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ABSTRACT

KEYWORD

Purpose: In recent years, the increasing frequency of heat waves and cold waves driven by climate change hasled Ol 2| B|&

to a sharp rise in household energy consumption for heating and cooling, resulting in higher management costs and

e[|
ad=AE

an increased financial burden on households. Method: This study empirically investigates the effects of building OlHE CHx|
characteristics and urban environmental factors on seasonal household energy costs in apartment complexes in

Seoul, employing multiple regression analysis. Result: The results indicate that as the number of households  Energy Cost
increases, per-household energy costs decrease, demonstrating the presence of economies of scale. Conversely, =~ Management Fee

energy costs tend to increase in apartment complexes that consist of more buildings and have greater building

Architectural Planning
Apartment Complex

heights. Among heating systems, individual heating proved more effective in reducing energy costs. During winter,

apartment complexes operating under outsourced management exhibited greater efficiency in lowering A CCEPTANCE INFO
management costs compared to those operating under self-management. Furthermore, surrounding green spaces  Received Nov. 3, 2025

contributed to reducing cooling costs during summer, whereas nearby water features were found to increase heating ~ Final revision received Dec. 15, 2025

costs in winter. These findings provide valuable insights and fundamental data for the design and planning of

energy-efficient apartment complexes in the future.

Accepted Dec. 19, 2025

(© 2025. KIEAE all rights reserved.

1. ME

[

L1 979 w73 2 23
227 Fske Qg 2
o o] +22 24 WA
A o] E5is) ol %
A el 228 o7
o] 27| /53 9IrH23
AE dol FHA7A e 242
7l Hefolah Ab|2] BA
U7 A7 ohstE B2k ok TACNA 27
1921 S 53 ele] g chet 4514 2

2

1}

N,
lo
rz
—

of
X
w2 R

oo Mo

20

O% e _T'L

— o =
HoE
_IE N
e,

OIN rE -lO
:c‘vg
N,
e
A
18
é

o

T
ﬂil

2 N o
D ﬂ ‘—‘
= rlr
ri
i)
)
O
oy ©
[o ol
frtl
o
2
R}
2

SLoox e O o 1o
Bl o o

orje rlorlr oox

ikt
2
fu
(o]
7
m

U R
AL
Bl
rir
)

X

&
L
b
ol
ol
rlr
o)
-
=2
i)
)
)
fo
o
ol
<
N
o
[T -

i

T =

O,

I 9

fr AN &
ju}
i)
e

WA 525 FHEA Shorek otE 9]

%

pISSN 2288-968X, eISSN 22889698
http://dx.doi.org/10.12813/kicae.2025.25.6.113

o117 1 400 90 2 A58 ot e A7) B
sk, o2 B9, AthA7t eSS 8 Al et whejul s}
A Z*ZﬂOﬂ—Er A TS 3AZHEVE 4 gloTle] o2

AU L BT A8 St otk A A, B8
B, 34 4] 29 ajo] AHRA el aclo] B
eh, A4 oA AHg T ] Zhel Tt o
= E40] gint.

S 9159 EAB 491 EGE U] vl gl

o od
o
ret

»
=)

oo &
4

2 o Mz ow

)
_?_4
<
S

o MN
4
X0
Ko
i
N
N
&
19
I
R
ol
=
rlo
2

4> 18 R oX
f i I—ﬂ -
0 on £
= L
o o
N
& o e
= ol
of o
og il
o Hir
4)4 ne
Lo TNy
-} olr
i ox T
R o,
) $5)
oo i}
00 N
}J\" =
< H rlo
el
r -
ol
o i
N
2L

