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ABSTRACT The metal mining industry is the second-largest carbon emitter in China, followed by the power industry. The metal
mining industry is closely intertwined with six major industries that prioritize emission reduction, including steel, nonferrous metals, and
building materials. The construction of mine shafts and drifts plays a pivotal role in the initial development and construction of the
metallurgical mining industry, and its carbon emissions are integral to the advancement of the industry under the “dual carbon” strategy.
This study delves into the distinctive characteristics of budget quota preparation for metal mine shaft and drift construction projects
during the construction period. This study proposes a carbon emission assessment framework and model based on the dual assessment
path of direct and auxiliary systems. Carbon emissions from ten key projects and seven auxiliary projects are calculated at each level
within each carbon assessment path. Furthermore, a comprehensive analysis of the list of substances in the smallest unit processes at
various levels is conducted through multilevel dissection. This analysis culminates in the development of a carbon emission factor
database specific to the mine shaft and drift construction projects, which is achieved by searching and analyzing global lists of carbon
emission substances across different industries. Based on the carbon emission assessment framework presented in this study, the

fundamental data for the top ten carbon emissions in metal mine shaft and drift construction projects are established using the MySQL
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database, with each database labeled by a unique identifier. Subsequently, an efficient indexing and scheduling mechanism is
implemented for the top ten basic data tables using the MATLAB App Designer. This mechanism facilitates the application of a
comprehensive dual-path carbon emission measurement model for detailed carbon emission calculation and analysis of metal mine shaft
and drift construction projects. Case analysis reveals that, in main shaft construction, the primary carbon emitters are associated with the
use of cement, macadam, and electrically driven equipment, accounting for approximately 70%—80% of carbon emissions. From an
emission source perspective, major carbon emitters result from material usage, generating approximately two to three times the carbon
emissions of machinery energy consumption. From an emission pathway perspective, major carbon emitters are predominantly
concentrated in the shaft body construction phase, constituting approximately 92% of carbon emissions within this segment of the main
shaft project. Further analysis indicates that electricity consumption is the primary source of carbon emissions from machinery and
equipment, representing approximately one-fourth to one-third of the total carbon emissions. By contrast, cement consumption serves as
the principal source of carbon emissions from material use, accounting for approximately one-fifth to one-fourth of the total carbon
emissions. Accordingly, energy-saving and emission-reduction techniques should prioritize the optimization of the material preparation
process, such as cement, and the utilization of electrically driven equipment. The outcomes of this study can provide methodological
foundation and data support for detailed carbon assessment and concrete implementation of low carbon emission-reduction policies for
mine shaft and drift construction projects in China.

KEY WORDS mining shaft and drift engineering; metal mine; carbon emission assessment; carbon emission factors; carbon emission

database
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Fig.1 [Illustration of the structural breakdown for assessing carbon emissions during the construction of metal mine shafts and drifts
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Table 1 Parameter definition of the assessment model

Parameter Definition
i Index of the backbone project in the direct system (i=1,2, --- ,10)
Jj Index of subprojects in each backbone project (=1,2, --,J)
k Index of item project in each subproject from the direct system (k&=1,2, --- ,K)
u Index of the working phase in the auxiliary system (1#=1,2,3,4)
v Index of the unit project in each working phase (v=1,2, --- ,V)
w Index of subprojects in each unit project from the auxiliary system (w=1,2, -+ ,I¥)
t Index of the item project in each subproject from the auxiliary system (+=1,2, --- ,T)
Can Overall carbon emissions in metal mine shafts and drift construction projects
Cirect Carbon emissions in the direct system
Caluxiliary Carbon emissions in the auxiliary system
C; Carbon emissions in the i backbone project of the direct system
Cij Carbon emissions in the j subproject of the i backbone project
Cijk Carbon emissions in the & item project of the j subproject of the i backbone project
Cy Carbon emissions in the # working phase of the auxiliary system
Cuv Carbon emissions in the v unit project of the u unit project
Cuvw Carbon emissions in the w subproject of the v unit project of the u working phase
Cuvwr Carbon emissions in the # item project of the w subproject of the v unit project of the u working phase
d Carbon emissions in each of the seven auxiliary system projects; d=1,2, --- ,7 representing hoisting, drainage, ventilation,
auxiliary transportation, lighting, electromechanical, and others
C}]}Eterial Carbon emissions from all materials used in Cjjx
C;?,?Chmery Carbon emissions from all machinery used in Cjjx
Cﬁﬁf"‘"l Carbon emissions from all materials used in Ci;
C:xsr mnery Carbon emissions from all machinery used in Cyyyr
m Type of materials (m=1,2,---,M)
l Type of machinery (/=1,2,---,L)
I Carbon emission factor of the m type of material
fa Carbon emission factor of the n type of energy; n=1,2,3,4 representing the air, electricity, water, and fuel consumption, respectively
z! Unit consumption of the n type of energy used in the / type of machinery
X,';lk Consumption quota of the m type of material in the & item project of the j subproject of the i backbone project
Xt Consumption quota of the m type of material in the ¢ item project of the w subproject of the v unit project of the u working phase
Yl] ik Consumption quota of the / type of machinery in the & item project of the j subproject of the i backbone project
Yllww, Consumption quota of the / type of machinery in the # item project of the w subproject of the v unit project of the u working phase
! Apportion ratio of the # working phase in the d auxiliary system project

