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Deriving Priorities Based on Combination of Green Remodeling Application
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Sung Jin Sim** - Se Hyeon Lim*** - Seong Eun Kim**** - Yong Woo Song*****

Abstract
The Ministry of Land, Infrastructure, and Transport has been promoting strengthening energy efficiency of old
buildings through public green building remodeling projects since 2020. Green remodeling includes both
essential and optional construction of passive and active elements. However, there is a lack of integrated
designs of passive and active systems and no standards for prioritizing these systems according to the
building’s age. Therefore, this study examined six public libraries in central region 2 that were expected to be
high energy consuming. Remodeling strategy priorities were selected based on potential energy reduction. The
libraries were divided into three groups based on their year of construction, completed in the 1980s (Model 1),
1990s (Model 2), and 2000s (Model 3). ECO2-0D, based on ISO 13790 and DINV 18599, was used as the
primary energy consumption analysis tool. Simulation results indicated Model 1 and Model 2 benefited most
from higher insulation and replacement of mechanical equipment. Model 3 benefited most from upgrading to
more energy efficient windows.

Keywords: Old Buildings, Library, Green Remodeling, Passive & Active Elements, Priority
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Table 1. Classification of Library

Fue }%—4 o go] 7Kshul, ofuix] ALge
0% ol FREAT ABS O
049 24451 201 BN 515

1.2 A170| He| U ury

To e Aol A-A 9](2014)0] ©=H Z|&}
A, w57, AFHez 29 Folr A FH, B4,
31 &5, A4 58 AlFohs X2 HoAT =9l

of. ofeigt A% BAOR YiiehS 2R, A
o 41 9 %% 3L ThEp, of o] 5 Hhepet A
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o|Q} Zre | AT 420204 715 7,565
o], 101 o1 ke ok A2 3,6207H 2 %A
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2 Table 13} ZHo] E&35}9ith

Base @S &-85to] A W4 71& Hkek
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A7gsioitt sid 24 8 AE ofluA] s
1SO 13790(AE2] o A] A%5) 2 DIN V 185992
7]48k0 & w=0]%] EC02-0DE 0]-8-5}% t}H(Chung
etal, 2023). 4% EC02-0D9] 13} o X 48 FF

Variables Model 1 Model 2 Model 3
(1980s) (1990s) (2000s)
Library A B C D E F
Total Floor Area (m?) 3,605 4,932 1,164 4,190 7,923 4,200
Building Stories 3 4 4 4 4 4
Year of Building Permit 1988 1988 1994 1992 2000 2005

2 | Land and Housing Review Vol. 15, No. 2
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Table 2. Setting of Model (Passive Elements)
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Variables: Model 1 Model 2 Model 3
' (1980s) (1990s) (2000s)
Total Floor Area (m?) 4,336
Scale of Floor 4t
Outer Wall 0.58 W/m*-k 0.58 W/m?*-k 0.465 W/m?*-k
Thermal Window 3.489 W/m>k 3.376 W/m?k 3.84 W/m*k
Transmittance 2 2 2
(Legal Standards Door 2.5W/m“k 2.5W/m"k 1.8 W/m*k
by Year) Roof 0.58 W/m*k 0.407 W/m*k 0.325 W/m*k
Floor 0.58 W/m?-k 0.58 W/m?-k 0.465 W/m?*k
Table 3. Setting of Model (Active Elements)
Variables: Model 1 Model 2 Model 3
' (1980s) (1990s) (2000s)
Total Total Total
DIV. ota. Efficiency ota. Efficiency ota. Efficiency
Capacity Capacity Capacity
Heating 532.5kW  COP3.0 400.6 kW COP3.35 4,026.9kW COP 3.78
Mechanical  Boiler 94.95 kW 80.0% 29.1 kW 82% 3,001.8kW  87.1%
Cooling 310.1kW  COP3.0 340.65kW COP3.13 477.27kW COP3.35
DIV. Power Quantity Power Quantity Power Quantity
LED 80 W 478 280 W 243 257W 940
Lightin
ghting  Fluorescent 55 w 182 160 W 6 ) )
lamp

http://Ihrilh.orkr | 3
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H6]o] W= 20208 71R] LED 5-29] 34| H-&o]
100%= =32 kL QITHAIG BAAFE S, 2013).
1S 9] AT F, G= LED 279 H|50]
100%2 =0 Qlojof Fth. o5 AR 2412 531

“+5to] Model 19] AAgko 2 A5}
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Model 1~32] DA B
< A WA 71 a el
Uk ol Bl 1w
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l% By, F29] 7| AR89 2887 QL
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ox,
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3.1 THAEQ} HE|E s A1y

3.1.1 HAE e 43

MU EE JoHE 91t A E] B B
Aok 18 A7t 9Ae ©] B BB AN - 93
Sl B, uhe ke W G, A R 8 50 A
7 mehEIh - 9% B 5w 1A 3 9 £
TAZ B9 259 Bl AL Astol B 4
S TR 4 90w v B W e So A
o) whe] kg ol ofuix] Byl Qg mA
cF. olo] uet & A7) hAlE B ML AT
o4 WOFHAY|Z 2] [H 1], [H 4] S wp2et

(FEN-EE, 2023a). Table 33} ZHo] 9] 4
£.9.00.24W/m*K, I35} 22 1.5W/m?K, *|
£0.15W/m>K, B 0.2W/m?-K 2 4519t

ok

oj

o5}o] Model 39] Zg41n]9] AL LEDERH A 3.1.2 HE|E i 2F
i ol v 5.8 23S I e Ho) BAE B
Table 4. Settings of Green Remodeling
Variables: Passive Elements Active Elements
Outer Wall (W/m?K) 0.24 Heating COP 4.3
Window (W/m?-K) 1.5 Boiler 100% Efficient
Setting Greer? Bemodeling Door (W/m?K) 1.5 Cooling COP 3.9
Conditions
Roof (W/m*K) 0.15 LED -
Floor (W/m?*K) 0.2 ETC Replace LED

4 | Landand Housing Review Vol. 15, No. 2
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Table 5. Combination of Elements

4. HUX] ds24 2t

Model 13} Model 29] 7% 77+ 1980 AT, 1990
) £371%2 719 84 23 107 242 4
L2351 A1 5d0])4d A1}=Table 6, Fig. 13} Zth. 18]
s A 13} o A48 9] ¢ Model 12
144.4kWh/m*& JEePdth Model 2= 144.0kWh/
m?E UJERIth Model 13} Model 22] 13} oL X &
8F AAEZ v o R EAT 23, ddAds
A 9 7| A o] A7 23 Aol =2
£ UEhE RISkt ol= &35 94 &
&0] AAY 7|2l H]sf BojFlom 7] A dH]
EQF 2 A0 2 metE SRS EE3T
I}, Table 73} o] 49 3709 SAE9E= =
7(27.3%, 15.6%) > 23} 9(23.2%, 12.8%) > 2%
2(23.1%, 12.7%)9] <=0 = Vet

Model 39] 7-%- 20009t £27|2& 714 8
& 23 9= 10788 44 -8t 3= Table 6,
Fig. 13} Zt}. Model 39] 2122 dlg A 13} o
A A Q%L 139.3kWh/m* 2 UEFHT] Model 39
12} R]) AES vie o g2 BAGH A7}, Table 7
I} Zro] 5.9 /d5 Aol =okH Aol =2 4
HES e ERlskaitt ol= &5 BAl I

F&o] @A 7100 Blsf BolF 2™ Model 1, 29]
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H

o,
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r

1o
i
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]1‘21’.

DIV. Number of Element Combinations

Combination 1

Combination 2

Combination 3 2
Combination 4
Combination 5
Combination 6

Combination of Elements

Insulation + Window

Insulation + Mechanical

Insulation + Lighting
Window + Mechanical
Window + Lighting
Heating & Cooling + Lighting

Combination 7

Combination 8
Combination 9
Combination 10

Insulation + Window + Mechanical

Insulation + Window + Lighting
Insulation + Mechanical+ Lighting
Window + Mechanical + Lighting

http://lhrilh.orkr | 5



Table 6. Result of Element Combination

Primary Energy Requirement (Unit: KWh/m?)

DIV. STD 1 2 3 4 5 6 7 8 9 10
Model 1 1444 123.6 111.0 1318 1144 136.6 120.0 105.0 123.6 1109 114.3
Model 2 144.0 1334 125.7 1379 1265 139.0 130.2 121.6 132.7 1255 1263
Model 3 139.3 1249 125.2 133.2 1229. 130.6 130.6 1179 1249 1252 1229

Table 7. Priority of Element Combination
By Model 1 Model 2 Model 3
(1980s) (1990s) (2000s)
1 Combination 7 (27.3%)* Combination 7 (15.6%)* Combination 7 (15.4%)*
2 Combination 9 (23.2%)* Combination 9 (12.8%)* Combination 4 (11.8%)*
3 Combination 2 (23.1%)* Combination 2 (12.7%)* Combination 1 (10.3%)*

Note: ( )* indicated rate of reduction

150

5 6

Element combination

&
£
-
=
= 140 °
a
=
c
Q
£ 130
S
S .
o 120
>
<l
[
S 110
e
£
= 100
a
STD 1 2 3 4
== Modell

== Model2 o~ Model3

Fig. 1. Result of Model 1~3 Element Combination
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2 AT 1A5ES IR Al 847
9| 23| OE SAHEAE TE5HA 5Hch
At A= ohgat 2k
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Calibration and Verification of Detailed Prototypical Apartment Building
Energy Models for Estimation of Green Remodeling Feasibility
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Abstract
The prototypical building energy model is very useful in building energy policies, research, and technology
development. A prototypical apartment model for detailed energy analysis was proposed by Seo et al. in 2014,
but sufficient verification was not possible due to the lack of reliable measurement data in predicting the
model’s energy consumption. However, verification is now possible thanks to a recent study that analyzed the
Household Energy Panel Survey (HEPS) data that is released annually by the Korea Energy Economics Institute
(KEEI) and published apartment complex benchmark data. The data was used to calibrate the prototypical
apartment energy model located in the central region and constructed between 1990 and 1999. The calibrated
model was used to verify the other apartment building groups with respect to region and year of completion.
Meteorological data for five representative cities each in the central and southern regions were used for the
simulation. A majority of the 18 groups produced results that satisfied the MBE and cv(RMSE) criteria.

Keywords: APT, Prototypical Building Model, Energy Analysis, Building Energy, Benchmark Data
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Table 1. Summary of Defined Prototypical APT

Categories Defined values
Structure Staircase type
Vintage 1990~1999
Thermal Envelope: 1987 Building Code
Transmittance SC of Window: 0.82
Floor Height 2.6 m
Stories 15
Usable Area 84 m®
Aspect Ratio 1:3
Orientation  South

S:57.8%, N: 37.9%,

WWR Average: 47.3%
Infiltration 0.3 ACH
People 3

HVAC Setting

Heating: Nov~Mar (20°C)
Cooling: Jun 11~Sep 10 (28°C)

Gas boiler, Eff: 80%

HVACType /¢ cop: 2.9

LPD & LPD: 3.83 W/m?

Schedule Schedule: Refer [Seo, 2014]
EPD & EPD: 6.4 W/m?

Schedule Schedule: Refer [Seo, 2014]
NOP & NOP: 3

Schedule Schedule: Refer [Seo, 2014]
DHW & Design Value: 45.5 liter/Unit

Schedule Schedule: Refer [Seo, 2014]

A
-
o]

Fig. 1. 3-D view of Prototypical APT Model
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Table 2. General Information of Selected Cities
Zn City Lat Lon Elev. HDD
Seoul 37°34'17"N 126°57'56"E 86 2722
Incheon 37°28'39"N 126°37'29"E 69 2702
Central Suwon 37°15'27"N 126°58'58"E 40 2757
Cheongju 36°38'21"N 127°26'26"E 59 2571
Wonju 37°20'15"N 127°56'47"E 150 2848
Busan 35°6'16"N 129°1'55"E 70 1857
Daegu 35°52'40"N 128°39'10"E 54 2250
Southern Gwangju 35°10'22"N 126°53'29"E 70 2255
Ulsan 35°34'56"N 129°20'4"E 81 2100
Jeonju 35°50'27"N 127°7'1"E 60 2441
8 8
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(b) Monthly Fuel Consumption

Fig. 2. Energy Comparison Results of APT Model
before Calibration
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Fig. 3. Energy Comparison Results of APT Model
after Calibration
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Table 3. Excerpt of Benchmark Data [kWh/m?yr]
of Mid-size APT Group

Table 5. Weight of Selected Cities for Average Energy
Use Calculation

Zone Vintage Fuel Elec. Total
Before 2000 97.0 33.1 130.1

Central

Southern

Zn City Household  Weight
Seoul 1,625,034 0.55

2000’s 928 314 1244 Incheon 697,246 0.24

After 2010 91.1 322 1233 Central Suwon 288,430 0.10

Before 2000 92.6 33.6 126.2 Cheongju 224,702 0.08

2000’s 93.8 345 1283 Wonju 109,584 0.04

After 2010 96.8 329 129.7 Busan 773,935 0.34

Daegu 616,058 0.27

Table 4. Applied U-value Per APT Group Southern Gwangju 428,840 0.19

Zn Vintage Element [\B\J;/v;lzlf qu
Before Wall 0.58
2000 Window 3.37
Wall 0.47
Central 2000’s
Window 3.84
Wall 0.36
After 2010
Window 3.0
Before Wall 0.58
2000 Window 3.37
Wall 0.47
Southern 2000’s
Window 3.84
Wall 0.36
After 2010
Window 3.0
Z31 9.
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Table 6. Comparison Result of Benchmark Data with
Simulated Data for Central Zone Groups

Cv
. Bench- Simu- MBE
Vintage Energy mark altion (%) (R(I\;Sf)

0

Elec 335 339 11 5.2
Fuel 97.0 1060 9.3 187
Total 130.5 1399 7.2 14.1
Elec 318 338 6.2 8.1
2000’s  Fuel 928 989 6.6 168
Total 124.7 132.7 6.5 13.6
Elec 326 339 4.1 6.7
Fuel 91.0 877 -3.7 159
Total 123.6 121.6 -1.6 123

Before
2000

After
2010
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= et
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Table 7. Comparison Result of Benchmark Data with
Simulated Data for Southern Zone Groups

Cv
. Bench- Simua- MBE
Vintage Energy e Dion (@A) (RMSE)
(%)
Elec 333 334 0.2 5.4
Before
2000 Fuel 92.6 1014 9.5 19.6

Total 1259 1348 7.0 14.0
Elec 343 333 -2.7 53
2000’s  Fuel 938 926 -13 119
Total 128.1 1259 -1.7 14.2
Elec 326 334 23 7.6
Fuel 97.2 825 -151 20.8
Total 129.8 1159 -10.7 16.1
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2010
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Analysis of Potential to Achieve Carbon Neutrality through Technical
Definition and Case Study of Carbon-Neutral Buildings

5|*%*
s

Min Hee Chung**

Abstract
This study analyzes the potential to achieve carbon neutrality through the technical definition and case studies
of carbon-neutral buildings. In line with the Paris Agreement of December 2015, the global community has
committed to limiting the average temperature rise to below 20C and striving to restrict it to 1.50C above
pre-industrial levels. Achieving this requires reaching a net-zero state by 2050 and necessitates transitions
across various sectors including energy, land use, and transportation. This research explores the technological
approaches and real-world examples of carbon-neutral buildings, assessing their feasibility and limitations. By
examining the definition of carbon-neutral buildings and presenting various technological solutions and case
studies from both domestic and international contexts, this study evaluates the effectiveness and practicality of
carbon-neutral buildings. The findings offer specific guidelines for the design, construction, and operation of
carbon-neutral buildings and provide practical information for policymakers and practitioners aiming to create
sustainable built environments.

