA} vlokaA Uel
o 2 A9 A4 59 24 gl HwA P2 43A
o2 gARoRA Fa AW Ha| 7] 4o Wl
7 24 ekret.

3t Kang et al. (2021)2 2020 1€5¥ 20204 5¢Y
7HA] HolEE &9l dE & dEdUA 4H] M
BAsoT] A4 BB 719 7 AT [ o
H) B 4.5%, 104% ZAFoY FAAALY oYz 4
M S48 Ao deRdth ® 24, R4
SAIA, AFAIE oA COVID-199F A ﬂ‘ﬂ(/ﬂﬂ' %
AR, 74 AR 5) 9 7 9518} fo)g An
AE EAL AAsHA

3L
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2.3. G419 2lofe} xjEY

A A79) HE 23 AB R 2AA 2 @
3 2 S4o) DAL AAAE 45 BE 501y 2
B71E SAstel A9 L AR SHS W

o

2 AR A &5 WSkt oA 4H] W 24T
Folle FFS A= As AT 5 AT A= Y
A g Hoke A ]8R] FHIMAY HE9 5 7
Aol o3 YetuH, sUie] HEoUA B7te °olF F
4O & o]FofX1 UtK(Cho and Lee, 2020).

HEAE 20219 2050 A4 7| FAEAL S B
A& I9hRES 538 20509 ©®AaFE 24 AYS
53t (Seoul Metropolitan City, 2021). A&EH- =
Aeta AZo|A g Ag F31& 9o dE 2A47HA
FPAE U1 okt dekSo] ANFUL, oF B
3], BEAR, FUHHRAS] MOU 52 53 Tjoret
3o @8 ARISS AYskaL 9Urh Kim and Seol
Q0212 FEAE AL o] s Wit
T SAIL, A AEART R4 AE SATA B
o} AlE BA ARG LEF A9 A2, 2AH
A A18P20259) APl EF-HL Al T & AEZ]
Al SRR 247kA HiE ARaIE UATHNYC
Buildings, 2023).

£ A= AZAl0] 278 Al AE AAE o=
sto] AE G mE 247 HiEFS COVID-19 3§
S o] AT} o]ZE o] EA(2017 ~ 2019, 2020 ~ 2022
W)ste], A&} Zo] et AEe] BHE ZAA A
£9 4% 7i4o] ofd o]&Ate] | W3l wE HE
247 HET HEkE SHCE AAsH o] E3
AE9] B5 MAe 2= HxE @40 A7} Q= A&
2AZIA S0 PSSO BES 5 e A
ZA19] AEAAGE AFHoE wots) Het 297t
UTE ESE APGO] mY ASE o] A A4S SH
= & ASAIY AdERCF 2A7A HAEAAS =
At atARl A AAC ol AT AHe] HAA &
£ 77t =& ACoE 7|dgit

3. =AUH

ol AolME Hadt gol A 3GA= FFEA

ok 94, B4L 9% dolHo ¥ B 7|zl
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o] AFolA= AME2AIZE HE 2A7A ASA B4
a7 J7EE g W 71z 282 Ao 53 A
=4 E 2474 DBE E85150H A& 18 =4
7t DB SEREAMEA 295k e 7 E
YZ % DBE $HoE FENEFY GISHUEEEH
B, A5EWdS ddste] 53 GIS 7[5E A|AH”lojn}
MEA] A= 247Hs DBY 7]4Hto] He w7 s v Al
5% DB A= BE AES o E ASEWE 15
quet Al AUA(H7], ZAZEL, I 5) SEHES
E3lolo] =3t H|o|Eo]tk(Choi et al., 2017). COVID-19
ol 37A(20179 1€ ~20194 129)3} 0] 371120204
1€ ~20229 129)0f] 24 72714 59 & 5609847 A
9] YA 4H] HlolE7F =k

0]& 2006 IPCC 7}o]=2+21(2006 IPCC Guidelines for
National Greenhouse Gas Inventories)& =W Z|Z}A|o] A
| 5 AEE AGE ARA 2ATA HilET A A
Z(Guidelines for Local Government Greenhouse Gas
Inventories)S -8(Seoul Metropolitan City, 2022)5}c]

