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ABSTRACT

The importance of consumption-based greenhouse gas (GHG) reduction is gaining recognition as an effective mitigation
strategy. To achieve GHG reductions on the consumption side, it is essential to quantify and analyze GHG emissions from
consumption in detail. In this study, a high-resolution environmentally extended input-output analysis (EEIOA) model is
developed for consumption-based GHG accounting. The EEIOA, which integrates environmental impacts into input-output
tables, is a useful tool for analyzing the direct and indirect emissions of pollutants from industrial activities based on
inter-industry relationships. To construct the EEIOA model, we used South Korea's 2020 non-competitive input-output table,
energy balance, and national GHG inventory as input data. A high-resolution EEIOA model with 380 sectors was developed
to address biases resulting from the aggregation of sectors. This model comprehensively quantifies both direct and indirect
GHG emissions arising from four key sources: domestic production, production of imported intermediate products, production
of imported final goods, and household energy consumption. Using our EEIOA model, we accounted direct and indirect GHG
emissions induced by final demand. The results showed total direct GHG emissions estimated by the EEIOA model were
658.92 MtCO,eq., which is 0.41% (2.70 MtCO-eq.) higher than 656.22 MtCO,eq. reported in the national GHG inventory
in 2020. Consumption-based GHG emissions accounted by the EEIOA model were 800.70 MtCOseq., 22.16% (144.50
MtCO,eq.) higher than the production-based GHG emission reported in the national GHG inventory. This high-resolution
EEIOA model is to be applied to estimate household carbon footprints.
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Aok o]d k¥ o = ww, {7, 42 T 45 I7HlA
BAVSGol e EFstal 2A7EA HiEFo] & th(Hughes
et al,, 2021). SHA|TE 0|5 =719 2A7FA TEHS A
Fi garsEo] O Ao7] Wol A AA 247kA
&S E] LI (Grubb et al, 2022), A& E
FE & A5 A= PHhet Ao o8 2A7A
Z712 HZAEAHVivanco et al., 2022).

A AA 2A7IA BlEF2 ASH R Frhskal 3o
u, 19929, 20094, 202040] Loz Fradtgict
(Friedlingstein et al., 2022). 1992W9] wWj&% 4=
1991d & AH|OJEAR S & QIS AH[EAY =7}
59 A7] JA7E Aolqltt 2009d9] A gH B
YA AT ST A AA 389719 ARelon,
2020919] Fae F2U19 g RS 98] Fsid A
AAA &4 2X2 g Aol 2A7IA HjE&Fo]
A&A 0" F7IRE 7ol A/ 7170l ARE Hae= F
7] JAe} olo] ME &M A T 22Y A Y W
37t ARICIUA|, =AAR] o] 2ATEA 5 o] ot
A7} oY @dth(MacKinnon, 2021).

WA 2 745 RS PHReE B3R 1 WAL =2
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Fol g A izt A7 S7kekaL YUk 20159
ol3+4 A& (United Nations Environment Programme,
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UNEP)2 A|4:71Fs 42 H(Sustainable Development Goals,
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EFE B0t -8 AP olti(Miller and Blair,
2009). SHEAFATRAL =7}, TA|, AGRE, 24,

7Ht @99l An7]E AVEA BjESF HUb Z2EA &
€51 QtH(Castellani et al. 2019; Park et al., 2024).
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Fig. 1. Procedure of GHG intensity matrix (matrix ¢) construction
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Table 1. Comparison of model-estimated direct GHG emissions and GHG Inventory in 2020

GHG emission (ktCO,eq.)
Sector
Model (A) Inventory (B) Difference (A-B)

Fuel combustion 572,613 569,917 2,696 (0.47%)
Industrial process 48,528 48,528 0
Agriculture 21,050 21,050 0
Waste 16,728 16,728 0
Total 658,918 656,222 2,696 (0.41%)

