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ABSTRACT KEYWORD

Purpose: This study aims to propose sustainable transition plans for aging office buildings by predicting carbon =~ 2I|AHH
emissions and energy consumption based on increased building sizes during remodeling or reconstruction. Method: ﬂi‘\ﬁgitﬂ
The methodology of this research includes: D Setting up analysis models for large, medium, and small-scale office (I)_ﬂ_'—“]lli § 2
buildings based on the current status of office buildings on Teheran-ro in Gangnam-gu. The increase in possible
building size is limited to 30% of the existing gross floor area. @ Using Autodesk's Revit program to model and  Office Building
analyze the energy consumption and carbon emissions of each analysis model. 3 Analyzing the carbon emissions ~ Passive Design
and heating and cooling energy consumption of office buildings for each scale-specific transition alternative. gz:;; g:ﬁ:ﬁiﬁgtion
Result: The differences in operational carbon emissions and total energy consumption for different transition
alternatives are minimal. Planning alternatives based on building size are necessary due to specific range values for
each scale. Average growth rates are 8.4% for small, 5.0% for medium, and 3.0% for large office buildings. As floor -
numbers increase, both operational carbon emissions and energy consumption per unit area decrease, with carbon Received Jun. 10, 2024

L. A L. ) . A . Final revision received Aug. 12, 2024
emissions decreasing more significantly than energy consumption. Future research will include active design  accepted Aug. 19, 2024
elements and embodied carbon considerations.
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Table 1. Analysis of previous studies
Analysis
Topic Autour Year Keywords Indicator
Carbon | Energy
Y.J. Kang, Life cycle
S.M. Bae assessment.
12023 T
H.B. Chae, Performance analysis, * ¢
Y.J. Nam Photovoltaics-thermal
Green Wall, Carbon
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J.R. Park, 2023 Green Hou.se Gas o
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J.Y. Yun, Zero Energy
Y.G. Jung, 2023 Building, o .
K.W. Bae, WWR, LCA,
S.E. Lim et al. Carbon Emission
Building operation
JH. Shin | 2014 phase, Energy °
performance
TH. Kim, Green.—Rem(.)d?hng,
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J.S. Yu, o
. 2022 Building Energy °
J.H. Kim,
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Remodeling, Energy
Consumption, Office
H. K 2021 L .
. won Building, Design ¢
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Year 1987 2018 Year 1987 2018
Roof 041 0.15 Floor 0.58 0.20
Building Skin | 0.58 0.24 Window 3.83 1.50
Table 4. Buildings settings summary
Division Contents
Location Seoul
Heating set temp 20°C
Cooling set temp 26°C
HVAC | Lighting 25W/m’
load Equipment 15W/m?
density Occupancy 0.2Person/m’
Zoning

* Organize space by depth according

to ASHRAE guidelines
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Fig. 2. Modeling flow diagram

