Research Article
Korean J Life Cyle Assess 2025;26(2):89-96
https://doi.org/10.62765/kjlca.2025.26.2.89

g g71etE)A]
Korean Journal of Life Cycle Assessment
PISSN: 1229-599X, eISSN: 3058-5937

5= =3 5% o o= 5 = =
{155 EIAHISE MES flot 2SI 2 ddet M A
Hed' oz, 247, ENEY
SloiTEln ADKEAIEIZSM, 2Bttt 7S5

Study on Environmental Impact Analysis of Building Materials
for Carbon Emission Assessment in Buildings

Woo Yeol Jung', Chung Won Lee', Seong Gyeong Kim', Sung Ho Tae®

'Department of Smart City Engineering, Hanyang University, Korea
“Division of Architecture, Hanyang University, Korea

ABSTRACT

This study investigates embodied carbon emissions in the production stage of building materials and evaluates the
applicability of low-carbon materials by quantifying emissions from major construction products. Based on environmental
product declarations (EPDs) and life cycle inventory (LCI) database, emission factors for each material were derived and
applied to a case building to analyze reduction potential and the carbon neutrality rate. The carbon neutrality rate is defined
as the proportion of reduced emissions compared to the baseline, serving as a quantitative indicator of mitigation performance.
Results show that materials such as precast concrete, foam insulation, and mortar exhibited lower emissions than the baseline,
with the production stage contributing the most to total life cycle emissions. These findings highlight the importance of
managing embodied carbon in early stages and provide a basis for establishing carbon reduction strategies in design and
policy planning.
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| Mandatory assessment area : The evaluation area that shall be obligatorily included in the life cycle assessment of buildings.
|:| Optional assessment area : The evaluation area that may be provided as supplementary information in the life cycle assessment of buildings.
i1 Red dashed box : Indicates the scope of this study (Production stage, A1-A3)
Fig. 1. System boundary of life cycle assessment for buildings.
3. G Table 1. Validity status of environmental
performance label certified products
o|I= H= ==
3.1 EPD Q15 1A 25 Number of
_ Category Subcategory .
E AFE= ASES] AAHA(A1~A3) YAEA AFSE 9 certified products
i, EPD Q152 -2 ZASAH] Hlo[eE 7|Wo & A 7 Ready-mixed concrete 10 1,173
=519 L AlEZ o] #ylA FLAASES
AAE F=otglnt EPD= AlkEe] A7y S FYE 1SO Concrete materials 7 37
14025 2 21930 7|&0] e} st 34] 91F0 2, o Bricks 4 10
M PR RIS Ye] SAIEAR] YAE A
B]2(ECOSQUARE)E 53} Tl Hlojels AZ3lch7). Steel ! 278
B AToA= 20244 7] 2,53579] EPD Q1E A & Cement 3 31
A0 AAl 28 7Fse AE sk, 127] =8 A Windows 1 12
:’L——E EH ]’ E]— 7]— X]'XHELS X]'XH-J Eﬂ@l :1—*35 = H Gypsum board 2 23
2, A ER =9 Jjz o= oF 537]9] ARSE AHsch
e Insulation 6 85
AdE =0 YvE2 e sHEE, 9894 Y8R 55t
St 1 6
At one
o] 2= Z19] Table 12 AALH 7|8t B2 A=3} A5} Flooring 5 97
ZEE]gl o, XpAE EV\HHgZﬂ—,—(kgCOz eg/ton)E = Tile 4 27
Sh= o &=t 55 ERAAIE olF UiAgka AR, Wallpaper 3 4
Ak ] 48 AL, 71k M 5 A el 7]
Total 53 1,835
Amw AgHr
EPD RI5 R& HlolEE 2T 4 o= Sdsisitt

3.2 =4 Uy Az

EPD Q1% A4 % 2 A7) Al A%E0] 47 48
P AR AhEsiel BA o AES AR A%
ol A8 WIETh E3 ufRkao] TR o] 2 A
2 2402 127] 28 AL AHeIRoH, & 183549

LSS

A7 E Aol “*71] gulE, F, E3EE
2 dax), ArEc ¥s S 1z 9 ok 29 B 235)
o, AR g, Hag) A Vel e &
A< APk B3 2 AR Vo= AlEEe] g4
HISARE v RS o, HiETdo] 22 25%0] LdE= Al

91



Table 2. Status of unit emission factors for EPD—certified building materials (2025.07.31.)

