KSCE Journal of Civil and Environmental Engineering Research ISSN 1015-6348 (Print)
Vol. 42, No. 4: 571-579/ August, 2022 ISSN 2799-9629 (Online)
DOL: https://doi.org/10.12652 /Ksce.2022.42.4.0571 www.kscejournal.or.kr

Regional and Urban Planning X9 9 EAAY

LYDHUO| SUSN 5! ATISH0 M2 HILIXINEE 24

HESRE . ZIBA . F| g

Park, Hyeran*, Kim, Hyunsoo**, Choi, Yeol***

Analysis of the Energy Consumption of Tourism Hotels in Relation
to Individual and Locational Characteristics

ABSTRACT

This research empirically analyzed the factors associated with the energy consumption of tourism hotels in Busan, Ulsan, and the
Kyoungnam region of Korea based on their individual and locational characteristics. The study adopted a comprehensive modeling
approach involving multi-level regression analyses that allowed for improved accuracy by considering the hierarchical structures of the
hotels and their locational characteristics. The results indicated that the majority of energy consumption can be explained by the
hotels’individual characteristics, including the size of building structure and the services, while their effects vary by region with
statistical significance. Furthermore, the proximity to central commercial districts and hotel clusters had a significant influence on the
variability in their energy consumption, indicating that locational factors are also important determinants. The findings here suggest
the need for regional energy policies and solutions at various urban scales along with conventional energy policies at the building level
and highlight regional responsibilities when attempting to create sustainable tourism industries.
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Table 1. Summary of Dependent and Independent Variables
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Variables Unit Variable explanation
Energy Consumption In (Kwh) log of annual electricity consumption
Kwh/m? annual electricity consumption / total floor area
Rating 0-5 it(;atr-rzteig:g 0(1 ~5) where 5 being the best
Hotel Floor floor number of floors including underground floors
Characteristics Area m’ total floor area
(Level 1) Age years building age
Room number number of rooms
Guests person annual guests
Commercial dummy 1 if the area includes major commercial district(s), otherwise 0
Hotel cluster number number of hotels in 1 km radius
Locational Retail 1,000 unit number of registered retail businesses
Characteristics Service 1,000 unit number of registered service businesses
(Level 2) Avg. Commercial Rent 10,000 won/m’ avg. monthly rent for commercial units
Local Visitor person number of visitors from the same area (“gu”)
Non-local Visitor person number of visitors from different areas (“gu”)

574 KSCE Journal of Civil and Environmental Engineering Research



Yij :fym+'ypOXm+up/Xﬂ/+uOJ+(> %)

niREko 2 4THA|(Model 4)= Model 39x] 29<F HEE9]
TRE IaNe 7R aefske] RYS SPEk ofd uhet
S| UAARE-Fl| WA= FPESAde] FRFe] Al wlet
Sl ekl WA QRIS A TiE JarEe B
Ao 7 &3t Ry FH o= Hh-EH(full maximum
likelihood)& A1, 28 SAelN WA AFhes
Hsl7] $15) Alkaike’s Information Criterion (AIC)$} Bayesian
Information Criterion (BIC)S &-835}ith

g3} AUAARE-R] BAIE
e 1117]e] P35Es tydo = 7|2eATF 244
AAERTE 1 Aak= Table 29 2tk

2 WIFES] VIR A wE, sHEe] 99
fako oF 199k kwhZ, EE“-J TR Wt AARE it oF 15,647
kwhollA 2= 70,834,543 kwhe] ZHES ARE3IIoH, o=

A2 Algeko 2 sasPd AET 223 kwh/m’2 L}E}‘;}'E}
SHISHY] W 1UE, T2 1453 245 36o] & o=
o2 RISRICY o A1 99 3 2 Ao} A
Htz oz dwzo] 16,086 m*, Fa} 1230]H, ASATRe
159 A 49 Zo 2 vepdel, s5e) Al el glo]
it 118719] A4S 71A)aL, 2018Y it 37,2989 <ui -5

Bysde) SUSY U GA5
H =

r:u
%
>

>
™
e

S31TE 38 37 %7t 2APFAA] ol 91x]ak, Aele
22X oyas AlFuE o B 24,76090. 2 2018 71E
ST Y] iR v Ao g Jepdth 7+ 399 ukg

1k o i kel 58] S]], 3R] Exe] 91
959 BPA o] TPHIULS Helshlck
4.1 CISSREHOLS)S 225t 5 ORI
Q0|
SPIFEE TefE 5 e THERRE A8a71d) 9 OLS
SRS o) FLsel SYUSE 7o) 7)2A9 WA