Keywords: Carbon Neutrality, Net-Zero, Sustainability, Technical Definition
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S ek4%e AEe) 7164 o] Bal
o] 125114} SHoH(Table 1).

ILFI:= 20061397 A = A4 vl g2dA =, vl
FRE A&7 Hs3 UL, THE A H T T
AASE 71&& Aokl Ut (International Living
Future Institute, n.d). BHASHAET} 7421510] Living
Building Challenge, Zero Energy, Zero Carbon ¢l

AABkL
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74> (Place), =(Water), o[ A| (Energy), 4733} 33
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Table 1. Definitions of a Carbon Neutral Building by Organizations

- Renewable
.. , Emissions . Energy Performance
Organization Program Period Combustion ) Energy
Concerned Requirement
Boundary
* Embodied Carbon:
20% reduction
i 0,
Eg::_ﬁgf_d Embodied NB: Not * NB*:20% reduction 16(::;? of
Living Building ' carbon & ) (ASHRAE 90.1-2019 &
A1-A5, . allowed needs
Challenge Operation: Operation EB: Allowed  °F IECC 2021) throush
o b carbon ' - EB**: ASHRAE o B
© 90.1-2019 or 50% on-sie
reduction EUI
International Zero Ener Operation:
Living Future . .gy p " Allenergy uses Notallowed - On-site RE
. Certification 12 month
Institute
* Embodied Carbon:
) 20% reduction
E(r;;l;gg:.d Embodied NB: Not * NB:20% reduction
Zero Carbon ' carbon & ’ (ASHRAE 90.1-2019 On-and
. A1-A5, . allowed X
Certification Operation: Operation EB: Allowed  °F IECC 2021) off-site RE
1‘; e carbon ' « EB: ASHRAE
90.1-2019 or 50%
reduction EUI
Operation
LEED Zero  Operation: carbon, ANSI/ASHRAE/IESNA On-and
USGBC Carbon 12 month occupant Allowed Standard 90.1-2016 off-site RE
transportation
Net Zero Embodied Embodied NB: Not _ On-and
Carbon- Carbon: rbon allowed To Be Determined Off-site RE
Construction A1-A5 carbo EB: Allowed ste
35 kWh/m?/yr for
Net Zero residential,
0 ti NB: Not
Carbon - . peration © 65 kWh/m?/yr for On-and
UKGBC . Operation carbon allowed .
Operational (Scope 1&2) EB: Allowed schools, Off-site RE
Energy p ' 55 kWh/m?/yr for
commercial offices
Net Zero Whole Life Whole life NB: Not . On-and
Carbon - A1-D b allowed To Be Determined Off-site RE
Whole Life carbon EB: Allowed stte
Operation
Carbon—n.eu.tral Operation: carbon of 4 star NABERS Energy On-and
Base Building e, Allowed ) .
. 12 month  building’s core rating or green star Off-site RE
Operations >
services
Climate Active
Carbon-neutral Operation
Whole Operation: ~ carbon of all 4 star NABERS Energy On-and
1 Allowed . i
Building 12 month  energy uses & rating or green star Off-site RE
Operations water

Note: * and ** indicate new building and renovated existing building, respectively

2019 E=IECC 2021014 AA5H= AR 20%S
Azgsfor et 2YIACIA AvlE oA = A

oA £ Q= WAER A0 tiste] Hjo] Akl tiy]
20%E Agoflof 5lv, +YEr4= ASHRAE 90.1-

http://hrith.orkr | 21



olUA] AT ASS B3l olFoIAH, A=A
AHIE 2= oS dtstA Hrh A150] 39
A Aaz=E7FoH, 7|& &9 Aot i
o 4t sl BaETL itk Aol
A= U] Yol A 105% ABATSoF Sek. e
A7 e O mRAE 17 A gsto] A4
4= St} Zero energy+= &0l A AA| ARESEH
= ANUAE A W AR A E B3l 100% 5
T}SHO]: Sttt Zero Carbon Living Building Chal-
lenge@} -FARRT o A] 7|E2 AASHAI, HiA] ]
9lo] 4 A4 Ao A2 B3 B o)
100%8 B8 % ke Aol ek, o]
Petal©| 2]o|| = Th-2 petal F-2 = FH=E3fof Sich
USGBCOf| A 2%3=LEED Zero =2 132 car-
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Table 2. Best Practices of a Carbon Neutral Building by Organizations
Westwood Hanergy
Building  Cal Guerxo  Hills Nature Lon 6 Pancras Renewable The Forge Workzone
Square East & West
Center Energy Center
LI.VIr.lg Zero Energy  Zero Carbon  LEED Zero Net Zero Carbon
Program Building o i Carbon -neutral Base
Certified Certified Carbon o1 s
Challenge Building Building
. . St. Louis Park, . Perth,
Location Bersca, Spain MN, USA London, UK Beijing, China London, UK Australia
Building Residential  Institutional Office Exhibition Office Office
Type Center
i
Climate Cfa Dfa Cfb Dwa Cfb Csa
Zone
Proi
z?ee:t 275 m? 1,260m?  49400m?®  2,545m®  13,000m® 27,962 m?
Start of 2019 2016 2019
Occupancy (Renovated) 2020 (Renovated) (Existing) 2022 2011
. 107 PV panel 100% off-site
0, -
Re];‘;;’:able 495kWPV 150 kwpy, 100 /"R‘]’;f site BIPV  (100% on-site RE, 99kW PV
& RE) for EV
* Use of * The first ZEC * 16.8% * The building ¢ The firstnet * The NABERS
existing in cold reductionin  exterior uses zerocarbon Energy
materials climate embodied building commercial  rating for
and natural - All-electric carbon from -integrated  building in the building
materials. building baseline photovoltaics UK increased
* Use oflocal e« Operational < 47% EUI design, *25% from 4.5 Star
material data shows  reduction integrating  reductionin to 6 Star
(<5000 km) the building < 27% reuse thin-film embodied ¢ Certified
* Carbon as energy of solar power  carbon Emissions
Remarks footprint 1.8 net positive. components generation (A1-5) Reductions:
kgCOze — -« Energy for the modules into * 44% UN Carbon
offset by modeling interior building reductionin  Offsets
supportinga using future fit-out curtain walls CO; against  Program
renewable weather and roofs Part L, * Roof top PV
energy (7,119 m?) surpassing for EVs
project in the GLA
Brazil target
* NABERS UK

5 Star ratmg

Building
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Fig. 1. Plan of a Target Detached House

Table 3. Building Parameters used in the Simulation

Variables Value
Building Type Detached House
Location Seoul
Floor Area 83.82 m*
Number of Floors 1
Floor/Ceiling Height 3m/23m
External Wall U-value 0.170 W/m?*K
Roof U-value 0.150 W/m?K
Floor U-value 0.170 W/m?*K
Window U-value 0.080 W/m?K
Window SHGC 0.430
Window VT 0.400
Infiltration 1.5 ACH50
Occupancy Density 0.0229 peple/m?
Lighting Density 5.5 W/m?
Power Density 6.4W/m?
Mechanical Ventilation 0.5 ACH

Floor radiant heating

Heati
eating System with boiler
Heati
ea 1ng System 92%

Efficiency

Fuel Type Natural gas
Cooling System Pack.aged te_rr_nmal DX

air-conditioner
cop 35

Heating/Cooling 20°C/27°C

Setpoint Temperature
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Table 4. Energy Break by End Use (Unit: kWh)

Conventional

End-Use All-Electric
Gas Electricity

Heating 657 9 1,867
Cooling - 443 443
DHW 669 - 708
Lighting - 1,001 1,001
Ventilation - 219 249
Appliance - 1,889 1,889
Annual 4,887 6,157

O] ATt FFoNIA] AR 4,925kWho[th Al 2
NuAAEE U571 B7F ol w2t 13414
A28 ALSIAS o, 78.65kWh/myrz
ZFEI QI 2 AE2 A 2o A] Q1571200 F-3tot
£ AES B4 JA| HFUA ALSF T
LA7EAR A AR B2 27%%} 73% S
Z1Z} Yebleh, A odA] 4] 5 AR 2
S A== 7171552 H]S-2 A of e 2| 4xH]
] 39%= LElTh

i AEo] SHARREE ARESH= AER 71
StE te A%t 2T AHA 2R 2 6,157kWh
B Ut ol Wi 24 AR E AR &
o] mHE 88 Aot wekEr

4.2 HAFTES flo MAdouX] 27 24 Zat

Table 5+ Living Building Challenge, LEED Zero
Carbon, UKGBC2] Net Zero Carbon Operational
Energy, Climate Active®] Carbon-neutral Base
Building Operationso]| A AAI5H1 Q&= eFaz
9] 71&4] A ojol w2 L F DA ol A 2] 2471 H
S5 PVAIAROA Aibs|ofof & ofuA] =
7Rt Ao,

Living Building Challenge®} LEED Zero Carbon

2 ARl Ofgt 7|7155t AL BEE H3tsto]

Table 5. The results of Greenhouse Gas Emissions and Required PV System by Certification Programs

Living Building

Net Zero Carbon -  Carbon-neutral

Program LEED Zero Carbon Operational Base Building
. Challenge )
(Organization) (ILFI) (USGBC) Energy Operations
(UKGBC) (Climate Active)
GHG Emission
2,870.0 1,928.4 1,990.0 1,047.9
(kgCOzeq)
Energy to Be Produced
464.9 4,136. 4,268. 2,247.
by PV Systems (kWh) 6,46 136.0 /268.0 2475
Expected Capacity of
9 . 9 2.1
PV Systems (kW) 5 38 3
Area Required (m?) 40~59 26~38 27~39 14~20
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Importance of Preliminary Validation of Exterior Wall Thermal Resistance in
the Evaluation Context of Building Energy Retrofit Projects
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Seungmin Lim** - Soyeon Kim*** - Changoh Kang**** - Gain Kim***** - Jongyeon Lim******

Abstract
This study investigates the thermal conductivity and density of expanded polystyrene insulation materials collected
from buildings under going energy retrofit projects. Due to the absence of initial thermal conductivity data,
determining precise long-term patterns was challenging. Analysis based on design documents revealed that
expanded polystyrene insulation maintained consistent performance over ten years. Notably, the thermal
conductivity measurements of insulation samples of the same grade and age varied significantly. Additionally, the
insulation density was found to be substantially below the standard specified in the design documents. The results
of the experiment indicate that performance management during both construction and operation phases is lacking.
It is crucial to apply building commissioning, which involves performance verification throughout the building’s life
cycle, to properly evaluate building energy performance improvements, such as building energy retrofit projects.

Keywords: EPS Insulation, Thermal Ressistance, Energy Retrofit, Building Commissioning
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Table 1. Information on Expanded Polystyrene Insulation Collected from Retrofit Sites of Aged Buildings

Duration

Thermal

Duration

Thermal

Type Class  Days Conductivity* B{?}?:% Type Class Days Conductivity* E{’:}:l?i
(Years) [W/mK] (Years) [W/mK]
- - 9042 (24) 0.0470 0.0450 10.90 1 5256 (14) 0.0480 0.0460 10.91
- - 8414 (23) 0.0416 0.0400 12.65 2 4 4939 (13) 0.0477 0.0460 10.98
- - 11305(30) 0.0454 0.0450 13.88 1 5284 (14) 0.0434 0.0420 11.32
- - 8714 (23) 0.0429 0.0410 11.82 - - 8694 (23) 0.0379 0.0380 18.90
- - 5608 (15) 0.0438 0.0420 11.53 - - 6475 (17) 0.0399 0.0390 14.97
- - 5650 (15) 0.0446 0.0430 11.45 2 4 5257 (14) 0.0470 0.0460 10.83
- - 5224 (14) 0.0417 0.0400 13.81 - - 5671 (15) 0.0451 0.0440 12.61
- - 6319 (17) 0.0425 0.0410 12.49 1 3 5844 (16) 0.0373 - 17.83
- - 5092 (13) 0.0450 0.0440 11.02 - - 10856 (29) 0.0419 - 13.07
- - 6252 (17) 0.0434 0.0420 13.80 - - 4075 (11) 0.0374 - 17.63
- - 4789 (13) 0.0440 0.0430 10.84 - - 5663 (15) 0.0421 - 13.20
- - 4789 (13) 0.0482 0.0480 9.84 - - 4613 (12) 0.0391 - 13.71
- - 6652 (18) 0.0388 - 16.73 - - 3818 (10) 0.0358 - 14.58
- - 8769 (24) 0.0452 - 9.62 - - 6172 (16) 0.0358 - 13.73
1 1 5712 (15) 0.0473 0.0450 11.03 - - 6929 (18) 0.0409 - 13.61
1 1 4845 (13) 0.0497 0.0470 10.21 - - 5298 (14) 0.0395 - 14.73
1 2 4581 (12) 0.0452 0.0430 11.28 - - 4885 (13) 0.0414 - 12.93
1 1 5053 (13) 0.0448 0.0440 12.59 - - 5310 (14) 0.0452 - 11.22
1 1 5208 (14) 0.0454 0.0440 11.76 - - 4429 (12) 0.0442 - 11.63
1 2 4841 (13) 0.0463 0.0440 10.56 - - 7179 (19) 0.0392 - 14.82
- - 5628 (15) 0.0460 0.0450 10.02 - - 6293 (17) 0.0444 - 12.02
- - 5628 (15) 0.0407 0.0400 15.08 - - 5752 (15) 0.0424 - 12.67
2 4 5257 (14) 0.0466 0.0440 10.77 - - 6144 (16) 0.0413 - 13.63
2 4  5215(14) 0.0444 0.0430 10.65 - - 7196 (19) 0.0407 - 13.71
- - 4715 (12) 0.0581 - 10.34 - - 5403 (14) 0.0446 - 13.44
- - 4941 (13) 0.0424 0.0420 12.32 - - 8497 (23) 0.0374 - 15.53
1 1 5367 (14) 0.0447 0.0430 1291
Note: * indicate data obtained from our experiments and a certified testing agency, respectively.
3. &N UXES9| HX 7F 3A vetva qleu g, 24 A RE g9d
=& 749 ¥t Fe FHH R gdsie A2
Az 27] BA=go] tie S 42 EPSA F ofdth
7] SAZol Higt A4S oA ok Bk 271 4 A G7] QAGN tiRt 71E Aol M= 7
s A7 SEE FAedole AT A 550 WS AT GARE AR T EA] B EC] et &
FAGEAAE APooM B =e Mol HAt g FF EollA A F 103 o]F AIRFE EPS
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Residential Independence of Youth and Policy Implications

Yol - g8

Yoonhye Jung* - Jinuk Sung**

Abstract
This study addressed housing issues among various social problems of youth. With a focus on residential
independence, this study analyzed the factors that lead youth to achieve residential independence. This study
drew on nationwide data from the ‘Youth Life Survey (2022)’ with a sample size of 12,578. Binary logistic
regression analysis was employed, with the dependent variable being residential independence. Key factors
were as follows. The probability of residential independence was higher for men than women. Residential
independence occurred mainly in non-metropolitan areas compared to metropolitan areas. Findings
revealed that greater age, income, and assets facilitate achieving residential independence. In addition, public
transport and cultural facilities were important for their residential independence, and it was found that the
previous experience of residential independence had a positive effect. Policy implications derived from the
findings are as follows. It is required to consider the heterogeneity and diversity of youth rather than
implementing unitary policies. To ensure continuity and sustainability of self-reliance, long-term support
programs are needed rather than temporary support. Moreover, it is required to offer public support
comprehensively, instead of youth relying on support from personal networks, including their parents. An
inclusive housing policy should be established to support youth for their residential independence in the
future.

