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A Study of the Combination Method for Earthwork Equipments
Using the Environmental Loads and Costs

ABSTRACT

Great efforts have been made worldwide to reduce the Green House Gas (GHG) emission following the “Kyoto Protocol” declared
during the United Nations Framework Convention on Climate Change in 1997. Many industries have restructured to meet the standard
set by the Protocol. However, no clear guidance has been established for the purpose of reducing the GHG emission in construction
industry. In addition, no significant effort has been made to conserve the energy during construction activities. For more effective
energy saving in construction industry, it is essential to collect data about energy consumption, quantity of environmental emissions
and costs. However, most studies on sustainable construction have been concentrated on the use of equipment, maintenance and repair
works during construction due to the difficulties of collecting such data. This study suggests a method to select the most
environmentally friendly equipment combination for earthwork with comparing environmental loads and costs using the database of
Life Cycle Inventory in the Ministry of Knowledge Economy and Ministry of Environment of Korea.
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Table 1. ¢’ of Different Bulldozer Standard (Standard Estimate,

2009)
Ton 4 7 10 12 13 19 32
Type
Crawler
Bulldozer 05 | 11 L5 | 20 | 1.5 | 32 | 55

Table 2. E Value of Different Transportation Distance (Standard
Estimate, 2009)

Distance (m) | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80

E Value 1.00 | 0.96 | 0.92 | 0.88 | 0.84 | 0.80 | 0.76 | 0.72

Table 3. E Value of Different State of Soil (Standard Estimate, 2009)

Field Natural State Disheveled State

ondition

Soil Name Good | Normal | Bad | Good |Normal | Bad

Sand- Sandy Soil 0.80 | 0.65 |0.50| 0.85 | 0.70 |0.55

Soil with Gravel -

Cohesive Soil 0.70 | 0.55 |040| 0.75 | 0.60 |0.45

Cataclastic Rock 035 |0.25
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Table 4. V], V, Value of Caterpillar Type (Standard Estimate,
2009)

Division| Advance Speed (m/min) |Reverse Speed (m/min)
Standard 15[ 2nd 3rd 4th 1st 2nd 3rd
(ton) shift | shift | shift | shift | shift | shift | shift
4 (Ultra Wetlands)| 40 | 57 | 100 | - 63 85 -

7 43 | 67 | 92 | 116 | 53 78 107
10 42 | 64 | 8 | 116 | 50 75 105
12 40 | 55 | 75 | 107 | 48 70 | 100
13 (Wetlands) | 40 | 55 | 75 - 48 70 -
19 40 | 55 | 75 | 103 | 46 70 98
32 40 | 52 | 70 | 91 43 58 79

Table 5. Main Fuel Mileage of Different Bulldozer Standard

(Standard Estimate, 2009)

Name Division|  Standard (ton) Main Fuel (L/hr)
7 9.0
10 12.5
Crawler Bulldozer 12 14.6
19 25
32 41.6
4 54
Wetland Bulldozer 13 146
Table 6. Energy Consumption of Bulldozer
Division| Amount of Earthwork Design : 4,000r’ (Assumption)
3 7 10 12 13 19 33
Variable ton | ton | ton | ton | ton | ton | ton
9 0.5 1.1 1.5 120 | 1.5 | 32 5.7
e 096 | 0.96 | 0.96 | 096 | 0.96 | 0.96 | 0.96
E 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65
Vi 40 43 42 40 40 40 92
123 63 53 50 48 48 46 110
Earth Volume! | ) 124127 319,15 410.77|308.08| 647.18| 2103 81
(' /day)
Number of
Bulldozer 36 17 13 10 13 7 2
Energy
Consumption | 43.20 | 72 100. | 116.8|116.8 | 200 | 339.2
(ton/day)
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Table 7. Bucket Coefficient (Standard Estimate, 2009)