u
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Cijk — Cg_l]?terial + C;?]ilchinery )
K
Cij= Z Cijk 6)
k=1
J
Ci= Z Cij D
=1
10
Cdirect = Z C; (8)
i=1

K (5) ~ (8) 7l HAE R GLAE 1 I TR, 738
TR, T AR LR ST e HE o S A A
1.3.4 %l Bly 22 58 ) Btk i ) S5 A 241

() B AT A5l B AR GE AR o 30 AR, il LA, SR
TR, A T BOFLE T i i A A 0

Cunsr = C™®!+ G ™™ 9)
T
Cuvw = Z Cuth (10)
t=1
w
Cov= ) Cum (1D
w=1
|4
Cu=) Cu (12)
v=1
4
Cauxiliary = Z Cy (13)
u=1
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AT AR GE VG S LU O TR B AR G e L
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e VR BT L A TR T30 5 ) -4l 1 2 op A 36
AL

4
d d
Cauxi]iary = Z auCu (14)
u=1

g b, SR I B AR A SR HE A

Can = Cirect + Cauxiliary =

7
Cirect + Z C4 itary (15)
d=1
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LA EE T L E SR HE ST T RB ISR
AT S WA 1L A i 4 A 0 Al HE ik ) A AR
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FLFE AL FNHLA 5 25 T 058 FH B WAk %) e HE ke A1
T8 DL RO TR 2 90 T AR oo Rl o 58 . o
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TR A0 ) e R AT 2, B HE R R W A A
M7 T AR 2 55 UL K [ P A0 e HE R 25040 e R 1 7
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21 FliHEBREETIEmAENEMYRERELR
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T HIE T30 5 i 5 i T e O B 1 — 3 BV Ry B ik )
JT T B4 T RN e HE R R O . AR L s
TR TR 1 Al A 3 0 355 30 5 A0 B S Y m R, 2 R
B B HE S B v B AT LA 43 Sl RN BILARG 52 48 7 R
25, e, 2500 YA [R] o3 2 TR v s A B R B il
FH % 1) Be 5 28 U 5, 43 A O 57 AR T B rh
Yy J5 24 53 1 e HE ke PR - 55000
2.1.1 whkHHE R B 80 o B

BT I ER TR AR MM R Z,
— Ay R EY . TTHLAE S JE MR AL T
PR & JE AR ZA MR AN, H T2k
HERCEHE A Bs PR B AR I T (IPCC FIR IR ES
ARG B AR g ), IPCC 23 MR 4 AN W) [l ¢ b [X 42 {1k
149 %55 17 F) sk HIE ik R %5405 22 EFDB (Emission factor
database) , UK R B, 36 [ BRBE LR 40 R iR P
e [E BT EB AR 45 FRIE H AT JC IPCC B 7 it
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5 AR EARATL R S 52 T CLCD, {H CLCD Jf
IE L TR X B HE R R R e TR S S Y,
BARAmMEE R H S &R L& TR Y
[ 40 S AR AR R E R, AT HEMA.
U, ARSCEEA T T B AN A B ik HE O B A
1HE LA HE 5 PR - B8l PR B oRE, 45 &0 L 3R it T
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AR HE N T, 2 JBOR T I I ik
TR T 0 32 B B R HE R A . (B
RS, TR HE R 7 5 4 ) Y il
% U2 E oy SO T vk B B MG, AR 1L
Tt H 525 R 004 R HE R R - 34 1T BB AE A 25 57
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Table 2 List of the carbon emission factors of major construction

materials for metal mine shaft and drift engineering

F2(8)