=
g
B3
)
oo
=
-
A_L‘
%
o]
U
i
-
of
o

E* "H% “174 =A°] EH S Af of

N oofl Mo 1o N O odh

(
=

ro WE

filo O

> om E

olN nE oL
o=
K]
N2
T X
oo ke
= g
o H
ool rfr
te o
= B

)
o
fu
=l
ol
_?L
rlr
poct
filo
I
Bl
fu
L
Hu)
o

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 773


https://crossmark.crossref.org/dialog/?doi=10.12813/kieae.2025.25.6.113&domain=https://kieae.kr/&uri_scheme=http:&cm_version=v1.5

OMIFE ChR|o] A AY 07| HIR0| YBHS Dj2 AZE 4

A EE YRS BAST, FF AL HT EAAN 2 F
2 9okt 7|0l 4 91 Holek ol F7u & St

124 A2 G ) ERE S5 S A0 ]

7742

[ Apartment complex
B water
[ Green space

12, 97 9 2 W9
2 AF = AEA U ot E B &t o 2 (Fig. 1), 921 of
A El o] AeES vlAE 2918 TS ARAS S 5K s
BASHE A8 SA0 2 gt S5, AR oAl o) dFag)
ztol & Fsty] §la) o 54 (6~8Y) 7 AL (12~29) = FE5}
of 222 St
2 A7) AR ALEEA 1 ok E )] T o] 5L .
20048 AHE 71Z02 SHU BAH ) ARl h2w, A Fi 1. Study area
Table 1. Composition of apartment complex management fees
Category Description

Personal expenses

Salaries, wages bonuses, retirement benefits, industrial accident insurance, employment
insurance, national pension and health insurance, and welfare benefits paid to management
staff

General office expenses

Administrative and office supply expenses used directly in the management office (e.g.,
stationery, office supplies, transportation and communication costs)

Taxes and public charges incurred for the use of management facilities, telecommunication,
postal services, and general management equipment

General Taxes &
management public charges
fees Uniforms &

work-wear costs

Costs for uniforms and laundry services for management employees

Training and education
expenses

Expenses for education and training related to apartment management operations and staff
competency improvement

Vehicle operating &
maintenance expenses

Common area
maintenance

Fuel, insurance, and maintenance costs for vehicles used for apartment management

costs Cleaning costs

Wages and supplies for cleaning staff, and expenses for general cleaning of common areas

Security costs

Personal and equipment expenses for security services in the complex

Disinfection costs

Expenses for pest control, disinfection, and related services in the complex

Elevator maintenance costs

Regular inspection, repair, and maintenance expenses for elevators

Smart home network system
maintenance costs

Maintenance and management costs for the home network systems installed in the apartment
complex

Repair costs

Costs for maintenance of facilities, equipment, or building structures used in the complex

Repair/mainte Facility maintenance costs

Inspection and testing fees for facility management and safety checks

nance costs Safety inspection costs

Expenses for regular safety inspections of the building and facilities

Disaster prevention costs

Expenses for measures and preparations to prevent natural disasters or accidents

Outsourced management fees

Fees paid to external management companies based on contracts between the residents’
representative meeting and the management firm

Heating usage fee

Costs for heating energy consumption by each unit

Hot water supply fee

Costs for domestic hot water usage by residents

Gas usage fee

Charges for gas consumption for individual or centralized systems

Electricity fee

Charges for household electric power usage

Individual T 4
tili i Water supply fee Charges for individual or household water consumption
utility an ; - -
sertz]/ice TV reception fee Fees for TV antenna, cable TV, and other reception services
charges Sewage treatment fee Charges for sewage and septic tank cleaning and disposal
Waste collection fee Fees for collection and disposal of household waste
Residents’ council operating expenses  Expenses for the operation of the residents’ representative meeting
Building insurance premiums Premium for fire, disaster, and property insurance for the building
Election committee operating expenses  Expenses for the operation of the election committee of the complex
. Legally mandated fund accumulated monthly by each household for the long-term
Long-term repair reserve fund - . o e
maintenance and repair of buildings and facilities
. I Income generated from payments, contributions, or service-related revenues attributed directly
. Resident contribution revenues .
Miscellaneous to residents
income Common facility contribution /

advertising & rental revenue

Income generated from the use, rental, or operation of common/shared facilities
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Table 2. Summary of variables