Field Condition K

Easy to excavate soft soil,

. . 1.10
The sand frequently full in the bucket, Normal soil

Table 8. E value of Different State of Soil (Standard Estimate,

2009)
Field Natural State Disheveled State
ondition

Soil Name Good | Normal | Bad | Good | Normal | Bad
Sandy Soil 0.85 0.70 10.55]0.90 | 0.75 |0.60
Soil with Gravel | 5| 60 10.45| 0.80 | 0.65 |0.50

Cohesive Soil
Cataclastic Rock 045 1035

Table 9. 1 Cycle Time of Different Standard (Standard Estimate,

2009)
Angle of] Cycle Time(sec)
Traverse
Standard (ms) 45 90 135 180
0.12 13 15 18 20
0.2 13 15 18 20
0.4 13 15 18 20
0.7 16 18 20 22
1.0 17 19 21 23
2.0 22 25 27 30
Q : IR ZdHmh) ¢ HFe] AAEH(m)
ko WA [ EESRAS
£ AaEs G, - AolZeR)(sec)
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Table 10. Main Fuel Mileage of Different Shovel Standard
(Standard Estimate, 2009)

B8 dojEg B8 ek

Crude Oil, Naphtha, NaOH, Hydrogeng 822 sh= 2%

Standard () Main Fuel (L/hr) L 992 Arele] e BASS Ysls TAS ARe H]%;‘
0.12 32 2ol AEL yAsh 7+ J.xqoﬂ A BRAER= S A EE ke B
0.2 5.0
0.4 9.9 Aes EUE AREIIoH 1 dlolEe A2PAN- ¢ 75#
0.7 16 o4 7] 728 LCl DBE 283f0] 2 oipo] =ga
1.0 19.5
2.0 328 o _
321 ZRO| SN5 HETE 24
R=R=ACDS ]]e = 5]“ %] 3
Table 11. Energy Consumption of Shovel Bfrell v daby 5 Ae Edle SAshd 289
5 TS PR 543 SR PEE EEs] SJEl AR 9
Division| Amount of Earthwork Design : 4,000 (Assumption) B B B
Standard PHFE AL, ATeds), 0EFuly, FsiehlshEg A,
andar
ALAY R=¢} 9 2eRs SRS 951 vfelr )L
012 | 020 | 040 | 070 | 1.00 | 2.00 s, APt Solm 2009 A SIS A Al
Variable @) | ) | @) | @) | @) | @) A Ap5e] st 1 B34 Table 129} 2t
q 0.12 | 020 | 040 | 0.70 | 1.00 | 2.00
K 1.10 | L.10 | 1.10 1.10 | 1.10 1.10 3 AQo| Xst 2 =5}
f 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 oTroﬂ o3l ek AFs) 9 =8t Ayl+= Table 13
E 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 3} 2t}
S . O . A L BitEighe] AEe ofele] At e ApgE B o) ofrk
Ea?;;);(’lu)me 141.93 | 236.54 | 473.09 | 689.92 | 933.73 |1419.26 =, 58k 3l ol SAsaYE AeE sk AR v
@ o0 2M E4] Aslo] 7155k oJake] A ZQAS HolE)
Numberof |, |7 | g 6 5 3
Bulldozer 2=
Energy oA7IA, ArtsRIAIe} S8Rk A2 AFolA A gk
Consumption | 25.6 40 79.2 92.8 156 262.4 S olg3lk Askar = (Ci / Ni)
(ton/day)
Table 12. Environmental Impact of Diesel
Division Unit Qharacterlzatlon Environmental Cost (won)
Environmental Impact
Resource Depletion kg Sb-eq/kg 2.80E+01 5,140
Global Warming kg CO2-eq/kg 3.83E+02 15.13
Ozone Destruction kg CFCl1-eq/kg 1.28E-03 85,025
Oxide Generation Photochemical kg Ethene-eq/kg 1.90E-04 7,449
Acidification kg SO2-eq/kg 2.96E+00 11,571
Eutrophication kg PO43-eq/kg 1.27E-02 35,599

