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Abstract: This study aims to analyze regional energy consumption characteristics in South Korea
and classify regions based on key influencing factors. South Korea relies heavily on imported energy,
making the implementation of effective energy consumption reduction policies an urgent necessity.
Understanding energy consumption characteristics at the municipal level and exploring region-specific
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policy response strategies are crucial for achieving sustainable energy management.

In this study, factor analysis and cluster analysis were conducted for municipalities in general

provinces to identify key regional energy consumption characteristics and influencing factors, leading

to the classification of distinct regional types. The analysis identified five major factors: metropolitan

factor, urban density factor, non-urban factor, industrial city factor, and manufacturing city factor.

Based on these factors, nine clusters were derived. The examination of energy consumption

characteristics within each cluster revealed that metropolitan-centered clusters exhibited relatively

higher energy consumption in the residential, commerecial, transportation, and public sectors, whereas

industrial city clusters showed a notably higher proportion of energy consumption in the industrial

sector. These findings suggest that regional energy consumption patterns vary depending on urban

structure and industrial distribution.

This study contributes to the detailed classification of regional energy consumption patterns and

provides insights into policy directions that consider the unique characteristics of each region.

However, there may be subtle variations among regions within the same cluster, which should be

taken into account in further analyses. To refine policy implications, future research should incorporate

multi-year data for quantitative analysis. Additional research and expanded data collection will help

enhance the reliability of the findings and broaden the applicability of the results in policy

development.

Keywords: Energy consumption characteristics, regional categorization, factor analysis, cluster analysis
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Table 1. Variables derived from previous studies as significant variables

Classification by sector Variables

Authors

The total population (person)

NamKoong et al, 2010; Yang & Song, 2017; Dong & Kang
2020; OH, 2023

The social

demographic sector . .
Population density (person/km?)

Ahn, 2000; Song & Nam, 2009; NamKoong et al., 2010;
Yang & Song, 2017; Dong & Kang, 2020; Lee & Yoon,
2013; Oh, 2023

The economic sector

GRDP per person (person/million KRW)

Kim & Ryu, 2021; Jin, 2024; Ko, 2024

The transportation sector The number of vehicles (units)

Choi et al., 2008; Kim, 2011; Jang, 2012; Yoo et al., 2012;
Noh et al.; Lee, 2017; Oh, 2023

Forest rate (%)

Choi et al., 2008; Jang et al., 2012

Forest area per person (person/ha)

Jang et al., 2012; Ryu et al., 2012; Noh et al., 2013; Lee, 2017

Residential area rate (%)

Choi et al., 2008; Noh et al., 2013; Lee, 2017

Commercial area rate (%
The land-use sector (%)

NamKoong, 2010; No et al, 2013

Industrial area rate (%)

Choi et al., 2008; Noh et al., 2013; Lee, 2017

Green area rate (%)

Choi et al., 2008; Noh et al., 2013; Lee, 2017

Agricultural and forestry area (%)

Miranowski, 2004; Manaloor, 2006; Kim & Lee, 2009;
Martin-Gorriz et al., 2014; Kim et al., 2018

Industrial sector

Number of primary industries (units)

Yoo & Hwang, 2015; Lee, 2017

Number of manufacturing businesses (units)

Lin etal., 2010; Li et al., 2013; Xu et al., 2022
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Table 2. Descriptive statistics

