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A Study on the Development of an Input-Based IFC Generation Method and

Automated Embodied Carbon Calculation for Buildings
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Abstract

This study proposes an automated framework for generating synthetic IFC (Industry Foundation Classes) models and estimating embodied

carbon emissions based on minimal building input data. The model utilizes key parameters such as gross floor area, number of stories, floor

height, window-to-wall ratio,

structural type, and year of construction. Based on these inputs,

the system references predefined material

presets by structure and era to automatically configure the geometry and material properties of walls and slabs. Using the IfcOpenShell

library, a complete IFC model is generated, from which material quantities are extracted. These quantities are then linked with default

surcharge rates and Global Warming Potential (GWP) coefficients sourced from Environmental Product Declarations (EPDs) to calculate the

total embodied carbon (kgCO, eq). The model outputs structured quantity data and emissions estimates for each material and building

component. Results indicate distinct carbon emission characteristics depending on the structural type and construction period. The framework

serves as both a generator of training data for Al-based prediction models and a carbon-informed design tool that supports early-stage LCA

and carbon neutrality planning.
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Table 1. Surcharge Rates and GWP Factors by Material

Material Surcharge rate (%) GWP (kgcoseq/kg)
Concrete 1 0.13
Rebar 3 1.12
Brick 3 0.49
Steel 7 1.12
Aggregate 5 0.11
Glass 1 1.86
Metal Panels 10 2.94
Gypsum Board 5 0.21
Cement 3 0.95
Stone 4 0.50
Tile 3 0.69
Insulation 10 2.94
Paint Coating 3 2.04
Wood 5 1.46
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Table 2. Embodied carbon results by structure type and
construction era

. Embodied Carbon Share of
Structure Era Material
(kgCO:2 eq) Total (%)
Concrete 91,413 37.9
Rebar 78,205 324
Glass 8,943 3.7
Metal Panel [6,780 2.8
Tile 5,315 2.2
Cement 11,032 4.6
Aggregate 4,550 1.9
1980s |Paint 2,401 1.0
Gypsum, g 0.8
Board
Wood 3,211 1.3
Insulation 5,694 2.4
Stone 2,139 0.9
Others 8,529 3.5
RC Total 241,600 100
Concrete 108,320 36.5
Rebar 93,781 31.6
Glass 10,832 3.7
Metal Panel |8,120 2.7
Tile 7,005 24
Cement 12,721 4.3
Aggregate  |5,812 2.0
2020s |Paint 2,955 1.0
Gypsum s 0.8
Board
Wood 3,871 1.3
Insulation 7,400 2.5
Stone 2,670 0.9
Others 13,987 4.7
Total 297,706 100
Concrete 98,850 34.5
Rebar 75,842 26.5
Steel 66,127 23.1
Glass 6,121 2.1
Metal Panel |4,133 14
Cement 10,520 3.7
Aggregate 6,612 2.3
1980s |Paint 1,863 0.7
Gypsum, o 0.7
Board
SRC Wood 1,900 0.7
Insulation 3,512 1.2
Stone 1,082 0.4
Others 4,901 1.7
Total 286,433 100
Concrete 124,002 33.2
Rebar 93,059 25.0
Steel 89,554 24.0
2020s |Glass 9,114 2.4
Metal Panel 6,978 1.9
Cement 14,261 38
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Aggregate  |7,222 1.9
Paint 2,374 0.6
Gypsum o 0.7
Board
Wood 3,103 0.8
Insulation 6,802 1.8
Stone 1,521 0.4
Others 6,272 1.7
Total 373,025 100
Steel 105,203 51.1
Concrete 48,128 234
Metal Panel |7,393 3.6
Glass 4,521 2.2
Cement 8,014 3.9
Aggregate 6,217 3.0
Paint 1,344 0.7
1980s [Gypsu m2,100 1.0
Board
Wood 2,014 1.0
Insulation 4,002 1.9
Stone 1,099 0.5
Tile 2,704 1.3
Others 9,001 4.4
ss Total 205,740 100
Steel 131,503 52.7
Concrete 54,819 22.0
Metal Panel (8,833 3.5
Glass 5,102 2.0
Cement 9,732 3.9
Aggregate  |7,079 2.8
Paint 1,500 0.6
2020s (Gypsu m2,301 0.9
Board
Wood 2,310 0.9
Insulation 4,500 1.8
Stone 1,206 0.5
Tile 3,188 1.3
Others 11,912 4.8
Total 249,485 100
Brick 62,901 46.9
Concrete 18,023 13.4
Metal Panel 2,710 2.0
Glass 3,000 2.2
Cement 5,893 4.4
Aggregate 3,100 2.3
Paint 801 0.6
1980s [Gypsu m1,204 0.9
Board
Wood 1,300 1.0
Insulation 2,100 1.6
Stone 903 0.7
Tile 1,810 1.4
Masonry Others 27,210 20.3
Total 134,955 100
Brick 71,231 44.2
Concrete 19,839 12.3
Metal Panel |3,183 2.0
Glass 3,591 2.2
Cement 6,511 4.0
2020s [Aggregate 3,512 2.2
Paint 1,200 0.7
Gypsum o 1.0
Board
Wood 1,490 0.9
Insulation 2,410 1.5

Stone 1,070 0.7
Tile 2,305 14
Others 38,201 23.7
Total 161,085 100
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