KJCEM 15, 6, 083~091
SEPTEMBER 30, 2014

www.kicem.or.kr (pISSN 2005—6095)
http://dx.doi.org/10.6106/KJCEM.2014.15.6.083

Evaluation of Environmental Stress for Highway Construction Project by Life Cycle
Assessment Method
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Abstract : The global community demands the reduction of environmental pollution such as greenhouse gas and carbon
dioxide emissions, According to these requirements, the road construction project in the highest energy consuming
industry is required the efficient way of reducing environmental pollution emissions, In this study, during the whole
life cycle process, an environment impact assessment was performed for the several road construction projects in
order to evaluate environmental stress through the road construction process, This study provides a proper process
of environment impact assessment for life cycle assessment (LCA) analysis of road construction project, and figures
the environmental stress regarding to the major construction materials for the case projects, In addition, this study
conducted a sensitivity analysis for the key materials of environmental stress through the quantity analysis of major
materials for the 1km section of a road construction, By this sensitivity analysis of total environmental stress change
from the different volumes of constructing materials, it would be useful information for the environment impact

assessment for the future road construction project.
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Fig. 2. LCA process (PPS, ISO, IPCC, MOTIE)

A& flelirle AT ISARE AT, AR, siAl

Aol 0|2 HAYE|E EFetolof shL}, Al SHE O]

ojEF 02 EFAEAIE 7IHEeE AlFTA o tisto] LCA

B8 MBI} w3 HrEATo] tisl Wk FAlS AA|

stof 2R e webn|E| o) HAP L A SRk At 4r
of] U= HAJe] W3} ArE Abwkc)

T8 A e FFE7HE Sl ARk Fig. 29 &
‘:k A SARIAP A R E E2A45APE oA
£ &5kl LCI DB2HE BS54 AASIH, o% 9
‘%bé] 7} @Al A= IS0, HDCC(hltergovemmental Panel on
Climate Change), AA1Z8AR: FollA Algshz =A& 2§
sto A2 24 FRFE7 e skt

T2 AN SAYEE7 Bl Fig 33 7o) Aokst
o}, ofe} e AAE v e Eiﬁ@ SAR] Al 28-S
&0t} SR FAH7RE AR 2 = AR Al B2
AR Ao ‘:Hz?l S FFE7IE] 7|1% dlolH=

R

ko] EA4s} B St Felel i AHYA
o] AHapgo] Sgshs LCA $41S 913 DB ofet 2}
ARlell A8 DBE e8] Askar glek. et A4
Aol B8 2pAfel) 25 LOT DBO ke ululgh 4

d

start i
e

# LCA Project

- Road Project 10 places
I
LCA Sequence ©Ready-mixed concrete Road Project 10 places
©Cement

© Korea National LCI
Information System
ePPA Construction
Materials Information

® asphalt concrete
© Galvanized Steel
© Electro Galvanized Coil

# Goesan-Yeonpoong(Section1)
#Goesan-Yeonpoona(Section2)
* Goryeong-Sungju(Section1)
© Electric steel deformed bars 8 Yeosu-Sooncheon(Section?)
® hot coiled steel coil and/or #Yeosu-Sooncheon(Section2)
plate ® Jeongeup-Wondeok(Section1)
Construction Materials ©Electric steel sections :?nnew-‘:ondeok(s«:lhnzl
i . anseong-Hyeonnae
Category = Light fuel oil : N
! = Sacheon-Samcheonpo

!

Inventory Analysis

© Resource J’

. ®© Air Emissions Construction Materials
© Water Emissions
e Solid Emissions

& Construction

. Materials status
I Impact A o = i
5 h Effect
® O-zone layer depletion
@ Classification ® Oxidant

{7 e Addification
® eutrophication

@ Characterization
© Normalization
@ Eco-Toxicity

Weighti
e ® Human Toxicity

| I
|’ Impact Assessment for ‘

&l& R
- ~ Impact Assessment —
Tﬂker:;fiperro]:;' o per 1km for road | Sensitivity Analysis
project

Fig. 3. LCA process for road construction project

stmzMpa|sts] =2a JisA K63 2014 1 35



Ao
2
1z

glolc}. o2 Soi, dnlEe] A4 BRelA AEshs LI
DB 25—210—12, 25—210-15, 25—240—12, 25—240—-159]
WL, A ARAINA AL o] SR o)
S Tapsich, ]9} e LOI DBOJ $Aks F:8 Hlolelo) i
e AL sl AN NS d
Aol dhat LeAGao] 275 slehs 2k ojnlate, 19
U AR F Aol Al xmu PYSE.
£ e} Honw o) Alejgte, AR 5
o] 7Rgtct,

ofol] 3 t=Foll Az AR BA] FelEs A 5 4
adno] B AMAY) 7] B8 HIES AXISH A
B AP, off kel /13t ol el LoD o