4 B7o] 2ATIA viEsol A
HISFHET o &4 A=Y
2 A7 F5I RdE 285 23t 57F 247MA
JHED wiEF Zol7F Y= d A Al 7HA 9]
o A, AR AL=E QIS ol4telera viEs AFY A ¢
ojolt}. o] oA 2006 IPCC Ao A|AE o] 4ks}
g4 HiEF APA(A (4)E AHEsteY, =7 247
2 QIIE A= 1996 IPCC A& TWETHA] (3)). 4
@} 4] (8)Y Alol= A& Aot 4AgE2 dARE
AHE oUAY F Ashd w40 HE&E ou|shH, 4t
StE|R] 2 wAE oliksleta &4 ALttt
1996 IPCC A|Zo] AAgt A= Aske2 A&k 98%, ¥
B9} AQAE 99%, 7FA 99.5%0] A|qk, 2006 IPCC | A
L2 RE AR5 ASES 100%E 7HESt) Heka) ot
SH4 HiEHE A= ARREY WHEol gleEE F A3
Atolo] zto]7} gict.
E=73,| TA;; < FCS,; < 41.868 X CF,
X EF, < OF, X 44/12x 1073 ®)

o] AW ED]
|th(Table 1).

o M
Y [{o e
o b

o
flo

T A UL GWP 9] Zjololt}. =7} QHlEE] B
T AoA= IPCC A22} H7FE T A(AR2)0] AAISE 3k
(CHz: 21, NyO: 310)= ARMESIIOW, o] AFoA=
2006 IPCC Ao wla} IPCC A|52} B7HE A (ARS5)O]
AAIRE FH(CH.: 28, N;O: 265)2 2-8-5k{t}. nhA[e A9l
2 AREEE oA EA Y Afololt}. =7t 2ATEA QIHE
g AFg Al 71& oY A MEAE ARSI, & A
20239 149 7H8E & oA WHAAE ARESIATH

ol Al 7tA] Rle] wE AVIA wiEF APg At
9] Zpo]& &agt Zo] Fig. 40|t} 2006 IPCC 2|9 o]
Ateteta v SR APYAlS ARSHH 1996 IPCC AX &
£ A|H} o]AlsterA vij&TFo] 5,650 ECOxq. S7H3E
o} opAkshE A0} wgte] GWP Zlolo] oJs ARS A|A] %
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(unit: ktCO,eq.)
Difference
-168
BE8,918 656,500 oxidation factor | statistas

Model Inventory

Fig. 4. Analysis on difference between model-estimated
direct emissions and GHG inventory in 2020
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2 QIR HiEH AolE HE9 AR FHYRitd, 1Y
o] @M= 0.49%F Park et al. (2022)0] RT3 Q2H2%)

o wlgt 420l

AA SR, MB| A B EamiAuLs, ERolEE
ST ERAAZEAMB|E, AFRAAE| L, AEE21H 2
A&l Bt o€ T2 MR ATl B
e 3540l At sUFE SolA= ¥ AuiEs
o] /¢l 207 F-2oll Soizttt. Bo| AuiEFol w2
ol ¥ Aul Aol EASH= Higo] Fa<lolth
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491 20 RRe] REE HPulage sjejurdol
207.085HECO0q. 2 7V 00, ARuE F3F) 33%
S AA|olgict. @A7ue] 33.9MTHECOeq.(0]5F T
L), AHIE 29.6, TAI|AH]A 23.0, YHAATZA 23.0,
T E2IEIEAHA 22,6, FHA YA 20.3, 51} 18.1,
H71&E AP 154, ZEALSAHA 124, AFZRAL A

[e)

=
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Table 2. Model-estimated GHG emissions and GDP
by final demand

Model-estimated GHG
emissions (million tCO,eq.)
568.8 (33.9%)

GDP
(trillion KRW)
1,084.6 (53.2%)

Final demand

Consumption

Investment 231.9 (13.8%) 469.8 (23.1%)
Export 878.7 (52.3%) 481.8 (23.7%)
Total 1,679.4 (100%) 2,036.2 (100%)

ARMEFS B2 SASYCE e 247 WEd
B B AuEE v FAS EAoy &9
© 47 &ol7t ot MiE == A0l 42,427 kgCOseq/
et o s 7MY EUAL, AMETE 9,477 kgCOreq/H T
2 FE ot AuEFol £2 ol EedE: &
< 4 ZAT & AN (Fig. 6).

