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ABSTRACT

While the world has been focusing its efforts on reducing greenhouse gas emissions to address
climate change, South Korea has seen the highest increase in per capita CO, emissions among
OECD countries, necessitating a government-level response. The South Korean government
has been implementing various policies to reduce greenhouse gases emitted during the
construction and operation phases of buildings. These policies primarily focus on reducing
energy usage in buildings and installing renewable energy sources, but research on carbon
reduction technologies through resource conservation and recycling is still lacking.
Nonetheless, reducing carbon emissions over the course of a building’s life cycle of buildings
is becoming increasingly important, and Life Cycle Assessment (LCA) is an indispensable
method for this purpose. The LCA uses the quantity of building materials used in construction,
and to support this, study was conducted to develop a CAD-based automated quantity
extraction model. However, this model has shown an error rate of 5-20%, failing to fully
account for manual errors by workers and the complexity of construction sites. To address this
issue, further research is needed to develop a more accurate prediction model for the quantity
of building materials.
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Figure 1. Per capita CO, emissions increasing trend over 1990-2021 (Source: Hannah and
Max, 2020)
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Table 1. Evaluation of the entire process according to ISO 14040s - Environmental management
(Source: Lim and Tae, 2023)

CODE Title
ISO 14040 (2006) Life cycle assessment - Principles and framework
ISO 14044 (2006) Life cycle assessment - Requirements and guidelines

Eco-efficiency assessment of product systems — Principles,

150 14045 (2012) requirements and guidelines

Life cycle assessment - [llustrative examples on how to apply ISO 14044

ISO/TR 14047 (2012) . .
to 1mpact assessment situations
ISO/TS 14048 (2002) Life cycle assessment - Data documentation format
ISO/TR 14049 (2012) Life cycle assessment - [llustrative examples on how to apply ISO 14044

to goal and scope definition and inventory analysis

Life cycle assessment - Requirements and guidelines for

ISOTTS 14072 (2014) organizational life cycle assessment
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Figure 2. All process evaluation methods and procedures in accordance with ISO (Source: Lim
and Tae, 2023)
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Table 2, GWP value of the key components presented by IPCC over time (Source: IPCC, 2021)

100 year time period 20 year time period

Greenhouse Gas AR4 AR5 AR6 AR 4 AR5 AR6
(2007) (2014) (2021) (2007) (2014) (2021)

CO, 1 1 1 1 1 1

CH, (Fossil) 25 28 29.8 72 84 82.5
CH, (Non-fosil) 25 28 27.2 72 84 80.8
N,O 298 265 273 289 264 273
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Figure 3. System boundaries for the evaluation of the entire building process (Source: EN
15978, 2011)
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Figure 4. Process of life cycle assessment for building
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Table 3. Analysis of CAD data formats and structures: extractable information and limitations
(Source: Eastman et al., 2008)

Category Extractable Data Limitations
BIM elements, Relationships, Primarily focused on 3D BIM data and
IFC Properties, Spatial information, and may face compatibility issues with
more some CAD software
Data
structure Designed for representing complex 3D
STEP Shape, Surface information, models and may result in omissions
Dimensions, Annotations, and more ~ when extracting simple information
derived from 2D drawing
3D shape information, Property data, Outdated standard with hmltec_l support
IGES for advanced features, leading to
Assembly structures, and more et e
compatibility issues
Data 2D/3D drawings, Dimensions, Optimized for AutoCAD and has
formats DWG Annotations, Lines, Types, Layer  limited compatibility due to its binary
information, Attribute data, and more format
Drawing layouts, Dimensions, . .
DXF e L p— g Not suitable for extracting complex 3D
. . or BIM data
information, and more
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Table 4. Calculation method of volum of concrete and insulation materials by range

Concrete

Insulator

Range
(A)
(B) '
* (A)
(B)
©)
©
®
®) |- (D)
®
(E)
E)

2/(Sectional area of slab *
Length)

2/(Sectionalareaofbeam*
Length) + 2(Sectionalarea
of wall * Length)

{The area surrounded by
the concrete layer line
segment in the plan *
Height (C)} —
(Glass area * Concrete
thickness of the wall)

Floor concrete area *
Concrete thickness

2.(Sectional area of
foundation * Length)

Ceiling insulation area *
Insulation thickness

{The area surrounded by
the insulation layer line
segment in the plan *
Height (C)} —
(Glass area * Insulation
thickness of the wall)

Floor insulation area *
Insulation thickness

Table 5. Calculation of Quantity amounts for rebars, bricks, and glass

Volume/Area by material

Calculation method

Rebars mass (kg)
Glass areas (m?)

Bricks area (m?)

2. (Rebar length * Weight per unit length of rebar)
2/ (The areas of the windows shown in the drawing)

2. (The area surrounded by layer of bricks in the elevation plan)
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Table 6. Characteristics of the target building for consistency review

Floor Plan

16,500

5,100 5,100 4,800 1,500

oy

1,000 I

Living room

11,300
8,500

1,800

!
1

Sortation Content
Location Heoryoung-ri, Ganghyeon-myeon, Yangyang-gun, Gangwon-do
Use of building Neighborhood living facilities
Structure Reinforced concrete structure
Number of buildings and floors Building 1, 1st floor
Building height / Building area 43m/ 138.66 m*

Table 7. Material and thickness of each part of the target building

Category Material Thickness (mm)

Concrete 200
. Insulator 50

Exterior wall )
Air 20
Exterior finishing material 30
Interior wall Concrete 200
Concrete 400

Floors
Insulator 125
Concrete 150
Slab

Insulator 220

¢

olt
oL

FAoIAE A5 = tial 2t SlAtelM 2 AlS7 =S v e s 2 e
] A Al A Sk A B AT IS alfste

v
fiat

al
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Table 8. Comparison of actual and predicted quantity for each type of building materials

Predicted quantity Error rate
. Actual

Sortation quantity Surcharge Not Surcharge Not
application applied application applied
Concrete 187.0 m’ 173.0 m* 1712 m’ -7.4% - 8.4%
Rebar 22.4 Ton 18.5 Ton 18.0 Ton - 17.4% -19.6%
Insulator 522m’ 42.6m’ 38.7 m’ - 182% -25.8%
Glass 109.0 m® 93.1 m? 92.1 m? - 14.5% - 15.5%
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