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Abstract Methane is the second largest greenhouse gas after carbon dioxide. The emissions of methane inevitably occur along
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the entire oil & natural gas supply chains. Under the vision of being carbon neutral by 2060, China's oil & gas industry has an
urgent need to reduce methane emissions. Accurate accounting and evaluation of fugitive methane emissions is a prerequisite for
the oil and gas industry to carry out methane emissions control. Based on the emission factors recommended by 2019 Refinement
to the 2006 IPCC Guidelines for National Greenhouse Gas Inventory, we estimate the fugitive methane emissions from China’s
oil & natural gas systems from 2000 to 2017, identify the main features of temporal and spatial inventory changes, and compare
the inventory data with those adopted from existing studies. The results show that methane emissions from China’s oil & natural
gas systems increased continuously, from 703.6 Gg (low emission scenarios)~970.4 Gg (high emission scenarios) in 2000 to
1697.3~3288.3 Gg in 2017. The methane emissions of the oil system increased from 561.9~648.0 Gg in 2000 to 696.6~783.0 Gg
in 2017; methane emissions from the natural gas system continued to grow, from 141.7~322.5 Gg in 2000 to 1000.7~2505.3 Gg
in 2017. The natural gas system had a much larger growth rate of fugitive methane emissions than the oil system. Considering
most activities occurring with lower-emitting-technologies and practices, the production segment of the oil & natural gas industry
is the key emission source. The transportation segment of the natural gas system is an important emission source under the
condition of most activities occurring with higher-emitting-technologies and practices, suggesting large mitigation potentials in
different fields. From the point of view of spatial characteristics, the distribution of methane emissions in China’s oil & natural
gas industries of China shows the trend of shifting from Northeast and North China to Northwest and Southwest China, along
with the layout change of oil & natural gas resources exploration and development. Comparing with the results of the existing
inventory research, it is found that there is still a great uncertainty in the estimation of methane emission from oil & natural gas
systems in China, owing to the differences on the completeness of emission sources, accounting methods and data accuracy.
Finally, this study provides some suggestions to develop the inventories of methane emissions in China’s oil & natural gas
industries, such as the normalization of national inventory compilation, the improvement of accounting methodology and the
implementation of high-resolution source monitoring.
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Fig. 1 Fugitive methane emissions in the production chains of oil systems
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Fig. 2 Fugitive methane emissions in the production chains of natural gas systems
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Table 1 Methane emission factors of oil & natural gas production chains
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HIR: Bkt

i3l Hel A iy

HIMARL

JIREPCERN 0.02 /1000 m*

SR A = (B b DAHERCE @ BRIz e 32) 3.43 /1000 m*

SR A = (B s DAHEBCEARR BRI SZ R 32) 2.91 /1000 m®

JEIM A (1) 2.46 /1000 m*

SRz () 0.0054 /1000 m*

Sz i (VR 2 B ) 0.025 /1000 m’

JRIiZ R () 0.065 /1000 m’®

iR il 0.03 /1000 m’

RIKRAZRGR

ARSI 0.06 /MM m®

FARALET™ (B 1 DIHERCE S B AR SE R 32) 4.09 /MM m®

FARALE (B 1 s DAHEBCE AR B AR SE B 32) 2.54 /MM m’

KR A (1) 2.94 t/MM m’

RARSAL T (CAHRCE o O BORFISE BN 32) 1.65 /MM m’®

FRIRFAE I (AHERCEAR 4 AR S ) 0.57 /MM m’®

RIRSdz iy (LAHERCE 2 R AR RIS ol ) 3.36 /MM m’

RIRRa iy (LAHERCEAR P H AR FISE N ) 1.29 /MM m®

RAREMGAE (LAHERCE &5 R AR FSE N ) 0.67 /MM m®

FARENGAE (AHERCEAR P AR AL N ) 0.29 /MM m’
FARAAE (LAHERICE & A RIS ol 1) 2.92 /MM m’

TR 58 (LAHERCEAR P HAR LB £ ) 0.62 /MM m’

F2 HBHX[EMA~ZE(EAL: 1000 m®)

Table 2 Crude oil production by region(1000 m®)

i1 IX. 2000 4£ 2003 4F 2005 4F 2007 4 2010 4F 2013 4F 2015 4F 2017 4F

K H 8891 15318 20 866 22 394 38 784 35431 40 694 36 104

w4t 6031 5947 6546 7681 6971 6878 6751 6274

WS 1053 1292 1710 1938 0 0 533 142

ir g 16 306 15 504 14 674 14 048 11 056 11 649 12 069 12 152
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X 2000 4F 2003 4F 2005 4F 2007 4 2010 4 2013 4 2015 4 2017 4
O 4055 5544 6407 7261 8173 8189 7745 4898
BApT 61757 56327 52555 48 526 46 607 46 561 44 672 39 804
I g 614 442 294 241 97 92 79 79
bR 1804 1936 1917 2278 2165 2344 2217 1817
1A 31138 31020 31358 32 504 32422 31729 30351 26 009
M) 6542 6398 5902 5645 5794 5545 4796 3292
b 874 902 909 995 1007 932 826 646
I 16 213 14 846 17 108 14 676 14979 15033 18 301 16 702
7O 38 38 40 34 31 509 591 513
i 0 88 117 124 233 308 349 349
i 202 162 162 211 176 260 179 101
B vy 8687 14750 20 693 26369 35114 42 920 43 486 40 613
ook 643 855 918 965 677 847 775 547
Ol 2328 2560 2578 2568 2166 2496 2595 2653
TR 1618 0 0 0 36 71 156 8
o 21509 24 676 28 005 30 308 29771 32497 32528 30 162
#3 BWRIASTE(EMI: MM m)
Table 3 Natural gas production by region(MM m?)
H X 2000 4F 2003 4F 2005 4F 2007 4F 2010 4F 2013 4F 2015 4F 2017 4E
it = 0 0 0 0 0 750 1688 1541
PN 910 849 879 1334 1720 1873 2054 2150
b 514 634 692 714 1270 1558 1043 739
] 114 250 324 0 0 2511 4308 4676
REain 455 0 0 0 0 1004 924 19
i 7 1470 1328 1172 872 800 832 659 511
Ok 205 232 540 522 1370 2391 2031 1858
BRI 2304 2096 2443 2550 3000 3499 3582 4054
& 260 497 604 507 330 235 188 171
T # 24 33 64 58 60 51 37 294
/R 688 810 925 784 533 511 457 415
b ] 1495 2014 1762 1576 672 493 419 298
i 91 94 112 117 200 309 135 127
TR 3460 2688 4475 5248 7840 7526 9657 8923
i 0 0 166 203 180 225 188 110
GiN 194 223 327 500 120 170 3332 6070
g i 8860 11343 14 230 18 746 23 765 24 481 26722 35639
Bt 70 52 53 0 12 41 93 415
z 5 24 22 14 6 2 0 4
B 74 2110 5286 7546 11010 22 350 37 165 41592 41 940
ol 20 21 84 63 20 17 8 60
H 391 1557 2226 3402 5610 6806 6137 6401
o 3538 4984 10 671 21020 24990 28 398 29302 30 704
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Fig.3 Methane emissions of oil systems from 2000 to 2017
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Fig. 4 Methane emissions of natural gas systems from 2000 to 2017
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Fig. 5 Methane emissions from oil and natural gas exploration and production by region from 2000 to 2017
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Table 4 Total methane emissions from China’s oil & natural gas systems(Gg)
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Fig. 6 Comparison of representative studies on the methane emissions from China’s oil and natural gas systems
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Table 5 Methane emission factors in representative literature
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