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Abstract: Methane is the second most important greenhouse gas after carbon dioxide (CO,), and coalbed methane (CBM), as an
important component of unconventional natural gas, is in a critical period of rapid development under the “carbon peaking and carbon
neutrality” strategy. To address the insufficient process adaptability of general carbon accounting standards and the lack of measured
data covering the entire industrial chain, provincial state-owned CBM enterprises in Shanxi Province were selected as the research
objects. Under the life cycle assessment (LCA) framework, an industry-specific carbon emission accounting system covering the full
industrial chain was established by integrating equipment information and data from upstream extraction, midstream storage,
transportation and processing, and downstream utilization. The results show that the annual net emissions of the whole industrial chain
are 1774053.8 t/a (CO, equivalent), with the upstream, midstream and downstream accounting for 47.8%, 18.7% and 33.5%,
respectively. Aggregated by emission sources, direct methane emissions account for 52.5%, indirect emissions account for 34.4% and
direct fossil fuel combustion accounts for 13.1%. Segment-specific characteristics indicate that upstream emissions are mainly
dominated by methane fugitive emissions from wellheads and gathering stations, the midstream emissions are mainly dominated by

fugitive emissions from transmission and distribution, and the downstream is characterized by a high proportion of electricity
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consumption. Based on the accounting characteristics, pathways involving methane emission reduction, waste heat substitution and clean

electricity utilization are proposed. For methane emissions, fugitive emissions are reduced through biomethane substitution, and

unrecoverable methane is destroyed using Regenerative Thermal Oxidizer /Regenerative Catalytic Oxidizer units. For fuel and thermal

energy utilization, a thermal energy recovery system is established to reduce boiler gas consumption and emissions from purchased heat.

On the electricity side, new energy projects are implemented to increase the proportion of green electricity consumption, thereby

reducing indirect emissions. The accounting system established in this study exhibits good applicability to the CBM industry. It not only

can provide a methodological reference for refined carbon management and carbon asset development of CBM enterprises, but also can

provide solid empirical evidence for designing low-carbon transition pathways for the entire industry.
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Fig.1 Accounting boundary and emission sources based on LCA accounting method
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Table 1 Methane emission factors based on unit-facility

emission factor method
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Table 2 Parameters for calculating CO, emissions from fossil fuel combustion
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Table 3 CO, emission data for each stage of full industrial

chain of coalbed methane enterprises

EITT CO, HEBCEIRE /(t-a™)

: : it/
L VLTI
e
Al 478377.5  112968.4 11846.4  244052.8 847245.1
rhiE il 268858.0  13285.3 49728.7 331872.0
A 713235 207148.5 316464.7 594936.7
ANt 931527.4 232280.2 610246.2  1774053.8




PRAF: REATLAL

g

G B H B e A FLAR A M i B AR IS A2 5T 5

2.2 b e ERHER S T

A B HE Rk B 847245.1 t/a(£3), di kb
I —2, fF B — 0 0 iR & i HE U E AR, A RE
A RS TIRAHEA AT o RIS ER T CO,
He R RS B AR S L LR 2. B 2 WA, B
A M HE T AR 5 I DL e LA RO 32 L L g ()
FEHEBOR 2 R . b, R BRI E FE 2
BRI  FE B 3800 CO, At E
43 912 253890.0 t/a(30.5%) F11223403.7 t/a(26.4%) «
e F e HE TS SRR I HE K B R AR IR T
ZEVI KRR, — T, Pe R 5B K KR
LA PG K T IR ] 1R 2 S S e 2 2R R
B0 7y — 5 T, 76 TR B4R HE S A HE S HEZK R
SO AR A I RAS F AN T S b R K g
B KA Y, T i CO, HE T By 1R 3k e

It AR P St
223403.7 t/a (26.4%)

S L.
[ I F 1 AE

244052.8 t/a (28.8%)

PR B SOT RN E
253890.0 t/a (30.0%)

2 EHEPIEES(EES

SRR SBT3
109153 2t/a (12.9%)

661 6t/a (1.9%

H AR T ER , CO, & iF HE K & 4 109153.2 t/a
(12.9%) . X FE B THESIF DR K 1k
S, i 2 I NN i 3 T8 ) R ) 25K, 4 25
G AT 2 PR . mIR . KT 1847 1
FEAEHL, AN I B oo 5 R A BE Bt I, 1 HL Bl

Z 3 Z R E AR AR T 3T 28OS HER B
R, T (AR TH FE, I 2 AT A, TE R R
HFE G T %35 CO, HEME L 30%. X —
HLFERRAE R FEJE T B R N LA S5 H 2
S 3 I B AR . EE R IR A2 R E T NI 2
ORI 5 A0 P HE RO A L T2 S H A R
HIR. KL, 7 5 A5 37 A4S0k 1w B 2 1)
STt 4 A 2O AR S W A VR B R R 8 I 42
£ VLY 9B SI2 5 1 s P IO G L T R ) T 422 e
Heis

AT R BRI FESE
7372.8 t/a (0.9%)

AR R/BCE SR -LNG L) 4 I A FE

1632 0t/a (0.2%)
AR MR- FE
1562.5 t/a (0.2%)
/ PATHIBEE B DR R R e = A
1492.9 t/a (0.2%)

SRR S BUE ST - B 1 )
1304 3t/a (0.2%)

SRR REES
878 9 ta (0.1%)

S C- T3/ 3

AT BHRE- T FELNG
7632 t/a (0.1%)

AR E B BRI FECNG
655.0 t/a (0.1%)

) FFREECIRTS CO, HEM & bE

Fig. 2 Proportions of CO, emissions at different stages of coalbed methane (tight gas) extraction, transmission and distribution in

upstream enterprises
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Fig. 3  Proportions of CO, emissions at different stages of coalbed methane (natural gas) transmission and distribution in midstream enterprises
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Fig. 4 Proportions of CO, emissions at different stages of coalbed methane (natural gas) transmission and distribution in

downstream enterprises
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