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1.1 2030 =37} Mgk £t2| 2pA|

Ol EHCHa)2 O &tBtEFA(CO2) QL B HEX QI 2AMItAR 85 Tt £|20= 20
H X| L2 U3HX|4=(GWP-20)! 7|& |Eto| 24tst Q4F S utJt O ASHEFA O oF gt
of Edt= &2 th7|2H0f| 2okl 253t 2117 O|MtEtA BT 91X ACh= utst
o o8l 7t =MD QUCH AHO = 2024F H X7 B HE 5= 1942ppb32 At

o XS BUSHH x| X[ g0t H S O o= IEL 2 $X| & 7| EUCL
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BEK| 7|EC R HE sEE 1937.86ppb0l HotH, X|&EX S
2 7)ot ALk HEF2 1850~1900E CHH| 2010~2019E H X[+ HEH 2= F7H
% 0.5°C(0.3~0.8°C)2HZ 7|4 RULCL. O|= O| k2t EFA(0.8°C)0fl 0|0 & Bimj= & 7|0 0]
o, ™A 217+ o3t 23}t (human-caused global surface temperature increase)2|

7| &=l 1.07°Co| 20| 7HZLCLS

2015'" 19571=0| xHEHSH Mt | B H (The Paris Agreement)2 At 213} 0] (1850~1900
H W 7|2) ChH| X+ B 7|2 452 1.5°C Ol 2 SHste SBE ML ol

o] fleh aretd mHE o W2, 2030 AMK| MM 24 7tA = 20199 CiH| <F

— -

0 4 X| 723} X|4=(Global Warming Potential over 20 years; GWP-20)£ £ 2A47tATL Of7| 0| BE= = 20 H ¢

'|C')rH Ste 2ttet TS 0| MBHEIA(CO2)Qt Bl wTh M X|&E T,

MO(World Meteorological Organization), WMO Greenhouse Gas Bulletin, No. 21, 2025, p. 1; 7| 2& %4, r”‘ll'ﬂﬂ £ 2=

Mot AN A JHX| BER ), UHESE EEZE, No. 2, 2023, 1 8. XY W2 M 2F H 1 E
3 ppb(parts per billion)= 10 & 22| 12 LIEtL= EHRIZE, 7] 5 24712 5 0[M3t 22ols = LIEHE Ij
A S71 2210 Y9 74 S0 8 714 2X7F R4 Z2E0 A=XE 2 0|$HCE
4+ WMO(World Meteorological Organization), WMO Greenhouse Gas Bulletin, No. 21: The State of Greenhouse Gases in the
Atmosphere Based on Global Observations through 2024, 2025, p. 1; NOAA Global Monitoring Laboratory, "Trends in
Atmospheric Methane: Global CHa Monthly Means", https://gml.noaa.gov/ccgg/trends_ch4/ (X[ ZELE Y 2026. 8. 23.).
5 IPCC, Climate Change 2023: Synthesis Report. Contribution of Working Groups |, Il and Ill to the Sixth Assessment Report of

A

the Intergovernmental Panel on Climate Change, 2023, p.4.
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tot d 27t 21 2| | (Intergovernmental Panel on Climate
Change, 0[S} IPCO)O| A XMQt5t= QIMIEZ| 7}0| ECtRIS et e 2| RHES =
Of Of otCt 22| &= 20230 “2030 HEt Z4= ZEWM S L HSI D, OHX| 22 O
=1 ©HE HE 2HEHE HHE M E MAIRCH 2L o] 22 FX =7} 0
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1.2 7tA gH|o] 224 mE s E2| Fo|

L2|LtekE MIA A3 HIEA (Liquified Natural Gas, O|5F LNG) =2 MA| 39 =7t

Ct, =7t X| S A A 260f| =, 2024F =&l MAHItA= 9 46532 =0|H, O

oA
nx
re
N

2FO| ST (14%), DT A(34%)0l 2HSHCEH M= A 2™ AE 50700 &

o, =2 U H=A| Q12 & & A7 ALt H| &M 0| Hast X|go|| Ch &

LNG ZH 271 72o|0foh O EF HiERI0[2HE A2 Cheol 82l 45 A7z YSE
HE QIR Oj=2] oF A7t7F 7bA ET A M X &SN EE7I= HE—E 25 2
af, HIEF BIZE 0| Al XS 21~1208) & 2[}CH BiZE HEt2 S 245201 0