Table 2 (Continued)

Carbon emission

. Carbon emission
Unit of

ID Carbon emission inventory material factor/
(kg CO; eq)

1 Water—gel explosive kg 0.18541
2 Ammonium nitrate explosive kg 0.2629"
3 Electric detonator kg 7.958%
4 Nonelectric detonator kg 7.381

5 Plain detonator kg 7.9589
6 Blasting fuse kg 5.88%

7 Bus wires (for vertical shaft) kg 5.8

8 Iron wires kg 2.28B1
9 Hollow hexagonal steel kg 2.3481
10 Alloy steel bit kg 2.058"
11 Waterproof cover kg 3.368)
12 Wind kw-h 0.0274854
13 Water m’ 12,3257
14 Log ke 1,819
15 Pitwood m’ 87817
16 Wood sleeper m’ 878!
17 Portland cement C32.5 kg 0.73581
18 Rebar ¢6 mm kg 2.34B1
19 Round steel bar $8 mm kg 2.3481
20 Steel wire strand ¢15.24 mm kg 237581

ID Carbon emission inventory rlrf;i;r(i)afl factor/
(kg CO; eq)
21 Rigging kg 2,058
22 Angle steel 30 mm x 3 mm kg 2.3881
23 Flat steel 25 mm x 3 mm kg 2.3884
24 U-steel 107 kg 2.3881
25 H-bar 18-24" kg 2.3884
26  Manganese steel plate = 50 mm kg 2,481
27 Steel rail 24-38 kg'm™' kg 2.3801
28 Fish plate kg 2287
29 Fishtail screw kg 2207
30 Iron chair kg 2.1987
31 Cast iron (anchor head) kg 2.1987
32 Cast iron (pad wedge) kg 2.1987
33 Sieved sand kg 0.0025151
34 Rubble kg 0.0021884
35 Macadam ¢< 10 mm m’ 0.002188Y
36 Brick 240 mm x 11Smm x 53 mm ~ m’ 2508
37 Accelerator kg 0.54385
38 Resin-bonded mastic kg 3.368
39 Antirust paint C53-1 kg 3.5020%
40  Red lead rust-proof paint F53-31 kg 6.4309141
41 Synthesis of mixed paint kg 6.5511
42 Paint oil kg 1.7541
83 Rag ke 2.5
44 Wire brush kg 2207
45 Steel wire cloth kg 2.1987
46 Charcoal kg 0.18%
47 Iron nail kg 2.1987
48 Welding electrode kg 2,207
49 Manganese steel welding rod kg 2.48514
50 Drill rod kg 2.0584
51 Core barrel $75 mm x 7 mm kg 3.1581
52 Core bit ¢75 mm kg 2.058"
53 Nuts and washers kg 2207
54 Dowel kg 2.0581
55 Washer kg 3.36%
56 Embedded iron kg 2.1987
57 Nut bolt ke 2,207
58 Resin cartridge kg 72.65%1
59 Tray 8 mm kg 2.1987
60 Cement cartridge kg 0.735%4
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AR A SCHIT IR Al 0, B LA 25 AR 3 AE
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DX 35 FL R4 £14 FL g 9 R B HE T DR 1 D AR SR g i
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i B HE T e 128 il L 191

R 3 FREURI] X 0 L A PR PR v
Table 3 List of carbon emission factors for electricity production in
different power grid regions in China!"l

Carbon emission factors/

Region (t CO, eqMW-h')
Northern region of the power grid 0.9419
Northeastern region of the power grid 1.0826
Eastern region of the power grid 0.7921
Central region of the power grid 0.8587
Northwestern region of the power grid 0.8922
Southern region of the power grid 0.8042

JXUFE T8 H J2 B 1L B P B I AR R P,
B AR IE AR R O L I RE, A R 25 G T
AL K i AL, g REFE AN i T (i &0 1l
A TR TG E ) 2 97 AN [ 0 30T A 119 XURE
T, AL U 0 AN () KU AL A8 XURIL B 6 H,
Rl R 2 3 %0 XURE AR HE T A7 0 55