Variables | wnit |

Description Data source

Dependent Variable

Annual energy cost per household KRW/unit Total annual energy l:glsxtse(lillovlldd:d by the number of Ministry of Land,
— Infrastructure and Transport
. Total t fi to August di by the
Summer energy cost per household" KRW/unit otal energy cost from June to August divided by the (2024),
number of households
Total - D ber to Feb divided b Korea Real Estate Board
. . otal energy cost from December to February divided by
2024
Winter energy cost per household KRW/unit the number of households ( )
Independent Variables
Building age years Number of months since occupancy approval
Number of households” units Total number of households in the complex Ministry of Land,
Number of buildings" buildings Number of apartment buildings within the complex Infrastructure and Transport
. Maximum floors floors Highest building height in the complex (2024),
Building
Characteristics Management type dummy Outsourced management=1, Self-management=0 Korea Real Estate Board
Heating type dummy Individual heating=1, Others (central, district heating)=0 (2024)
Corridor type dummy Staircase type=1, Others (corridor, mixed, tower type)=0
Housine price per 3.3m’ 10,000 Average actual transaction price per 3.3m® of each Ministry of Land, Infrastructure
EP per 3. KRW/3.3m? apartment unit and Transport (2025)
Average bulld.lng height floors Average number of floors of buildings within a 250m buffer Ministry of Land, Infrastructure
of surrounding area and Transport (2024)
Building density of o Total building floor area within a 250m buffer divided by |Ministry of Land, Infrastructure
surrounding area ? the total buffer area and Transport (2024)
Urban Total green area within a 250m buffer divided by the total
Environmental | Surrounding green area % & Y Korea Forest Service (2024)
Factors buffer area
Surrounding water area % Total water surface area within a 250m buffer divided by |Ministry of Land, Infrastructure
i ’ the total buffer area and Transport (2025)
. . National Geographic
Elevat A levat f the apartment 1
evation m verage elevation of the apartment complex Information Institute (2023)

Y Variables transformed using Square Root transformation
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Table 3. Descriptive statistics

SD
Variables Unit Mean (standard
deviation)
Annual energy cost per | KRWO) 1) 50 044 53 | 656,215.42
household unit
Summer energy cost per KRW(W)/ 310,344.96 158.391.58
household unit
Winter energy cost per | KRWOWY' | 300760 54 | 27207016
household unit
Building age year 23.28 10.33
Number of households unit 622.01 580.52
Number of buildings building 7.23 6.93
Maximum floors floor 18.64 5.78
Management type dummy 0.91 0.29
Heating type dummy 0.68 0.47
Corridor type dummy 0.47 0.50
10,000KRW
. . 2 )
Housing price per 3.3m (W)/3.3m? 1,395.07 672.68
Average bulld.mg height floor 718 281
of surrounding area
Building Qenmty of o 0.03 0.07
surrounding area
Surrounding green area % 0.23 0.36
Surrounding water area % 0.17 0.35
Elevation m 30.82 20.12
e W ot 2o thE W o R 7 9] oy 2] RES
o] 37 gtEths A Hojet
AEE 54 U B9, A8 3 es B9 233908, 212
S| So] ANFAOR 209 o4 AW £F AT AT YSL
& 4 Slet. Al B2 6224 oln), BERATL A B 2
7+ A2} Acke ol Bty olie F 49 27 24% 742
Wit 7.2, 18.65 22 e o, 42t 1538} ool &2
2 37 B2 ST 4 ok B, WA, BEgde o
v ¥eE 2YE 500, BRAS 5O L BES DA 0w 7
o} 4 Gtk =, A (0.9)L L TA 7} it 2 g
SH1 91e-& Sllstel, A 0.692 A viFe] o
29 HolETh BF, BEGF(0.47)2 AT} A g7} v
38 D2 BEH] &S AN TH, BT ueirte B
13958 90,2 ek o nl, BEWATE 6728 Uof Fol A8 7
7 A7EA 8] 2ol 7} w9 Atk e DS 5 QU
TN B MgoMe FH AE B wol7t B 72508
el 9 A& U ¥ 0.0302 uf ¢ Yol A2 HEx
o FA% 0] GAE o} e o 4 ek, Q12 54 WA (0.23)7
A 437 HA(0.17)2 =5 Hx] W2 v Blgg AHEH ghe
=2, 529} pg3to] ©hA] T S 4 Ki 7]ofstil s