Keywords: Youth, Residential Independence, Housing Rights, Housing Policies, Housing Welfare

LN = 710 9lo] EpkAzolm FHE 240 o] 9l
(15 9, 2020). 4 4] ASHE 5 A1 2
2792 A15l0) A Geo] AR AT BA B AR ABAE 5L FHHOR sk v
7SR Qlok TR ol Hojste AR FA AR 5L RYHo BaE 3
19~34419] BAL AR QAT % 204%0]w, A¥  d7he] 1 oot Ao wEe] Sof v 9]
2 SEA AL ATHEAR, 20230 015 T, AY ABA F7H FAu] Behsont %
Aol 7 AN 5, AY BAS RO A SES FYATIo ol 2l Hol ik £

1) AR ) Q7o) 5EACNA A3t A% HolQl 4 o5 B 1, 20224 HEAT 715 AL ok 468 W, A7) 6%
3, 9120 0.79F ol 71 9] E Aol Al 0v]gte] ghe Zherh %, F7hre] SR A0 20 4% HEhS ehilc.

Pl

*MSTEHEAZAF SHEA| LR MAHTLRY(F XKL jyh9097@i-sh.co.kr)
P MSTEHEAZAL SHEA|HT2 HHAAZRA(WAKKE: sju762@i-sh.co.kr)

Received: February 28, 2024 / Accepted: March 25, 2024

e i
2]



FA AR S 5 A 7LD 8] A FA HlE, HAF 2 23f HRItH(e] 4, 2021).3) 1o = -5l
AZIE HE7H B, &5 ] Yoz FE(Rent AA7IA] A2] A 0 & ol ARk A e el
to Income Ratio) B5 9] 4tof|A FA2Q0 A o] 279084 g 7} T15uke] 247} ol gl o)
02 FAEUCHOIEA 2, 2017; HFA 9], 2022). 7he 9219 ARk QA stofl iRt A A et
ole} B Eo] Fo| Fuet-5AE sheAlof et IF 3} 1=0) 7} A& E ofof Bithi= o]t
Ag7go] MaRRithe A7 23 i AHo)= & 2 Aol A= o 2 ok | A T FAZoF
o= FASH Al 594 BES 5P ol= ol £ Ao = A E YT 53] AH] 90249
& Sgoleh= 3 A gsRIth(e4A], 2020; = A 7Hto &7 FASYA 3= JFal mhet
TR HAAR] AT, 2022; WA 9], 2022). = ASH0Z g5t gttt Ik <lojet
a7l dieh vl -2 A9l =S 7S] 9 &Rt oty et &84 A = A9 A S
3 = ARRlA 28/ AHdoA Sl 7 ot} o] gt oA SHE FAS 7
A 4 = TRk tiet Rt s = o] 81 Nt ol g 28-S weloh= o =20
AstAHE| A 9, 2017; A7F4E 2021; 47 HtH(Goffman, 1959). A}3] A R|Eo] ZE5}R] k2
0]Z, 2021; Mgl 9, 2022). 2= HAH 02t ‘gefoll A 2] 0]3Y7] A A S| 7Fs/dol =
BHA oA S 1% AH ARRio] 27t L ERPYRE A A 75/ 0] & HH(Settersten and
A YR oL =B wEHE= 193710 Eol= AW Ray, 2010). I %= A} A= 4d-2 2000 6.6%
FARAZS 470 78 107 A o= Testsiitt ofl Hl3f 2020 2] 7-%-20.1%(°F 1934 )= °F 3
(FEALET, 2023). ZL7H35AF oA 5 v 271519k 22 gEze, Ao AZFsla
R A A7} A3k 24 0 2 otk o] Yol=gtd ulH Qlth T2} AF= A 9] H|RL X4 Q] 27} 34
A HA Aol =8 Ao = Hi= e £ Hole 7Ied FEe] FA7H- v % =1
ﬂi k= FollA SJu)7t ok Ly 4 aE2] ULES) A A 0 = o] EAF A= o] = =AY
310 3juti the Ailol| 71719] Hol x| FEo| g A5, B E5t0] Qo] = _,_JJr;q ol A1} 5}
9__]‘ 714 0 2 7§ E 7ol = FE2 A A|2ko] ik 5ol 718F5}al QU Erikson, 1950; Dennerstein et
(%741 3, 2023b; 3H-23Y, 2023).2) 71 7] A A} al, 2002; 4|4, 2023a).
AFEo] A9 WA v H olFALE 1EsHA ERRIS T glo] 2Rl Aot s o Ale =
B3 AA 53] 7hs o Fet T2 At T 2 27 sk= A A AT oA 7o 22
2 0 g sk o A5t A2 0l3d7] T F1oFAIS-S] A &ol/d SOl A AH4lof Higt o]
| dad SEE Qo) vl 1ol S} A AA|A 2] T84S HRtsto] AT LRV

|

o
r

l_‘

o2

2) AAA AR Fde] A4S FEeks 291l B45(2023b)2) 7§ EA ZAVATI) T A2 o] 285
£ 394] oI5} 140.1%= UEhdth 3=-23J(2023) -8 E 1A A & 7HAthE A15-9] Ao H]Z0] 30t ol5tol A
38.3%z £} 1=oho] B3] 7P .05 oli= 457ulo] FloFsto] AAN ofelgo) /1EEL T 98-S e 4 olck

3) ofd o] YRR AA7} HEF o FHH BAE 1A Gl FES82he Tol|A] HA 5] e Adzke] AAE
HiA| A A2 BEFo)d HP o] A5 917 w2t

4) ZZA1EAE o] 2o A= ARSI E] E A S0 A A A1A AR (distantiation) 2} 7 H (isolation) ¥ 1A} Sk 8171 5=
FZ 20~44A0]| A TS a F451aL 1k (Erikson, 1950).
5) 7}A0] 57] ZHIoA] RS T R AR ahe) o] 340 2 QITITHs A7} ek AR ] FASH e
7HQ19] A7} o2t A A ZHO A = FFTA S A dtH(Dennerstein et al., 2002).

40 | Land and Housing Review Vol. 15, No. 2



9| FA=SE OIXl=

SET A AN

TH(Bauman, 2001; Lauriks et al.,, 2014; B}u] 4l &]
2022). wEbA] £ AT0] A2 JE0| QIFEA,
AL AAA B4, 58 A9, AR 94 SOl wE
A F7HH 0 2 Bekste] FASH X G
k9912 £351 0 7 BAelyA} oh Bk Lk 3

WO A AP S lmEoal Al ISR} ei

Q.

¢

2.1 F7=o| Ho|

=39] AP A ol T2 Ao oA ol
314] ohJshs A %, EApE 0w EAISHS A
£ ofmjgith, AP HoloAE & 4 Qo] Exb
2 24 AEhE S5 e AR, A,
o), Al AH 5 Aol wet ot 245
ol theA M o] efFt ol 5T FASHL F
7422 BoJ}7] ofHrkol ¥z, 2022)

olo] theFet AT FAEHE AT o
49 =240] w2t tha A Hejsha 9o Azt
Aol 5719k g4 Blo] e Ao Ref 55
B 41471014 Q1712 AR B Aol 2
A=o] NAEe 22 Ry 2 Eglsio] 77
2 vhglshs 912 FA 0] ko s B gt
(1710l @4, 2020; 01441 9], 2022; 014 9],
2022).

T 02 oA 57 £ e 22
2o} ZAu] 2| Q9] AR EYL
Bofsi7]w sk Uolr} Ak B
AR 7 RS FARYOR By B
(o1A143- o] FHl, 2019; 0| 8%, 2022). 0] A F F
=2 4o 7)) w2 3], 79l 4le) A3t A1)
o] W5, o] tigt L5l Wslo] wet tieksi
A 2L L 4 9tk wet B AT £y
Tl o) % Hr R RE Beld Feld Sudt
AL A5 08 BolshuA g,

-

¢

o 1o

2
N

tol

el ol
¢
{

E

o w3}

ook

f
i

o

pu

ol IUIO
of

¢

22 HIP FASY BA Magoin 1

BT FASY that AYATE Al
22 HUAT) A BAVE R A A 2
|, FALE, 4] 4 W75l B A7k A
o= Spgu oIk ke A7 43t gel T
o AT B 7o) FAY RO R YFE LT
Ak glom AfiH 0 2 HurkTo) 2AS o] o
3 A7 ek 22 & 4 ik

2AZYE YA ol FloIA = An ujol g
o] ZAZ YL 9Io] thyt of 5] Sutelofo} 3}
94 HR e B Syl FA%HY A
SOF AN Y FARYS WO 4T
SR NEEDEEE NS IR EERES
459 Yoz shd Wt ek ol Furt
70| FAE Y BeAE AYLTE THhE e

g0z FA vieo] ohek Yt 24 A 24}
£ S5 Briel FA 2AWS skt 1
23, 5P PUSS 292 BAR FA5YL

L]
w ©
=
re
i)
ojft
5
3
N
N
rlot
oM,
Y
1o
Kl
)
N
i)

B 71T F ol A9 5

53j0] 9lo] QbR FATAL SHH O Al
She A0 Uelton] B o) Fa3 7487
29108 BOITHO|BE, 2022). E, 57 5]
glo] 0] FAH] A9l o FARY | F2 %

Foleke QlAlo] a7 ek %, FA5Y
of 9lo] HEE, g 5 R ety A4 A9
2 e w sk Aow Yeht A 7k op

o Rmo) A H R 22 A4S % 5 Urk

http://Thrithorke | 41



r
Ho

o7 - AR(2019) Ao = =d W 12
A7) A RS E A5 8Rlo] AHE 2]
2, 1E WO, A, A o8 e
FANEE A5 2902 1 FE7H7HFASE A
Eist= v 8910 2 FASIIr) Wi o] ko] i
Al thgt == At d o8 W2 AS A 4= itk

71:8-8H2022) A= QA FALEHRA AR

A - A& 55 HolEl S &8sto] 17 AHo]
8918 st 1 23 i A A
Q1o FAu] A3} 2|t 2 ] o,
g 59 FASES 1Eoh=

Al

ofy
W

ox

B 1o
o my
Y oX,
N o

Y

RN}

o
T
K
5

o
o

AT AT s Pd7170) A=Y
ol glo] F71uok e AA|H A lo] Fa3k 82
o Agste W, W, 8 x|, A% Qlxe}
5 FAD A% FAZYY) 4443 FAUS
£ A0 F8 W A8tk e, theo] 4
YA} o] ST PY A PUS o B
331 9lo] S AT YA Rt EASN:
Ha710] g BAjo] $Ag Agolek. ofo] &

AL FEenE Bed g7l SYe VEoR
5 AH(EY -5 2 ol g Bl A2 FA%Y
o] IR Qke BARcks HolA] Haeioke] 3t
e et
3. MK 3 2Y
3.1 24Xz

2oy 2 A

W7he] 2AE Yol 3

24517 g8 Autael

A d7H

Q]
=

iz
X

fr 1o

:
T
i)
)
ik
il
ik
fo
_0|L
=
by

[e]
T

=
B9 4 AR (FEEPA-
2022) dolelS Zg3te] A

YA A At % 177 Al Qe

f

[¢)

41
BN
Y
"
7
Efﬁ
T
A

Mo

9] 19~344] 7}7-L3} 1 7FEo] 4531 15,000
VS ARSI RAF B Hd GAAL A

% 8714 909 2AM 8-S /511l
T B ALBAS] A FEAL HES
FF RAE TS Aot A RAR= AR W
{5 R HE 2 AR} 284 0] Bl B3 PCE &85}
of i WH ZALE APSIH L FAF 717HS 2022
W 795 oF 297 HHZRAI} HoJE 5SS+
FolArH (=2 A - B A4, 2022).

£ A9 BT 4 AR A O TRt RAL
S A7) FA5E 890& 24
Fe R E R RE EYEh190 v
U HA7E 9+
% 12,57871779] 9

<

[e]

N
=

> L

rlo

of
—_
O,
=)
fo

F

o

[

fr 1a

o
EO{

Q.