[F] B, 7K FE 11 785 A fe Ak 3K 20 [ A 2 vl T, AN
[7] 73 T T A% T B4 ACRE [R) A T DL B4 M o e 1
o TR PR ) P AR B, DR ke U 1 2 A [l
JK I 7K B A 4 A Fi i B AT R IR 3 08 KRR ik HE
TR AT A

S B HE L ) 32 BN R N APL IS 5 | i T

YEPR 5T 55 22 J7 1 DR 3 52 ), B4 2 ) 280 5 g R L
QU 2207 N [ R R o N <98 77 2 TITRS i R e
W £ B I 5E B HE DR 1 110 T 378 B 37 1R e 9% 5
1M, A SCHR i Ozgen F Caserinil® 42 4t 1) 52 i1 14
LR HE R T EF gieset 1585 2 UEATH0 (ILSK (16)).
2
EF diesel = ZDEFg-GWP-WdieSd (16)
g=1

Hirfr, DEFJ& S8R 58 7™ A= B9 A [ e 7 40 1) ke HE
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PR, AT AR TPCC R A4 S8 I MR 08 ik HE DR 7 ey
EIEATHUE, Horh CO, MBRHER R T4 5 R 7.41x
1072 tCO,eq'MI ', CH, HYBRHER A T 58 (H A 4.15%
1073 tCO,eq'MI . GWP J& Ak i 4Bk TR T,
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PR, MR A5 2 (16) AT 45 AR SR FH A S s HE Ji IR
T4 3.5812 tCOseqt . [AJRETT B 56 VE 1 &, Tk E 4
I — B3 FsF [ 22 ] R X i HE ik PR 7 B . GWP A
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i 2R AR B adE, DAV A5 A 4 il 45 Ak A R IR B B
HE i H & B A A, R T R Rk
HA AT, R, S i B HE R K7 AR EL
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EHBERG T, 3T TREEEM UM+
KFET THIH, I i M —FriH A DBID(Backbone
project Identification of the direct system) ¥£ 17 5 ic .
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Fig.3 Structure and index relationship in the fundamental carbon emission database
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Fig.6 Carbon emission statistics module
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Fig.7 Carbon emission analysis module
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Table 4 Quantity table of the main shaft

Support Section/m? Quantity/m*
No. Subproject Thickness/ Length/m . Excavation ~ Support
Type Excavation  Clear
mm quota quota
1 Shaft neck A Reinforced concrete 1200 42.5 66.44 36.30 2823.7 1281.0
2 Shaft neck B Reinforced concrete 800 342 55.39 36.30 1894.3 652.9
3 Shaft crib Reinforced concrete 2.8 217.6 77.7
4 Shaft body (H < 400 m) Concrete/reinforced concrete 450 320.5 46.54 36.30 14916.1 3281.9
5 Shaft body (400 m < H < 600 m) Concrete/reinforced concrete 450 200 46.54 36.30 9308.0 2048.0
6 Shaft body (600 m < H <1000 m)  Concrete/reinforced concrete 450 400 46.54 36.30 18616.0 4096.0
7 Shaft body (1000 m < <1200 m) Concrete/reinforced concrete 450 18.5 46.54 36.30 861.0 189.4
+
8 Shaft body (1000 m < H < 1200 m) Anchor net 500 181.5 4776 3630 8668.4 2080.0
concrete/reinforced concrete
+
9 Shaft body (1200 m < H < 1500 m) Anchor net 500 218.5 4776 3630 104356  2504.0
concrete/reinforced concrete
10 Shaft body (1200 m < £ < 1500 m) Anchor net + 550 44 4899 36.30 2155.6 558.4
concrete/reinforced concrete
11 Shaft body (1500 m < < 1800 m) Anchor net + 550 141.5 4899 3630 6932.1 1795.6
concrete/reinforced concrete
12 Shaft cap Reinforced concrete 500 60.2 27.6
13 Horsehead (—1000 m) Reinforced concrete 450 10 16.21 11.49 162.1 47.2
14 Horsehead (—1400 m) Reinforced concrete 450 10 16.21 11.49 162.1 47.2
15 Horsehead (—1585 m) Reinforced concrete 450 10 8.80 5.45 88.0 335
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Table 5 List of air compressors

Type  Specifications and models Working power/kW  Number

Fixed SA160A 160 2(1)

