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Calculation of a Diesel Vehicle’s Carbon Dioxide Emissions during
Haulage Operations in an Underground Mine using GIS

Boyoung Park, Sebeom Park, Yosoon Choi*, Han-Su Park

Abstract This study presents a method to calculate carbon dioxide emissions of diesel vehicles operated in an
underground mine using Geographic Information Systems (GIS). An underground limestone mine in Korea was
selected as the study area. A GIS database was constructed to represent the haulage roads as a 3D vector network.
The speed of dump trucks at each haulage road was investigated to determine the carbon dioxide emission factor.
The amount of carbon dioxide emissions related to the truck’s haulage work could be calculated by considering
the carbon dioxide emission factor at each haulage road and the haulage distance determined by GIS-based optimal
route analysis. Because diesel vehicles are widely utilized in the mining industry, the method proposed in this study
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can be used and further improved to calculate the amount of carbon dioxide emissions in mining sites.

Key words Underground mine, GIS, Carbon dioxide emissions, Diesel vehicle
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Fig. 1. Study area. (a) Location. (b) Aerial view (image source: Vworld, http://map.vworld.kr/map/maps.do). (c) Mine safety
map of the Deasung MDI limestone mine, Samcheok-si, Gangwon-do, Korea

Table 1. Mine equipment used in the study area

Equipment Characteristics Quantity
Jumbo Dirill 2-boom 5
Crawler Drill Diesel type 2

ANFO Charger 500 £ 3
L.HD. 45 m’ 3
Loader 3.7 m’ 2

Excavator 0.8 m’ 3

Dump truck 15 ton 15
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Fig. 2. View of haulage roads in the study area. The data structure of 3D vector network was used to represent these haulage

roads in the GIS database
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Table 2. The CO, emission factor equations developed by NIER (2013). x is the speed of vehicle. y represents the CO,
emission factor

Type Fuel Speed Equation
Subcompact ) under 65.4 km/h y=2887.12¢~ 05703
Gasoline
(under 1,000 cc) over 65.4 km/h y=0.9303z +30.821
) under 65.4 km/h y=1313.72~ *¢
Gasoline
Compact over 65.4 km/h y=0.5447x + 78.746
(1,000 - 1,600 cc) ) under 65.4 km/h y:1133'1x—0.587
Diesel
over 65.4 km/h y=0.6175x +62.478
) under 65.4 km/h y=1555.50" 0578
Gasoline
Sed over 65.4 km/h y=0.0797r +144.19
edan
Mid-Size under 65.4 km/h y=1818.1z 06643
Diesel
(1,600 - 2,000 cc) over 65.4 km/h y=0.3184z +95.66
under 65.4 km/h y=1539.40~ 05748
LPG
over 65.4 km/h y=0.50562 +117.39
under 65.4 km/h y=1970.1~ 06187
Gasoline
Full-Size over 65.4 km/h y=0.1791x +145.07
(more than 2,000 cc) PG under 65.4 km/h y=1849.87 06164
over 65.4 km/h y=—0.1348z +159.9
Subcompact LPG under 65.4 km/h y="791.33z~ 05232
(under 1,000 cc) over 65.4 km/h y = 1.02552 +33.036
under 65.4 km/h y=1862.65 0004
LPG
Compact over 65.4 km/h y=0.47172x+125.54
(less than 15 passengers) bicsdl under 65.4 km/h y=1923.2¢ 05941
iese
over 65.4 km/h y = 1.0658z +93.436
Van
Mid-Size Dicsel under 65.4 km/h y=1829.95 04409
iese
(16 - 35 passengers) over 65.4 km/h y=0.2162z -+ 309.46
) Diesel y=4638.6z" '™, if x<47km/h
Full-Size City Bus _ 05582 -
CNG y=5019.8z , if x<47km/h
(more than 36 o
under 65.4 km/h =2676.7z "
passengers) Express Bus Diesel Y
over 65.4 km/h y = 1.3034x + 548.56
Compact under 65.4 km/h y=1135.2¢ 04068
(loading capacity: less than 1 ton, gross| Diesel
weight: less than 3.5 ton) over 65.4 km/h y=2.2307x +25.76
Mid-Size
Truck (loading capacity: 1~5 ton, Diesel y=0.10292> — 14.937x + 798.9
gross weight: over 3.5 ton)
Full-Size
(loading capacity: more than 5 ton, Diesel y = 6240.32 3829
gross weight: more than 10 ton)
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Fig. 3. CO, emission factor (g/km)-Average speed (km/h) plot of full-size diesel dump trucks

Table 3. Average speed and CO, emission factor of 15 ton diesel dump trucks in the study area

Crusher Portal Crossroad Workspace
-Portal -Crossroad -Workspace Entry
Average
Empty speed 20 20 10 15
mp
trucks (lm/h)
(uphill) CO, emission
factor 1,982 1,982 2,584 2,212
(g/km)
Average
Loaded speed 15 15 5 10
oade
trucks (km@) -
(downhill) CO, emission
factor 2,212 2,215 3,370 2,584
(g/km)
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Fig. 4. Optimal haulage route of dump trucks. (a) ‘Crusher-Portal’ and ‘Portal-Crossroad’ sections. (b) Route A (470 ML),
(c) Route B (540 ML), (d) Route C (590 ML)

Table 4. Haulage distance between each loading point (470 ML, 540 ML, 590 ML) and the crusher in study area

Section Distance (km)
Empty trucks Loaded trucks

Crusher - Portal 1.51

Portal - Crossroad 1.69
470 ML 1.47 1.30
Crossroad - Workspace entry 540 ML 0.71 0.71
590 ML 1.06 1.01
470 ML 0.72 0.68
Workspace(loading point) 540 ML 0.54 0.48
590 ML 1.14 0.88
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Table 5. CO, emissions of dump trucks calculated in the study area

Crusher Portal Crossroad Sum Sum
-Workspace Workspace . .
-Portal -Crossroad (one-way trip) | (round trip)
entry
Empty 2,989 3,359 3,798 1,589 11,735
470 ML trucks 24,935
(Route A ’
) | Loaded 3,337 3,750 4368 1,745 13,200
trucks
Empty 2,989 3,359 1,823 1,192 9,363
540 ML trucks 20,074
Route B ’
( ) | Loaded 3,337 3,750 2,378 1,246 10,711
trucks
Empty 2,989 3,359 2,747 2,526 11,621
590 ML trucks 24387
Route C >
( ) | Loaded 3,337 3,750 3,399 2,280 12,766
trucks
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