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ABSTRACT

Global warming and a new energy policy request the energy saving and pollutant emission control in municipal level. Previous studies
focus on transportation in the Seoul metropolitan area which can easily meet the policy goal by reducing it. This study expands the area
of urban energy planning to the industries and land use which takes up most of energy use of the city. We empirically study the Busan
metropolitan area’s 5 years natural gas and electricity consumption data by the industries and land use. Results show that energy usage
significantly depends on not only population but also urbanizing intensity and industrial category. This paper address that the policy
maker need to pay attention on energy usage pattern of each sectors during the planning.
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LME

715 3}ol] T I FJA(IPCC: Intergovernmental Panel
on Climate Change) 5xR314ollx] A B&o)| wlE 247k~
&S B AIF o2 HEa) Wike 2 QI ouR] wjEwo]
B FEE 2Bkl JIEIPOC, 2014). B=gk =7}l E AR
ABAZEIKESIS)S] 2015\ -2t} ofjufR] An|dste] waw,
2|5 vl Ziz) AINE 625 %, S 184 Y% 7R
AT 167 %, FSHE 24 %S XHBRL Qlek SRIeE mAAI SR
ofe] 4] o] 2ol thet 7KE ATEE 4 & TEIIA
el 2SIk ol SR ololole 2 HlEE A}
= AR 7P SAe] oA AH i arefsiof gk AE ¢
T Stk 9, duUR] @l aREgelsle A 19 %, TAPR:
99 %R AFE olo] W HlgE ARkl Uk fEvEe] olui
FUelEEE 2015 948 %ol o]2H] ] ABrk- 52 %ol Blet
2OeHKEEI, 2016). 7t 7199] 7B =] =zt 44
W opfe} AEr bt s 918k 71 sk 2]93A el
AL TP FZI=olok st 58] BAAIRRE: B9l viEEs 5
71aL oJYAI7l= Hl W} ARA] e F8de SUiEA k=
otk o4y 715 Hs)e} M2 U Re] Wl 5 divlelad
3R] HIstE TAE/S ofUfR] ARS tigh e e
ah= Aeltk

7[R TARITERE 83 e TSR N i
=) =7PE vl = 9 tIEAlE thde s Flon
AT oAHR] ARSRRe] Aol FEIFASITE B ekl E)
G A arEouA] ARSRte] S the dEe] B3t
o 2 e oleke e AFE R AHSAE vkl il
djo|E|(Panel Data)2} 7185 Ak ouiA] EHde] 7[RIR1 7], 7k~
U] A&t FAAE Bietslara} st EAle] 54, 53]
FRRgAEAEe] EXol8a AlRS] E3E TR oA
T IS B8k Frefrlgh 9 AE TjokshE o) oL 58S
Ak sk 21 SARAE Fate] AR 37| FRkS
AP aedt = Sl 3 Hlole] #44 olgslo] Bl AsSirk

. Mgor

EAE T} o) o] el ek G 2 wAl)
Ao} BT, o)A T, GEH =AY wEUA]
28] Rolol] FakalA ol EolATL glrk

0|78 AvEY ATHE, B3 Exolg 5o v
W) we TR} wAl] mEUR|, Euste] ¥
F2 TRk ol 2 irle A WiEusle] duky e

it
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B =AUt Newman and Kenworthy(1989)2] ¢37+= 1d 7k
H TAPL R &S] o 53] B4 FARY] i
A R 2] B8/38 Itk ®edrk Elkin et al(1991)9]
AT =] B9 U] AR BAOA YSEAPE
uR|olgo] AL dizurs ) H2d 3, o] A el
AR P WHTE L HlE EXjolg, ME T s
W= ATt B, 53] W S Frhes G Al
(Wegener, 1996; Holden and Norland, 2005). ©]% oUj#] 44|
oA th71d¥} B AF= =] tk(Stone Jr et al., 2007).

o9} iAo g 54 TA| o] ofuiR]|Am| 9} FdSAL:
FA )R] rths A= Qltk Gordon et al (199132 7=
oF wEuA] aHk= Fasi Qs IS A AnrbAe]
3akg- 2H)EF of3ke Zrlar B9kt Breheny(1995)E 1 ¢S
Y TAE duA] A g A o)L o] 841 Aol s
TA B Fole 2 ouRPEgEs vk nirfsitial vjes]
o} Owen(1991)2 938 JAFHUE 7= okl ti7] &4
Feg 2efeia Bektk Chiu002)% F=sh 4o 87
A, BAE, sXWE A EARS Atk A 33t
TE 2l ARSEAIA 8])lE T ASRAL Stk Banister et
al(1997) dAFelxt= = 57 =4, vide= Ul =A1E thde
2 EAATE, 9%, SHEA0E, 35-8AE F BARE
827} uR|AA]el] FEkE wRITaL 319t 53] 3584 Hl&
o] HETE AUR|AH] TAsal AEARE AFSAESUT &2
ARBI8AE 81 ofuAR|AH] o) Jaks e Aotk A
I A€M} JAEAE OF 725 Steemers(2003)<]
7ol A7) U, Ratti et al.(2005)9] =A] B3 729t
oLfR) 2o Yigk @FE Chen et al2007), Karanfil and Li(2015)2]
= a9} AR APE B G Fol Sk Tl =
Jeon et al.(2010)= g5 370=<] AAPEAUR|] Anlks 24
3k 8918 AFale] FRIASe] S8 ARANAR] Ao
frefrfaiAl S7IRICRE s BT ollufA] Aol 453 Q19
Z71= & 95ka21e 2 BP Energy Outlook 2035 (BP, 2014)<j4
= wgt vl Qlek ofdl] £ AtelME =A] AR, A 89S
Al

