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ABSTRACT

This study examines how commercial activity patterns and regional characteristics shape electricity consumption in
commercial buildings across urban centers in Busan, Republic of Korea. Building-level monthly electricity use for 2024 was
collected from the national building-energy database and log-transformed to address heteroskedasticity. Commercial activity
was operationalized at the building level by constructing ratios of business categories derived from permit-based industry
records. To enhance interpretability and mitigate multicollinearity, approximately 90 detailed business types were first
consolidated into eight functional groups and then reduced through k-means clustering into four activity clusters: neighborhood
services, accommodation - office, restaurants - retail, and entertainment - medical - education. The analytical framework
compared ordinary least squares (OLS) regression with hierarchical linear modeling (HLM), where buildings (Level 1) were
nested within ten urban commercial centers (Level 2). The null model yielded an intraclass correlation coefficient of 0.083,
indicating meaningful between-center variation and supporting a multilevel approach. Results from the preferred
random-intercept model show that building height and floor area ratio are positively associated with electricity consumption,
while reinforced-concrete structure is linked to lower consumption. Relative to the neighborhood-services cluster, all other
activity clusters exhibit higher electricity use, with the entertainment - medical - education cluster showing the strongest effect,
suggesting the importance of longer operating hours and standby loads. These findings highlight that commercial-building
electricity demand is jointly determined by building attributes and functional commercial activity patterns, underscoring the

need for place-based energy-demand management tailored to urban center types.
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Table 1. Representative study areas by urban center
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Research area Number of buildings Building density (%) Area size (km?)
Central Business District 1978 359 1.09
Sub- Central Business District 320 28.7 0.36
Specialized Urban Commercial Node 210 18.0 0.22
Table 2. Variable description
Variables Definition Unit Source
= . Average monthly electricity Ministry of Land, Infrastructure
Electricity consumption . kWh
consumption and Transport (2024a)
. (Building foot-print area floor)/
Floor area ratio -
plot area
Buildi hysical Ministry of Land, Infrastruct
uricing p ) y‘swa Building structure 1=RC, 0=Others - sty of Land, tnirastructure
characteristics L . o ) o and Transport (2024b)
Building height Building height within plot m
Building age Age of use of a building Year
Neighborhood service Living and service commercial
facilities activities
. Accommodation-office Accommodation and business
Commercial o e L - .
o facilities facilities activities Small Enterprise and Market
activities .
L Restaurants-Retail stores Restaurants and retail stores Service (2024)
characteristics o o -
facilites activities
Entertainment-education Entertainment and education
facilities activities
. Average consumption by
Expenditure o . o 10,000 won
administrative district
Commercial Sales Average sales by business 10,000 won
. . . Floating population by Number of .
Regional Floating population . . L Small Enterprise and Market
o administrative district people X
characteristics Service (2024)
. . . Residential population by Number of
Residential population . . L
administrative district people

Number of businesses by

Number of businessess

Establishments

administrative district
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A FA0E BRESCH, Cluster2= SHa A A H]
&0] EoF S SAHCE MU Cluster3 &
A3 AP A H]go] ob A A F4l, ot
A9to & Clusterd= F-3- 223 S-AFAIE, 5A|
A Hgo] 4HOoR Eof 595 WS FAHOE +
Yot det. ol2fet A R Y €59 7154 A
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o7 TiEch
4. MUy

E A= A4S ASES AY 4v7F ASE AAY
E48T ofyz}, AFEo] YXE A Adolghe A9
T7F 19 B4 o5 AAHLE XolE Ho|=AE
EAot1} ottt ol {8 B4 diAf A=t A8 o
9 FEA7E AR Dol SHE JAH F+2E 7HH
= Aol FHEsta, OLS 3IAENY fAAZEY

(Hierarchical Linear Model, HLM)S @A 02 8]
AT} OLS B4 4AE AE Ay Av|eF Ay 7H
9] ARl TAE odstr] Y3t 7|Ee 2 Ao

Variable Clusterl Cluster2 Cluster3 Cluster4
Restaurants - Beverage Facilities Ratio -0.42752 0.501137 -0.40077 1.254723
Entertainment - Recreation Facilities Ratio -0.77242 -1.03068 0.889646 -0.68286
Neighborhood service Facilities Ratio 2.341077 -0.42252 -0.32976 -0.30241
Accommodation Facilities Ratio -0.34189 1.730665 -0.32795 -0.2212
Retail - Shopping Facilities Ratio -0.11764 -0.14658 0.104037 -0.05111
Education - Sports Facilities Ratio 0.045774 -0.15004 -0.12141 0.291811
Office Facilities Ratio -0.18433 1.150466 -0.20962 -0.18413
Medical Facilities Ratio -0.11707 -0.22084 -0.23911 0.634477

between_SS / total SS (%)
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AT} Model 39] A2 AJAF =T 2242 A9

Division Variables Mean SD Min Max
Dependent Variable In (Electricity consumption) 8.98 1.17 5.7 14.6
Number of businesses 3658 2569 361 9026
Commercial Sales 4787 3053 1108 14330
Level 2 X
(N=10) Expenditure 4991 4262 1005 18258
Residential population 419 573 8.04 2454
Floating population 2608 1790 134 5344
Floor area ratio 317 195 4 1199
Building age 31.1 19.6 1 125
Building height 17.9 15.2 0 170
Level 1 Building structure 0.828 0.377 0 1
(n=2802) Cluster 1 0.126 0.332 0 1
Cluster 2 0.147 0.354 0 1
Cluster 3 0.474 0.499 0 1
Cluster 4 0.253 0.434 0 1
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Table 5. Comparison of OLS and HLM results
Model 1 Model 2 Model 3 OLS
Variable Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Intercept 9.0163***  0.1115 8.775%*% 0.082 8.924 %% 0.136 8.793%#* 0.0486
Number of businesses 2.99E-05* 3.47E-06 -3.89E-06  1.84E-05
Commercial Sales 3.15E-05***  9.50E-06 6.91E-06  5.97E-06
Level 2 Expenditure -3.44E-05***  1.84E-05 7.04E-07  4.14E-06
Residential population -1.95E-06 1.19E-06  9.738E-07** 3.09E-07
Floating population 1.29E-07 4.08E-07  6.091E-07* 2.62E-07
Accommodation-office
P 0.3426***  0.0819 0.3379%** 0.0672 0.2820%** 0.067
Restaurants-retail stores 0.3767%** 0.067 0.3814%** 0.053 0.3602%** 0.054
Entertainment-Medical-Ed
Level 1 ucational facilitics 0.5716%**  0.0535 0.5372%** 0.0585 0.5501*** 0.059
Floor area ratio 0.0012%**  1.49E-04 0.001 1%** 1.52E-04 0.0010%** 1.43E-04
Building age -5.66E-04 9.35E-04  -6.49E-04 9.44E-04 -0.0019* 9.2E-04
Building height 0.0334***  0.0019 0.0439%** 0.0049 0.0365%** 0.0018
Building structure -0.074 0.0462 -0.1143* 0.0467 -0.0598 0.0461
LI (R) 1.1374 0.8801 0.8773
Random Floor area ratio 0.0009
Effect Building height 0.0136
AIC 8711.6 7334.5 7412.1 7312
BIC 8729.4 7393.9 7501.2 7383.3
ICC 0.083 0.052 0.12
REML 8705.6 7314.5 7381
*p<0.10 **p<0.05 ***p<0.01
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