2
gx
o

flot
o
(L
1
o
off
Ry

SEELE SR
FEsgom 5 4

6) 52 A AT} SR AN S AT Lol A1 2022 B & ARARE % 874 Qoo 24 mavh AEgon 7
AH 02 A UuHAI, B. 37, C. 717, D. B8~ B, B 1w, F. 70 L 2o], G A15I14] - vl 2|40, H. A7) hE 7} Sl
7) SFRARE 14,96672] o] S Hlo]E|S Bealolth A4S AL STA F 71 EAE A9le 13,2687 5 HH 19

Y71 5,2378 2 Ao = AAsal vin T o 2N = FueL 5751l 9= 3

A7R1 7,341%82 T2 ST

W 7,75549) Hud F ot AdH

8) 20223 A &t A 2AL BAA THE F 37510 Higt 240] 7hstt 1471 £ AlEste] 77 & Wz Z-83530r

42 | Land and Housing Review Vol. 15, No. 2



HUo| FAHSO) DIRKs P HHE AN

S o=

Table 1. Variables Used in the Model

Category

General Characteristics

Description

* Gender, Age, Region, Highest level of education

(Respondents and Father)

* Living together with parents
Residential Independence * Reason for independence and living together
* Reason for future independence plan

Residential Independence * Previous independent living experience, such as in a dormitory

Experience

* Intention to live in public housing

Dwelling

Residential Environment

« Satisfaction such as Living infrastructure, Use public
transportation, Crime prevention status, Sanitary environment,

Green space, Culture and facilities, Educational environment,
Relationship with neighbors

Residential Awareness

* The need for your own housing

* Residential awareness

Economic Factors

* Income, Assets
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Table 2. Descriptive Statistics

Category N %
Male 6,342 50.4
Gender
Female 6,236 49.6
19-24 6,868 54.6
Age 25-29 3,886 30.9
30-34 1,824 145
. Capital Area 4,174 33.2
Region -
Non Capital Area 8,404 66.8
Under High
1,580 12.6
School !
University
1 Attendanceand 4,579 36.4
Leave of Absence
College (Fraduate 6419 51.0
or Higher
Education Under High
nder Hig
.2
School 6879 56
University
2 Attendance and 30 0.2
Leave of Absence
College _Graduate 5326 435
or Higher
Residential Experienced 3,978 31.6
Independence )
Experience No Experience 8,600 68.4
Intention to Willing 8,584 68.2
Live in Public
Housi Not Willing 3,994 31.8
ousing
Total 12,578 100

Note:1-Respondent, 2-Father
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Table 3. Whether or not Residential Independence

Independence 0
Category Plan N %
Residential i} 5,237 41.6
Independence
Yes 2,305 18.3
Living Together

No 5,036 40.1

Total 12,578 100
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Table 4. Differences in Residential Independence According to General Characteristics
Resi - .
. esidential Living Total
e independence together (a+b) 5
ategory @) (b) x
N % N % N %
Male 2,700 42.6 3,642 574 6,342 100
Gender 4.623
Female 2,537 40.7 3,699 593 6,236 100 *
Total 5237 41.6 7,341 584 12,578 100
19-24 2,195 32.0 4673 68.0 6,868 100
Age 25-29 1,895 488 1,991 51.2 3,886 100 684.76
30-34 1,147 629 677 371 1824 100 ***
Total 5237 41.6 7,341 584 12,578 100
) Capital Area 1,642 393 2,532 60.7 4,174 100
Region - 13.569
Non Capital Area 3,595 42.8 4,809 57.2 8,404 100 o
Total 5237 41.6 7,341 584 12,578 100
Under High School 719 45.5 861 54.5 1,580 100
Education University Attendance
(Respondents) and Leave of Absence 1437 314 3142 686 4579 100 311;170
College Graduate or Higher 3,081 48.0 3,338 52.0 6,419 100
Total 5237 41.6 7,341 584 12,578 100
Under High School 3,038 44.2 3,841 558 6,879 100
Education University Attendance
(Father) and Leave of Absence 4 133 26 867 30100 22*'5:36
College Graduate or Higher 2,185 41.0 3,141 59.0 5,326 100
Total 5227 427 7,008 57.3 12,578 100
Residential Experienced 1,908 48.0 2,070 52.0 3,978 100
Independence 95.861
Experience No Experience 3,329 38.7 5271 61.3 8,600 100 ook
Total 5237 41.6 7,341 584 12,578 100
Intention to Willing 3,718 433 4866 56.7 8584 100
Live in 31.284
Public Housing Not Willing 1,519 38.0 2,475 62.0 3,994 100 *hk
Total 5237 41.6 7,341 584 12,578 100

Note: The criteria for independent variables follow general characteristics
*p<.05, ¥*p<.01, ¥**p<.001
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Table 5. Satisfaction with Residential Environment

Category Mean SD
Living Infrastructure 3.84 .985
Use Public Transportation 3.81 1.041
Crime Prevention Status 3.89 918
Sanitary Environment 3.80 969
Green Space 3.83 1.016
Culture and Facilities 354 1.079
Educational Environment 3.65 1.006
Relationship with Neighbors  3.53 .895
Overall Satisfaction 3.73 .769
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Table 6. Differences in Satisfaction with Residential
Environment According to Residential Inde-

pendence
Residential

Variables Environment t(p)

N Mean SD
Living 1 5,237 3.75 .964 8549
Infrastructure 2 7,341 3.90 .995 ***
Use Public 1 5,237 3.84 1.007 3.725
Transportation 2 7,341 3.77 1.064 ***

CrlmPT 1 5,237 3.71 .904 18191
Prevention sk
Status 2 7,341 4.01 .908
Sanitary 1 5,237 3.59 .970 20702
Environment 2 7,341 395 940 ***
1 5,237 3.61 1.011 21380
Green Space Kokok
2 7,341 399 .990
Cultureand 1 5,237 3.42 1.047 10955
Facilities, 2 7,341 3.63 1.093 ***
Educational 1 5,237 3.47 977 16509
Environment 2 7,341 3.77 1.009 ***
Relationship 1 5,237 3.32 .861 23142

with Neighbors 2 7,341 368 .888 ***

1: Residential independence, 2: Living together
*p<.05, ¥*p<.01, ***p<.001
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Table 7. Residential Awareness

Category Mean SD
A Safely Protected Space 4.26 851
Space to Relax 4.35 .809
A Space to Spend with Family 3.86 1.326
My Own Private Space 4.05 1.005
Living Space 4.16 .899

A Space for Asset Growth 3.17 1375
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Table 8. Differences in Residential Awareness
Depending on Residential Independence

Residential
Variables environment t(p)
N Mean SD
A Safely 1 5,237 4.06 .874 23.439
Protected I
Space 2 7,341 441 .803
1 5,237 4.22 .835 15.399
Space to Relax stk
7,341 4.45 777
A Space to 1 5,237 3.00 1.435 67.146
Spend sk
With Family 2 7,341 448 .802
My Own 1 5,237 419 .906 -131-12
PrivateSpace 5 7341 3.96 1.060 *x
Living S 1 5,237 398 .943 19688
ivin ace
&>p 2 7,341 430 .843 ***
ASpacefor 1 5237 2.72 1.410 31.250
AssetGrowth 2 7341 349 1256 ***

1: Residential independence, 2: Living together
*p<.05, ¥*p<.01, ***p<.001
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Table 9. The Need for Your Own Housing

Category N %
Need for Your Need 11,271 89.6
Own Home Not Need 1,307 10.4
Total 12,578 100
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Table 10. Results of Logistic Regression Analysis

Std. od Marginal Effect
Independent Var. Coef. p>|z| “_15 e
Err. Ratio  dy/dx Std. Err.
Gender .138 .057 .015* 1.147 .021 .008
Age(ref:19-24) - - .016* - - -
Age(25-29) .064 .075 .396 1.066 .010 .011
Age(30-34) 254 .092 .006** 1.289 .038 .014
Region .507 .060 .000*** 1.660 .076  .009
Level of Education 1 i i 000+ i ) i
(Ref: High School) ’
G 1
eneral University Attendance 847 107 .000*** 2334 121 .015
Characteristics
College Graduate or Higher -280 .086 .001** 756  -.041 .013
Level of Education 2 i i 157 i ) i
(Ref: High School) '
University Attendance -054 775 944 947 -008 .115
College Graduate or Higher 113 .059 .055* 1.119 .017  .009
Income 261 .035 .000%** 1.299 .039  .005
Assets 502 .022 .000%** 1.651 .075 .003
Satisfaction with Use Public Transportation 198 .033 .000*** 1.219 .029  .005
Residential Culture and Facilities .091 .034 .008** 1.095 .014  .005
Environment  pelationship with Neighbors -354 038 .000%** 702 -053 .006
Residential = ¢ - e to Spend with Family -1104 029 .000%* 332 -164 .03
Awareness
. ) Previous Independent Living -
Residential Experience 331 .061 .000 1.393 .049 .009
Independence " - Live
Experience ~ ntentionto Livein 200 060 .001** 1222 030 .009
Public Housing
Home
. The Need for Your Own Home  -.279 .097 .004** 757  -.042 014
Ownership
Constant Term -1.311  .325 .000 269 - -

Notel: Dependent- Residential independence

Note2: In case of education level 2, it matches the respondent’s father’s education level
-2LL 7947.771, Cox&Snell R Square .364, Nagelkerke R Square .490
Hosmer & Lemeshow test: Chi-square 9.986, df(8), p>|z| .266

#p<.05, **p<.01, #*p<.001
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A Study on the Vulnerability Assessment of Solar Power Generation Facilities
Considering Disaster Information
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Abstract
This study aims to develop an evaluation method for solar power facilities considering disaster impacts and to
analyse the vulnerabilities of existing facilities. Haenam-gun in Jeollanam-do, where the reassessment of
existing facilities is urgent, was selected as the study area. To evaluate the vulnerability from a more objective
perspective, principal component analysis and entropy methods were utilised. Seven vulnerability assessment
indicators were selected: maximum hourly rainfall, maximum wind speed, number of typhoon occurrence days,
number of rainfall days lasting more than five days, maximum daily rainfall, impermeable area ratio, and
population density. Among these, maximum hourly rainfall, maximum wind speed, maximum daily rainfall, and
number of rainfall days lasting more than five days were found to have the highest weights. The overlay of the
derived weights showed that the southeastern regions of Haenam-eup and Bukil-myeon were classified as
Grade 1 and 2, whereas the northern regions of Hwawon-myeon, Sani-myeon, and Munnae-myeon were
classified as Grade 4 and 5, indicating differences in vulnerability. Of the 2,133 facilities evaluated, 91.1% were
classified as Grade 3 or higher, indicating a generally favourable condition. However, there were more Grade 1
facilities than Grade 2, highlighting the need for countermeasures. This study is significant in that it evaluates
solar power facilities considering urban disaster resilience and is expected to be used as a basic resource for the
installation of new facilities or the management and operation of existing ones.

Keywords: Storm and Flood Damage, Natural Disasters, Solar Power Generation Facilities, Vulnerability Assessment
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Table 1. Damage to Solar Power Generation Facilities by the State Over the Past Five Years

Classification Year Number of Classification Year Number of
Damages Damages
Seoul 2019 1 2018 1
2019 3 Jeollabuk-do 2020 12 N
Busan r’&
2020 7 2022 5
Daegu 2022 2 2018 1
2019 1 2019 7
Incheon
2020 2 Jeollanam-do 2020 3
2020 2 2021 10
Gwangju
2022 2 2022 31
Ulsan 2022 2 2018 1
2019 1 2019 4
Gyeonggi-do Gyeongsang
2020 4 buk-do 2020 9
2018 1 2022 13
Gangwon-do 2020 4 2019 3
2022 5 Gyeongsang 2020 15
Chungcheong 2018 3 nam-do 2021 1 X By
buk-do 2020 14 2022 12 W g
2019 3 2018 1 yo. o
2020 7 2019 5
Chungcheong Jeju-do = Ny
nam-do 2021 2020 16 L
2022 3 2022 3
Subtotal 69 Subtotal 153
Total 222

Source: Authoring Based on Lee (2022) (in Korean)
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Geo-Spatial Information System (in Korean)
An Evaluation and Suggestion of
Photov.oltalc Power Plant L..ocatlons Based ANP-GIS Jeollanam-do Park z?nd Kim (2012)
on Environmental and Social Impacts, and (in Korean)
Sustainability
A Stud GIS Based Suitability Analysi
uayon ased sultability Analysis Correlation Park etal. (2012)

of Solar Photovoltaic Power Generation
Using Correlation Analysis

Analysis, GIS Jeollanam-do

(in Korean)

Solar Power Plant Location Analysis Using Daegu and Lee and Lee (2015)
R AHP-GIS .

GIS and Analytic Hierarchy Process Gyeongsangbuk-do (in Korean)
Study for Planmn_g Opth:?\l LOCE-ltlon of GIS Nationwide Yun_ etal. (2019)
Solar Photovoltaic Facilities Using GIS (in Korean)

Exploring Flood and Erosion Risk Indices
for Optimal Solar PV Site Selection and Mentes, e district
Assessing the Influence of Topographic AHP-GIS of tiirkiye Yilmaz etal. (2023)
Resolution
Solar PV Power Plant Site Selection Using Full
a GIS-Based Non-Linear Multi-Criteria Consistency Pakistan Khan et al. (2023)
Optimization Technique Method-GIS
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Table 3. Summary of Variables Exploited in the Previous Studies

Category Title

Kim and Kim
(2010)
(in Korean)

Factors

* (Population and economy) population density, number of disaster
victims, employment density

* (Landuse) park and forest area, land area, river area

* (Environment) embankment area, ditch area, maintenance area

* (Etc) sewage coverage rate, precipitation amount, precipitation days

Kim and Kim
(2012)
(in Korean)

* (Social&economy) population density, employment density, rate of
disaster victims

* (Landuse) green area, land area, river area

* (Disaster prevention facilities) embankment area, sewage rate,
catchment area

* (Natural environment) precipitation, precipitation days, wind speed

* (Disaster occurrence index) number of disasters by grade over the
past 10 years
* (Disaster vulnerability index; social) population density, proportion

Flood Risk Joo etal. of dependent population, casualty
Assessment (2012) . e s . . .
(in Korean) * (Disaster .vulnerabluty 1nde?<; topography) landslldeg disaster risk
areas, drainage density, semi-basement households, vinyl house area
* (Disaster damage analysis index) average disaster damage by
disaster level
* (Climate) rainy days, typhoon
Kim and Yoon * (Human) exposed people, vulnerable people
(2023) * (Urban infrastructure) semi-basement building, old building,
(in Korean) impermeable area, underground road, no sewerage
* (Environment) river, flood prone river area
* (Vulnerability) water structures (drainage culverts and channels,
Park pump stations, reservoirs), storm and flood risk sections, stormwater
(2015) pipe penetration rate, river opening rate, disaster warning facilities
(in Korean) * (Risk) property damage over the past 10 years, human casualties
over the past 10 years, impermeable area ratio
Lee and Kang * Places under construction
(2010) * Historic places
(in Korean) * Reserved land
Park and Kim * National environmental assessment rating (level 1 and 2)
(2012) * Distance from livestock facilities (within 1 kilometer)
(in Korean) * Densely populated areas
Park etal. * National environmental assessment rating (level 1 and 2)
Solar (2012) * Urban area
Power (in Korean)
L(f)cl:jgtm Le((ezaonldsliee . Dist'ance of the historic site/cultural assets
Analysis (in Korean) * Residence

Yilmaz et al.