Table 5. Overview of models for vertical extension remodeling and
reconstruction

Division Small Scale | Medium Scale | Large Scale
Standard Gross 5850.11m> | 18,128.52m® | 55,185.04m2
Floor Area
Base Number of 1F 1SF 2AF
Floors
Range of Additional 11~14F 18~23F 24~31F
Floors (+3F) (+5F) (+7F)
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Table 6. Carbon emissions and energy consumption of buildings by scale and process
q Cooling Heating
. Operational Total Energy
Scale Process Nu;‘:s; of Mfrezloor Operational Carbon | by per m* | Consumption Corilmon Cofsllllenli}tlion
[kgCO,e] [kgCO,e/m?] [kWh/m?] [kWh/n’] [kWh/m?’]
Existing 11F 5,826.4 557,076.28 95.61 306.34 183.58 57.12
Horizontal 6,355.8 598,509.19 94.33 300.00 179.26 55.10
. 11F 6,885.3 638,541.83 92.73 293.15 174.04 53.47
Extension
7,414.7 677,643.19 91.41 287.55 169.85 52.07
Zr;ig Vertical 12F (+1) 6,355.8 608,173.08 95.69 306.64 183.73 57.28
oy . 13F (+2) 6,885.3 659,266.53 95.75 307.00 183.83 57.5236
Building extension
14F (+3) 7,414.7 710,342.44 95.80 307.22 183.9076 57.67
Reconstruction 12F (+1) 6,355.8 608,171.64 95.69 306.64 183.73 57.28
(New 13F (+2) 6,885.3 659,266.47 95.75 307.00 183.83 57.5240
construction) 14F (+3) 7,414.7 710,343.08 95.80 307.22 183.9073 57.67
Existing 18F 18,133.7 1,555,495.17 85.78 262.29 150.47 46.19
19,141.1 1,626,484.28 84.97 258.94 147.93 45.37
. 20,148.6 1,695,878.81 84.27 256.00 145.75 44.61
Horizontal
Extension 18F 21,156.0 1,770,069.31 83.80 253.38 143.79 43.94
22,163.4 1,844,363.50 83.22 250.80 141.95 43.20
23,170.8 1,914,887.33 82.64 248.27 140.01 42.62
. 19F (+1) 19,141.1 1,642,287.89 85.80 262.39 150.47 46.2813
leeil;;m Vertical 20F (+2) 20,148.6 1,729,016.94 85.81 262.43 150.4617 46.33
oy . 21F (+3) 21,156.0 1,815,749.67 85.83 262.54 150.4440 46.46
Building extension
22F (+4) 22,163.4 1,902,519.31 85.84 262.60 150.4191 46.54
23F (+5) 23,170.8 1,989,218.14 85.85 262.61 150.39 46.58
19F (+1) 19,141.1 1,642,284.47 85.80 262.39 150.47 46.2814
Reconstruction 20F (+2) 20,148.6 1,729,020.31 85.81 262.43 150.4614 46.33
(New 21F (+3) 21,156.0 1,815,749.61 85.83 262.54 150.4439 46.46
construction) 22F (+4) 22,163.4 1,902,518.61 85.84 262.60 150.4190 46.54
23F (+5) 23,170.8 1,989,218.78 85.85 262.61 150.39 46.58
Existing 24F 55,125.7 4,225,062.44 76.64 221.40 119.59 36.17
57,422.5 4,374,095.53 76.35 221.91 118.50 35.78
59,719.3 4,534,574.89 76.01 218.36 117.35 35.36
Horizontal 62,016.1 4,689,394.81 75.62 216.75 116.14 34.97
Extension 24F 64,312.9 4,848,294.06 75.37 215.45 115.20 34.61
66,609.7 5,000,664.64 75.05 214.15 114.23 34.28
68,906.6 5,151,167.19 74.76 212.84 113.23 33.97
71,203.4 5,304,532.03 74.49 211.65 112.34 33.67
25F (+1) 57,422.5 4,401,567.83 76.65 221.43 119.5673 36.22
26F (+2) 59,719.3 4,577,974.14 76.66 221.41 119.5367 36.2405
Iéi:f: Vertcal 27F (+3) 62,016.1 4,754,249.67 76.66 22148 1195103 363282
oy . 28F (+4) 64,312.9 4,930,726.61 76.67 221.49 119.4684 36.3822
Building extension
29F (+5) 66,609.7 5,107,083.42 76.67 221.48 119.4435 36.3989
30F (+6) 68,906.6 5,283,227.22 76.67 221.53 119.4069 36.4871
31F (+7) 71,203.4 5,459,664.69 76.68 221.54 119.3592 36.5390
25F (+1) 57,422.5 4,401,571.97 76.65 221.43 119.5671 36.22
26F (+2) 59,719.3 4,577,981.06 76.66 221.42 119.5366 36.2416
Reconstruction | 27F (+3) 62,016.1 4,754,254.56 76.66 221.48 119.5101 36.3293
(New 28F (+4) 64,312.9 4,930,734.86 76.67 221.49 119.4682 36.3831
construction) 29F (+5) 66,609.7 5,107,092.58 76.67 221.48 119.4437 36.3999
30F (+6) 68,906.6 5,283,228.86 76.67 221.53 119.4055 36.4880
31F (+7) 71,203.4 5,459,673.22 76.68 221.54 119.3604 36.5399
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Table 7. Overview of models for horizontal extension remodeling[m’] T 300 Vertical extension, Reconstruction 320 5
Increased Increased Z e ] R=0m » z
Gross Gross 2oy et = 2
e Area of | . . Area of g 20 Horizontalextension T e 300 &
Division | Floors| Floor Typical Division | Floors | Floor Typical B R=09985 e " P
=3 <}
Are; Are; 2 2
a Floor a Floor s 200 280§
5,826.4 - 55,125.7| - 8 150 | 260 &
Small | | o | 63558 | +48.13 57,422.5| +90.70 i ;‘; z
Scale 6,885.3 | +48.13 59,719.3 | +90.70 100 . 260 3
7,414.7 | +48.13 62,016.1 [ +90.70 1 !
m \ |
18,1337 | - Large | . [643129] +90.70 * | I o 0
19,141.1 | +55.97 | Scale 66,609.7| +90.70 . L
Medium 1SF 20,148.6 | +55.97 68,906.6 | +90.70 L3 iee 155
== Horizontal Extension Cooling Energy Consumption == Horizontal Extension Heating Energy Consumption
Sca-le 2191560 +5597 7152034 +9070 =9 Vertical Extension Cooling Energy Consumption Vertical Extension Heating Energy Consumption
R +55. Reconstruction Cooling Energy C ion Heating Energy Consumption
22’163 4 55 97 ~-=--Horizontal Extension Total Energy Consumption Vertical Extension Total Energy Consumption
23, 1708 +5597 - ion Total Energy Ct
Fig. 3. Operational energy consumption of small-scale buildings
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