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An Analysis of Factors Affecting Environmental LLoad in Earthwork Type
of Road Project
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Abstract : In the construction industry, attempts to evaluate the environmental impact of products through life cycle
assessment (LCA) approach has been on the rise, However, the domestic construction industry needs to make rapid
decisions due to limited budget and schedule, so it is difficult to carry out a review of the environmental load on all
resources, The decision—making process requires information on the major influence factors that should be focused on to
reduce environmental load, And this information should be quantified so that it can be linked to environmental impact
assessment, In this study, the LCA results of road construction cases were analyzed to provide such information, As a
result, diesel, ready—mixed concrete, urethane—based paint, aggregate, and asphalt concrete were found to be the main
factors that generated 93.17% of the environmental load in the earthwork type of road project. The total environmental
cost caused by these affecting factors when constructing 1 km of earthwork type of road project is 242 million won,
The analysis also shows that a 10% reduction in the amount of ready—mixed and asphalt concretes can reduce carbon
emissions by 5.02% and 2.28% while reducing environmental costs by 11 million won per kilometer, In order to reduce
carbon emissions of the earthwork type of road project, it is necessary to actively develop and introduce new methods
and eco—friendly materials to reduce the overall use of ready—mixed concrete and asphalt concrete,
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EAJA) (Photochemical oxidant creation, POC), AYefAI=A
(Terrestrial eco—toxicity, TET), 17FH=A(Human toxicity,
HT)2] 87 sk lapz=e giafo e E4 219l gist 7]
4] 9] e RSIE dlolguo]A(Database, DB)E 53
LCI (LIfe Cycle Inventory) DBS &-835lo] 34 Hs51S Ak
=g

LCA framework

Goal and scope
definition

Direct application:

* Product development and improvement

= Strategic planning
Inventory “ Interpretation * Public policy making
analysis * Marketing

= Other

Impact “
assessment

Fig. 1. Stages of an LCA (ISO, 2006)
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Table 1. Factors for Korean eco-indicator

Impact . Normalization | Weight | Converted
Unit ;
category factor factor unit
ARD 1/yr 24.9 0.231
AC kg SO,—eq 39.8 0.036
EUP kg PO,;—eq 13.1 0.038
GW kg CO,—eq 5,530 0.288
Eco—point
oD kg CFCy;—eq 0.0407 0.292
POC kg C,H,—eq 10.3 0.065
TET kg 1,4 DCB—eq 1.63 0.216
HT kg 1,4 DCB—eq 1,480 0.105
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Table 2. Resource inventory of LCI DB

LCI DB category Unit Linked resource Unit
Diesel kg Diesel L
Gasoline kg Gasoline L
Electric steel deformed bar | kg All types of deformed bar ton
Ready mixed concrete 3 All types of concrete 3
(25-24-15) " products m
Portland cement type 1 kg |All types of portland cement| sack
Urethane—based paint ton Urethane—based paint kg
Recycled aggregate kg All types of aggregate m®
Asphalt kg All types of asphalt DM
Asphalt concrete ton |All types of asphalt concrete| ton
Plywood m’ Plywood °
Sand m® Sand N
Oxygen ton Oxygen L
Electricity kWh Electricity kwh
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Table 3. LCA results (/km)

Environmental load
Impact Characterization result Weighting result
— Unit Value Eco-point Dlrseitr;btj‘;?n

ARD 1/yr 3.99E+04 3.70E+02 39.11
AC kg SO,—eq 9.08E+03 8.21E+00 0.87
EUP kg PO,—eq 3.12E+03 9.04E+00 0.96
GW kg CO,—eq 5.66E+06 2.95E+02 31.12
oD kg CFCy;—eq | 5.42E-01 3.89E+00 0.41
POC kg C,H,—eqa 7.62E+03 4.81E+01 5.08
TET  |kg1,4DCB-eq| 1.02E+03 1.36E+02 14.33
HT kg 1,4 DCB—eq| 1.08E+06 7.69E+01 8.12
Total - - 9.47E+02 100.00
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Table 4. Environmental load of material (eco—point/km)

Environmental load (eco-point)
Material Earthwork Drainage |Pavement Sum Itjci):tirlibution
work work | Eco-point rate (%)
Diesel 1.45E+02 | 2.94E+00 | 2.02E+01 | 1.68E+02 21.19
Gasoline | 6.40E—02 | 2.93E—01 | 2.66E—02 | 3.84E-01 0.05
Deformed bar - 1.07E+01 - 1.07E+01 1.35
Readymied | _ |y g4c400 | 2.53E+01 | 2.19E+02 |  27.62
concrete
Portand - |ss4E+00| - |584E+00| 074
g:;za;;;t - |640E+01| - |6.40E+01 8.07
Plywood - 4.58E+00 4.38E+00 0.55
Aggregate - 8.54E—01 | 8.89E+01 | 8.98E+01 11.32
C/an‘g:‘t; - — |1.98E+02|1.98E+02| 24.97
Asphalt - - 1.21E+00 | 1.21E+00 0.16
ETC 1.22E-01 | 2.42E+01 | 7.26E+00 | 3.16E+01 3.98
Sum total | 1.45E+02 | 3.07E+02 | 3.41E+02 | 7.93E+02 100.00
Table 5. Factors affecting the environmental load
Class Material Quantity (/km)| unit Df;{;btj;?n
Diesel 819,124.34 L
Ready mixed concrete 4,643.51 m®
ggjtgrr Asphalt concrete 13,961.03 ton 93.17
Aggregate 24,382.09 m?
Urethane—based paint 775.00 kg
Gasoline 2,040.89 L
Deformed bar 243.87 ton
Minor Portland cement 1,903.63 sack 6.3
factor Plywood 324.76 m?
Asphalt 168.79 DM
ETC - -
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Environmental cost

ARD AC EUP GW oD POC TET HT Sum total
Unit cost | Proposed Kwon (2008) 316,042 | 65,829 1,250 28,321 | 160,458 | 23,119 929 70,483 666,431
(KRW/ton) Present value (2017) 409,112 85,215 1,618 36,661 | 207,710 29,927 1,203 91,239 862,685
Diesel 7,317,978 8,094 11 1,699,625 0 227 0 13,386 9,039,320
Environmental Ready mixed concrete 2,775,484 | 279,124 615 | 73,048,128 37| 133,167 9| 22,933,208 99,169,763
cost of major | Urethane—based paint 1,475,615 69,278 129 | 11,038,239 19 9,655 12| 12,734,993 25,327,941
material Aggregate 1,682,584 | 13,518 3| 26,708,892 23 4,077 6| 14,424,292 | 42,833,394
(KRW/km) Asphalt concrete 513,491 | 149,100 1,380 | 33,150,859 14 7,759 982 | 31,746,487 65,570,072
Sum total 13,765,152 | 519,113 2,137 | 145,645,743 93| 154,876 1,008 | 81,852,366 | 241,940,490
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Table 7. Sensitivity analysis of carbon emission (/km)

Carbon Carbon .
o L Environmental
) emission emission ;
Material ) : cost reduction
reduction | reduction rate (KRW)
(ton) (%)
Diesel 4.64 0.12 169,963
Ready mixed concrete 199.25 5.02 7,304,811
Urethane—based paint 30.11 0.76 1,103,822
Aggregate 72.85 1.83 2,670,888
Asphalt concrete 90.43 2.28 3,315,084
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