Variables Count | Mean Std Min 25% 50% 75% Max
The total population (person) 151 | 186829.9 | 241840.1 | 16993.0 | 43723.0 | 81105.0 | 228120.0 |1194465.0
Population density (person/km?) 151 907.2 2149.6 193 63.6 139.9 573.7 15528.5
(pgi?vi o (}fE‘I’{“W) 151 | 367 16.7 16.4 259 335 409 103.8
The number of vehicles (units) 151 90406.4 | 108321.4 | 9641.0 | 24501.5 | 45489.0 | 106658.5 | 563279.0
Forest rate (%) 151 59.0 17.6 16.6 46.7 63.5 719 96.6
Forest area per person (person/ha) 151 0.7 0.9 0.0 0.1 0.4 1.0 5.0
Residential area rate (%) 151 15.7 6.9 4.8 10.7 14.5 19.6 43.9
Commercial area rate (%) 151 2.0 1.1 0.2 1.3 1.8 2.5 6.4
Industrial area rate (%) 151 6.9 7.6 0.0 1.6 438 9.1 4382
Green area rate (%) 151 72.9 13.0 26.5 65.7 74.6 83.2 92.8
Agricultural and forestry area (%) 151 494 219 0.0 453 54.8 643 83.4
Number of primary industries (units) | 151 30.6 20.0 0.0 18.0 27.0 435 95.0
Number of manufacturing businesses | 151 | 2950 | 2568 | 00 | 1420 | 2180 | 3995 | 18180
(units)
Industrial sector energy (ktoe) 151 501.2 24427 12 279 63.1 225.5 21230.2
Transport sector energy (ktoe) 151 164.6 180.3 8.9 419 94.9 2393 861.9
Energy in the Home Sector (ktoe) 151 81.1 103.8 6.4 17.0 37.0 100.3 509.4
Commercial energy (ktoe) 151 62.6 774 6.0 14.8 315 79.2 409.4
Public sector energy (ktoe) 151 20.9 252 2.1 5.6 11.7 27.1 160.3
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Table 3. KMO and Bartlett test results and commonality results

Kaiser-Meyer-Olkin (KMO) Measures of Sample Appropriateness 0.786
Approximate chi-square 3248.677
KMO and Bartlett test results L
Bartlett’s Spheroidicity Test Degree of freedom 153
Probability of significance 0.000
The total population (person) 0.978
Population density (person/km?) 0.763
GRDP per person (person/million KRW) 0.686
The number of vehicles (units) 0.964
Forest rate (%) 0.797
Forest area per person (person/ha) 0.816
Residential area rate (%) 0.821
Commercial area rate (%) 0.833
. Industrial area rate (%) 0.712
Commonality Results
Green area rate (%) 0.852
Agricultural and forestry area (%) 0.783
Number of primary industries (units) 0.844
Number of manufacturing businesses (units) 0.782
Industrial sector energy (ktoe) 0.613
Transport sector energy (ktoe) 0.929
Energy in the Home Sector (ktoe) 0.980
Commercial energy (ktoe) 0.954
Public sector energy (ktoe) 0.774
Stofl A o] ARG E= ARl FARES USSR FES AURAHS S M o A H AEA
Ho g Aeetit. T3t 22 H S Aok =H Q1 KMO(Kaiser-meyer-OlkinZ It.) 7 % 3} Bartlett2] -
SRR AN} WAL, JUAALLA U5 T G4 A, TEH(HS) Ao g2 RQlEAe)
FRAHO) AR BARS AT S QMR 8 WSS AT PES Sho] 2B P02 Y
B P AL P A IAS A gSe] S AWSHTF. KMO(Kaiser-meyer-OlkinZ 2= 7] 8
Q78 Agetsict 29102 A T 5 Ak WA AT 1L B
FAEA A AZATYH KmeansTHOR  AlHE EAo]m, BAE 7o) AL e 4
A HA=E ASAZAY A FHEGO) 1 BF EOIH(IBM, 2009), 1.09] 771 =5 8 QAEA 0]
5] A1 S Aol o] ARk Aol A5 E 24 ojelol] §-8& & AZ& UEHHEE glo] 0.5 1|t
AL 4= Q)0 T 2 (Wisein Company. 2018) K-means 3% Q0184 A3t 58514 th(Field, 2009). O]
FARAL st of ke Bartlett®] T84 A% 3 FOI2E] p<0.05
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Table 4. Variable component results by factor