6 https://kesis.keei.re.kr/board.es?mid=a103010200008bid=0014&act=view&list_no=2509
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29 HiE' 2 LtEICH B2 i E (Fugitive Emissions)O| 2t St G2 T =& Jt5, ©

g

H XF AENE MEEZ(7X Q] 7HX|Atg ™ 2P E0M Q=X E= Ho|EXo=
Ekl= 247IAE Q|0|otCEs IPCCrt EtStE =71 247tA QIMER| 7H0| =212
(IPCC Guidelines for National Greenhouse Gas Inventories, 0|5} IPCC 70| =2+ |
M2H A7 U HATA A|AHM HEY HIE2 F8% SO[Lt HHX|E it

—_— [ =

ob7| flet Q=0 HE Ao s= Meleh B= 247tA HiES Za0t

Hl
A

I

Ch Mo 2= HELL B2 SO

U

Wae T 5 (leaks) B X HYH &4

(Flashing losses), 2| =& Hj 7|(Venting), &2t Y& (Flaring)2 =&, IHO|Z2tQl ut&, &

M Ootg £ QYA Hh=(Accidental releases)0| 25 EHEICHS

HAUIMAE FlGotes AIE0M 2YSts HR = HE HIES of0|ettta & = UCH

HMATIAO| =MHE0| HEHO|7| 22|, IPCCE 20199E 70| E2IQI0M B EM HI=

’ Lavoie, Tegan N./Shepson, Paul B./Gore, Chloe A./Stirm, Brian H./Kaeser, Robert/Wulle, Bernard/Lyon, David/Rudek, Joseph,
Assessing the Methane Emissions from Natural Gas-Fired Power Plants and QOil Refineries, 51 Environ. Sci. Technol.,
3373(3373), (2017).

8 IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories - Glossary, 2019, p. G.8.

% IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Vol. 2: Energy, Ch. 4: Fugitive
Emissions, 2019, pp. 4.34-4.35.
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12 Huonder, A, & Olsen, D. (2023). Methane emission reduction technologies for natural gas engines: A review. Energies,

10 IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Vol. 2: Energy, Ch. 4: Fugitive
16(20), 7054. https://doi.org/10.3390/en16207054
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%} (ccus) o o483

T4 ELUH 7tA HEl 4 =4 (30% vol 7| &) 95 ~ 170 6~7 (HZ THA)
tmLjof 2A/CH  AEH/IEA S ARLIOF 20% =4 85 ~ 150 6~7 (23 THA)
H|

3712 7l & A8 B4 25 8 37 ME 300 ~ 600+ 5~6 (7] %)
(DACCS)

ZEX: IEA, IPCC Ml6Xt B7FE 1A, IRENA At S2 HIESZE |
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= LNG 2™ 20|C ING ™27 E5| EXM &= Ol7& Chaat 20 A7t e &

=& - N BAo Y-S BT ofof =5

Of AN st 22 #4H2 A2z = & Qlth dM2 I MM 7t

LSBT0 M| OB BiZ0f =Rl 2Tt £[Z0l= =W LNG 22 2120 T

0= H|H2|SHA| ZH2 0§ (Carbon Mapper)2| 214 2% X200 (=™, 20254 2¥
2 St EREUM A ZTATQIELIAE ING ST A QIFE X ol 21 M JE
& YOOl A|ZHE 9F 5,700kg 22| HEt =& (Methane Plume)'#0| & X[SiC} O|=
O= &tZE 3% (United States Environmental Protection Agency, EPA)O| Z=HijZ=

(super-emitting event)2 F-85h= 7|=2| 5780 SHESCt ™S X| & AFM = A 23}

14 0| &t £ & (Methane Plume)O| 2t M5 - 7tA AHO|L} DHEIX| SOIA CHE Q| BEIIATE I7| 522 £E5|0f HiEhg Bt
A7|L} AE(Plume) ZLS 2 HHLIZ7HE J|H S5 TotH, °._|-c‘>--?-|*"0|'—f 37| MM2 Z&E 5 QUrt

15 ShAR, “[EHE] Q1A LNG 2 XY, HIEF A ZtY 5700 kg £2' O] 21 25", 2025. 3.26. 0|7 SHAESHEPA)S &=
HEH BiZE0| A|ZHE 100kg O| & Q! AR E "ZH|ZE AL (Super-emitting event)’ 2 2 Ho|sl1 Lt s 7|=2 2