* (Risk) flood hazard index, erosion risk index
* (Distance) distance from densely populated areas, distance from

(2023) roads, distance from transmission lines and transformation centers
* Landuse
Khan et al. . ‘(Al;ll(t):fbs(;lds;esptibility criteria) distance to water ways, distance to
(2023)

* (Economic criteria) distance to populated area, distance to roads
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Table 4. Candidate Influencing Factors for Vulnerability Assessment of Solar Power Generation Facilities

Classification Factors Definition Unit Data
Number of days with ~ Average number of days 10 mm/day over Da
rainfall of 10 mm or more the past 10 years (2013-2022) Y
Number of days with ~ Average number of days 25 mm/day over Da
D rainfall of 25 mm or more the past 10 years (2013-2022) Y
isaster
Frequency Number of days with ~ Average number of days 20 mm/day over Day
rainfall of 20 mm or more the past 10 years (2013-2022)
Number of times the maximum wind
Number of typhoon .
o occurrence davs speed was 17 m/s or more in the Number
2 ¥ past 10 years (2013-2022) Korea
2 n ber of d E——— Meteorological
o Number of rainfall days verage number of days with rainfa Administration
lasting more than five davs exceeding 5 days over the past 10 years Day
8 Y (2013-2022)
) Maximum dailv rainfall Average maximum daily precipitation mm
Disaster y over the past 10 years (2013-2022)
Intensity n - — N
. . verage maximum precipitation per hour
Maximum hourly rainfall over the past 10 years (2013-2022) m
. . Average daily maximum wind speed
Maximum wind speed over the past 10 years (2013-2022) m/s
Number of people aged Number of people aged 65 to 14 as of o
Population 65 to 14 2022 Person St;“S“CS
orea
Population density Population density as of 2022 Person/m?
National
. . . . Institute of
Soil drainage grade Maximum level of drainage class Class .
Agricultural
. b Sciences
opogra
PogTaphy Korea Institute
Wind impact index Wind exposure index of terrain of Geos.c1ence
and Mineral
Resources
Areas susceptible to Area of areas susceptible to landslide as ?
landslide of 2022
Natural disaster prone  Area of natural disaster prone areas as of 2
m
areas 2022 Haenam-gun
Area of risk area according to local
Land Use Area of risk area comprehensive plans for storm and flood m?
damage reduction of 2016
Environmental
Impermeable area ratio Percentage of impervious surface area in % Geographlc
2022 Information
Service

Note 1) The impervious surface area is based on the calculation method of environmental spatial information service,
and is divided into single residential facilities (111), communal residential facilities (112), industrial facilities
(121), commercial/office facilities (131), and mixed in the land cover map. Region (132), culture, sports, and
recreation facilities (141), airport (151), port (152), railroad (153), road (154), other transportation and
communication facilities (155), basic environmental facilities (161) Extracted from the area of educational/
administrative facilities (162), other public facilities (163), facility cultivation areas (231), and ranches/fish
farms (251).

Note 2) Grade 1 (very good), Grade 2 (good), Grade 3 (slightly good), Grade 4 (slightly poor), Grade 5 (poor), Grade
6 (very poor)
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Factors Communalities Component

2 3
Maximum Hourly Rainfall 952 935 -219 -077
Maximum Wind Speed 902 -933 011 -.145
Number of Typhoon Occurrence Days 927 -920 -119 -.033
Number of Rainfall Days Lasting More than Five Days .834 .879 244 .041
Maximum Daily Rainfall .684 .816 a21 .059
Impermeable Area Ratio 929 .641 -378 -137
Population Density 861 .545 -.265 -196
Number of Days with Rainfall of 25 mm or More .892 -012 963 .025
Number of Days with Rainfall of 10 mm or More 406 .252 936 112
Number of Days with Rainfall of 20 mm or More 572 -.209 927 -014
Soil Drainage Grade .861 -151 .015 916
Wind Impact Index 906 247 -.148 .907
Area of Risk Area .545 -078 .368 .635
Eigenvalues 4934 3.169 2.168
Proportion of Variance 37956 24.375 16.680
Cumulative Proportion 37956 62.331 79.011

KMO=.665, Bartlett's 22=2674.08 (p<.001)

Note 1: Factor extraction method: principal component analysis

Note 2: Rotation method: Varimax with Kaiser normalization
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Table 6. Weights of Evaluation Factors Applying the

Entropy Method
Evaluation Factors Weight
Maximum Hourly Rainfall 0.202
Maximum Wind Speed 0.198
Number of Typhoon Occurrence Days 0.137
Number of Rainfall Days Lasting More
than Five Days 0.159
Maximum Daily Rainfall 0.170
Impermeable Area Ratio 0.113
Population Density 0.021
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Fig. 2. Procedure for Entropy Weight
Source: Ha and Chung (2019: 189), Kim et al. (2019: 445) (in Korean)
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Table 7. Analysis Results by Administrative District
in Haenam-gun

Level Number of

Eup/M
Output Area up/Myeon

Haenam-Eup (8),
Bukil-Myeon (5),
Hyeonsan-Myeon (2),

Level 1 16

Samsan-Myeon (1)

Haenam-Eup (33),

Samsan-Myeon (5),

Level 2 41 Bukpyeong-Myeon (1),
Songji-Myeon (1),

Hyeonsan-Myeon (1)

Bukpyeong-Myeon (11),
Hwasan-Myeon (8),
Okcheon-Myeon (6),

Haenam-Eup (6),
Hwangsan-Myeon (5),
GyeGok-Myeon (4),
Masan-Myeon (4),
Hyeonsan-Myeon (3),

Level 3 52

Songji-Myeon (3),
Bukil-Myeon (2),

Songji-Myeon (15),
Munnae-Myeon (12),
Hwangsan-Myeon (9),
Level 4 42 Hwawon-Myeon (2),
Sani-Myeon (2),
Masan-Myeon (1),

Hwasan-Myeon (1)

Level Hwaw.on-Myeon 9,
Sani-myeon (7)
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Level Number of Facilities (Proportion)
Level 1 142 (6.7%)
Level 2 47 (2.2%)
Level 3 919 (43.1%)
Level 4 953 (44.7%)
Level 5 72 (3.4%)

Fig. 4. Vulnerability Assessment Results of Solar
Power Generation Facilities in Haenam-gun

Ao Kotk 53] A9 57 A A
T Thpe] AJHo] 2017~20180 72 AJE
2 Ui, oleid dake A3 71 95t A3
o] FTE | Ao ek 2017 FH= A
AR 25 e 9l =2 - F AR o E
9] o2 712} 100m o[ 2 3}sh= B FFLA
AA] 7ol =atelg APgstAitt. &3} 7]z met
AAE HFFLRA LY - AT 1A
o] HPgoll FFE VIS A or wdHw, A4
d 7T M= Q7 B E S B
ol 155 Aol v 1R8Il Qs Ao = Het
et

oot 2 A= 71E AsHAI ol B A1
AAEZT Dasie], o ol Ak gehgdd B



MYEE Jlefoh EHFEUTAILY| Fotky B0

et gt

o} 1|99] E4o] B U5t FHo] WA A
AP ANk

5.2 B

2 AT 7IegE EHOJ SAAAE ] Tt
7RSEIL glont olell thg 4+ Q= Al=Tt vl
Btk Al Al2ts ME}. olof] H=he=
HES AT o R A Re e s
HAS) Flopg 1S SiRh w7t et e
uiat, 715 e o) Hebg S Btet
Ak F1oPg W7k lole ] A9 5492 28
ato] 71 ste] Beb g o IR 4 Y=E 54
2 71EQ g Bt dlE Ry 79 ARG
o} 25 B4 A7), Aehd e ofde] By
AV FodS B7tel] 1Rt 8 A 3= AR
ﬂﬁ‘%@*ﬂﬂ%&ﬁ%%ﬁﬁ%iﬁﬂﬂ
59 ol A%, 19 Hd g4, B 1A
ATLE TS 77}11 AR7HAGE T, A2

H],
7IHe 5

=

& &0l ARE 7ISAE ST A AN
o D, HANETSE 14 2 I A
717 59 oG AL £0 R w2 VA =S
S ek At 7RSAIE hatete] Hebd S mE Tt
23}, FE5A o] 1, 2540 FF 23Esk= ol
LHERd Rhd oldt, Atold, 2WiH 5 55 A9

355 ool A2 R G A0S Uik
oL 15 A o] 142702 253 A e} o]
£Z+¥jo] ofo] T T4 nlelo] Wast 4w
Uk

£ o7 o] w2 A A9 theat Lk
AR, N EAIE 220 ) e A1 s
71%9] o] A gsirt sidt2 o 28 Al19%
of30f] 41 Al o] TRt 317} 7122 AL 90

F

H, g, AFAF A A4 B A9, WA
o4 Az, 12aL A Bl FR] A% AA=E A
A AFFo= PAISKAL Itk 1L 2 A ATt A]
7hg Ho) D744, HrjEss, B LS A
71259 ob 3, 19 Fef D75 5 A9
WEo} 3, 7|5 B A A FHeRgol 2 %
2 X 702 et ofo] wet Aja) 1 7]
g 89S 5770l W = =T Hk Rt
SAET Ha7FSIc

A, 71& A2 g7t As - E 7] ot
g7t B ottt A == A FTB7H= 2
g TR o3 ArdRtS: TR Shal glof 7t
o goll ZAEA] 9= Aol Sl wehbA 71E Al
9] AG7}7} o] FAoF & HolH, LAl9] 7%
A|ghH o] o0& A2 P2 AR = F7T
7] ol A o] 7+t A glo] FoH S BT
o UES i Al g Rto] =2E Havt
U Ao

Rl 750t A5 9 §848 11EsH &
Aol A Blojut Al O] FobdS arefstith= &
oA 9]o)7F lom, & A At F Al 4
A A Bz 71 E AL T 9 @

E

2 AT 5 P/ EATEA B S US A
O 7]hEIT, g & g she] Fatsto]

ﬁﬁﬂ“ﬂ&ﬂl%%ﬂ%@%ﬂagiq%ﬂ
82201 W 28 B} AN TH A

A9z g g
Hﬂ@?m%1

TER(2021), “EERY B A
A4 A 57 B BV, RErAskE,
21(4): 187~195.

2. 429 24L(2010), “

F<esfell Hit =yt 71

http://hrilh.orkr | 69



[ot

A

Z2HAGA| 2 b 7S Rt eI SAE A
HO] TGt AT, A LS SHAE S
=8 =23, 33~44.

Kim, G. Y. and S. W. Kim (2010), “Developing The
Evaluationg Approach for Flood-Disaster Safety of
Kaean Local Govemments Using a Multi-Criteria
Decision-Making Processl”, The Korean Regional
Development Association, 33~44. (in Korean)

- AEA-898H(2023), 7|55} 282 fiRt AS]
A H7PPHE 75 9 28] 3t A, i
AZ3 =13, 39(3): 161~170.

Kim, K. J. and S. H. Yoon (2023), “Establishing and
Applying Disaster Risk Assessment Methodologies

for Climate Change Adaptation”, Architectural
Institute of Korea, 39(3): 161~170. (in Korean)
A G(2012), EA B4 oataR]
W BT ekt Ale] B Qb Bk
7, RE=A A7), 24(2): 1~14.

. AR & HA 90|59 ZEN G (2019), “FAE B
9 Qe = v 798 285 A8 AR 71 2ok
7y, A ds}s]), 52(6): 441~449.

Kim, J. E, J. Y. Park, J. H. Lee and T. W. Kim (2019),
“Socioeconomic Vulnerability Assessment of Drought
Using Principal Component Analysis and Entropy
Method”, The Korea Water Resources Association,
52(6): 441~449. (in Korean)

. B4 (2015), "B A4S B g A0 )
A7VFER 71% A7, HAR =g, d=l
Shl.

Park, S. S. (2015), “Methodology of Regionalized
Meteorological Disaster Warning Level Considering
Storm Hazard-Index”, D. dissertation, Dankook
University. (in Korean)

. HRRR- Y E(2012), “AH- AEIA JFL T
3 e L] 71 A7 ey B2 2 247t
53R ARY, RELARX|ISIS]), 15(3): 437~455.
Park, Y. M.and Y. H. Kim (2012), “An Evaluation and
Suggestion of Photovoltaic Power Plant Locations
based on Environmental and Social Impacts, and
Sustainability”, The Economic Geographical Society
of Korea, 15(3): 437~455. (in Korean)

. SRl w591 (2012), “HBEAE OISR GIS
74t gL HARA A, A,
28(2): 91~107.

70 | Landand Housing Review Vol. 15, No. 2

10.

11.

12.

13.

14.

15.

8% o] gAY - M H B AT

Park, J. I, M. H. Park and S. Y. Choi (2012), “A Study
on GIS Based Suitability Analysis of Solar Photo-
voltaic Power Generation Using Correlation Analysis”,
The Korean Society of Cadastre, 28(2): 91~107. (in
Korean)

=

7873 Ax173(2019), “GISE O3t BYBA
RS A7 AR Aol wet A7, =AY
A A, 28(3): 243~254.

Yun, S. W,, Y. Paek, ]. K. Jang, D. K. Choi, D. H. Kang, J.
K. Son, M. ]. Park, S. W. Kang and J. K. Gwon (2019),
“A Study for Planning Optimal Location of Solar
Photovoltaic Facilities using GIS”, The Korean Society
For Bio-Environment Control, 28(3): 243~254. (in
Korean)

o7l AU F734(2020), “AtE|A] B} A HE
B3 A B=F] 9k 5§71, "LHI Journaly, 11(1):
109~116.

o]7]4-0|18](2015), “GISCF ASEAHE o187t
B g A AR 24T, TRt AlE g Rk, 18(4):
1~13.

Lee, K. R.and W. H. Lee(2015), “Solar Power Plant
Location Analysis Using GIS and Analytic Hierarchy

e

Process”, The Korean Association of Geographic
Information Studies, 18(4): 1~13. (in Korean)
0]5-%(2022.10.2), "B HIE- F-50 ‘==
S1AZFA30] AL 220", oPAJo} A

Lee, D.W. (2022.10.2.), “Solar Typhoons and Heavy
Rains ‘Rumbled’... 220 Equipment Accidents in 5
Years”, Asia Economy.

o] A1u] - 2 GA] - o] A-8(2020), “NE=Z] 7153 AF
PPEe BEA AAG Tk B,
HHAs}s] ), 20(6): 389~397.

12733 4G e BF(2010), “AH
AT AT Al A2lH A B2 Bl F A%
of =3+ A=, "LHI Journaly, 1(1): 75~82.

0|29 7R1E(2010), “GSIS 7&< B8t HYF
A JAA ol BEE AT, TS EEkE,
18(2): 99~105.

Lee,].Y.and I.]. Kang(2010), “A Study of PV System
Facilities Using Geo-Spatial Information System”,
Korea Spatial Information Society, 18(2): 99~105.
(in Korean)

o4



TS Tefst EEURAILC] 2ok Tjo| Bet o1

[y o=

16. 0|24 719174 - Hej&- Al A % oA 74 19(6): 187~195. (in Korean)

§5:(2019), "B T An|Q) ARl 7 B4, b= 21, 23 91| 284]-0]45] 224(2020), “TH}

BR8], 17(2): 7~11. <] glo]E]o] LAEAL 9J5t Y%A HPH: = E

17. Z51(2006.7.8), “Z0e Al LA BaL A7h A4 2 8Q1EA v, REHEH|elE e, 5(2):
A H T HAA, =AAL 135~143.

18. A -85 (2010), “FHEEAS o8 22. Khan, A, Y. Ali and D. Pamucar (2023), “Solar PV
St AFHO AFA Hr), BH=EREREsHs], 26(10): Power Plant Site Selection Using a GIS-based
69~79. Non-Linear Multi-Criteria Optimization Technique”,

19. ZA14- 0|45 - ¥FE(2012), “Eo] 9T o Environmental Science and Pollution Research, 30(20):

7153 A, SaAyslE]), 12(4): 75~81. 57378~57397.
Joo, ]. G, J. H. Lee and M. ]. Park (2012), “Develop- 23. Kim, H. G. and C. Y. Park (2021), “Landslide Suscep-
ment of Flood Risk Assessment Model”, Korean tibility Analysis of Photovoltaic Power Stations
Society of Hazard Mitigation, 12(4): 75~81. (in in Gangwon-do Republic of Korea”, Geomatics,
Korean) Natural Hazards and Risk, 12(1): 2328~2351.

