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Abstract Methane, despite having a relatively shorter atmospheric lifespan than carbon diox-
ide, is a potent greenhouse gas with a global warming potential over 80 times higher on a 20-
year basis. Therefore, reducing methane emissions can significantly contribute to effective cli-
mate change mitigation. In the energy sector, methane emissions primarily originate from leaks
during fossil fuel production, processing, transport, and usage. This study highlights the need for
and the potential benefits of expanding Leak Detection and Repair (LDAR) programs based on
strengthened Measurement, Monitoring, Reporting, and Verification (MMRV) systems. If
LDAR is expanded to power generation facilities in Korea, it’s possible to prevent methane
leakage equivalent to about 2.57% of the nation’s annual power generation. This could result in
a saving of over 620,000 tons of LNG, achieving a cost reduction of approximately 530 billion
KRW. This is further estimated to save social value costs equivalent to 5 trillion KRW and is
expected to reduce greenhouse gases by about 80,000 tons of CO,eq from the fuel combustion
process. Mitigating methane emissions not only contributes to climate change mitigation but
also reduces tropospheric ozone formation, thereby improving air quality and public health. Fur-
thermore, preventing unintended energy loss yields mid- and long-term economic savings.
Given that South Korea is one of the largest importers of natural gas, enhancing methane man-
agement in industrial complexes and metropolitan areas is essential for achieving national car-
bon neutrality goals. Moreover, Expanding LDAR programs can practically contribute to the
country’s Nationally Determined Contributions (NDCs).
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Fig. 1. Vehicle-mounted mobile GHG platform: analyzer rack with LI-7810/LI-7815 fast-response analyzers (CH,/CO,/H,0)
and calibration cylinders; portable anemometer mast for on-site meteorology; ABB LGR GLA131-MEA analyzer for CHy/
C,H; source attribution; high-precision GPS/GNSS receiver for position/time synchronization; and a field laptop/logger with

power unit for data acquisition.

Table 1. Measured and reported methane emission rates at three LNG power plants in Seoul and Incheon, South Korea.

LNG Power Plant Observed value (tCH, h™") Reported value (tCH, h™")
Seoul 2.053 £ 0.28 0.347
Incheon A 3.227 +£ 0.44 0.248
Incheon B 0.296 + 0.04 0.079
al., 2024).

A5 A, dHAE G g 2 A
03tolA A 32 to2 e}, 712 B 7H0.08 t
h' = 035 t k)9 3.7-134] FFo= 34 =4t
(Table 1). Sl FAZ o2 BIEE F25 & 1
Bho] 2 Wil FolE A wiEATE 7
o 2 AP E =, Y Ao AA] A5kt 1)
Wt Ax, Hagho] AA| FEFl vls) A rtst
= o] ERIEA.

AME LNG HHie 7202 247k wiEHs
LDAR ZZ#9o] A& AT vlwE Fgt oA A
7 g 247 A5 a9E APt Table 2).
Z A7) g TS A7 80 to 2, AI7FE LNG &
B R O FEEHE gy ¥ FEEE A
SHTh AS710E 71 WEe] FEES 2.57%22 4
A, olE B9 043%2] F 5.9u]0) I3},
LNG T4 80 t 71F, A7+ FEE = mle- 2,053
kg CH, 2.2, o]= CO, 4t Al 2F 575 t COseqel 3l

gtk A4 A WiEEHE 2A7EEE o)itste
4 2219 kg CO E$Hd AAx= S wlE 1.6 kg
CH/S X351 % 2673 kg COeqo-2 F4H )

LDAR ZZ 13 #g0 & e FZo] glth= 7}
Astell, Aol A7k oF LNG 2.07 =)l &
7ol o dEm, o]2 sl A4 A AV wiE
F2 267.3 kg COxqolA 6.9 kg COeq@ 7As}ed,
LDAR A3 2 o] Aaapge] 247F29 oF 2.6%
7 2AE5E Atk A7 7120 ® A8, wAA
o] B3IES 30-80%C.F 718 Al oF 1¥h-1.8% =
2] oA Azt 247k 796.8~1,593.6 kg COeq
o] 750l 7hsatth

=7F AA LNG & F7oz 3 284, 2024
Hel & LNG U F 472097 (472 Mt LNG)S 7]
Fo =, oF 51%%1 2410%F £(24.1 Mt LNG)o| 24
FO R AREEHT, f19 o] #AErb A e
ANAT e Are] 258 FY &4 A&
& 3, TE AH FEE 53y A a9
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Table 2. Projected CO, and CH, emissions reductions and associated economic benefits under a successful LDAR program.

Feed rate: 80 t LNG per hour (treated as CH4 by mass): Leak rate = 2.566% (mass basis)

CO; emissions from combustion

CH, emissions from combustion

Fugitive CH, emissions

Total GHG emission

Expected benefits of LDAR implementation
Total GHG emission

Energy (LNG) savings

Total GHG reductions (combustion + fugitive)
Combustion-process GHG reductions

Leak (fugitive) reductions

221.9 kgCO, h™'
1.6 kgCH, h™'

2053 kgCH, h™!
5.78 tCOeq h™

260.4 kgCO, h™!