AF - BF(Upstream/Midstream) A7 3 HATIA Mok . XH2| A4S HE YR StEE I ING S0 2
H8El= YN oA 7|FE2 OtL|Ch ChE Q18 CHAQI 2t 15) Z|AtO M= QI M7 IS UCHollA BHSE O & B E &9
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5t= 2 A B S ACH 2019E0f| IPCCE= 2006 7H0|E
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[2019 IPCC 71478 7Io|E2}Ql - 7}A XMEH U 0| &

253 Tier 1 HIEA| 5]

Tier 1 Emission factors for Gas Transmission and Storage Segment, 1.B.2.b.IV

R CH4
Segment Sub-segment S -
sl Value Uncertainty (% of value)
-200 0,
Gas - Transmission: Limited LDAR or less than 50% of 3.36 20% to +30%
Transmission trifugal have dry seals (a Al
and Storage centrifugal compressors y @) 4.10 -20% to +30%
Gas Transmission: Extensive LDAR, and around 50% 1.29 -20% to +30%
Transmission or more of centrifugal compressors have dry seals All
and Storage (b) 2.08 -20% to +30%
Gas Storage: Limited LDAR or most activities
Transmission occurring with higher emitting technologies and All 0.67 -20% to +30%
and Storage practices (c)
Gas . Storage: Extensive LDAR and lower-emitting
Transmission - - All 0.29 -20% to +30%
technologies and practices (d)
and Storage
Gas
Transmission LNG: Import/Export (e) All 1,660 -20% to +30%
and Storage
Gas
Transmission LNG: Storage (f) All 22 -20% to +30%
and Storage

NA — Not Applicable

a. Emission factors for CH4 and CO2 developed from EPA/GRI, Methane Emissions from the Natural Gas Industry (Gas Research Institute
1996), and the Greenhouse Gas Reporting Program (GHGRP) (United States Environmental Protection Agency (EPA) 2017), as applied in the
2018 U.S. GHG Inventory (United States Environmental Protection Agency (EPA) 2018a) to calculate emissions for the year 1992 (when
EPA/GRI study was conducted, and when LDAR practices were limited, and most centrifugal compressors had wet seals). NMVOC values
were developed from 2006 IPCC Guidelines by calculating a ratio of NMVOC to CH4 from 2006 IPCC Guidelines, which was then applied to
corresponding CH4 values in this table.

b. Emission factors for CH4 and CO2 developed from data reported to the GHGRP (United States Environmental Protection Agency (EPA)
2017), and from EPA/GRI, Methane Emissions from the Natural Gas Industry (Gas Research Institute 1996), as applied in the 2018 U.S. GHG
Inventory to calculate emissions for the year 2016 (most recent year of GHGRP data availability, and when LDAR practices were prevalent
and most centrifugal compressors had dry seals). NMVOC values were developed from 2006 IPCC Guidelines by calculating a ratio of
NMVOC to CH4 from 2006 IPCC Guidelines, which was then applied to corresponding CH4 values in this table.

¢. Emission factors for CH4 and CO2 developed from EPA/GRI, Methane Emissions from the Natural Gas Industry (Gas Research Institute
1996), and the GHGRP (United States Environmental Protection Agency (EPA) 2017), as applied in the 2018 U.S. GHG Inventory to calculate
emissions for the year 1992 (when EPA/GRI study was conducted, and when LDAR practices were limited). NMVOC values were developed
from 2006 IPCC Guidelines by calculating a ratio of NMVOC to CH4 from 2006 IPCC Guidelines, which was then applied to corresponding
CH4 values in this table.

d. Emission factors for CH4 and CO2 developed from data reported to the GHGRP (United States Environmental Protection Agency (EPA)
2017), Zimmerle et al. 2015, and from EPA/GRI, Methane Emissions from the Natural Gas Industry (Gas Research Institute 1996), as applied
in the 2018 U.S. GHG Inventory to calculate emissions for the year 2016 (most recent year of GHGRP data availability, when LD AR practices
were prevalent). NMVOC values were developed from 2006 IPCC Guidelines by calculating a ratio of NMVOC to CH4 from 2006 IPCC
Guidelines, which was then applied to corresponding CH4 values in this table.

e. Emission factors for CH4 and CO2 developed from GHGRP (United States Environmental Protection Agency (EPA) 2017) data for years
2015 and 2016 (most recent years of data availability). LNG terminal sizes are found in Table 5 of United States Environmental Protection
Agency (EPA 2018b) https://www.epa.gov/sites/production/files/2018-10/documents/ghgi_2018stakeholders_segment.pdf

f. Emission factors for CH4 and CO2 developed from GHGRP (United States Environmental Protection Agency (EPA) 2017) data for years
2015 and 2016 (most recent years of data availability).

