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Analysis of the Urban Characteristics Affecting Local Energy Consumption Using
Efficiency Analysis
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Abstract

Energy consumption varies across cities, depending on their characteristics. This study aimed to provide basic information
to develop suitable energy policies for any Korean local government by analyzing their energy consumption efficiency. Be-
fore the analysis, which was conducted in two stages, urban characteristics were classified into five categories based on
previous research: urban spatial and demographic, urban transportation, urban industry-economy, urban energy policy, and
urban climate. Based on these categories, seventeen urban characteristics were selected, of which eight were found to be
significant. In the first stage, the relationships between urban characteristics and energy usage in municipalities were clar-
ified using multiple regression analysis. The second stage involved applying data envelopment analysis to examine how
the local governments' urban characteristics affect energy consumption efficiency, and what urban characteristics can be
adjusted to contribute to increasing it. As a result, each variable's effect on each local government's energy consumption
was found to be different. Thus, policies will differ to suit the characteristics of local governments. These findings are
expected to become a guideline for establishing suitable policies for each local government's specific conditions regarding
the development of local energy plans.
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Table 1. Definition of variables and data sources

Variable definition (Unit) Source

Dependent . Korea Energy Economics Institute
variable Total energy consumption (1,000 toe) Yearbook of Regional Energy Statistics
- - - : Korea Land and Housing Corporation
Resident registration population Statistics of Urban Planning
Spatial and . .
X . e Korea Land and Housing Corporation
demographic Mixed land use ratio (%) Statistics of Urban Planning
characteristics
Average household size 'Statistics‘ Korea
Regional Basic Statistics
Road area (m?) Ministry of Land, Infrastructure and Transport
Yearbook of road statistics
Transportation . Ministry of the Interior and Safety
characteristics Number of total registered car Korean Urban Statistics
. o The Korea Transport Institute
Transport share ratio of bus (%) Korea Transport Database
GRDP (Gross Regional Domestic Product) Statistics Korea
(1,000,000 won) Regional Basic Statistics
. . N Korean Urban Statistics
Financial Independence ratio (%) Regional Basic Statistics
Economic . .
Independent . . oo Ministry of the Interior and Safety
variable industrial The number of energy consumption industry Korean Urban Statistics
characteristics
The number of energy consumption industry Ministry of the Interior and Safety
employment Yearbook of Road Statistics
The amount of production in energy Ministry of the Interior and Safety
consumption (won) Korean Urban Statistics
- - Statistics Korea
The number of public officer Korean Urban Statistics
Local tax expenditure in energy policy for
infrastructure (won) Settle accounts of local government
Policy Local tax expenditure in energy policy for
characteristics ~ home and appliances (won) Settle accounts of local government
Local tax expendnure in energy policy for Settle accounts of local government
transportation (won)
Local tax expenditure in energy policy for Settle accounts of local government
industry (won)
Climate Cooling/heating degree-day (degree-day) Korea Meteorological Administration
characteristic 9 9deg v (deg y Meteorological Information Portal Service System
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Table 2. Result of multiple regression analysis

Hspg o], 2
SroR gHOR e AYS uyr)
SAAN, EABEEY 04 3 EEUAN AEAEES

ARGl B ACR LB, E3E GRDP7F L, oUAIE
ol aulshe F W AlxY QA Batlo] war, i FA
A7t e ARAZE 28R o2 AAA R} B2 oA S AR
kL glglom olet Ak o5/ - ZEl&(2017), Fslul- A
212017)9] A Aot FARSHA e,

EUEA O GHE MPe XY Y5E FTFES e
= W 2gaglon], o] A AT (Mindali et al., 2004;
Z

A2 - A¥A, 20115 o154 - FEIE, 2017)= WF U A] 4]

rlo
2

Unstandardized Standardized

Parameter Variable regression regression t-value Sig.
coefficient coefficient
Constant -220.188 0.070 -1.387 0.167
Spatial and Resident registration population 1.501E-04 0.070 0.998 0.319
demographic Mixed land use ratio 0.340 0.006 0.156 0.877
characteristics Average household size 6.407 0.015 0.285 0.776
Road area 1.119E-05 0.128 2.396 0.018**
Traffic Number of total registered car 0.002 0.428 7110 0.000***
characteristics
Transport share ratio of bus -0.192 -0.004 -0.096 0.924
Financial Independence ratio -0.606 -0.017 -0.292 0.770
GRDP 1.286E-05 0.215 3.958 0.000***
Economic The number of energy consumption industry 0.016 0.025 0.630 0.529
industrial The number of energy consumption industry
1at] *
characteristics employment 0.002 0.099 1.692 0.092
The amount of production in energy consumption 8.581E-06 0261 5023 0.000%*
industry
The number of public officer -0.013 -0.020 -0.442 0.659
Local tax expenditure in energy policy for 1 9244E-09 0,004 0117 0907
infrastructure
Policy Local tax expenditure in energy policy for home and 1139E-07 0,067 1803 0.073*
characteristics appliances
Local tax expenditure in energy policy for 2 561E-09 0073 2014 0,045
transportation
Local tax expenditure in energy policy for industry -1.138E-09 -0.003 -0.082 0.935
Climate . . i .
characteristic Cooling/Heating Degree-day 0.117 0.068 1.935 0.054
R 0814 Adjusted R 0.799