Factor Components
Variable Metropolis Urban density Non City manufacture Industrial
factor 1 factor 2 factor 3 factor 4 factor 5
Number of Vehicles 0.960 0.063 -0.196 0.020 0.023
Household Energy 0.959 0.090 -0.221 0.013 -0.048
Commercial Energy 0.957 0.082 -0.176 0.034 0.007
Population 0.956 0.109 -0.221 -0.033 -0.053
Energy in the transport sector 0.922 -0.070 -0.160 0.200 0.094
Public Sector Energy 0.872 0.056 -0.070 0.074 0.018
Population density 0.375 0.442 -0.467 -0.187 -0.419
Commercial Area 0.067 0.899 0.049 -0.078 -0.110
Residential areas 0.128 0.888 -0.031 -0.089 -0.086
Green Area -0.022 -0.689 0.207 -0.577 -0.019
Forest area per capita -0.321 0.175 0.812 -0.124 -0.087
Forest Rate -0.306 -0.147 0.795 -0.150 -0.166
Agriculture and Forestry -0.203 -0.101 0.721 0.067 0.455
GRDP per person 0.112 -0.068 0.031 0.810 0.105
Industrial Areas -0.117 0.216 -0.231 0.746 0.205
Industrial Energy 0.172 -0.241 0.040 0.699 -0.189
Number of Primary Industries 0.016 -0.122 -0.055 0.032 0.908
Number of Manufacturing Businesses 0.085 -0.029 0.037 0.041 0.878

Q1524 A}, Table 49} Zo] 5714 29102 =&
=910, 2.1°] S4E Teistel 2 A1 o
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A1) Rt AR E ] HF4HS HEHER e
Al Q910 2 sttt =AU Q 912 ‘Population
density’ (0.442), ‘Commercial Area’ (0.899), ‘Residential
areas’(0.888) 52| Ha50] EoE o] }lth. o] = F
0 47 2fo] WY %A BAOIH eI B4
2, 1T TALRE T3ttt E3F ‘Green
Area’ (-0.689)7} () 2] 12 Hol=H), ol EAEE
7855 4] 71| ATk A A

B A] Q 912 ‘Forest area per capita’(0.812), ‘Forest
Rate’(0.795), ‘Agriculture and Forestry (0.721) 5-2] ®¥
TEE TAE] It ol FE FH Y Aoy A
Aol THe A9 A4S Uetiin, i =Al &
TAEE QR1¥= Rt o] A4S 7T

TAEA] 8912 ‘GRDP per person’(0.810), Tndustrial
Areas’ (0.740), ‘Industrial Energy’ (0.699) 5-2] Hl4~50°]
EAE O] et o= T B50] FLT EAOAM L
BHbE E402 B0 A1 BIeL 2YA
S, T1E AL 4 ol | A] &B|7F 8 4otk

AFA = Al Q912 ‘Number of Primary Industries’
(0.908), ‘Number of Manufacturing Businesses (0.878)
0] M4ER A0 ek, ol 57 413 2ol
9FE EA9 S e, A2 % 1A B
49 3472 ehict

A A 2] & ARG FZ ol U A& A 7t ol v A=
A 20(R211)2] o] &l on, mAD =7}
E2 0029 EAIEAYO B AFTAIZE A 4
Hlo] g &Aolgt= AS 15T 4= Sl oU A A
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79 7 B2 FEZ AA ke AR olvA AF - 3. ZERMEL
$HPE BARARARLYN ZFHAT O _ou et Amie 2 golo] B2 29l
22 A2 ARG 22191 891 50 ZF R = H4=of A 221 Table 59} ZHo o], Z719] AL txA] @ol(gol
AZYA 27 B ANT FARH G BUHA ' e gl 01 545 2100) 3
7]"35‘1%’3’% 'Er'_‘q] 101]1421/\]:1]7]'”_1_ /\'%?*—'_}Zv: ;]3394 7(:)]_'_ ] ( 11 2), H]E/\]_Ro](ﬂ_o]?:)
Ak o] =2 EXAZ q TA49] AL YAl Q01(8