Table 1. GHG emission factors by energy source

Energy Emission o o
Application criteria*
source factors
o 0.4598 Emission factor at the end of use in
Electricity
tCO,eq/MWh | 2011 by the KPX
s | Enforcement rules of the
5.6236 x 10
LNG TENERGY ACT, attached form
tCO,eq/MJ

energy conversion standard (2012)

Lo Applied the average values of the
District 0.1226

indirect emission factors for heating
tCO,eq/Geal

energy use in 2007 and 2008
Source: Seoul Metropolitan City (2022)

heating

* While there are updated national emission factors available, for
the sake of analytical consistency, the emission factors currently

in use by Seoul are being applied



FZLH9 ZHH0| AHE Q&

SR *F%ﬂ o2 2AVFA W& APgsta
& A¥A Fm’)o g o] T

QATIA H ak(tco2eq/m2)2 ArEStA AvAY
4 Table 1°] A|AJE vie} 22 & ARgS}
HEA AR L4714 DBol= AR ABA o]
S Aol AHESh= oW A AvjHASREE) T 7HAS
A, FYHARIA] FolA AF S0l AHEE oY

A SABEERTl BF U] gk ARy e
297 AR TR AL TALH 58

oAU 8ol B A2 o] LA Zﬂg LA7}A

DBolA Bejd 4 gl dloleg Aaedsigt.
ol%, COVID-19 ol 37jd Hlolelg 7|Zow ol4

2 B4e B3 1% BAvolE A PEth 48X

AT 24714 DBY| YddolE el 2rAR YA B3
DBE: AZEUFL 7|uoR AHHE doleolct, 5
hASHOR AEARE EALRE UKD IS
o= Etotal 7]5te] B AFERGS UF QRE X

St o]

3511 QIth(i et al, 2017; Lee, 2010). E35] BEmat
2 AAlet 9] ASEWRE A2 dAdFo] AUA
Al 22 ARolle dAHAT 2A7MA HiEEFo] IS

A A= o] Bt 32 St Holg Y o

AE Y3t 7| HOo 2 o]% HHF(moving average) Y 3-A] L

o} 719 5ol Z-&Hck(Son et al,, 2016). °F B Al

AL TlolE=5E ZF Azl gt 474 7|1t B2 A

4bsto] WSS 745t 7|Mo = HolE 9 &2t |
= AAstA dlolE Y FAE netstr] fis) &&=

3-Ald0f 7|HEe AFERE ZAoaHE HPoA £3 &

FHAL ool tRE9] 4(99.7%)°] EtEIth= FAA

}l qt2lojt}. o] AtolA= HolE ol/igt WS Yl

3-Al7wt 71 E-E5H3IH Fig. 13 o] A&A] AA|

ALY GYHAT 2AVIA HiEF EXs QEECR

w7t 43 FAE v FEE Heh o] Ad=E

)

Table 2. Descriptive statistics of analysis dataset

=AU HiEE0H| DIF Sg 45 24

129

O TS Bl AERE HEste] 3-A]10HE 480}
ATE AART HTHE S SHAY 2ATEA HiEE
BEL RES AP bt o] BE 342 %
o 728 13 BAdole] Mg 4+t & 555.6347Holct
(Table 2). 13} EAHo]EAl0] 20219 HA] SATFA
W& A9 3074 Zﬂg(Seoul Metropolitan City, 2023a)2]
=3 04—‘?—'3 HESH 23, 48 IDC (Internet Data Center)
|E AES A% AE2 25 ZFEQIH IDC AE
9 2 AT 2A7EA HjEFo] vhsf, IRt °]
AEEihs 99 o|8AY ] HIPF 2AHTA HiEH
of & dF= 71 ofFeh o] AFolME A=Al AES
o]-g Y| WHI}of| W 2A4TVIA HiE WIS HiA} 519
oung 3-A10m 7S &83t HolH Y HAL AT &
A Ae] AFe ol 34 Z ol st
COVID-197]7F &<te] FYeHs}o] «]0} oA 4w
e #slRE Esty] s AlSolu Ha, A
o7 QIR E¥4 3t ¥} o]Foix| ] % A=
FEolA sy AEAl A =" FHT 6l
(20179 ~ 202240) 68,212749] A=3|7H(AlZ, Ti$Al,
A7 s solE AAAE = 9 3Rt E o]

obo = o oln =

120 140
100 120 -
100
80
80
60
60
40
40
2 2

4]
1] 005 01 015 02 025 -55 -45 -35 -25 -15 -05

Natural log transformation of

Histogram of GHG emissions . .
GHG emissions per unit area

(In_tCO,eq/m?)
* X-axis: GHG emissions per unit area; Y-axis: number of buindings (1,000)
Fig. 1. Histogram of the distribution of all buildings

per unit area (tCO,eq/m?)