Material Grade Minimum Maximum Average Unit
18MPa 1.65E+02 2.61E+02 2.11E+02  kgCOeeq/ m’
21MPa 1.32E+02 3.17E+02  2.18B+02  kgCOseq/m’

Ready-mixed concrete
24MPa 1.30E+02 3.74E+02 242E+02  kgCOseq/m’
27MPa 1.93E+02 3.78E+02 2.66E+02  kgCOxeq/m’
EM ECO brick 8.66E-02 8.73E-02 8.69E-02  kgCOseq/kg
Brick Foamed concrete block 2.08E+02 2.81E+02 234E+02  kgCOseq/m’
ALC block 2.05E+02 2.05B+02  2.05E+02  kgCOseq/m’
Steel plate 2.28E+00 3.55E+03  1.35B+03  kgCOseq/kg
Steel section 5.14E-01 2.56E+03 4.77E+02  kgCO:eq/kg
Steel Rebar 4.32E+02 3.53E+03 1.61E+03  kgCO:eq/ton
Steel pipe 2.89E+00 2.67E+03 1.29E+03  kgCO:eq/ton
Other metal materials 2.23E+00 6.87E+01 227E+01  kgCO:eq/kg
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Table 3. Maximum allowable carbon emission standards by building material (2024.10.)

NO  Major category Subcategory Detailed classification Unit MaXA(CAOZ °q)
emissions

1 Type 6 Metal building/civil material Building metal column kgCOseq/ton 1,775.56

7 Type 6 Metal building/civil material Deck plate kgCOzeq/m’ 46.35

42 Type 17 Insulation EPS kgCOseq/kg 2.19

45 Type 17 Insulation XPS kgCOseq/kg 12,919.37

92 Type 19 Tile Non-metallic tile kgCOseq/m’ 4.47

Ready-mixed concrete (18MPa) 3

108 Type 19 Cement [Capital region] kgCOzeq/m 206.16
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Fig. 2. Comparison of carbon emissions of
ready—mixed concrete by compressive strength.
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Table 4. Case evaluation analysis target

Category Quantity Unit Ratio (%) coﬁ;ﬁlifivi%) Remark
Ready-mixed concrete 298,270.30 ton 83.69 83.69 Included
Cement 26,366.81 ton 7.40 91.08 Included
Rebar 12,189.66 ton 3.42 94.50 Included

Bricks 11,726.89 ton 3.29 97.79
Stone 1,563.45 ton 0.44 98.23 Included
Gypsum board 1,501.03 ton 0.42 98.65 Included

Aggregate 1,341.29 ton 0.38 99.03
Tile 1,260.30 ton 0.35 99.38 Included

Glass 836.30 ton 0.23 99.62
Insulation 594.46 ton 0.17 99.79 Included

Paint 322.70 ton 0.09 99.88

Wood 253.11 ton 0.07 99.95

Other metal materials 13.67 ton 0.00 99.95

Structural steel - ton 0.00 99.95
Other materials 175.64 ton 0.05 100.00 Included

Total 356,415.61 ton
Table 5. Results of calculating carbon emissions for analysis (kgCO:eq)

Category Minimum Maximum Average Reference value
Ready-mixed concrete (18MPa) 1.56E+06 2.41E+06 1.96E+06 1.95E+06
Ready-mixed concrete (24MPa) 1.10E+07 3.17E+07 2.05E+07 2.07E+07
Ready-mixed concrete (27MPa) 2.34E+06 4.59E+06 3.23E+06 2.96E+06
Ready-mixed concrete (30MPa) 3.84E+06 7.73E+06 5.48E+06 5.57E+06

Reinforcing bar 5.23E+06 4.27E+07 1.95E+07 -
EPS 6.17E+02 1.25E+03 9.74E+02 -
XPS 9.60E+01 1.18E+02 1.06E+02 -
Gypsum board 6.16E+02 2.98E+03 1.51E+03 4.98E+01
Cement 4.85E+04 1.49E+06 8.63E+05 -
Morar 4.80E+03 1.72E+05 8.60E+04 -
Engineered stone 6.23E+04 9.51E+05 5.44E+05 -
Vinyl wallpaper 1.26E+05 2.25E+05 1.46E+05 -
Ceramic tile 3.38E+05 7.82E+05 5.64E+05 -
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Table 6. Results of comparative analysis of certification materials

Greenhouse gas emissions per unit floor area (kgCO,eq/m?)

Process

Life cycle stage National EPD EPD EPD Max(CO; eq)
LCI DB maximum minimum average emissions
Production Production 5.50E+02 6.67E+02 1.77E+02 3.80E+02 2.24E+02
Transport 1.89E+01 1.89E+01 1.89E+01 1.89E+01 1.89E+01
Construction
Construction 5.89E+00 5.89E+00 5.89E+00 5.89E+00 5.89E+00
Energy use 8.59E+02 8.59E+02 8.59E+02 8.59E+02 8.59E+02
Use
Repair 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Demolition 2.51E+00 2.51E+00 2.51E+00 2.51E+00 2.51E+00
End-of-life Transport 1.23E-02 1.23E-02 1.23E-02 1.23E-02 1.23E-02
Disposal 6.29E-01 6.29E-01 6.29E-01 6.29E-01 6.29E-01
Total 1.44E+03 1.55E+03 1.14E+03 1.19E+03 1.11E+03
160E403
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Fig. 3. Comparison of life cycle carbon emissions according to EPD certification standards.
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