Table 13. Result of Normalization and Weighting of Diesel

(unit:kg-eq/kg)

Division Characterization Result | Normalization Factor | Normalization Result | Weighting Factor | Weighting Result
Resource Depletion 2.80E+01 2.49E+01 1.12E+00 0.250 2.81E-01
Global Warming 3.83E+02 5.12E+03 7.48E-02 0.248 1.86E-02
Ozone Destruction 1.28E-03 4.07E+01 3.14E-05 0.161 5.06E-06
Oxide Generation Photochemical 1.90E-04 1.03E+01 1.84E-05 0.024 4.43E-07
Acidification 2.96E+00 3.98E+01 7.44E-02 0.058 4.31E-03
Eutrophication 1.27E-02 1.31E+01 9.69E-04 0.035 3.39E-05
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Table 14. Environmental Load of Different Bulldozer Standard at Amount of Earthwork 4000/77° (unit: kg-eq/kg)
4ton Tton 10ton 12ton 13ton 19ton 32ton
Resource Depletion 3.72E+02 2.92E+02 3.11E+02 2.79E+02 3.63E+02 3.35E+02 3.18E+02
Global Warming 2.45E+01 1.93E+01 2.05E+01 1.84E+01 2.39E+01 2.21E+01 2.10E+01
Ozone Destruction 6.69E-03 5.27E-03 5.60E-03 5.03E-03 6.54E-03 6.03E-03 5.73E-03
Oxide Generation Photochemical 5.85E-04 4.61E-04 4.89E-04 4.40E-04 5.71E-04 5.27E-04 5.01E-04
Acidification 5.70E+00 4.49E+00 4.77TE+00 4.28E+00 5.57E+00 5.13E+00 4.88E+00
Eutrophication 4.49E-02 3.53E-02 3.75E-02 3.37E-02 4.38E-02 4.04E-02 3.84E-02
Table 15. Environmental Load of Different Shovel Standard at Amount of Earthwork 4000/7° (unit: g-eq/kg)
0.12m 0.2m 0.4m’° 0.7m’ I’ 2m’
Resource Depletion 1.77E+02 1.62E+02 1.70E+02 1.33E+02 1.86E+02 1.88E+02
Global Warming 1.17E+01 1.07E+01 1.12E+01 8.78E+00 1.23E+01 1.24E+01
Ozone Destruction 3.20E-03 2.93E-03 3.07E-03 2.40E-03 3.36E-03 3.39E-03
Oxide Generation Photochemical 2.79E-04 2.56E-04 2.68E-04 2.10E-04 2.94E-04 2.96E-04
Acidification 2.72E+00 2.49E+00 2.61E+00 2.04E+00 2.86E+00 2.89E+00
Eutrophication 2.14E-02 1.96E-02 2.06E-02 1.61E-02 2.25E-02 2.27E-02
Table 16. The Equipment Combination of a Hi%h Environmental Table 17. The Equipment Combination of a L0\3N Environmental
Load at Amount of Earthwork 4000m Load at Amount of Earthwork 4000/
(unit: kg-eq/kg) (unit: kg-eq/kg)
Bulldozer 4ton | Shovel 2n7 Total Bulldozer 12ton | Shovel 0.757° Total
Resource Depletion 3.72E+02 1.88E+02 5.60E+02 Resource Depletion 2.79E+02 1.33E+02 4.12E+02
Global Warming 2.45E+01 1.24E+01 3.69E+01 Global Warming 1.84E+01 8.78E+00 2.72E+01
Ozone Destruction 6.69E-03 3.39E-03 1.01E-02 Ozone Destruction 5.03E-03 2.40E-03 7.42E-03
oride Beneralon | sgse04 | 296E04 | 88IE04 Ouide Beneraion | 440804 | 210804 | 649E04
Acidification 5.70E+00 2.89E+00 8.59E+00 Acidification 4.28E+00 2.04E+00 6.32E+00
Eutrophication 4.49E-02 2.27E-02 6.76E-02 Eutrophication 3.37E-02 1.61E-02 4.97E-02