Annual GHG Annual GHG emissions per unit area (tCO,eq/m?)
Classificati N Total area o
assification emissions
1,000 m? ) R Standard
( ) (1,000 tCOseq) Min Max Mean Median deviation
Raw data 560,984 609,841 41,937 0.000 164.159 0.102 0.058 3.751
Ist processed
555,634 580,680 28,058 0.001 1.180 0.071 0.058 0.066
dataset
Final dataset 413,479 376,884 20,134 0.001 1.163 0.069 0.059 0.055
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A} 244519 tH(Seoul Metropolitan City, 2023b). E3F 12}
EAgolE Aloj& COVID-19 502 Q8] HA3t #Y
Ee g 5 e olfE QIS ulAS dlolEl So] ZFE
of Ik mabA 2 BAolE A 13} 24 olE Al
oA COVID-19 o]%F 7]|7to= &2 0= oA AH|
7} @Aste] 72709 7H20179 19 ~ 20224 12€) oy %]
aH| HlolE 9] 5ol I/ldE WA &2 A& o
Jo= st

HEHoz AXBYY 4 ko A SRS 7
o 4 = HI°oE(3,3055)E Al2fRt 2F EAHolH

=
o % 4134797 0]},

vz 19

o

3.2. EMXE HE

Table 32 54 A& 247I: & 244 +
a4 AdsS s A=Al 247 JME" HiA
(Seoul Metropolitan City, 2022)9] AEHE 2A7IA Hj
233 ulna ool A2 B 13} 2AHolE A
of WjZ FFL B4 AN o8] oF §7.0% ~ 88.8% 5
2¢ B3t dole 238 3 slo] AT 27l
F2 Aoz oy #3 e Aol 4 HolH
AA Y 7, A= digT olvA] AN HlolE Aol
o] Hjuiy SolA ARt Aow wdEn. B 247
2 QMERde ARAES A A=z A% 247
&g ZHol =t o] AFolM F#53 DBol=
A79] FAR oF oUAE AT 2ATIA HijESFo] X
geo] A Pk 2AVEA dHEF = /i odA] A
H| A AA| 9] AZE | A AH| AT SARE v 5}
FA(Top-down) S &3l A=, A9 247 =
< /Mg A=Y €9 AquA AT ASAE 5 FF
2] (Bottom-up)THS S A=A HHolHY Hg
T SEE SEASHE} U] SEAREe] 1Eet |42
7 2857 fiwol FHFoRE AA +F ol Hg=

|

[¢]

Table 3. Comparing GHG emissions between
analytical data and GHG inventory data
unit: 1,000 tCOeq
Classification 2017 2018 2019
Seoul Metropolitan City GHG
Inventory Data

31,851.0132,368.0 | 31,591.0

Analytical data 27,718.6 | 28,751.5 | 27,702.5

Ratio (%) 87.0% | 88.8% | 87.7%

Journal of Climate Change Research 2024, Vol. 15, No. 1

FERELE A2 A4S B4 9 Fro| gt A%
M, A8 [AE 1] 9ASte] Table 49} o] A2 &
g o PEST Qe AE 8= wew
g W SAA WSS APPSR BAL FA 5 A

H

N

Y (GHG, ;/ GFA, )

o) 1AL B WA BeHT P 2B
B 4R 229 AFA7} &4 BT Fe B
ok AEA9 SHE AE(AHH 3%
AE9] oF 5% 40| X9 (Hwang et al., 2021), A A&
2A7FA] 4T%E W& oW, FEAIY =X 5 I
9] 8 ZAE &9 tY dEo] AE 2A47IA HiE
H5o| ¥ HSE& AAIStaL lth(Hwang and Bacek,
2020). webA U dE9] 7R A4 == 7t
FTBA A B A Ao wEr AE fEE B9
AAG 2A7A HiEFS A4bsHH