Z3IC) UAA SRS BgE ) tigk FAN-a), SRl
21 LR Sl AR 2 Ul 5 itk - W
=o] dukshe oS el AR &3] AR,
£ dyaile HERPY AeE =0l S8l 7 vigE et
of A5 Eo}“’it} Lee] 340 veeildel EAlE shd
317 9Jal] W4E2] Variance Inflation Factor (VIF)E =33}19IT
e 7|EEAIRS ER SRRt v BiE 2
Hgkste] it Skt siglt) ikt ARt T
F ALk sk A= 782} Tables 3 and 49} 2tk
WA, 3ESE, AU, I15A%, S, TR 94
i, AR B s Wgels] BAR R frejgt Aike
=8Il SAVEEA s ﬂﬂf&l{ 0101 RS-
=3 1‘=°l~ Ao vepsity s95E] 4 H =oRsE
AR ZH7E 133 % =& AoR %E}‘fb:} %—% 0=
A% dgle] 1d S7R5 AUAIZHI7E 1S % S7F 159]

Table 2. Descriptive Statistics of the Determinant Analysis of Hotel Electricity Consumption

Classification Variables Mean Standard deviation Minimum Maximum
Annual Consumption 1928873.95 7172829.43 15647 70834543
Annual Consumption per Unit Area 233.07 1052.00 1.16 11131.94
Rating 1.94 1.56 0 5
Floor 12.10 7.28 2 47
Chari‘:zlisﬁcs Age 15.02 11.54 | 47
(Level 1) Area 16086.15 68145.33 143.88 765665.65
Room 118.80 12331 2 649
Guests 37298.46 47229.50 19 284488
Commercial 0.37 0.49 0 1
Rent 248 9.82 1.11 4.71
Locational Hotel Cluster 3.63 6.25 0 31
Characteristics Retail 6766.77 6233.42 789 20912
(Level 2) Service 19375.03 18709.13 2269 62782
Local Visitor 35382801.30 22026727.07 6051010 83482546
Non-local Visitor 27785282.27 15696552.95 5089249 71963217
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Table 3. OLS Results Using the Annual Total Energy Consumption (kwh)
Variables Parameter Estimate Standardized Error Standardized Estimate t-Value VIF
Intercept 10.363** 0.379 27.326
Rating 0.133** 0.061 0.154 2.185 2.291
In (Area) 0.549%** 0.071 0.498 7.722 1.929
Level 1 Age 0.015%* 0.006 0.132 2.523 1.267
Floor 0.061%** 0.015 0.340 4.064 3.247
Room 0.001 0.001 0.119 1.367 3.501
Guests 0.001 0.000 0.083 1.602 1.251
Commercial -0.669%** 0.226 -0.249 -2.958 3.281
Hotel Cluster -0.015 0.009 -0.114 -1.596 2.363
Level 2 Service 0.008 0.006 0.088 1.259 2.283
Rent 0.171* 0.009 0.125 1.839 2.128
Local Visitors 0.001 0.004 0.026 0.357 2.371
Non-local Visitors 0.004 0.006 0.060 0.693 3.486
=0.788 pseudo R*=0.762 F-value =30.427
* p<0.1, ** p<0.05, *** p<0.01
Analysis performed using SAS software package version 9.4
Table 4. OLS Results Using the Annual Total Energy Consumption per Unit Area (kwh/m?)
Variables Parameter Estimate Standardized Error Standardized Estimate t-Value VIF
Intercept -1205.900** 516.868 -2.333
Rating -112.940 81.337 -0.166 -1.389 2.030
Age 15.417* 8.505 0.171 1.813 1.266
Level 1 Floor 61.325%** 21.180 0.433 2.895 3.189
Room 2.472% 1.324 0.288 1.867 3.405
Guests 0.256 0.583 0.041 0.439 1.215
Commercial -578.343* 313.498 -0.274 -1.845 3.139
Hotel Cluster 27777, 12.878 -0.277 -2.157 2.361
Level 2 Service 7.973 8.616 0.117 0.925 2.264
Rent 90.620 12.831 0.086 0.706 2.117
Local Visitors 3.342 5.640 0.076 0.593 2.362
Non-local Visitors 7.325 8.689 0.131 0.843 3.457

R*=0.306 pseudo R*=0.229

F-value =3.974

* p<0.1, ** p<0.05, *** p<0.01
Analysis performed using SAS software package version 9.4
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Table 5. Results of the Multilevel Analysis of Energy Consumption

Variables ‘ Model 1 ‘ Model 2 ‘ Model 3 ‘ Model 4
Fixed Effect
Intercept 13.227#%%% | 13.330%*%* | [3.355%%* | 13.420%**
Rank 0.172%%* | 0.144%* | 0.188***
Level 1 Floor 0.064%** | 0.051*** | 0.065%**
Age 0.014** | 0.010% 0.012%*
Area 0.513** | 0.605%** | (.588***
Commercial -0.387%**
Level 2 Cﬁll‘l’stfe'r 10003
Rent 0.111*
Error Variance
Level 1 residual 1.533 0.433 0.304 0.2820
Level 2 intercept 0.206 0.002 0.000 0.000
Rank 0.079 0.000
Floor 0.001 1.2e-4
Age 2.1e-5 3.5e-5
Area 0.078 0.079
Model fit
AIC 379.2 2312 225.0 218.8
BIC 383.1 241.6 239.2 239.6

* p<0.1, ** p<0.05, *** p<0.01
Intraclass Correlation Coefficient (ICC): 0.12
Analysis performed using SAS software package version 9.4
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