E Ao A= QA-S AFA7}F 10149 H-E a11)o] that ug EXNS Belon 27]79] Ao A} cg
SR ERsHlen, ol ARAZF 1A 8 way(a9l5)9 EAS BTt 28, 2H99] Ao
S YolEo] B4be HAW 10 AP AUCR,  olyo] ghstol £ EHS BT 2 20 E}E}T
A dolEollA dAHQA 7=t 2 FHEHE 5 EXS Hox| 2 77 4 QolSo0] ZEE EA
St} (Kaiser, H. F. 1960;Harman, H. H. 1976). ©| & 7|& S 7hA) v] 23 2.3 o] 2.2 Holaly) _LH—;;H 23
CREAS O ol 2/ RRREAAA R Yol g 0. WA B o v wste] Fof X
A& A5t HloH 9] Fa% L2 5 FE5] WY 3te] 2| A E7}10] TAS B 27 7] Zfo]E FA]
S U o]9F - HE2 YA E A& 7|uE ol sF9lct.
U A2 =9 7R el A e 4 9l A YA 12 5714 891784=9] B gho] vlste] 8211
A AESHE 3R B ZolL, AGHoR A4 3 9ol E4S Hgom B 291(2913), 2
7he e S AlE A Th(Lee JS, 2002) wHEbA BR10] A1 R91(8.914), AFYEAN(R.915) 8 AHSTHHA
SEHO HRT 7P FES TS| flotol 7 ol vlste] WA vrebytt ol 23E X0
Aol thgt 891 3174 PO & v sto] F-5 7+ Z S UAL AAEAL BHAIY 544 RT3
Aol & Aok o2 A5 ST Lot w2 Ao el & 71, 4, 38522

Table 5. Factor score by cluster

No. Factor score by cluster
—e— Cluster - Average —e—Cluster ... Average
Metropolis(Factor 1) Metropolis(Factor 1)
450000 450000
30000 3.00000
150000 1.50000
Z 0.J0000; ” Industrial (Factor 5 0.00000.-8, Uban density(Factor 2
Cluster 1 Industrial (Factor 5) e Uban density(Factor 2) Cluster 6 ( ) Bt y( )
3000 3,000
e } o
Manufacturing (Factor 4) Non City (Factor 3) Manufacturing (Factor 4) Non City (Factor 3)
—e— Cluster ....e.. Average —e— Cluster -+ Average
Metropolis(Factor 1) Metropolis(Factor 1)
450000
300000
150000
Industrial (Factor 5) Uban density(Factor 2) Industrial (Factor 5) 0000009 Uban density(Factor 2)
Cluster 2 Cluster 7 T
Manufacturing (Factor 4) Non City (Factor 3) Manufacturing (Factor 4) Non City (Factor 3)
—e— Cluster e Average —e—Cluster ..o Average
Metropolis(Factor 1) Metropolis(Factor 1)
450000 450000
30000 3.00000
130000 150000
i - 0.00000. 8 it (F Industrial (Factor 5 0.00000,8;, Uban density(Factor 2)
Cluster 3 Industrial (Factor 5) g Uban density(Factor 2) Cluster 8 ¢ ) e (F:
Manufacturing (Factor 4) Non City (Factor 3) Manufacturing (Factor 4) Non City (Factor 3)
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Table 5. Continued

No. Factor score by cluster
—o—Cluster @ Average —e—Cluster - Average
Metropolis(Factor 1) Metropolis(Factor 1)
450000 450000
3.00000 3.00000
150000
Cluster 4 Industrial (Factor 5) Ubahdensity(Factor 2) Cluster 9 Industrial (Factor 5) Uban density(Factor 2)
Manufacturing (Factor 4) Non City (Factor 3) Manafsctuing (Facior ), Non City (Factor 3)
—o—Cluser -...a.. Average
Metropolis(Factor 1)
450000
300000
150000
Cluster 5 Industrial (Factor 5) 0.000 Uban density(Factor 2)
Manufacturing (Factor 4) Non City (Factor 3)
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Table 6. Areas classified by cluster according to cluster analysis