*<0.1 level, **<0.05 level and ***<0.01 level
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Table 3. Average of efficiency score gap after removal of urban

characteristics variables

Efficiency score

Variable after variable Gap
removal

Reference model efficiency score 0.777
Road area 0.760 0.017
Number of total registered car 0.772 0.005
GRDP 0.776 0.001
The number of energy 0751 0.025
consumption industry employment
The amount of perupt|on in 0768 0.009
energy consumption industry
Local tax expenditure in energy
policy for home and appliances 0.758 0.019
Local tax expenditure in energy 0767 0.009
policy for transportation
Degree-day 0.498 0.279
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Table 4. Top and bottom cities of efficiency score gap after removal of urban characteristic variables
Variable Variable
. . Efficiency removal . . Efficiency removal
Variable Regions score efficiency Gap Variable Regions score  efficiency Gap
score score
Dong-gu, 0781 0666 0114 Dong-gu, 1000 0767 0233
Incheon Gwangju
Seongju-gun, 0.893 0847  0.046 Gwacheon, 0814 0799 0016
Gyeongbuk Gyeonggi
Uiwang, The amount Gapyeong,
N Gyeongt 0.764 0735 0029 %fgr:(;?;;tlon Gyeongg 0.708 0700  0.007
Dorég”ae'g“' 0.752 0751 0001 consumption — Namhae-gun, 1.000 0998  0.002
usan industry Gyeongnam
Saha-qu, 0651 0650  0.00] Suseong-gu, 5751 o748 0,002
Busan Daegu
Guro-gu, 0.698 0696  0.001 Yeonje-gu, 0.902 0900  0.001
Seoul Busan
Dong-gu, 0.781 0634 0147 Gwangjin-gu, 0.849 0594 0255
Incheon Seoul
Dgggé%“' 0.991 0891 0100 ng;g;?@?”g' 0.871 0622 0249
G Localtax v
Number of OSEONggUN, 1500 0925 0075 expenditure useong-gu, 0772 0524 0248
total Gyeongnam in energy Daejeon
registered : ~ policy for ; .
car UIVeONgOUM. 1000 0999 0001 homeand o9 1000 0998 0.002
yeongnam appliances Gyeongnam
Jung-gu, 0103 0102  0.001 Hadong-gun, 0.846 0844  0.002
Incheon Gyeongnam
Muju, Yeongyang-gun,
ook 0.928 0926  0.002 Gyeongbuk 1.000 0999  0.001
Buk-qu, 0783 0760  0.023 Dalseo-gu, 0589 0500 0.089
Busan Daegu
Gangjin-gun, Cheorwon-gun,
Soonna 0.909 0889  0.020 Ganguion 0.859 0779  0.080
N Local tax i
Ya”%zye%%%%igun' 0674 0653 0020 expenditurein gyegg%fu 0752 0676 0075
GRDP S energy policy S
oesan, for oryeong-gun,
0.745 0745  0.001 0.920 0919  0.001
Chungbuk transportation ~ Gyeongbuk
Hanam, 0579 0579  0.00] Jangseong-gun, 557 ggos 0,001
Gyeonggi Jeonnam
Taebaek, Jung-gu,
Kangwon 0.739 0738  0.001 eheon 0.103 0102 0.001
Uljin-gun, 0040 0791  0.149 Jinju, 0754 0045 0.709
Gyeongbuk Gyeongnam
Boseong-gun, Jeongeup,
e 1.000 0861  0.139 ook 0844 07150 0.694
The number Nam-gu, Tongyeong,
of energy Gwangju 0.942 0854  0.089 i d Gyeongnam 0.828 0150 0678
consumptlon egree-aay
industry Seo-gu, Hamyang-gun,
o vent Dacgu 0.644 0643  0.001 Gyeongnanm 0.986 0982  0.004
Y“Seo.”g‘g“' 0.772 0771 0001 Gokseong-gun, () gg5 0981 0004
aejeon Jeonnam
Jongno-gu, 665 0664 0001 Yecheonoun, g7 0977 0001
Seoul Gyeongbuk
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Figure 1. Comparison of efficiency graph of top and bottom cities
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