34 SEEY LCARM & Znt o] vk g & = lolek HER FAlelz 2m'e] AV e
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Qomw o] F gue] 3] wh PRI T AT ¢ 5 A

o} BEe] e gt ke 23k vlagho 2y $Ey ol2fd LCA 71% Bl B34} WAloln] AAEg o] 4000

3d=719] AR : F o m A BAR] = 2 e 29| Rale] Ao}

4000m’A1e] FARSLFS Ao = Zh ) =718 Rk of 136w Uehde 2 & 5 gk 7L ) 2 s
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T Table 16, 175} 22 23} Fho] =2 Hck £4 23 254 1) AAEFEE 4000m° A B7H]G A2

4Eo] 7FE BRTFEo] =9kl =eA] 12E0] 71 B8RSk LCAZ 53 873182 gts7] $J8 Table 125 o]&3}o]
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Table 18. Environmental Cost Calculation of Bulldozer (unit: won)
4ton Tton 10ton 12ton 13ton 19ton 32ton
Resource Depletion 1,910,148 1,503,357 1,596,703 1,434,576 1,864,949 1,719,526 1,635,024
Global Warming 371 292 310 279 362 334 318
Ozone Destruction 569 448 476 427 556 512 487
Oxide Generation Photochemical 4 3 4 3 4 4 4
Acidification 65,98 51,92 55,15 49,55 64,41 59,39 56,47
Eutrophication 1,597 1,257 1,335 1,199 1,559 1,437 1,367
Total 1,978,669 1,557,286 1,653,980 1,486,038 1,931,849 1,781,209 1,693,676
Table 19. Environmental Cost Calculation of Shovel (unit: won)
0.1207 0.2m’ 0.4m’ 0.7m 1 2
Resource Depletion 911,84 835,19 875,48 683,88 958,02 966,36
Global Warming 177 162 170 133 186 188
Ozone Destruction 272 249 261 204 285 288
Oxide Generation Photochemical 2 2 2 2 2 2
Acidification 31,497 28,849 30,241 23,622 33,092 33,397
Eutrophication 762 698 732 572 801 808
Total 944,550 865,159 906,390 708,412 992,388 1,001,549
Table 20. Ownership Cost Coefficient of Bulldozer Table 21. Ownership Cost Coefficient of Shovel
Hourly Red . Servici Hourly Red . Servici
Coefficient| R€ emption | Servicing Maintenance Coefficient| R€ emption | Servicing Maintenance
(10” 7) Cost Cost Coefficient Total (10” 7) Cost Cost Coefficient Total
Coefficient | Coefficient Coefficient |Coefficient
Standard Standard
Bulldozer Shovel
4,7,10, 12,13, 19, 750 583 430 1,763 0.12,0.2,0.4,0.7, 900 700 288 1,888
32ton Common 1.0, 2.0 Common
AL¥stolck S84 A3 Tablel8oj|x{e} o] BEA] 4= I ZF Alre] o= oFofA] vk Afi+= gHE 1,60095

o] 1,978,6699 2. 24 71 3gn]8-0] kIl 12E0] 1,486,038
Aoz FAn|go] 71 whodrh TS Tablel9oA =217
L 2m’o) 1,001,549.0 24 713 $n80] =9kt 0.7m’0)
708,412 0 24 714 $7gn]go] Yk}
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Table 22. Calculation of Bulldozer Construction Costs