o FREAS AN, 120 B2EAS ANG A
= Fsfo] ISO0A] 7kt B0t Ul E4js} S 4

_‘_E'%g)]-_\_l'o] COz, CH4, CFCHO]E}‘ ° ‘?i COzlgol Z]:[L ,_]r__}‘
3} m) 2= GRS 1 GWP (Global Warming Potential : g
COs—eq/g COz)0le} & CH, 1g2] GWPE 24g COs—eq©]
o, CFCI1 1g2] GWP= 4,500g CO:—eqo] ¥t} o= IPCC
of| A gt wekA Rl AE ETi= AAg groltt,
rqew ojefgl gES HEYEL] Folol| Febd A+t
23}k Tl 24 BEEEO] nlX= IS B
ZLE AP 4= ok, EAJS I FE 08 LRl
£, shhs 55350 JFasl v|al= F3¢e A5
g3t ohs dAlo) AL, ohE shuks B Rl ok
PEEY FFS FAlsk= DAlolt olAS A0 R

M=
s ot ol e 4 9l

EEE 7F G ol viAls 9% 2715 iRt A9
s,

Cij = Load_{i} * eqv_{ij}
7|4, Load_{i} = B2 jo] 34551 g/f.u
eqv_lij} = igk= gy Zo] 4381 B2g)E o
A18-012} ZHequivalency factor, g —eq/g)
o|& Hu|2e] E/JeFtA 0l H-EA|AHEH,

EAst 23(1.34E-02) = YuE9 ZE5E
Baryte(BaS04)2] $7E5}1e8(3.24E-01) * equivalency
factor(4.13E-02)

gu 2o 5535 Baryte(BaSO4)7F FFFHF2 A

b

86 s=zMma|Es =27 HisH A6 2014 112

azre] mR= G 271 3.24E-010] =EH Fhol
equivalency factors=%]21 4, 13E—025 &3o] E43} 4k
1.34E—020] Z=Z5t), o|¢} Zo| REatmEE Alle 2
533} 215 oAl =W eln|e] Atdardolel= R
ol mlA|= B3 Aufglo] AREET

llml el gt Aaby HEA A= Table 13 2o,
AHIE, #2 SA, 2R, Efe] o4, & 5ol 8 At
N2A S *g*“\] A olgsto] ik}, ikt
oM 25 vt Hi7lEo] WAE, ofzgh fike

o] 97437 18] B74R0| 101 DBE Bgsle] 2 o

ol 2 g3leich. BAst BAGES w51 913 A8
SR AR, A, 22gsh, Yel

_O
ASHEAYY, AVASE, Rops kS, zREel of
ohare o B A4 Rl thet S48 93

S0 SE YT FAE R A

Table 1. Ready-mixed concrete characterization

Category Unit Characterization
Resource Depletion ton 1/ton 1.51E-03
Greenhouse Effect ton CO2—eq./ton 4.29E-01

Qzone layer depletion ton CFC11—eq./ton 4.60E-08
Oxidant ton Ethene—eq./ton 2.55E-02
Acidification ton SO2—eq./ton 7.05E-04
Eutrophication ton PO4—eq./ton 7.43E-07
Eco Toxicity ton 1,4 DCB—eq./ton 5.49e-03
Human Toxicity ton 1,4 DCB—eq./ton 1.43E-03
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Table 2. Ready-mixed concrete normalization and weighting

el Characterization | Normalization | Normalization | Weighting | Weighting
9ory Result Factor Result Factor Result
RESOUICE | S1E—03 | 2.04E+04 | 4.44E+01 | 0.231 |1.03E+01
Depletion
Greenhouse |4 »oe—01 | 5.53E+06 | 2.37E+06 | 0.288 |6.83E+05
Effect
Qzone layer |y soe 08 | 4.07E+01 | 1.87E-06 | 0.202 |5.47E-07
depletion
Oxidant | 2.55E-02 | 1.03E+04 | 2.63E+02 | 0.065 |1.71E+01
Acidification | 7.05E-04 | 3.98E+04 | 2.81E+01 | 0.036 |1.01E+00
Eutrophication | 7.436-07 | 1.31E+04 | 9.73E-03 | 0.038 |3.70E-04
Eco Toxicity | 5.49E-03 | 1.50E+03 | 8.24E+00 | 0.144 |1.19E+00
Human Toxicity| 143808 | 1.48E+06 | 2.12E+03 | 0.105 |2.22E+02
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Table 3. Construction material LCA result
Gt Ready-mixed e Asphalt | Galvanized EIe_ctro ‘ Hot coilgd Electric steel Electrig steel L el e
concrete concrete Steel Galvanized Coil| steel coil |deformed bars| sections

