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Abstract: Carbon emission accounting is an indispensable and important part of the synergistic goal of pollution reduc-
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tion and carbon reduction, and the coal industry is one of the key areas of carbon emission reduction. In this study, a typic-
al open-pit coal mine was taken as the research object, a carbon emission accounting model for the whole life cycle of coal
products was constructed, the carbon emission inventory of each production link in the mining area was quantified, and the
impact of carbon emissions in the open-pit mining area on the regional environment was evaluated. According to the life
cycle assessment (LCA) methodology, the carbon emissions of coal mining enterprises can be categorized into phases in-
cluding coal extraction, coal beneficiation, transportation and storage, utilization and consumption, as well as other associ-
ated processes. Within this model, sources of carbon emissions have been systematically summarized. Direct carbon emis-
sions encompass CO, emissions from fuel combustion and methane (CH,) fugitive emissions. Indirect carbon emissions,
on the other hand, include those associated with the net purchase of electricity and water consumption. The results of the
accounting process indicate that the annual carbon emission of open-pit coal mine is 1 538 178.60 tCO,e, and the carbon
dioxide equivalent emission per 1 t of raw coal produced is 0.05 tCO,e, which mainly comes from methane fugitive emis-
sions caused by coal mining and post-mine activities (accounting for 79.92%). In addition, carbon emissions from fossil
fuel combustion account for 13.71% of the total carbon emissions; whereas emissions associated with electricity and wa-
ter consumption represent the smallest proportion, at 6.37%. The average annual greenhouse gas emissions of open-pit
coal mines in China in the past ten years are (3.24 +0.77) x10’ tCO,e, which is equivalent to the annual carbon sequestra-
tion of (5.23 +1.24) x10® trees, which is converted into the annual carbon sequestration of (113.83 £27.00) hectares of
poplar forests. At the same time, according to the current mining methods and processes, the country will generate more
than 2.3 billion yuan of additional economic expenditure every year, and with the increase in open-pit coal mining, it will
increase year by year. Therefore, reducing carbon emissions during the open-pit coal mining process is of significant im-
portance, with particular emphasis needed on mitigating fugitive emissions. The research findings have significant implic-
ations for the development of a standardized carbon emissions accounting system in the coal industry and for assessing its
regional environmental impact.
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A (4 (e LR 2 A 7= il T =8 AR HE O S 7 i 5 4k

0 3l = w6 GRAT)) (IR (F5 8 ) AT RS, v, 1p-

T E R FE I, 2022 4FFR [ A9 RE IR 28
HIAF 54.1 42 t bRUEIE, FEr B GEE Y TR A ]
AT AR KA H N, e AR IR Y B Y 56.2%. M
IR R T IR ANGEE RIFR 2 Moy X, Hrpig R
FER DA B RERE . B2 2 AE L T 25505, Bl
TR TR TR DT, O BRI Rk e 4 e
P L A T e K R R R FF RN T
A& T = ARRE Mk, FEREFETE 38 4> Tl M A7k h
HEREE 7 4P, BE R e T R 1 A v i RE B i
B A R B = A, B IR A
o3 R EOR E RO M BRAE W | AR S R R
1 vk S Rl AL . A2 ) 2 R D A — R B )
il

X T 5 KA DXL AR HE R 4 AH SC AT 5 i dik =
P IR HE RO STAR R, TR iR = R
MIHEBCE O, PEALHISHRRCR . A T X2
B HE U 5 3 B S B A EBUM R SR AR L1
7% b1 %> (Intergovernmental Panel on Climate Change,

IPCC) H At (S 2 AT SE M A 2R ) LA K TR &

CC R4 I & T X N T A ¥ S 30T e 7= A A HE
ik OIS e R EPSY EPRE 2 (il pries
TR IEATE A TR E 88 K0 X A SEPRIE ;1048
B P R TR OB e S R R e AT
REVD B B HERCA Y, RALHG 8 A P g A o
PRAME — A, B2 RE SN H oA A [ R sk
JCRSRT%, BE T H RUAE X — AU A AR
HEWOR S v, €04 TPCC 2 19 I 58 5 SR 5
$& R, WRI, C40 FI ICLEI {1 & B3 i i &8 S A 34
P, B IR ST T A R AT R & T R B 2
IS BT SRR AR F DL TSO il /2 BT = S Ak
HERC R A bRIE S, JFR U6 o838 T8 i iHEi g i
BB R 5 SR 5 O 1o A B R R IX A 7 T 2 £
B HE R, $2 00 T Y BEVRHE A SRS A R, (HJE IR R
T TR A P A v A R VR, BT K AR S T
A RHEBATT . Bk, 4506 T3 R B HE % 5
TR 5E 3, B2 41X 58 KT S &R =20y
= SAHE A TR R