Mobile PES720 132 8

F6 BNBAAEISR

Table 6 List of ventilators

Depth/m Type Specifr:fg:;;ls and p?“(:r(/ill(l%v Number
—1000  Inlet air DK62-12-No34 315%x2 1(1)
—1120  Inlet air DK40-8- No25 200 x 2 1(1)

1260 Inlet air DK62-12- No34 315%x2 1(1)
1320 Inlet air DK40-8-No25 200 x 2 1(1)
—1400  Inlet air DK40-8-No25 132x2 1(1)
—1200  Return air K45-4-Nol13 90 1(1)
—1120  Return air DK62-12-No38 630 x 2 2
—1320  Return air DK62-12-No38 630 x 2 2

s, AT RE A A0 25 A LA ) B R VR T
FE I i HE O L3 b, B HE R 7 19 22 5 4 X ik
HEH o3 Bt 45 SR of S 3 5

HE— 2543 B v, ML 8 A5 16 i HE R U5 B
BRI ON E, X B R i B RIS
TR 3 AR R B A 8 A, TR B IR A R SR Bl
VS R Sy, seAk, HEK L R 8RR A
F B F7 R R R T, Rk, H T T R R R
TER B F I o LR, 295 3] 174 ~ 1/3. 7E M
AL T, AR 3 AR AR K R I TH AR L, X

TORPERH] o B AR W 2%, T & R AT

PEAT BT L W . MR L v B AR 224 BRTY i 4%

S DRI, K B R AR HE B 2 Rl A,

B TR T RE DR HE AT, e R LAY
REATRE A e 161, el i i pe Al K e 5 A7 25 4
il 45 T 20, WF R AT RE R AU R, 35 3 [ ik i iR

TR . U, W T 9K Bl i A 1 Bl HE L AN 20
WL, o A P X B A N R | AR L LA it
B R G, KEAR L 0 KBl o B B AR HE T

4 it

(D) A SCR H A Ll 4 TR e Fo T i, 2
W AR BT L s s TR A AR HE RO A A
W o TR N HIE RS TR RS T
TR, o3 51 Sk W 25 I B B A S ¢ 1 I I A e
I AR AR S o A bR v AR T LI A TR
i HE S B 5 R 3 T b AR Rl HE DU AR A, iz
MySQL i& 5 #o 1 &J@a 1 ik TRL N
e I T30 5 At 5 A0 P, A P R T Ll AR TR
2 3 G0 R B 22 G0 0Tt 0 A e HE TR0 55 3 At K
P, s Al sk F & Jm o Il s ik TR AR
KT RES % R ot 44 55 Sk HETRCR -1 F.

Q) ACHT MATLAB# @ T — N4 B 1l
FEAR TR Ok HE R BE N BB 5, B BT Y
e HIE T30 A R % il ke e el B i e AT A AL
B, S BT v AR HE T Bt R R A A S
i 40 Ak 0 i HE i) 5 8 SR [ B 8 481 0 B S,
e HE TR 0 A 204 15 R AR AR o HIE s 0 - 45
H 2l PR A HE B A . B0 BHER 7, S L s
BT AR B 5 A B2 4k m 5 0 50al S 4%

() A SCIAZN 545 1 [ P &M HE TR ERRRE
B o HE R 7 AR R, 5 A R IE G B AT L0 AR
TR A TR R T 44 SR R, TR T I
AR I TR 4 U AR 9 Al HE TP o 44 S Vi B N AR
B A HE ke PR - . 0 el T as HE R T & B
AL FTRE R B4 2B 7 ) A T2 e AN W As 4k, TR e AE
ASCHE AR A JE AT LU A TR HE R g A K
A EHIMAT B E 3 AmHEE T Y EE,
TUH b AT AR 48 75 SR AE e HF i P B R A
AR B AEAS ) AR R o B s HE 30 A5 A

7 M HKBERS R

Table 7 List of water supply and drainage equipment

Type Specifications and models Working power/kW Number
Water supply Water pump 1S100-80-160 15 2(1)
Multistage pump DFS450-60 x 8 900 2(2)
Multistage pump DFS450-95 x 12 2240 2(2)
Centrifugal pump D46-50x5(P) 75 1(1)
Water drainage

Submerged pump 6699 x 11 37 1(1)

Submerged pump 6699 x 3 9.2 3

Slurry pump 65ZJL-A30 18.5 2
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