2
BN
9,
9._;



F2LH9 ZHHO| AHE

Table 4%} Fig. 2= 12} EAHo]g AL B 444
20179 ~201999] AEF To|HAY QAJIA wlZek

QE 2AUIA B0 O BY A5 24

olct. A Bl wejwA

tCOeq/m*o]th. 7} A&
tCOq/m’Z A Ho

HEde A F A=

HE AE A9 35
Zejo] FGul 220 ]:]—H

A LATLA WETFE 0.048
_Q

) pe wER

H|S °F 29.4% &< %‘a‘ﬂé
2471 BAR, AHos
0.032 tCOeq/m*E T

e

ZE o
T
A 2A7HA viEgE B

Table 4. GHG emissions per unit area by building purpose for the three-year average before COVID-19

(2017 ~2019)

Total GHG GHG emissions
Building purpose N Total are;a emissions per unit area
(1,000 m°) )
(1,000 tCOseq) (tCOseq/m”)
Total 555,634 580,680 28,058 0.048
408,554 344,453 12,700 0.037
Residential

buildings Detached houses 279,798 57,687 3,606 0.063
Multi-family housing 128,756 286,766 9,094 0.032
147,080 236,227 15,357 0.065
Type 1 Neighborhood living 54,716 30,053 2,453 0.082
Type 2 Neighborhood living 53,256 34,660 2,693 0.078
Sales 841 11,281 906 0.080
Business 8,613 62,033 3,746 0.060
Educational and Research 6,666 29,094 1,380 0.047
Child and Elderly Care 3,242 4,292 188 0.044
Cultural and Assembly 1,032 3,495 226 0.065
Automotive 1,272 3,156 141 0.045
Warehouses 975 1,313 63 0.048
Lodging 2,084 6,792 629 0.093
Factories 2,203 12,443 803 0.065

Storage and Disposal of hazardous
substance 607 247 23 0.095
Commercial | Medical 710 4,807 592 0.123
buildings | Religious 2,733 5,482 175 0.032
Tourist and Recreation 120 53 6 0.111
Amusement 167 153 18 0.116
Broadcasting and Communication 91 1,157 299 0.258
Correctional and Military 387 1,094 27 0.024
Sports 307 1,207 94 0.078
Animals and Plants related 54 12 0 0.033
Training 51 146 11 0.076
Cemetery related 11 23 4 0.161
Resource recycling 9 48 1 0.019
Funeral 4 7 1 0.078
Campsite 2 0 0 0.040
Transportation 245 1,482 101 0.068
(Unknown purpose) 6,682 21,695 777 0.036
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Fig. 2. Distribution of GHG emissions per unit area by building purpose (2017 ~2019)
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Table 5. Changes in GHG emissions by building purpose before and after the COVID-19

Buildings Annual average Annual average emissions after COVID-19 (1,000 tCO5eq)”
- emissions before
Building purpose #bjifldti;:lrg%jt Ra:iOb) COVID-19 Average 2020 021 02
) (%) (1,000 tCOseq) (2020 ~ 2022)

Total 413,479 75.3 19,425 19,134 (98.5) | 18,830 (96.9) | 19,134 (98.5) | 19,438 (100.1)
Residential buildings 332,373 81.4 9,837 9,947 (101.1) | 9,843 (100.1) | 9,982 (101.5) | 10,016 (101.8)
Detached houses 222,970 79.7 2,998 2,989 (99.7) | 2,952 (98.5) 2,995 (99.9) | 3,022 (100.8)
Multi-family housing 109,403 85.0 6,839 6,958 (101.7) | 6,891 (100.8) | 6,987 (102.2) | 6,995 (102.3)
Commercial buildings 81,106 57.8 9,588 9,187 (95.8) | 8,987 (93.7) 9,153 (95.5) | 9,422 (98.3)
Type 1 Neighborhood living 30,242 55.3 1,549 1,461 (94.3) 1,447 (93.4) 1,446 (93.4) 1,488 (96.1)
Type 2 Neighborhood living 32,184 60.4 1,838 1,730 (94.1) 1,714 (93.3) 1,703 (92.7) 1,773 (96.5)
Sales 418 49.7 651 594 (91.2) 587 (90.2) 590 (90.6) 604 (92.9)
Business 5,869 68.1 2,771 2,715 (98.0) | 2,659 (96.0) 2,723 (98.3) | 2,762 (99.7)
Educational and Research 4,065 61.0 728 666 (91.5) 623 (85.6) 668 (91.9) 707 (97.1)
Child and Elderly Care 2,389 73.7 138 125 (90.7) 121 (87.8) 126 (91.1) 129 (93.3)
Cultural and Assembly 505 48.9 75 61 (82.2) 58 (77.5) 60 (79.7) 67 (89.4)
Automotive 317 249 65 66 (102.2) 63 (97.9) 66 (102.9) 68 (105.9)
Warehouses 175 17.9 35 38 (107.2) 36 (102.5) 38 (108.3) 39 (110.6)
Lodging 1,389 66.7 329 301 (91.6) 281 (85.4) 297 (90.4) 325 (98.9)
Factories 533 24.2 538 542 (100.7) 528 (98.2) 543 (101.0) 553 (102.9)
Stor. and Disp.