=X IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories,
Vol. 2: Energy, Ch. 4: Fugitive Emissions, 2019, p. 4.76.
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[2019 IPCC 7/} 7}ol =&l — 7}k &l B-& Tier 1 ¥iEAl<]

Tier 1 Emission factors for Distribution Segment, 1.B.2.b.V

icgi CH4
Segment Sub-segment Emission -
sl Value Uncertainty (% of value)
Gas Less than 50% plastic pipelines, or limited or no All 2.92 -20% to +120%
Distribution leak detection and repair programs (a) 117 -20% to +120%
Gas Greater than 50% plastic pipelines, and leak All 0.62 -20% to +120%
Distribution detection and repair programs are in use (b) 0.23 -20% to +120%
Gas 5 -50% to +100%
U Short term surface storage (c) All

Distribution 0.003 +100%
Gas Town gas distribution: All (d) All 0.58 +25%
Distribution ' ' -

NA — Not Applicable

a. Emission factors for CH4 and CO2 developed from EPA/GRI, Methane Emissions from the Natural Gas Industry (Gas Research Institute
1996), as applied in the 2018 U.S. GHG Inventory (United States Environmental Protection Agency (EPA) 2018a) to calculate emissions for
the year 1992 (when EPA/GRI study was conducted). NMVOC values were developed from 2006 IPCC Guidelines by calculating a ratio of
NMVOC to CH4 from 2006 IPCC Guidelines, which was then applied to corresponding CH4 values in this table.

b. Emission factors for CH4 and CO2 developed from data reported to the U.S. Greenhouse Gas Reporting Program (GHGRP) (United States
Environmental Protection Agency (EPA) 2017), Lamb et al. 2015, and from EPA/GRI, Methane Emissions from the Natural Gas Industry (Gas
Research Institute 1996), as applied in the 2018 U.S. GHG Inventory to calculate emissions for the year 2016 (most recent year of GHGRP
data availability). NMVOC values were developed from 2006 IPCC Guidelines by calculating a ratio of NMVOC to CH4 from 2006 IPCC
Guidelines, which was then applied to corresponding CH4 values in this table.

¢. CH4 values from (Bender & Langer 2012) — CO2 and NMVOC developed from the assumption of a CH4 content of 90%, CO2 content of
0.9% and a NMVOC content of 2.8%.
d. Mean emission factors for CH4 and CO2 from German inventory (German Government 2018) data (1990-1997). Data for the years 1990-
1997 were selected because town gas supply was discontinued after 1997 in Germany.

=X IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories,

Vol. 2: Energy, Ch. 4: Fugitive Emissions, 2019, p. 4.79
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[2019 IPCC 7§A 7lol=alR] — Z2ENHAF7] °o|F) & Tier 1 vj&A ]

Tier 1 Emission factors for Post-meter Segment

Rt CH4
Segment Sub-segment SEL -
source Value Uncertainty (% of value)
Post-meter Natural gas-fuelled vehicles (a) All 3.0E-04 -50% to +100%
Post-meter ,(Al;;;pllances in commercial and residential sector All 3.0E-03 +60%
Post-meter Leakage at industrial plants and power stations (c) All 6.1 +60%

NA — Not Applicable
a. CH4 values from (Bender & Langer 2012), CO2 and NMVOC developed using assumption of a CH4 content of 90%, CO2 content of 0.9%

and a NMVOC content of 2.8%
b. Medium value of table 4.2.8 of 2006 IPCC Guidelines (g) (appliances) — conversion with density of 0.72 kg/m3, a CH4 content of 90%, a
CO2 content of 0.9% and a NMVOC content of 2.8%

¢. Value from the Revised 1996 IPCC Guidelines, Volume 3, table 1-58 (leakage at industrial plants and power stations) - conversion of
175,000 kg/PJ value with factor 35 MJ/m3, a CH4 content of 90%, a CO2 content of 0.9%, and a NMVOC content of 2.8%.

Source: IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Vol. 2: Energy, Ch. 4: Fugitive
Emissions, 2019, p. 4.82.

=X IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories, Vol. 2: Energy, Ch. 4: Fugitive Emissions, 2019, p. 4.82
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