4T 7T 10T 12T 13T 19T 32T
Hourly Rental fee (won) 5,311.91 9,740.57 21,525.48 25,392.66 21,305.62 25,040.77 33,257.23
8 Hours Rental fee (won) 42,495 77,925 172,204 203,141 170,445 200,326 266,058
Driver Unit Wage (won) 100,237 100,237 100,237 100,237 100,237 100,237 100,237
+DriverI:j1?ittai?§:Ze (won) 142,732 178,162 272,441 303,378 270,682 300,563 366,295
Construction Period (day) 36 17 13 10 13 7 4
Diesel Consumption (L) 1555 1224 1300 1168 1518 614 1400
Diesel Price (won) 1,600 1,600 1,600 1,600 1,600 1,600 1,600
Diesel Cost (won) 2,488,320 1,958,400 2,080,000 1,868,800 2,429,440 983,040 2,240,000
Total Cost (won) 7,626,685 4,987,147 5,621,731 4,902,583 5,948,306 3,086,982 3,705,179

Table 23. Calculation of Shovel Construction Costs

0.12m° 0.2m’ 0.4m’ 0.7’ 1 2’
Hourly Rental fee (won) 7,141.15 10,597.6 12,453.4 18,961.95 23,2332 53,395.6
8 Hours Rental fee (won) 57,129 84,781 99,627 151,696 185,866 427,165
Driver Unit Wage (won) 100,237 100,237 100,237 100,237 100,237 100,237
+Driverl§jrr11ittai;:e (won) 157,366 185,018 199,864 251,933 286,103 527,402
Construction Period (day) 29 17 9 6 5 3
Diesel Consumption (L) 742.4 680 712.8 556.8 780 787.2
Diesel Price (won) 1,600 1,600 1,600 1,600 1,600 1,600
Diesel Cost (won) 1,187,840 1,088,000 1,140,480 890,880 1,248,000 1,259,520
Total Cost (won) 5,751,460 4,233,303 2,939,258 2,402,476 2,678,513 2,841,725
5, Il*“;"gl- ﬂgu' Dﬂb} Xolt"klo-l Table 24. Sum of The Construction Costs and The Environ.mental
Costs of Bulldozer (unit: won)
1 XX ZH|ZX3H MA g o Construction | Environmental .
_ Division Cost Cost Total Ranking
Table 18, Table 199jx] AFg¥ $H81]-837% Table22, Table23 (Ranking) (Ranking)
ol AP FA]S] FomA AR 29ks At 4 | 7,626,685(1) | 1978669 (1) |9,605354| 1
7t 4,987,147 (4) | 1,557,286 (6) | 6,544,433 4
2 EA™ EH|XE MA Zu} 10t 5,621,731 (3) | 1,653,980 (5) | 7,275,712 3
*/‘}319} 3v8e] TAIRA A GSHT 395 1L 12t | 4,902,583 (5) | 1,486,038(7) | 6,388,621 5
F ZE7] NS E2314rh Table 245 B54] H240] 4494 13t | 5,948306(2) | 1,931,849(2) | 7,880,155 | 2
3} Bex] 1980] FAM] 2@y} 44 2HoA S8t AL 19t | 3,086,982(7) | 1,781,209 (3) | 4,868,192 7
o} 2= 99k 32t | 3,705,179 (6) | 1,693,676 (4) | 5,398,855 6
18]3L Table 25+ 2P| PR AR} EdH]8-<] T
2A AAISHT 5] AT k3R] JH|E HolFa AP} SN B g v AriF o Fdo] Fof
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Table 25. Sum of The Construction Costs and The Environmental

Costs of Shovel (unit: won)
Division Construction | Environmental Total ing
Cost Cost
0.12n7 5,751,460 944,550 6,696,010 1
0.2n7° 4,233,303 865,159 5,098,461 2
0.4n7" 2,939,258 906,890 3,846,148 3
0.7n 2,402,476 708,412 3,110,888 6
1.0n7 2,678,513 992,388 3,670,901 5
2.0n° 2,841,725 1,001,549 3,843,274 4
6.3
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