Classified area by cluster

Cluster no. - - - -
City name (Sido) Name of city and county (Sigungu)
Cluster 1 Gyeonggi-do Suwon-si, Seongnam-si, Bucheon-si
Gyeonggi-do Icheon, Gwangju, Yangju, Yeoju, Yeoncheon, Gapyeong, Yangpyeong
Gangwon-do Chuncheon, Donghae, Tacback
Chungcheongbuk-do | Jecheon, Okcheon, Yeongdong, Danyang
Chungcheongnam-do | Gongju, Geumsan, Yesan
Cluster 2

Jeollabuk-do

Wanju, Imsil, Sunchang, Buan

Jeollanam-do

Suncheon, Damyang, Goheung, Boseong, Hwasun, Jangseong, Wando, Jindo, Sinan

Gyeongsangbuk-do

Gyeongju, Yeongju, Jingshan, Uiseong, Goryeong, Chilgok

Gyeongsangnam-do

Jinju, Sacheon, Miryang, Yangsan, Changnyeong, Namhae, Hamyang, Geochang, Hapcheon
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Table 6. Continued

Clusterno. . . Classified area by Fluster .
City name (Sido) Name of city and county (Sigungu)
Cluster 3 Gangwon-do Pyeongchang, Jeongseon, Hwacheon, Yanggu, Inje, Yangyang
Gyeongsangbuk-do | Cheongsong, yeongyang, Bonghwa
Gyeonggi-do Goyang, Namyangju, Yongin, Hwaseong
Chungcheongbuk-do | Cheongju
Chungcheongnam-do | Cheonan
Cluster 4
Jeollabuk-do Jeonju
Gyeongsangbuk-do | Pohang
Gyeongsangnam-do | Gimhae, Changwon
Gyeonggi-do Dongducheon
Gangwon-do Gangneung, Hongcheon, Hoengseong, Yeongwol, Cheorwon, Goseong
Chungcheongbuk-do | Boeun, Goesan
Chungcheongnam-do | Cheongyang
Cluster 5 Jeollabuk-do Namwon, Jinan, Muju, Jangsoo
Jeollanam-do Gokseong, Gurye, Gangjin
Gyeongsangbuk-do %:;;Tb i?irrlldong, Yeongcheon, Sangju, Mungyeong, Gunwi, Yeongdeok, Seongju,
Gyeongsangnam-do | Geoje, Uiryeong, Sancheong
Gyeonggi-do gij\zzrr:g)ﬁ aﬁ;ﬁzﬂg; n?p\zangmyeong, Ansan, Gwacheon, Guri, Osan, Siheung, Gunpo,
Gangwon-do Sokcho
Cluster 6 | Chungcheongbuk-do | Jeungpyeong
Chungcheongnam-do | Gyeryong, Taean
Jeollanam-do Mokpo, Muan
Gyeongsangnam-do | Tongyeong
Gyeonggi-do Anseong
Gyeonggi-do Pocheon
Gangwon-do Wonju
Gangwon-do Samcheok
Cluster 7 :
Chungcheongbuk-do | Chungju
Chungcheongnam-do | Nonsan, Buyeo, Hongseong
Jeollabuk-do Iksan, Jeongeup, Kimjae, Gochang, Naju, Jangheung, Haenam, Hampyeong, Yeonggwang
Gyeongsangbuk-do | Chungdo
Gyeonggi-do Pyeongtaek, Paju
Chungcheongbuk-do | Jincheon, Emsung
Chungcheongnam-do | Boryeong, Asan, Dangjin, Seocheon
Cluster 8 Jeollabuk-do Gunsan
Jeollanam-do Gwangyang, Yeongam
Gyeongsangbuk-do | Gumi
Gyeongsangnam-do | Haman, Goseong, Hadong
Chungcheongnam-do | Seosan
Cluster 9
Jeollanam-do Yeosu
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