4.3. 250 2loif FYE

H

=S|

2020 IFE FFAY AHEA]
], £2h, & 5 HSFe0) s #EE
7tA WSS A5 tH(Table 2). 2 A
& FF2 1697,9408HECOeq. 2 A4

HN ox
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Table 3. Model-estimated GHG emissions by final demand

(unit: million tCOseq.)

Final demand Domestic goods and | Imported intermediate | Imported goods for Household energy use Total
service goods final demand
Consumption 288.8 246.5 3.7 29.9 568.8
Investment 178.5 53.9 -0.5 231.9
Export 432.5 446.2 0.0 878.7
Total 899.8 746.6 32 29.9 1,679.4
=7t 2ATVFA QMHIER] 6995,2209HECOseq. BTt 109 [5) 7;,%
23209HECOeq. BOITH HF5R FRER FR5] 4
HEH, 9z ZE AR QIS viEFS 59 6,8807HE B AFE 20209 AHAATE A=Hof 7ukst FajAt
COxq, FAE AT MEFL 2903,190WECOLq, $F & FANIAVEY DL 15319 BEL v]AA
of 93t "iEH2 897,8709HECOeqAitE. SHiE=ol Y AQJAREE 8302 FAREF} S0lE S 1y
e EIFS A2 339%, 138%, 523%2 GDPOl e s gr A4Y AYAUEE BEY 7E Ao By
7 #29] 7|qmst Ao} itk £¥) GDPO] $3%E 7} xpEslaige Buk ohfeh viaYE LAkA 4-7hy
AASFO, A7 WS HIE2 339%2 GDPO|  wigekg AMgShE WHE nstAch £ A7) g2
W 7lofmo] uls ek AR AT LAZRA HE o AolojREst RO Sajbeto] AQITES HRato

Zol A AlA viEHFY 58~72%F AHARH= Creutzig
et al. (2022)9] A+ AF}H; F2H ol FEFE Qg
2A7FA HiEF HEol tE IV s =71 W&ol
th. 52 GDPO| tigt 7o Bt} Hj&Fol gt HF
o] & Hlj o4} ZA YEFHTH(Table 2). o|AH £&2] &
AZMA BjE HFo] & AL fYUEe] fEo] AxY
AE FAolH, AxYGY ovAaH|Fo] £7] HEo =2
TorEoh FAEEE GDP 7|oj ko] Hls| 2A7FA HiE
ZF HFo] B A yEsth

HiESdd 220y SAVEA viEE2 4R A4t R
HiEE 271 247kAE 8999807HECO,eq.01 AL, =
UE SUHAY A7 2A7EA HiESF2 79 46609HE
COseq., TYUF TS 2A7IA AZGufESFL 3207
COseq., 7HA oA AH]o] ot A guj&ETd2 2,990%t
E£C0seq.0] U tH(Table 3). TUFLE QU7 2A47FA )
S 724,9807HECOseq. 02 4RO & QIS 247}
& HiEFY 80.6% o] ]l

=71 &9 AHV|E 2ATMA HiEEE HES8 5 4
H|e} B2 QI A7 & F O & 89 T07HECOeq. 2
2 e wied] IHEY wiEF 6952207
COeq. 2T} 199 4,4509HECOseq. (22.16%) T Wkth o]
zlol= £PAES] YAetAH T Aat F 4u|o] wE
scope 2 Hl&ET, 330 AAIA ¥iEE]= scope 3 HiETF
o FASEY WA ASS EFSh=A]o WE Aol
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BN AH7|E 2A7IA WSS B4 o sttt &
5 At 2A7A AFuEFT S7F 2A7EA JIHIE
o] vi&F HnE B Hds A5% 2 A}
0.49%% 71& AT Ao} vlxet £FoIQ FEE &
A7IA BEREE 7, AR, AHE, H7E, Z2e%
AH L 5 SHARE Wol AHshs FE2
gk vj&go] W
AH7|E 2A7FA &S 89 T0THECO,eq. 2 KP4
= HEFY AHED] WiESFET 19 4,4508HECO0seq.
(22%) © Eokth & AtolA 7t 2020 ST S
BAAATES B2 FT 7 gAdAE B4 2
TSt AH7|E 2AVRA AE A o] €8
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