A i R HE RO S 5 VR 0 R SRR, SR



3074 # %

F #®

2025 4F55 50 4

TR R DR = TP SR TR B . Az A
PR IE B R PR 3 [ A U R S - AR I, %
e AR R el AR A, i TR ik
W1, R AR AR T 5 AR R AR BB
i A B HE RO R 2 T SRA T il
s AV AR AT, Z2E 51 T BRI, A
P B AN U O E I R e8 2 2 3 = e R B2 T i
B 2 SARHEACRE B0 o B 5 45O 42 4 i A 0
AURRAZ ST A T S B T A ORI, A
HE SV B AT B BORUE S L AE 7 B BE A BRHE S i
e, M S A A i A T HEL A 90%
DLE o BE/ANTAECVER 0 il A B TR, AP 4
A i JA A A R SR A 7 B e A i A Y
BRI, PR At d R RRHERCR O 2 017 8.91 k.
(R AE 87 0 DX e HE OR300 i v v R 5 20 i H 42
A i % — B

502 THT M A% S 0 R JBEAT T R et 7 v i 3 U
AR R, RERS BE— 2B AU DX Y RETRIH AR S H D F
FERRHERCE DL o 2B AN S HE g2 KA X i, A1 H]
PR i R IR HE O S 1 05 05, R 8 R0 e HR T
KRR, A R 4 A i J 301 B0 s HE s
VA 7R 25 LR 7 BT BIRHE R IE A58 B2, 211 A it KX
0" X B HE R PR MR Akt o WIFFE 45 R 0 B KA
DI BB I R M e pe it T RS E A (E

1 ZETESHEERE

1.1 BREEZEERNE
111 BB Es

BT (IPCC i = B4 ) 5 (b B A
PR R AR BOZ SR B ), 456 4k i SR B
W8, M A RHE O AR, BRILZ AN, FIH S AR
PR B I SO S530 A e AR M P AL Ko B HIE e 2 v 11, I
DL AR DG, DA R A A A Tl R i HE S
PRUR R PEAE TR0 A AR S
1.1.2 @R X A

DABEAS 58 KA X R 6], JFL A LIl ST Al By
SN, AR 8 32 FE I A A =it &
B e TRt 7 A P Ul 2 A R B At 3 PRl A 4
ARATE RGBT R G A B R A e R Ss
JBA R Hrp A " Reca iz . 27 HE
IKBEAR RGN sy, e SRBE . i HL
BRI E GRS, MHE A" REURE A -BIE RS
HB) LAK T DX P9 o A = iR 45 (3 T TR SRS (AR T &
B EEVEES),

SEEANEIEDAE R i, ISR TR | PRI L 5T

ELRMRBE (i F A58 T 20 R Y 2 A A SR B A A7
AT RRZ SR o FERERAE R 7™ i (R A2 i ] 1
K TR | BRI | s AE . T
UL S BREE 5 DN

BR itz Ab, MR 40 5% I i 2B 7 L B, o HE ik
W RS0 FAEE: DhA i A R B ) 42, 21 X
ARG W RGBT RS
I A= 7= R G . B Y e AT SRR E T4,
SRR = e IS AEE Sz 2 A Xk 1k, B
B FE 2™ DX 0] 433 A 0 BT A B HE s TG sh &R A 1%
T R BB R A I R X N A
M HERC R, B Ja 15 SR e ™ o A 7 i HE R A
CO, Y.

1.1.3 AR AR5

AT DX R Ak iz 5 B v, B AR
HERTE R BERVETE | iz f s A7 | i T % DL S B
WATEE S I . A A R T2 AR U HE
TR R S e HE O A A L 1 s .

i R 4 A i S B e HE AIOR B 0 e BEA
T B TF R, 2 A e 7 it A i FEL B ) A, F 2
s 2R AL Y CR3E WEE . iz . HE T A
b B R HERCA R L B R AR RE | #E R
TERAEA 2R | BER AR 32 35 R LA B TR
aob A T R R 2 AR RS 5 T T etk HIE A U 0 45
Kt BT TIERE . A K B A A

EL TR 0 i I B Ak ) AT
e, X — IR EEEW S 3 N ER Sy, BI Ak T B A AE
b A3 LR A3 BE R B P AL B, IR 4%
AR T LAl KT, I R . 2598 . BRI
FA 2 I XUBE A5, DRSS T AR R e L R 0T 7 A Kt
Al a HE L 7R o dEad R bR 1 7% ZEAR PR K SN T
FUHFEREHK, 2 B2 i R HE R s T (R 2k
HE; R, fEAEA el B v, s i, e AR 2k
JCH R B RIS B I BE (CHLY) AU, 53X — 070 A B
Hepn @ s T4 J5 CH, #bif i B et HE i fe)e, 2
IRV BB 7 RN D3 85 52 38 32 i A T T AR
2577 A HAERHEIR