20. 3k=9-A7A3](2019), “H= Al AT thA FoF 24. Yilmaz, K, A. E. Dinger and E. N. Ayhan (2023),
A BA R=RAss]), 19(6): 187~195. “Exploring Flood and Erosion Risk Indices for
Ha, J. H. and G. H. Chung (2019), “Snow Vulner- Optimal Solar PV Site Selection and Assessing the
ability Analysis for Administrative Districts in Influence of Topographic Resolution”, Renewable
South Korea”, Korean Society of Hazard Mitigation, Energy Volume, 216(119056): 1~16.

2o

B AT AN YT LAt S F g LAY B S NSl 7= A ] Fobd w4 S FA o= gt
oh. 71& A2 Ag717E At AR e e s A7 HR= A% }Oﬂ o, B} A7l F oA FoF
73S WD 7 AEE TR 24T AERY 7[HE A7 o -85t A 9] FHeb S B
FoFg B7HA R AN Fd QT HH S HlS TR L Jl*ﬂﬂ 5 o} gL, 12 A L=
g, =5 HA], A2 5 770 /ﬂzéﬂ‘iiiﬂi ARG Fd Dd=r, FHES 19 A D3, 21571
5L o3 AL £ o2 B2 VAV EEH I EEH VA AT AR ST A ER = S

EU9H 5 5492 1, 2550, HdH, Ao, EUlH 5 HE A 9] 794, 5550l B3 FHF Q| Aol
SHAOH, AERE 213370 Al B 35+ oV Aol 91.1%= F5st Holy 2531 1559 A1 7H
7t got ool gt tiFo] d et gto = Yetylth & A7 mAMAE S ALefste] s Al e 7t
SHAhE HollM Jef7t Qlom, FF AL AR A Be 7|E AL e Y 2 A 7| 24w B2 = U
Aoz 7|ddrt.

FA|0): Z5=3), AFAA G, B LFHEAA] A, #ok] 7}

http://hrith.orkr | 71






EXI x _—'l pISSN: 2093-8829, elSSN: 2234-1765
T Land and Housing Review 2024, 15(2):73-87 | http://doi.org/10.5804/LHR.2024.15.2.73

Land and Housing Rcvmw

Ut eAH S2 58 Hl
4

: MAUP 2|02
g8

ot Constrained Monte—Carlo Simulation2]

Commuting Efficiency Comparison of Metropolitan Areas in South Korea
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Abstract
To evaluate the efficiency of commuting patterns, various commuting indicators such as excess commute and
commuting potential utilized have been developed and used. It is crucial to calculate these indicators
reasonably to reveal the differences in commuting patterns among metropolitan areas and to consider these in
the process of formulating commuting policies. However, commuting indicators are generally calculated at the
administrative district level, and thus, they are not free from the problem of the modifiable areal unit problem
(MAUP). This issue can undermine the rationality of comparing commuting efficiency between metropolitan
areas, making it necessary to handle the calculation of commuting indicators carefully. Therefore, this study
utilises Monte Carlo Simulation to calculate optimal, actual, and maximum commuting distances, and thereby
presents the excess commute and the commuting potential utilized. To apply Monte Carlo Simulation to the
context of South Korea, a constrained Monte Carlo Simulation is conducted, where residential and workplace
locations used in the simulation are selected based on the actual locations of buildings. The analysis is
conducted on 13 metropolitan areas with established metropolitan plans using the 2016 Household Travel
Survey data. The commuting indicators calculated through the simulation showed minimal differences
compared to the results obtained through conventional methods. The comparison of commuting efficiency
among metropolitan areas revealed that even if the degree of spafial balance between residential and
workplace locations is similar, the actual commuting patterns can differ significantly. It is suggested that
further research considering characteristics such as the area of each metropolitan region will be necessary in
the future.
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B2 28| oldol Eoh= 5 T2 & QIS AR
A7t o2 710l sl A2 AgoltH=EAY
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B85S o) et 44 5o e A H 02
Al &Yl ghch(Bai et al., 2021; Jun, 2019; Jun et al,,
2018; Kim and Han, 2012; Kwon, 2021).
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= FAETEA 9 5 HE S HotA mhelol=
o] Faott. &, EAlE 5 o vl EE&4
S ATARI A %5 L&l ST a7 vk
Zloltk. B+ & motelr] 913t A H = “HA| i
FELAL YT “HE BT} I TR 2

U= 24 Bt T2 A
A7 R AR E L QL
TH(Jun, 2020; Jun et al, 2016; Ma and Banister,
2006a; Sohn, 2005; &S -@iﬂ, 2011; $u)gg,
1998; 0]Ats, 2004; 0]48]-0|HE, 2003; A A,
1995; AHA - FAL, 2011). o]QJof= & 5
Ao, & "He AP H e s 5
A de Qe Al Hat 52 AL F
i 52 A e ole A#E Sl Altd ‘25
&, T A ARSE S AR S HiE
71 9ol EHA 0 2 E-2FTHMa and Banister,
2006a; Ma and Banister, 2006b; Ma and Banister,
2007; Kanaroglou et al., 2015).
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=57] g2l 3 44 7 A (MAUP:
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Sltt+=3HA|7} Itk (Horner and Murray, 2002; Ma
and Banister, 2006a; Niedzielski et al., 2013;
Small and Song, 1992). WetA 2| #2] Ak& A=
A 2H) Bl A A H] o]l 1o 2 AR
oh thA weE d20 = olojd 87t otk B
o A3 Ak oA EAYSh= MAUPS] S ES ¢
H 377 WFolA LA shs 2 7=l 24
O] Bt T2 AE AR BT 2719
vt g2 i dsks 2 WRtel AlAIEo] et
(Frost et al., 1998; Horner and Murray, 2002;
O’Kelly and Lee, 2005; Sang et al., 2011; Small and
Song, 1992). 5FX|qt o] g HQkS 2| 3 AkZo] &
479 = o]Foix]7]o] MAUPO] tiet 24
Ql s 2 =7 EF=t], Holle olE S5t
7] S1et Hot ZEARI gijte & A AES 7i9l
Q]2 4=35}= Monte-Carlo Simulation 7|4t &

= 3P o] AA] =1tk Hu and Wang, 2015). ©] 5}

CEies

M2 A8 4, MAUPC] ofjtA] okt B
RS A% 4 9] uhol = 7 B whel
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|t Constrained Monte-Carlo Simulation?] &
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FFS F4sfohaA Seuet i eAl 8o 51 U
S H|WSEAA}F A TG EOF Aol A AREE]
= Monte-Carlo Simulation 7|8+ -8 3] ZH tjf
TAEY B X #EE ARESFAT(Hu and Wang,
2015; ZAY- 754, 2024). FAHZ 0.2, Hu and
Wang(2015)°] AR S S2ue) ti=Ald

of| L5tA -8317] $fsto] AlEd ol ol AMg-E =
FARN L} LFA T AA FAE AETHIFAE A
=9] fIA|oIA A= ofoF gtth= Al FR S 57t
St Constrained Monte-Carlo Simulation2 $~3j5}
Stk 20169 ATEPAA A A2E GGl
Yol A A go] 4718 147 A A 5 AT o
Al ES A LJRt H52] 1371 e Al E2 AlE oA
oh3 7 Azke v maklc.
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HAESIL 3704 2 Aol A ARESEFlo] 519} Al
B0l WS At 4golA= AlEEolA
Al v w IS AHstal, o] S g0 2 5%
oA A2} AAFE = AARITE

2, M HE
Hamilton(1982)°]] 2J3]| A& AA|H & 5=
72 (optimal commuting distance)= @A 2] 2|5
o

REEFOR RE STV 2

52U A9 2L S 9l el B FLAYR
Hoka 4 9k G| 7ol A AR FE =
SRS EESALE DL EE EE

o
ool rIo
lo

ojglo, 22 T AzlTe M= ES
ol sHA 9] & WS B FAF T2 B AF
o ¥&] AR&=21tt(Jun, 2020; Jun et al., 2016;
Kanaroglou et al., 2015; Ma and Banister, 2006a;
2006b; Ma and Banister, 2007; Sohn, 2005; ZJ&

A5, 201

9 1 013,
4:8]-0]%E, 2

1998; o]Ak<, 2004; 0]
003; A4, 1995; AFA-HA|L,
2011).

Hamilton(1982)-> 2|4 5 7| 2|2t A B+t &
L AZE ARESI0] GH] B wasteful commuting)’
olgh= 7Hd2 A AlASHAT: dH] 52 AA
S AzolA 22 T2 ARE W g AA 52
7219 vlg= ALt T olE A5 23
o] B Ag]o| )X ko] Ar =2 F|AFET,),
o= A9 24 S A7 gt 1.1 vhdQlH v
S A B ARl= Bt 8.7 = AREE It
& AASHAA & 13%2] B Agvto] 239
EAF o= | Ayt =5

Z121 Hamilton(1982)°] AIARE 22 & 7]

AL =AZHES £ 7Pgsto] ThEol

R B9 ord 2 A 2|5=0] EE AHsHA] &
Aotk SHA 7T Qlo], A= White(1988)71 A A5t
AE T2 T2 (linear programming) 7|5t A4k
o] @] ARGE AL Qltt o] W
o] S ST B3 SEe] AAlet sYshH
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S} ZTHA] (1)). White(1988)%= o] WIS &5
Akgt ] FL&Z AAloHH, AA| gH] B3

T2

HPH.o 7} YA L]

© Hamilton(1982)0] AA|3t Ak 4] Qkrky
g3k o1, 7 A Aol ol kLA ol
o Y7 Tele] Holof 4 w2H 2] Small

N

and Song(1992)°] 9J3}] BI& # ). 1525 A
8o A&-Z Hofl dH] TS ‘Z B (excess

commuting) |2} JSIRA=t, 1 o]F ‘23 T
E= 2 STE0) Bt g AR E= ol= A}
2] Ztt}H(Ma and Banister, 2006a).
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Table 1. Summary of Commuting Indices

7 SR ARelA, 4 B2 AR 57t
Zo| A B §2 Al F71Euek e 2A ot

e 23§28 Tl slol et B
229l 2 fele] B4 WS Ao A

o] Hz pug uiso R RE E2APL /g W 3
o8 FIE A IS 5 U= AU Y B 52
22 g ou)= A 12l F) B AE A A
= 997} It} (Kanaroglou et al,, 2015; Ma and
Banister, 2006a; Ma and Banister, 2007). o|Z 4|
AR Fd] 5 A9 A S A, 1 A
Al Bt 5L AE EE5f o el He] 5
e 884 $ES Heh FgelA geld 4= Qlth
<, AA Hat 5L A=A 52 ARl 7T
W G829 5 e Hol= Ao, B E
o B Aol 7Pt Kot BlaEAQl S 5

He H ]% A0 2 & 4= QIti(Ma and Banister,
2006a). T3, 2] B 719, 24 5 7], 1

Index

Meaning

The average commuting distance when all commuters

Optimal Commuting Distance C

min

commute to the closest workplace. The lower value represents

that the housings and jobs are spatially balanced.

Actual Commuting Distance C,,

The actual commuting distance of commuters.

The average commuting distance when all commuters
commute to the farthest workplace. The commuting pattern

Maximum Commuting Distance G, ,,

could be investigated by comparing the maximum commuting

distance to the optimal and the actual commuting distance.

Excess Commuting C,,

C,=(Cu—Ci)/Cy

ex obs min

The lower value represents that commutmg distance is close
to the theoretical minimum distance, and represents that the

commuting pattern corresponds to the urban spatial structure.

G, :(Q)bs 7Cr(nin)/(cr(nax - C:nin)

u

The lower value represents that commuting distance is short,

Commuting Potential Utilized C

compared to the theoretical maximum distance, and

represents that commuting pattern is efficient considered the
spatial separation of housings and jobs.

Source: Kanaroglou et al. (2015)
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QI3+ Constrained Monte—Carlo Simulation?| &
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-5 (commuting potential utilized) 5| & A4t
<= @It} (Kanaroglou et al., 2015).
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Table 2. Comparison of the Commuting Indices by Calculation Method

No. of
Metropolitan Area Method o0 Optimal Actual Maximum
Commuters
B Conventional* 8,054 2.28 km 7.71 km 20.06 km
usan
Monte-Carlo 8,003 2.17 km 7.22 km 19.40 km
Conventional 1,088 2.91 km 8.08 km 21.11 km
Cheongju
Monte-Carlo 1,066 2.68 km 7.46 km 19.48 km
b Conventional 3,943 2.58 km 9.08 km 18.14 km
aegu
& Monte-Carlo 3,877 2.34 km 8.44 km 16.86 km
Conventional 4,206 2.45 km 7.63 km 29.28 km
Daejeon
Monte-Carlo 4,163 2.07 km 6.65 km 27.87 km
Conventional 235 3.97 km 8.85 km 43.33 km
Gongju
Monte-Carlo 196 3.83 km 7.54 km 40.27 km
Conventional 2,831 1.80 km 6.74 km 13.07 km
Gwangju
Monte-Carlo 2,797 1.64 km 6.41 km 12.16 km
Conventional 199 5.89 km 9.81 km 34.54 km
Gwangyangman
Monte-Carlo 147 4.60 km 9.99 km 32.23 km
Conventional 4,238 2.32 km 7.53 km 30.21 km
Haengbok
Monte-Carlo 4,221 1.95 km 6.46 km 29.11 km
Jeon] Conventional 325 2.80 km 7.72 km 32.35km
eonju
) Monte-Carlo 239 2.95 km 6.87 km 28.89 km
Jeonnam Conventional 136 2.59 km 5.88 km 20.37 km
seonam Monte-Carlo 102 4.25 km 6.31 km 17.55 km
Masan Conventional 1,651 2.45 km 7.95 km 23.06 km
Changwon
Jinhae Monte-Carlo 1,596 2.35 km 7.35 km 22.27 km
N Conventional 593 4.76 km 11.25 km 63.67 km
aepo
P Monte-Carlo 557 4.02 km 10.69 km 61.53 km
Seoul Conventional 61,886 2.87 km 9.07 km 38.41 km
eou
Monte-Carlo 11,134 2.93 km 8.75 km 38.07 km
* Calculate at TAZ level, used d; = v/ R/= for intrazonal distance of zone i.
If the minimum distance between zoneiandj Y,; < d, (i = j) , D; = (¥;""/d,) x Y™™ was used instead
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Table 3. Results of the Constrained Monte-Carlo Simulation by Metropolitan Area