Resource Depletion | 1.03E+01 9.71E+00 | 1.32E-03 | 9.10E+02 1.87E+02 7.53E-03 9.78E-03 1.22E-02 1.90E+02
Greenhouse Effect 6.83E+05 1.69E+06 | 2.52E+01 4.84E+07 6.02E+07 2.22E+00 6.98E+02 6.83E+02 6.10E+05
Qzone layer depletion| 5.47E-07 4.23E-07 | 8.51E-11 6.89E—-06 9.69E-05 1.47E-07 1.26E-10 3.40E-10 1.52E-05
Oxidant 1.71E+01 1.23E-01 1.96E-02 | 1.05E+02 1.64E+02 2.84E-04 1.49E-04 1.09E-04 1.27E-01
Acidification 1.01E+00 5.73E-01 9.59E-06 | 7.31E+01 7.85E+01 1.09E-03 2.01E-03 1.91E-03 4.24E+00
Eutrophication 3.70E-04 6.02E—05 | 6.07E-08 | 3.00E—02 1.70E-01 2.75E-07 4.95E-07 4.66E-07 6.32E-03
Eco Toxicity 1.19E+00 6.59E-01 1.84E-04 | 1.06E+01 1.71E+03 8.88E—-03 3.65E-04 8.73E-04 1.32E+00
Human Toxicity 2.22E+02 4.20E+02 4.20E+02 4.20E+02 2.73E+05 2.25E-03 2.27E-01 2.42E-01 2.27E-01
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Table 5. Average quantity for road construction (ton/1km)

Material Average quantity for 1km road construction(ton)

: e Ready—mixed concrete 20286.2176
o | —— o ——sasnewe Cement 2208.4071
IE:EEE W Asphalt concrete 11887.8170
:::::::: Tt ——— — Galvanized Steel 46.4683
soseio R \"/ B Electro Galvanized Coil 117.8703
roacor T e Hot coiled steel coil 25.0619

§§ §§: *gg gg §§ §§ gg g f § Electric steel deformed bars 1020.0890

=_§ =_§_ =4 ~§ “§ 5% =§ '§ § e Electric steel sections 70.1300

" ) Light fuel oil 8.2133
Fig. 5. Each road construction LCA result
Resource Depletion
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Table 4. Road construction material quantity (ton)

Human Toxicity | 3 Greenhouse Effect

reber

/ m?ﬁEme 269E+10

Eco Toxicity ( 2{ze+5{ 92 )} -+ 4+ Qzone layer depletion

- I - A
eutrophication * 140 ~_— Oxidant

Acidification

Fig. 6. Average LCA results for 1km road construction

Road| Goesan- | Goesan- |Goryeong-| Yeosu- Yeosu- |Jeongeup- | Jeongeup- Corssae Werrene | Grlieene
Yeonpoong | Yeonpoong Sungju Sooncheon | Sooncheon | Wondeok | Wondeok MECTTEE | Eoises | SarmeEae
Material (Section1) | (Section2) | (Section1) | (Section1) | (Section2) | (Section1) | (Section2) Y
Resjz;rzt':ed 305626.991 | 366433.414 | 165618.077 | 2475.520 |  282.353 | 301430.048 |312788.728 | 228238.412 | 260881.236 | 168190.497
Cement 1479120 | 8760.952 | 2220093 | 56558.661 | 77402.151 | 9527.196 | 9,132.030 | 1168.161 | 1553.395 5077.156
C/?;pcr:i 131426.000 | 138831.470 | 67359.367 | 41388.653 | 61198.379 | 213628.306 | 33918.602 | 278006.800 | 117430.560 | 148009.000
Ga'gfe”;ed 628.804 | 485.884 | 310.897 | 135.346 | 272.676 | 274.676 | 610.794 |  473.072 | 1112.487 528.646
Electro
| 5694.436 | 2358.685 | 2106.853 34.662 | 165.404 |  228.340 40.821 33.000 28.862 |  4758.121
Galvanized Coil
Hot COC"Oe”d steel 14.007 26.327 26.217 18.407 30.009 | 224468 | 166.567 | 2779.300 |  137.458 41.256
Electric steel
13050.797 | 14301.656 | 4449.562 | 7790.277 | 12949.622 | 11357.779 | 8709.521 | 9001.400 | 11039.576 |  6023.995
deformed bars
E'eszt;'t?oife' 52.929 74370 | 2106.853 | 125.839 | 276.069 | 376.815 | 303.6740 | 4530.010 |  848.153 87.923
Light fuel oil 202.987 39.400 73132 27.803 95.061 | 108.223 |  155.035 39.400 50.776 30.615
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Fig. 7. Total environmental stress change from the different quantity
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Fig. 8. LCA result in 20% increase of quantity
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