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An Empirical Analysis of Building Energy Consumption Considering Building
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Abstract

This study aims to empirically examine the relationship between building energy consumption and building and local
factors in Seoul. Building energy issue is an important topic for low carbon and eco-friendly city development. Building
physical, socio-economic and environmental factors effect to increasing or decreasing energy consumption. However,
there are different characteristic in each area, and this kind of variable has a hierarchical structure. The multi-level model
was used to consider the hierarchical structure of the variables. In this study, a multi-level model was applied to confirm
the difference between areas. Spatial area is Seoul, Korea and the temporal scope is August, summer season. As the re-
sult, in Model 1 (Null Model), ICC is 0.817. This shows that the energy consumption differs by 8.174% due to factors at the
Dong level. Model 2 (Random Intercept Model) suggests that building's physical factors and Average age, Household size
and Land price in Dong level have significant effects on Building energy consumption. In Model 3 (Random Coefficient
Model), random effect variables have intercepts and slopes to vary across groups. This study provides a perspective for
policy makers that the building energy reduction policies to be applied for buildings should be differently applied on area.
Furthermore, not only physical factors but also socio-economic and environmental factors are important when making en-
ergy reduction policy.
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Table 1. The variables for the analysis

Division Variables Content Source
Dependent Electricity consumption August Electricity consumption MOLIT*
variable [Ln(wh/m?)] within plot on 2016
Surface temperature [°C] Average of surface temperature USGS
Building age [year] Average of building age within plot
Floor area ratio (Building foot-print area X floor)/plot area
Levell Cover ratio [%) Building foot-print area/plot area MOLIT
Building floor Building floor within plot
Building structure Dummy, RC=1, Others=0
Building use Dummy, Residential house=1, Others=0
L’;‘?E%?Qdem Population density Population density within Dong
Population Population over 65 Blgrr%ber of population over 65 within
characteristics
Average age Average age within Dong
Level2 Household size Average household size within Dong Seoul
Eﬁgp:cr;eiﬁstics Land price [1000 Won/m?  Land price/m’

Environment

Ratio of green space [%]

(Green space area/Dong area) X 100

characteristics Ratio of water [%]

(Water area/Dong area) X 100

* MOLIT: Ministry of Land, Infrastructure and Transport
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Table 2. The Descriptive Statistics
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Fig. 3. Research spatial area (Plot and Dong)

Division Variables N Mean sD Min Max
Dependent Variable Electricity consumption 112,040 9.06 1.10 0.85 13.81
Surface temperature 112,040 32.33 1.29 23.11 39.70
Building age 112,040 26.44 13.49 0 106
Floor area ratio 112,040 2.38 1.85 0.00 100.96
L1 Cover ratio 112,040 35.06 22.29 1.67 100
Building floor 112,040 393 2.58 1 60
Building structure 112,040 0.73 0.44 0 1
Building use 112,040 0.15 0.35 0 1
Population density 424 0.0245 0.0123 0.001 0.063
Population over 65 424 3050.32 1194.839 108 6725
Average age 424 41.397 2.2342 347 522
L2 Household size 424 2.482 0.333 1.461 3.356
Land price 424 103.136 174.2906 1.6030 1671.647
Ratio of green space 424 16.437 18.467 0 84.901
Ratio of water 424 4.629 10.341 0 60.845

Journal of Korea Planning Association Vol.54,No.5 (2019) 133



OK-EL 2715 - 018

Apgzo A QT EA F s Hat 0.0245/m’o]H
ZF =8 olFUELE 0.063/m’olth 654 oA o4t T
3050.32701™, FHE Batfol= 41,394, 7P A2 U]
34,074, =2 ol 522042 A5 Fit o3t 2
S = i s b B e R

N
-

i o =

o

flo
«
[N
<y
|o
U
e
ful
rC
pod)
lo
Jor
rO
QL
4%
O,
o2
oxt
o
e
ot
>
)
N
ot
EXIp

Table 3. Results
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3 A9l Akaike Information Criterion(AIC), Bayes Infor-
mation Criterion(BIC) 18] 31 DevianceE o83 £435F A1}
£ EdiE 2y AS wesiqltt. AIC, BIC, 18]l Devi-
ance= #to] ZrobALE AYSH myolet waghoh(F84l,
2006). AICE 332426.445°14] 291407.0702, BICS 332438.594
oA 291556.910, TR O. 2 Deviancet 332420,44501 4]
291333.0702 AFE%=|0] Model 10141 Model 305 Hgo] 24

45 S Selsgict

Model 1 Model 2 Model 3
Coef. SE Coef. S.E Coef. S.E

Intercept 9.058%+* 0.016 8.1729%+* 0.4752 T.0270 0.3808
Population density 0.8511 1.7876 -0.8275 1.3114
Population over 65 0.000 0.000 0.0000 0.0000

Level Average age -0.0157* 0.0088 -0.0128* 0.0064
Household size -0.1329** 0.0595 0.0054 0.0391
Land price 0.0002* 0.0001 0.0001* 0.0001
Ratio of green space -0.0007 0.0010 -0.0006 0.0008
Ratio of water 0.0076 0.0076 0.0003 0.0015
Surface temperature 0.041 5% 0.0083 0.0544%** 0.0073
Building age 0.0089*** 0.0004 0.0088*** 0.0004
Floor area ratio -0.0455%** 0.0038 -0.0622%** 0.0042

Levell Cover ratio 0.0095%** 0.0003 0.0094#**x 0.0003
Building floor (0,031 0.0039 0.0358*** 0.0038
Building structure 0.078 7 0.0125 0.0823*** 0.0110
Building use -1.5493%%* 0.0368 -1.6387%** 0.0284

Variance

L1(R) 1.12526 0.81548 0.75954
Variance Component 0.10016*** 0.11957*** 16.41562%**
Surface temperature 0.0157%*
Building age 0.00007**

Random Floor area ratio 0.0032%**

Effect Cover ratio 0.0000%+*
Building floor 0.0032**
Building structure 0.0176
Building use 0.2760%**

AIC 332426.445 296574.452 291407.070

BIC 332438.594 296643.297 291556.910

Deviance 332420.445 296540.452 291333.070

*p<0.1, #p<0.05, *4p<0.01
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