Metropolitan Area Simulation Optimal Actual Maximum  Excess Utilized
Area Rate*
Busan 1,899 km? 99.4% 2.17 km 7.22km 19.40km  69.90% 29.30%
Cheongju 3,403 km*>  98.0% 2.68 km 746km 19.48km 64.03% 28.43%
Daegu 4,977 km* 98.3% 2.34 km 844km 1686km 72.24% 41.97%
Daejeon 5,123km?  99.0% 2.07 km 6.65km 27.87km 68.90% 17.76%
Gongju 2,584 km? 83.4% 3.83 km 7.54km 40.27km 49.14% 10.17%
Gwangju 2,995km*>  98.8% 1.64 km 6.41km 12.16km 74.37% 45.30%

Gwangyangman 1,853 km®  73.9% 4.60 km

9.99km 32.23km 53.99% 19.52%

Haengbok 3,597 km®>  99.6% 1.95 km

6.46km 29.11km 69.81% 16.59%

Jeonju 2,457km*  73.5% 295km  6.87km 2887km 57.08%  15.14%
J;::;;;“ 3711km®>  750%  425km  631km 1755km 32.63%  15.46%
Masan
Changwon 1,624 km*>  96.7% 2.35km 7.35km 22.27km 68.08% 25.11%
Jinhae
Naepo 3,507 km? 93.9% 4.02km 10.69km 61.53km 62.39% 11.59%
Seoul 11,704 km? 18.0% 2.93 km 8.75km 38.07km  66.56% 16.57%
Average** 4,494 km®  42.6% 2.91 km 7.70km 28.13km 62.24% 22.53%

*If the count of the housing and non-housing building
undersampled to match the number.
** Arithmetic mean of each metropolitan area, not weighted.
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Effects of Seodaegu Station Development on the Surrounding Apartment
Market

: Focus on the Effects of Educational Environment
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Hyeontaek Park* - Jinyhup Kim**

Abstract
Apartments constitute 64% of the housing type composition, representing the highest proportion among
housing types. This proportion has been increasing annually. Given this trend, apartment prices are likely to
have a significant impact on the national economy and people's livelihoods. This study examines the impact of
the recent development of Seodaegu Station on the surrounding apartment market, with a specific focus on the
effects of the educational environment. To this end, we conduct empirical analysis employing a hedonic price
model and spatial autocorrelation analysis, based on actual transaction price data from the Ministry of Land,
Infrastructure, and Transport. The study revealed three key findings: first, the development of Seodaegu
Station positively impacted apartment prices. Second, this positive effect increases with the proximity to
Seodaegu Station. Third, the enhancement of the educational environment nearby the Seodaegu Station
development also positively influenced apartment prices. This study aims to serve as baseline research output
for the public management of future metropolitan transportation facility development projects and for
predicting apartment price trends.

Keywords: Apartment Price, Educational Environment, Large-Scale Transportation, Hedonic Price Model, Housing
Market
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Content
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2015. 12. Construction Progress
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Fig. 3. Distribution of Apartments in Seogu, Daegu

Source: Based on Naver Maps, SGIS, and Data Portal data,
it was produced by the author using QGIS
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Table 2. Variable Description
Category Description Source
Apartment Price Apartment price per 3.3 m Ministry of
Land,
Dependent ] Infrastructure
Variable LN Natural logarithm of and Transport
Apartment Price apartment price per 3.3 m (2023)
(in Korean)
Age of Property Age of Property Naver Real
Exclusive . ) Estate (2023)
Private Area Exclusive Private Area (m*?) (in Korean),
Ministry of
Apartment Room Number of rooms li:n;y ©
Characteristics Bathroom Number of bathroom Infrastructure
dT t
Floor Number of floor an (Zgazn;)por
Households Number of households (in Korean)
. Straight distance between apartments
Distance .
from Seodaegu Station
(2.3 km or more=1, Less than 2.3 km=0)
Data Potal

Above Average
Number of bus stops within 500 m of

Bus Stop .
apartment radius
Location
L . Urban Railway within 500 m (2023)
Characteristics Urban Railway radius of apartment building (Yes=1, No=0) (in Korean)
Number of schools within 750 m
School :
radius of apartment
Number of academies within a 500 m
Academy )
radius of the apartment
Time 1 Before the policy announcement
2015.05~2015.11 (Reference)
Time Time 2 After the policy announcement
Variable 2015.12~2016.06
Time 3 Breaking ground 2019.03~2019.09 M“;‘St;y of
and,

Time 4 Opening 2022.03~2022.09 Infrastructure
Naedang-dong Naedang-dong=1, Otherwise=0 (Reference) and Transport

Bisan-dong Bisan-dong=1, Otherwise=0 (2023)
Wondae-dong 1ga=1, Otherwise=0 (in Korean)

Wondae-dong 2ga=1, Otherwise=0

Wondae-dong 1ga

Wondae-dong 2ga
Jungri-dong

Pyeongri-dong

Jungri-dong=1, Otherwise=0
Pyeongri-dong=1, Otherwise=0

Regional Variable
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Table 3. Descriptive Statistics

Category Min Max Mean Std. Div.

Dependent Apartment Price 373.05 2,551.01 1,010.36 266.54
Variable LN Apartment Price 5.92 7.84 6.88 0.26
Age of Property 4.00 44.00 28.99 13.63

Exclusive Private Area 39.06 179.65 80.69 32.60

Apartment Room 1.00 5.00 3.05 0.72
Characteristics Bathroom 1.00 2.00 1.48 0.50
Floor 1.00 22.00 6.83 5.12

Households 1.00 964.00 224.62 228.47

Distance Above Average 0.00 1.00 0.58 0.49

. Bus Stop 4.00 19.00 11.52 3.33
ChaLr(;C:t‘:r(;?tics Urban Railway 0.00 1.00 0.08 0.27
School 0.00 5.00 2.66 1.23

Academy 2.00 48.00 33.13 10.99

Time 1 (604) 0.00 1.00 0.38 0.49

Time Time 2 (286) 0.00 1.00 0.18 0.38
Variable Time 3 (594) 0.00 1.00 0.37 0.48
Time 4 (112) 0.00 1.00 0.07 0.26

Naedang-dong (553) 0.00 1.00 0.35 0.48

Bisan-dong (145) 0.00 1.00 0.09 0.29

Regional Wondae-dong 1ga (26) 0.00 1.00 0.02 0.13
Variable Wondae-dong 2ga (9) 0.00 1.00 0.01 0.07
Jungri-dong (435) 0.00 1.00 0.27 0.45

Pyeongri-dong (428) 0.00 1.00 0.27 0.44

N

1,596

Note: The numbers in parentheses next to the names of time variables and local variables indicate the frequency

Ao] ol i Wt 0,582 Liehgtom ol At

T A ol EZFA] A2} 7} 2.3kmE T} T T vjuf
A 7FE 9] IO A B & & <= Qlek of
THE T MAYRR A= 24 4710l A FH 19
A7) 91Qict. B 11.52707} 9Qick optE =4
A5k fF= Hto] 0.08% LT oltE 3
H 5H Tl X4 270l A X 4870714] AT
B2 33.1370|t}.

AERTE A

2

dlg A9l Aj-10] B 0382
FE o]0 A1A 3(0.37), AIA

71 o] gka 1 HE 0
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A Study on the Types and Determinants of Young Farmers
: Focusing on Young Farmers in Muan-gun, Jeollanam-do

O|&kO|** - ZIZE***

Hyangmi Yi** - Jongha Kim***

Abstract
Based on Muan-gun, Jeollanam-do, this study explores how to mitigate the disappearance of rual areas. The
study surveyed 95 young farmers in Muan-gun to assess their farming practices and the challenges they face.
We further employ factor analysis and cluster analysis classify young farmers in Muan-gun, facilitating the
identification of tailored policies or initiatives aimed at fostering and supporting young farmers. The results are
summarized as follows. First, Muan County does not have any ordinances or original projects specifically
designed to support young farmers. Second, the succession rate of farmland among young farmers in Muan
County is 41.1%, which is comparable to the national rate of 43.7%. This indicates that approximately 40% of
young farmers in Korea have inherited farmland, a critical foundation for agricultural activities. Third, despite
accumulating farming experience, young farmers have not seen any improvement in local living conditions, and
rather their difficulties have intensified. Fourth, this study conducted a factor analysis using 21 variables,
resulting in the selection of seven common factors for cluster analysis. Consequently, young farmers in Muan
County were categorized into three groups. The multinomial logit analysis revealed that the typology of young
farmers is influenced by indicators such as cultivated area, farming experience, demand for smart farms, farm
income, and farming type (rice cultivation or other). Therefore, to attract young farmers and prevent the
decline of rural areas, policy efforts should focus on minimizing entry barriers to farming infrastructure, such
as access to farmland, and improving local settlement conditions.

Keywords: Cluster Analysis, Rural Depopulation, Factor Analysis, Youth Farmers
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Table 1. Farmers Selected for Young Farmer Project in Muan Unit: Person, %
Classification 2018 2019 2020 2021 2022 2023
Selected Person 18.0 24.0 20.0 21.0 27.0 42.0
1 Year 61.0 29.2 15.0 19.1 44.4 35.7
Independent 2 Years 111 20.8 25.0 4.8 14.8 7.1

Management

Ratio 3 Years 5.6 4.2 - 9.5 - 4.8
Planning to Farm 22.2 45.8 60.0 66.7 40.7 52.4
Return to Farming Ratio 77.8 70.8 65.0 66.7 70.4 73.8
Succession Farming Ratio 16.7 12.5 10.0 23.8 11.1 23.8

Note: Disclaimers and non-qualified persons are excluded from the analysis

Source: Internal data of Korea Rural Community Corporation
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Table 2. Characteristics of Farming in Young Farmers in Muan

Classification Mean Min Max Note
Age 30.368 20 42 Age
Gender 0.779 0 1 Male = 1, otherwise = 0
Continue Farming in Hometown 0.500 0 1 Yes = 1, otherwise = 0
R i F ing f Anoth
Home eturning to arm.mg rom Another 0.196 0 1 Yes = 1, otherwise = 0
T Region
own . .
Returning to Farming from 0.304 0 1 Yes =1, otherwise = 0
Hometown
Agriculture Career 4.755 0 23 Year
Cultivation Area 1.864 0 17 ha
Share of Leases in the Total Area 0.364 0 1 %
Agricultural Management Database 0.820 0 1 Yes = 1, otherwise = 0
Rice 0.442 0 1 Yes =1, otherwise = 0
Cultivation of Crops in Rice Paddies 0.200 0 1 Yes = 1, otherwise = 0
Field Crops in the Open Field 0.526 0 1 Yes = 1, otherwise = 0
Crops Horticulture of Facilities 0.116 0 1 Yes = 1, otherwise = 0
Fruits 0.053 0 1 Yes =1, otherwise = 0
Animal Husbandry 0.221 0 1 Yes = 1, otherwise = 0
Other Crop Farming 0.032 0 1 Yes = 1, otherwise = 0
Nothing 0.086 0 1 Yes = 1, otherwise = 0
Less than 10 0.161 0 1 Yes =1, otherwise = 0
Less than 10 to 20 0.107 0 1 Yes = 1, otherwise = 0
Less than 20 to 30 0.150 0 1 Yes = 1, otherwise = 0
Farm Less than 30 to 40 0.096 0 1 Yes =1, otherwise = 0
Household Less than 40 to 50 0.021 0 1 Yes =1, otherwise = 0
Income
s Less than 50 to 60 0.118 0 1 Yes = 1, otherwise = 0
(In Million
won) Less than 60 to 70 0.004 0 1 Yes = 1, otherwise =0
Less than 70 to 80 0.005 0 1 Yes = 1, otherwise = 0
Less than 80 to 90 0.004 0 1 Yes =1, otherwise = 0
Less than 90 to 100 0.002 0 1 Yes = 1, otherwise = 0
More than 100 0.009 0 1 Yes = 1, otherwise = 0
Full-Time Farmer 0.597 0 1 Yes = 1, otherwise =0
Types of . . .
. First Part-Time Farmer 0.184 0 1 Yes = 1, otherwise = 0
Farming
Second Part-Time Farmer 0.217 0 1 Yes = 1, otherwise = 0
Continue Farming in Muan 0.736 0 1 Yes = 1, otherwise = 0
Farm Not Farming 0077 0 1  Yes=1,otherwise=0
Business
Plan Farming in Other Areas 0.044 0 1 Yes = 1, otherwise = 0
No Plans Yet 0.143 0 1 Yes =1, otherwise = 0
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Table 3. Succession of the Farming Foundation of Young Farmers in Muan

Farmland+ Far'mland+ . Agricultural
Category Farm Agricultural Agr1c1.11tural Farmla?nd+ Agrlcu.ltural Machinery+ Nothing
Land T, Machm_ery+ Housing  Machinery ey
Housing
Ratio (%) 24.2 7.4 7.4 2.1 5.2 3.2 50.5
Table 4. Changes in Agricultural and Regional Difficulties6) Unit: Average Score
Classification Start (A) Now (B) Difference (A-B)

Securing Farmland 3.30 3.06 0.24
Farm Funds 3.45 3.08 0.37
Capital Invested in Facilities 3.34 3.27 0.07
Farming Skills 3.20 3.02 0.18
Ability to Operate and Analyze ICT Devices 3.61 3.20 0.41
Acquisition of Agricultural Expert 3.15 2.98 0.17
Knowledge of Farm Management Analysis 331 3.16 0.15
Agricultural Consultation 331 3.10 0.21
Selection of Farming Areas 2.65 2.79 -0.14
Family’'s Understanding 2.61 3.28 -0.67
Securing Housing 2.58 2.88 -0.30
Securing Child Care Facilities 2.93 3.15 -0.22
Children Support Facility 2.98 2.98 0.00
Medical Facility 2.36 3.00 -0.64
Community Engagement 3.18 2.98 0.20
Select Cultivation Items 2.75 3.32 -0.57
Securing Markets For Crops 2.93 2,97 -0.04
Farming Income 3.53 3.20 0.33

Note: ‘The ‘average score’ measures the difficulties of each item as 5 points on the Likert scale (very difficult = 5
points, difficult = 4 points, normal = 3 points, not difficult = 2 points, not difficult at all = 1 point)

42 NS ol 18] MA WSS 2 Y B BRI EASHE 22 & 4 ik
GRS ES BRI, 1AL AR RQEHAT, TRX7F10 ol TR T
4 0SS T2 PN UD 2L RAG AR 28530 A 3 QIR 13 7] ob gL

&3l Aofdl IS 283519
Oklin(KMO) A%} Marttlet —‘,L'EHH ARG =3
TR B9 "84S HESIH 444,
KMO%k% 0.561, Bartlet®] -84 7% Ax}-9-0]5}

E2 00002 e EPE} 2 AolA 5
S HLES o R SR Bao] HFsta, 7t

17, Kaiser-Meyer-

72.5%°|th. = FdsU F+39kE A &8 ks
32171 ¥429] 72.5%+= 77H T=olztz %E}E 1y 2
Ut Table 72 &€ A=l it Fobd=
Ehd Zo]t.