of hazardous substance 113 18.6 6 5 (95.0) 5(93.1) 5 (95.5) 5 (96.4)
Medical 512 72.1 424 435 (102.6) 423 (99.8) 441 (103.9) 441 (104.1)
Religious 1,983 72.6 136 118 (86.2) 111 (81.7) 115 (84.3) 126 (92.4)
Others?” 412 28.5 307 331 (107.9) 329 (107.4) 331 (107.8) 333 (108.6)

* a) The final dataset used for COVID-19 impact analysis, consisting of buildings with continuous energy consumption over 72 months from

2017 to 2022

b) The ratio of buildings included in the analysis to the total number of buildings with energy consumption over the 36 months from 2017

to 2019

¢) The percentage relative to the before COVID-19 annual average emission inside the parentheses (before COVID-19 annual average

emission = 100)

d) N < 500 units each building purpose
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Table 6. Changes in GHG emissions per unit area before and after COVID-19

(A) Average for the 3 2020 2021 2022
. years before
Building purpose L Change L. Change L. Change
COVID-19 Emissions per Emissions per Emissions per|
. compared to . compared to . compared to
(2017 ~2019) unit area unit area unit area
A (A) (A)
Total 0.052 0.050 -0.002 0.051 -0.001 0.052 0.000
Residential buildings 0.042 0.042 0.000 0.042 0.001 0.042 0.001
Detached houses 0.063 0.062 -0.001 0.063 0.000 0.064 0.000
Multi-family housing 0.036 0.037 0.000 0.037 0.001 0.037 0.001
Commercial buildings 0.068 0.064 -0.004 0.065 -0.003 0.067 -0.001
Type 1 Neighborhood living 0.084 0.079 -0.006 0.079 -0.006 0.081 -0.003
Type 2 Neighborhood living 0.081 0.076 -0.005 0.075 -0.006 0.078 -0.003
Sales 0.080 0.072 -0.008 0.072 -0.007 0.074 -0.006
Business 0.061 0.059 -0.002 0.060 -0.001 0.061 0.000
Educational and Research 0.043 0.037 -0.006 0.039 -0.003 0.042 -0.001
Child and Elderly Care 0.046 0.040 -0.006 0.042 -0.004 0.043 -0.003
Cultural and Assembly 0.051 0.040 -0.012 0.041 -0.010 0.046 -0.005
Automotive 0.046 0.045 -0.001 0.047 0.001 0.049 0.003
Warehouses 0.045 0.047 0.001 0.049 0.004 0.050 0.005
Lodging 0.084 0.072 -0.012 0.076 -0.008 0.083 -0.001
Factories 0.061 0.060 -0.001 0.062 0.001 0.063 0.002
Stor. and Disp.

0.111 0.103 -0.008 0.106 -0.005 0.107 -0.004

of hazardous substance
Medical 0.130 0.130 0.000 0.135 0.005 0.136 0.005
Religious 0.031 0.026 -0.006 0.026 -0.005 0.029 -0.002
Others® 0.128 0.139 0.011 0.141 0.012 0.141 0.012

" a) N < 500 units each building purpose
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Fig. 3. Distribution of GHG emissions per unit area by building purpose (2017 ~2019)
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