280k YAk FE BRI 7 it T DL Iz i 2 i A b sk
ATAM3E, BI—3 0 7 d e AR TS, D5 — 300 i
i B 2 4 FHVESRORHMA R T o 25 ZR T il A it
Wesadr, IS 2SS TEA Tl I AAT R IE . X —FF
W B S B RO 13 5 AR IR R, R
i MR PH S R (R A58 5 ) 2 H e 455 R e 1) P . )
IKITIEFES

BT LA 156 B ) DR T 0 SR 1 ke 38 Bk e 1



% 6 XA AF 2 SRR IR 2 i Jo IR HE O S B L X AT ) 3075

HE CH, Co, =

oA IR
b CH, él
LT ' s
N
g

AT A 55 A

“*

co, [ I«

HRREAT

A

i 7 e FOKHE |

BT BRRAT DO A 7 i A% 3 10 S Al = SR s B
Fig.1 Schematic diagram illustrating the accounting boundary and greenhouse gas emission sources for an open-pit coal mining operation
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Table1 Summary table of major carbon emission facilities and processes
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Table 3 Carbon emission factors for commonly used

explosives in open-pit coal mines
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Table 5 Emission source activity level data sources and uncertainties
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Table 6 Emission factor and related parameter sources for emission sources, and associated uncertainties
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Table 7 Uncertainty analysis of carbon emissions calculation for open-pit coal mines

HERE R HERCR AT i (A E /% AR B AR B /%
SRR AP 9.00 —
PR A 7.42 —
s T A B 7.35 —
AN HE 7.35 —
ikt A 5.74 —
FRIIEZY 8.00 —
TFRS R iR 50.00 —
W5 16 3 R L 50.00 —
BT
157K A B A R 28.00 —
A ISR = A PR 20.00 —
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Table 8 Activity level data for a specific open-pit mining operation in the year 2021
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Table 9 2021 Carbon emissions inventory for a representative open-pit mining operation
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Fig.2 Percentage breakdown of carbon emissions by production

stage in a typical open-pit coal mine

HEFPRESIRT 400 J7 t/a BRI AT 54 Ak, 7HEHN 69 800
T3 ta, HLATAF IEAEZ IR D, 7 BESE N i A H5 A
Wik JRe e

PREBGEIR A BT 1M X — Bk T [ N Bl X, B
RIFReox HARMEIR S 1 b, AN IR A, i |
W 2 1R R e JEASE e, AR
L Rt e R IR B 586 T3 AW, IR ARAREY 106 T1
O, R B 26.3 TI AR, BRILZ AL, i FEER
TR A RE A AN W B g, AR AR ™ P A o
BB AE BT

T 10 ARk [ gE R IR B K e 3 PR,

MAZB LS R, i e B R R A v B
KGR SARHEROR, 322 DT R A 5 16 2l
F o M TF R ) AR — PR R TR IR DG M) R
WL DL BRI T A i R 1 TR = AR, 5 RIS R
K i sh 8 UIFHOC, SRR 5 H g T Wil s 2
MR Z T, 575 6 s DRI R G 09 T, f264
iz ik AR R ) I 2 AR, T 2 bR — R sk
{RBARIK A 2o 78, LR BRI A ok 43 1, A5 BN
KW R — R B 1T R 7 R0 ik B 7k, ¥
7R R A IR SR HEA . AR E S e HE O B
R G 10 4738 [ 88 R0 e = AR HE R
(%] 4), 45 2w HER & A (3.24 £ 0.77) x 107 tCOse,
o AR e AR R B B AR B R (2.59
+0.65) x 107 tCOqe, I FLERHE b5t B % 5% KA TF-%
T AR

50

= R R = R
40 -

30

FEERALE

20 |
10

0
201320142015201620172018201920202021 2022

K3 FRIE AR KM b T
Fig.3 Output and Proportion of Open-pit

RAR A 2 SRR B AL 2 3 AR 1) 22 5 52
H, 2 PR I AR I BB, 2 At T 2 0
W Al 4= E A A [ BT P £, —BRAG IR AT 2 1 Bk fiE



3082 # %

F #®

2025 4F55 50 4

= PREMARGE = R - B AETK

WHEICR/100 tCO,e

0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
T

P4 FRIE VAR §E KR B HERL &
Fig.4 Carbon emissions from open-pit coal mines in China in
recent years coal mines in China in recent years
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Fig.5 Comparison chart of annual average greenhouse gas
emissions versus annual average carbon sequestration capacity of

forests
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