A1AA= 2 Y A4 0.80, A ALS] o]
0.78, AF H& AE(RAY 5) 0,76, A= AE
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Table 5. Application and Importance of Support Project for Young Farmers Unit: %, Average Score

Application of Support Project for
Young Farmers

Classification Not Apply Apply Importance
Unknown Known Not Selected
Selected
Recruitment of Stay-At-Home Trainees for 50.0 457 43 0.0 276
Returnees
Supp9rt for Agricultural Start-ups and 451 48.4 43 29 365
Housing Purchases
Support for Mentoring to Return to Farming 414 532 43 11 345
and Rural Areas
Support for Invitation Events for Neighbors
Who Return to Farming or Fishing 473 505 22 0.0 2.97
Support for the Repair of Farmhouses for 46.2 495 32 11 357
Returnees
Supporting the Rev1tall_zat1f)n of 505 48.4 0.0 11 341
Return-To-Farm Organizations
Supporting the Settlement of Returnees 45.1 49.5 4.3 1.1 3.70
Support Online Sales of Farm Products for 538 43.0 39 0.0 353
Returnees
Supporting the Revitalization of 559 441 0.0 0.0 338
Return-To-Farm Start-ups
Farmers’ University in Muan 36.2 52.1 1.1 10.6 3.55
Support for Field Training for New Farmers 48.4 46.3 4.2 1.1 3.69
Youth Start-up Farm Management Practice 44.2 48.4 42 39 355
Rental Farm
Supp(_)rt f_or Settlement of Succession 28.7 426 21 26.6 3.89
Farming in the Youth Start-up Type
Pilot Project of Single-Span Greenhouse’s 521 45.7 11 11 350
Entry-Level Smart Farm Complex
Pilot PI‘O]G.ECt of Smart Farm Model 495 463 42 0.0 354
Construction
Pilot Project of Smart Farming Model for 557 432 11 0.0 3.46

Field Crops and Garden

Note: The ‘Importance’ of each item is measured by 5 points on the Likert scale (Very important = 5 points, important
= 4 points, normal = 3 points, insignificant = 2 points, not significant at all = 1 point)

P45 050 o= AG P& i Uet A ABZ o Aotk A2 58 FEA
A sk

0.75, = )
= HPHTRIAZE QU wEbA o] A1 2141 0.82, Y A7t SE 0.71, A= A
6) 9 o] #ol-Zol = E-ot, 45| Y5 E AGAL of 7ol A&E= AL Ted] 7231 HEAE 8T AR

= 2iek (indepth-interview) & £ A 3, 5 917 WS Bo) SeH 0% AmE W et olek weby FEshe
ok B el 49 s Ale olo} 1 1S 25 ATIA 2 dAET,
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Table 6. Intent to Introduce Smart Agriculture within the Next 5 Years Unit: %

Classification Ratio
Maintain Both Smart Farm Facilities and Area 4.4
Smart Farm Facilities Will Be Expanded and Areas Will Be Maintained 4.4
Maintaining Smart Farm Facilities and Expanding Area 1.5
Expand both Smart Farm Facilities and Area 24.6
Smart Farms Will Be Introduced within the Next 10 Years 13.0
No Plan 52.2

Table 7. Loadings on the Factors Extracted by the Principal Component Analysis

Classification Factorl Factor2 Factor3 Factor4 Factor5 Factor6 Factor?7

Children Support Facility 0.80 0.10 0.06 -0.02 -0.31 0.14 0.00
Community Engagement 0.78 -0.08 0.11 0.12 0.20 -0.33 -0.06

Local Living S -

Conditions ~ >¢CuMN8 LA LATe 076 000 004 -029 -011 022  -0.17
Facilities
Medical Facility 0.75 0.20 -0.27 0.14 0.09 0.07 0.12
Knowledge of Farm 005 082 024 026 011  -015  -0.20
Management Analysis
Acquisition of Agricultural -0.09 071 016 036 017 0.00 0.01

. Expert
Farming

Capacity Agricultural Consultation 0.48 0.69 -0.07 -0.07 0.11 -0.09 -0.23

Conditions ili
Ability to Operate and 0.38 0.68 011  -0.04 0.14 021 0.12

Analyze ICT Devices
Securing Farmland 0.07 0.62 -0.08 0.39 -0.15 0.33 0.26
Farming Skills -0.15 0.64 0.28 0.34 0.06 0.09 0.12
Regional Securing Housing -0.05 0.01 0.78 -0.08 -0.26 0.30 -0.09
Selection
Conditions  Selection of Farming Areas 0.19 0.30 0.72 0.12 0.07 0.02 0.18
Farming Securing Markets for Crops 0.02 0.14 0.09 0.85 -0.03 -0.05 -0.01
Funding
Conditions  Farm Funds 0.02 0.19 0.00 0.74 0.18 0.26 -0.20
Conditions for Farm Household Income 001 013 001 010 076 006  -0.24
Securing over 40 Million Won
a Solid Inheriting Farmland -0.16 0.00 -0.29 0.19 0.71 -0.09 0.15
Farming Base papmily’s Understanding 0.05 0.21 024  -0.28 0.64 0.18 0.21
Smart Farm Demand -0.03 0.00 -0.10 0.03 -0.07 -0.71 0.14
Facility Capital Invested in
Investment p. L 0.00 0.32 0.08 0.46 0.05 0.62 0.04
. Facilities
Conditions
Select Cultivation Items 0.24 -0.36 0.32 0.20 -0.02 0.53 0.22
Hometown From Muan-gun -0.10 -0.04 0.17 -0.12 0.01 -0.08 0.88
Eigenvalue 4.96 3.46 2.61 1.87 1.50 1.20 1.07
Variance Contribution 3.36 3.29 2.53 241 1.88 1.75 1.45

Contribution Rate of Accumulative Total of

. 14.61 2891 39.92 50.40 58.56 66.18 72.48
Variance
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Table 8. Average of Factor Score for Each Cluster
Classification Cluster 1 Cluster 2 Cluster 3

Factor1l 1.284 -2.379 1.390

Factor2 -2.606 0.071 1.812

Factor3 1.467 -1.106 0.167

Factor4 0.583 1.675 -1.171

Factor5 -0.201 1.065 -0.703

Factor6 3.501 0.781 -1.310

Factor7 1.635 -1.273 1.448

Young farmers with living
Label Young farmers V\-/hO la?k Young far_mers w_ho has conditions and farming
the Three farmland or farmmg S-kl]lS found %1 solid fafrr_lmg base capabilities, but inadequate
Clusters _but have good fa_(:l_llty des;_nt.e poor ll_ang and facility investment
investment conditions living conditions conditions
Cluster Size (%) 54.7 189 26.3
0.69, ICT 717] % 24 53 0.68, AFH Al G2 TR =T, o1 A4 A AL o
062, F571E 55064 522 Y5 oS AGPE o7, AHEA] ootk w=hA Al
VPR AsoIck AR F8 078, PSP FEAAL SA YL HEalA|
4ol 072 A A Uehiie ATOIT. AMRA ojzdol $& Fusere S4E 1
A4z w2 wE g 085 FeAe SH ERdTh A2l 2 FF= vIR AR #1391
0742 A2 04 e A FOIck A5l &, A4Q1A, A9, A71A = k2t 2|28 o
Az 44T Y oV B7FES 0.76, AV 071, A AF A, G o7, ST o, AlgE
715 ol8] 0.642 THER G N B oS UL 4l o1 e QXS 0] S8 AE U 7]
Ui Al#olth Al6UA = AMHER 28 -0.71, Al F o2 v SR St Y57 |RkS 2 P
AEAL AR 0.62, AiE= AH 05322 AJER FALS WERdTh A3Folle A1 A2l
A o8 ks A IEo|ch A7 (et A, A7IAF GGG mHL ek oA 42 A
) E417 0.882] FHHAIE HER ©f A= Al ABE A, Y8 o, AGEA 072 g, o
of 2412 eh A o]tk SYL BY oA U P AHAT AT
olelet 4R B o 25H 7 Aol sl A of7do] mlE R A5 LT o] S8 pehc

AAAEYA] = AEIS BRAAZHE B2 YAl f B AR S Al
HEAS AT 283l 4 5= 245 H9 H, A28 1.94ha, A|3-#-F2 1.90ha, A1+
AZH 2R T 0ASH kemedians THEA B2 1.29ha 08 Wrk o[ H]X|9] Z4lo]A]
O Folil FUTE HULYNSS RABAY W PN LE FY9lo| 5]
oL EHEE ) RYOR AN H Table  H5Y K] U VY BE 54 BEohn
82 RelF Yuelel R BF AASHOIT. P A T4 Urk 1217 o5 A vl
WA ALGFE A6t A2, AL L 47.8%: B 5ol Hlal /g ETHTable 9 4
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Table 9. Comparison of Average Values of Clustering

Classification Cluster 1 Cluster 2 Cluster 3
- 1.29 1.94 1.90
Cultivation Area (ha) (2.10) (2.72) (2.99)
Share of Leases in the Total Area (%) 28.1 47.8 35.5
Farm Business Plan (%) 66.7 72.2 75.9
Intent to Introduce Smart Agriculture (%) 50.0 43.8 56.1

Note: () value is standard deviation

Table 10. Results of Analysis of Factors Determining Types of Young Farmers

Classification Cluster 1 Cluster 2 Cluster 3
Hometown -0.013 0.152 -0.138
(-0.12) (0.79) (-0.70)

Cultivation Area 0.170** -0.063* -0.107***
(4.84) (-1.89) (-2.60)
Agriculture Career 0.030* -0.026 -0.003
° (2.27) (-1.20) (-0.14)
Gender -0.908 0.272 0.635
(-0.83) (0.08) (0.02)

Intent to Introduce Smart Agriculture 0.841% -0.408** -0.433*
i (3.71) (-2.26) (-1.72)

- skksk _ KoKk
Farm Household Income over 40 Million Won 0(_‘;2671) (_06?5939) 0_(52?771)
Rice Cultivatin 0.248* -1.974 -3.273
° (2.29) (-1.61) (-1.92)

Note: Standard errors are in parentheses. ***, ** * Denotes statistical significance at 1%, 5%, 10% level

of,
&
8

OQL

5 2nkEg 59 $0 4E old o

= Aot HEA RS FE5h= 2ot ol 93 2
2 AR A FA} of 7o) vl ERt i s B

AP 4] (12 ERHSE HulEste] 2}

o
o
2

39301 5619 714 Hck 259 A FES SRR WA AR

AT AL Yoldo] E2E YASAARES  HUEUAA G 34 BEFST S
H20] GL37) A= olE Q1501 2490l L HA] R TGS Table 102 THE Hi:
FEL IALAS TP RN S A Y So] YHY ), 2450 42| fge] 4T I
Aol $EE AAL oz BeI| Sl ke B SAmTolck B4AT, A4 WA Avke

7) tFa}= A 2 ol A= 11A(Independence of Irrelevant Alternative) 7}7g0] Z-&&|0](FE-2 - THE, 2014), JI=2A BP0
A BA7} old AehFe] Y-S Q1A 5HR] L=rk(%d 3], 2010). & A72] Hausman-McFadden %21}, IA(independence
of irrlevant alternatives) 71742 712514 2ol thg= A1 2§ Z-80] 7155 A 0 &2 YERdTh

8) B E 9] Table 100]4 A7t ZF Jd5UQ0 788 FFLNE E4oP] Yol AFA+ 5= &8 I 37k ik
SIS AF0IH A A3E0) AL W 9 Ao A0 AR SHE Tofe G AFE oh Y204
Zo|c}. wEbA o] 3k A A2 FRtE A w QA A A 2 AT ARSI E Sl Aok e Wtk
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Abstract
A conventional Design for Safety (DfS), introduced to eliminate potential hazards in the design phase proactively,
has encountered persistent challenges, such as perfunctory risk assessments and hazard identifications based
on 2D drawings and inefficient workflow processes. This study proposes a BIM-based approach to Design for
Safety (DfS) to address the limitations of conventional methods, aiming to enhance efficiency and achieve
practical safety management benefits. The proposed workflow process for BIM-based DfS has been refined and
validated for on-site applicability through various case studies, including risk assessments during the design
phase and field applications for safety management activities during the construction phase. Specifically, the
critical process of risk assessment within the DfS methodology has also been transitioned to a BIM-based
approach. This BIM-based risk assessment process has been evaluated through case studies, encompassing
safety reviews for structural design, construction equipment operation, and construction methodology with
sequence in design projects. Additionally, the proposed BIM-based DfS has demonstrated exceptional on-site
applicability and efficiency, as validated by the application of a BIM deliverable embedded in DfS information
for CDE-based daily activity briefing, VR-based safety training, AR-based mitigation measures inspections, and
other safety management activities in the construction phase.

Keywords: BIM (Building Information Modeling), Design for Safety (DfS), Risk Assessment, VR/AR (Virtual
Reality/Augmented Reality), Safety Training
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Fig. 1. BIM-based Risk Assessment Process
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Fig. 3. Data Integration and Management of Risk/Hazard Assessment and Mitigation Measure Effectiveness
Information on Design for Safety (DfS) with BIM Object’s User-defined Attributes

Source: Hyundai E&C (2021) (in Korean)
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Installation and Operation Phases with BIM-
based VR Simulation

Source: Hyundai E&C (2022) (in Korean)

Fig. 5. Quantitative Assessment of Minimum Clear-
ance with Adjacent Facilities during Equip-
ment Operation through VR Simulation

Source: Hyundai E&C (2022) (in Korean)

Fig. 6. An Example of Design for Safety for Staircases in the Subway Station: Hazard Identification and Mitigation
Measure Planning for Construction Phases based on 4D Simulation
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Accident Types Cor;/\ll:tr;lt;cc)lnal p]\r/[?;ﬁzzd Remarks
Traffic Accident 6 6 -
Overturning Accident 11 13 2 additional identifications (Demolition, etc.)
Fall Accident 4 7 3 additional identifications (Staircase, etc.)
Fire, Electrocution A hazard does not identified (Electrocution)
Caught-between Incident 2 additional identifications (Heavy Equip., etc.)
Total 27 33 Efficiency of Identification: 122.2%
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Fig. 7. Enhanced Workflow Process for BIM-based
Design for Safety
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Fig. 8. An Practical Implementation of CDE-based Safety Inspection for Staircase Work in the Railway Station:
Safety Issue Sharing, Visual Review for Inspection Items and Checklist for Field Inspection based on CDE
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Fig. 9. Mitigation Measure Simulation based on Real-
time Rendering Solution: A Case Study on
Temporary Lights for Night Work

Source: Hyundai E&C (2022) (in Korean)
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Fig. 10. BIM-based Monthly Safety Training for
Foreign Workers
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