2,071t

57.49 tCOseq h™*

6.93 (5.753 + 1.176) kgCO, h™!
57.48 tCOseq

Baseline annual LNG consumption for power generation [24.1 million tonnes (t)]

CO, emissions from combustion
CH, emissions from combustion
Fugitive CH, emissions

Total GHG emissions

Energy (LNG) savings
Combustion-process GHG reductions

66,856.87 tCO,

13667.40 (488.12 tCH,)

17.317 MtCOseq yr™' (618466.3 tCH,)
17.397 MtCOseq yr*

618,466.3 tCH, yr'

2,069.99 tCO,eq yr™'
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o= Mo =F HEr Y§Fo]
£ 53 oF 17317 Mt COseqe] 24712~ 7o
St} w3k =9 oUR 2, ARAL FFoA
069.99 t COseq 7=0] o|’¥ Tt LDARE &3
AEFe e YARE AFALZE A% CO,
= 7150229 7|F 236 Mt CO,) A < 7.3%
e Adde Fol 5ol 719971 o e

ﬁéw@:@@
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3.1 LDARS| ZMI& mo|: v|S Hzt A X8l 524
U e] LNG T Al 32o] Abd Z=AF A9t
At FEo R wEke] FFo] WAgitE 7Sl
=7} A LNG &3 &9 LDARE 53 gt &
T AE B8l duA Arree A7k oF 627 E()
o2 JZHEAY. ol 72 uA AP aFE A
A ax=2 g A, LNGY FdE7H EnT
USD 619, 1 USD = 1,3819 H&I& 7IE£22, ¢F 5300
o o dete= AR A &4 WA} 75
L‘ro}ﬂ Sherwin et al. (2024)2] A-tollA AAE vle}
Zol, mg FE2 Qg AA H[E-2 FFHA Z3A|
&) oF 93ufo F3fe, -2 LDARS] AF4
AAZ oF 52 A R we AEA 7HA] H])§
x47l— E_,,],E 0%0 }\ ol‘— 7)—1_0_; _%7@15_]1;],

3.2 LDARe| ZHHX Ch7|® JHM ®9f: olf 2%
k=)
LDAR Z =217

SEERGE]

s 50 Zk 4
T & 3}04 7] & W F=E

—{r
e
tlo
il

A=, EHTF;’L/] QE =T u]
e (Vi olatlle Organic Compounds, VOCs)
4 Atk McDuffie et al., 2016). 2&&
ledgdE take 557) A9 % 2] Ay

S A el 2 @S = A2 *—?L‘JH ik
o] Z7}sla A=t (Lee et al., 2022), th7]

ZT He T2 TAE ARWE 2 v AR o]Y

2 A AR 7 75t o= 3357 Ak

ol
N mlm ig
N o

O
o 1 o

l- _FIF

9 27 AME A T QR A% ii"ﬂ GRS
°36L°‘ nxw, olgf gk M4 FFE7 WL o
Ao A AEH oz FlE 7 Qth(Fiore et al., 2002;

West et al., 2006 5).

4. A8

| E9f
e 20243 71F AlA 3909 AATV Yo
2, A 9 4] el F8 ouAddd Advks
o] THHH *P%”Vl d HgelA wel = wE
] Aol = L d= mlE <
=3 TA= ]/\01- o|E4 =% U= g3l
I, =l HA7rs Bl A A wjE o] &
A gD Bughs AR Aol gl 1M~‘34
ol =9 AT AtElSt FAKE Aot B A=
= Q7R B A di@ Hxe) A 7w
&% WAL AbEEE AllA o]el7t At
HA2 e % A WE A e 2Hes =
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AArts]e] BUE o] A= o, HE wiEw
g 9 MMRV Al&El2 F2 A4 ©A (Upstream)
of JF=ol Aot wetA g2 APAIA S 3
TAAG ] 7k vl g AR H(Downstream)ol] T
st 714 | 35S B9 R ®@ A8 &
AL AFsfof dir} =3, ST} HjEAG T2
A &2¢] 7AAL B3] MMRVE] Au3tE o]Fof <l
HEDle] =g MAT 4 3o, o2 S8 #
7140)a F714¢ RUHHS 7|Hke 2 3 LDAR =
2a3o] FF o]tk(Englander et al., 2018).

MMRV 73}¢} tjEo] LDARS 42 wE 7=
of ho] AAAI Lol P A gfom, BHE BE
Aol waha W do] Ad AFoAM dFEHAUG
(Allen et al., 2013; Kuo et al., 2015; Subramanian et
al., 2015; Englander et al., 2018). =] @A]Ad 9] o
Bl +2252.053 t CHy h)S 7|02 LDARY &
e Y HA7is A FRO] oy ARgE] &
28 A%, A7k &k 2% E1)Y LNG d7E 54
oF 53009 o FFZH AsH] A7, A13]F ]
£S5 ¥ A] o 5% Yo gl & AAH 2
7F 1€ & 4R E 59 I9EHe v uE
F2 9F 17 Mt COeqe] 2471~ & a32 34
Hu, o7l A8 AR AFOE QI3 A8 A4 7]
ol 2417}~ oF 2,070 t COeqe] F7F ZE71A] 11
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