4.2. B39HRYE 242
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Table 4. Result of regression analysis
Model 1 Model 2 Model 3
Model Annual energy cost Summer energy cost Winter energy cost
per household per household per household
N 1315 1315 1315
Adjusted &? 0.647 0.486 0.784
Durbin-Watson 1.831 1.782 1.762
F 186.253 96.708 367.231
Sig <.001° <001° .000°
Std.B P-value Std.B P-value Std.B P-value
Building age -0.036 0.111 -0.208 0.000" 0.084 0.000"
Number of households -0.506 0.000" -0.547 0.000" -0.395 0.000”
Number of buildings 0.413 0.000” 0.474 0.000” 0.330 0.000”
Building Maximum floors 0212 0.000™ 0.264 0.000™ 0.146 0.000™
Characteristics Management type -0.033 0.060 -0.020 0.348 -0.043 0.002"
Heating type -0.636 0.000™ -0.208 0.000” -0.820 0.000"
Corridor type 0.167 0.000" 0.196 0.000" 0.120 0.000”
Housing price per 3.3m’ 0.289 0.000™ 0.304 0.000" 0.187 0.000”
Average building height of 0.004 0.846 0.020 0.379 0.001 0.965
surrounding area
Urban Building density of 0.006 0.734 0.012 0.562 0.004 0.751
Environmental surrounding area
Factors Surrounding green area -0.040 0.040 -0.066 0.005" -0.026 0.088
Surrounding water area 0.033 0.058 0.025 0.237 0.031 0.026"
Elevation 0.072 0.000" 0.069 0.004" 0.062 0.000”
#p<0.05, **p<0.01
H|-go] Z7Fettt ¥ FH 1E wolet Uk, 8 52 Ay Wk ole dutA 0 2 B A ofutE 7} ghetgto] & 5ot 2R
FootA] k2 Ao =R YERT sl 3] &40l Eot o B YHHSIE AHHer 29 4 )
7] jEo 2 ShA T £5, LA olntEE £2 AF FY ol
5. 4= e 5 AdtH e R aE Tx]oA] ol & 4= 17|, HlH
A% QTR FEE AT oftEZL TS0 Agudo] FA A
B 2L 00248 H-LA] ofItE 2|2 thAro 2 A|thet A7t & SAIstH ey v ARGl 4=52Q1 el whd e Atz 9
2 AFE(CE, AL) o8]l JFL vAE D52 E43 AT 5 giet. ol A% AA) gt ohe £ § 7 A
A 90le thEEARAL 5| A=Ho g BAsIg B A 5/do] AgE o] olv Ao L R BH= o]
MDA o3 22 AARE AlER T Ak
A7), AZE EA Z 2o EAT B QoloA Aties =4, B w71t &2 7)ol E AL At E ol 2] H]-&
RE Q304 20 S Ho|n Qg w2 sholH e} o] o] ¥/ HEtE Bl UEET o= A7 o E dA A5
AlH47t Bes2 Adg oy 2]u]go] Yoz Az, 253 Yy A E A4 08 Agste A Wdol g d At &
& ghajo) A Jro] AA7F AEsts M HojEnh £ 2e A ATt R g Ao M= S, BT S SOl ¢rE o e
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