SEuklellA 20000 Ztoll= oUREeRS: 93k =4 Al
o] GE kA T wEdR] ARl 231 & St
o]Folxlth. Ahn(2000)2 $-2jvbe} 227) F4EA] ageluA]
ZHFF BA] Fe B3 aotsle] Wert sl == shbE
5 EX|o]go] FFE5E WEoHA] &M SolErial &4
Hwang et al.(2001)2] 37elMe =d Pz JFdE =
A|o] argelfr] 28] Ak T Sops ATRe] s
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H2Itk Koo and Lee(2009)= AJ28l Tloju] A8 &23} o
A 2H| RS TSI MEAIE UPFe R 202013717 WskE
A A A SE 118 T4l ardpdsial FAA G S
T3S =] oluix] HEAE 7IgiE & dviaL skdck et
AMEA] A SEaARkg arefste] nAlA STPSE AResket
2] Z319rk Lee et al.(2011)= W7 LAAFE o183l =AR
Hrzele] JAIAIE IEAEE ol83k] GWR £4I5k0] 24
AR 15-850] 7S gR)rol FEke 7R B ERIs
Ak HA] M&A199] 2007d WSS AkEE ARES)
2k Kim and Moon(2011)& d&EA]2] EX|olg EAJo] olak
ek S]] ofwgh FRES WAL ShEAlE eIk 22l THg
% AT, APEAAAS] opikshekA: wllEel Aol ks A
I EHEA OGS o] oJFkS vERitE E34 EXJolgoe] okt
3heka wl&ERs 7AAZItka B9kth Oh and Chung(2007),
Kang(2011), Lee and Oh(2013)2] I7EE AeA]de] Al5E
olg3le] 343} Yoo and Hwang(2015)& |23 HR
& ol83le] 2005 ARHA| AfEE v R EAE/30] COMlE
AR s BAEITE SRS IS, aRREMHLS, 13H 4k
HlZ9] o] glont 1 wigle] def X9 mefsljof e Hart
At AR A3t oREr} a1 EXjolgo] Hx
HPE akEouR|e] AR EX0AL AP PSS ofluiR] A
o] sofyith et AR A tVdA] Ao = MRS B

Table 1. Summary of Dependent and Independent Variables

A7} Btk e vhdxle] 544 wet At gy
izl A|%jel] Aagh A7E Pl TSNS AR oR eRE
A7} OheS & MoMEk 2 Arolhs U] AR
EAdolelelm= 71E d7t wol theA] e ARldAlA 29l 53
A1 A1 573& Tielsle] AuRlanE S| arefele] EABIIk

3. EXI018 R HZe S0l LHE tILX] AISShlo] Hty

=
s

3.1 W0l 1Y

AT FAE 1670, A7) =, = A, A,
L, A, FE S B Ao s AdAste] Zt
A AR HolElE e A7 DAl =
= A9 BE ATRre thdeR st ot tofe
o] AZAP} gol bgAdo] HolA)7] whzel Alelelditt S5
2l ouiA] AR 20115 E] 20157412 21719} 7k GARAL
% HloElE o]8si3lt). FabdemAldo R S o=
712 ANF Aol AR AH o2 AN A&
HEEE S 313 SfRtoln): Aeka wilE A Z15Hs
SHoA AR AA 2ls wEdd A 95AE aLEdE Al=le]
SRl AL IR Kim(2016)] i g g3<] gt
& Wgehs Ao)7= sitk

Classification Variables Unit
Dependent Electricity consumption (ele) Kwh
variables Natural gas consumption (gas) m
Total Population (pop) Person
) Household (hou_hol) Unit
Population - - 3
Population densicty (pop_den) Person/km
Urban Area (area) km?
characteristics o Road density (road_den) km/km’
Urbanization — - 3
Urbanization density (urb_den) Person/km
. Local tax (tax) 1000 won
Economic - -
Independent Registered automobiles Car
variables Housing area (hou_ar) km’
. o Commercial area (com_ar) km?
Zoning characteristics - 3
Industry area (ind_ar) km
Greenzone area (gre_ar) km?
Consumer goods manufacturer (cons) Unit
L . . Intermediate goods manufacturer (inter) Unit
Manufacturing industires chracteristics. - -
Capital goods manufacturer (cap) Unit
Other goods manufacturer (other) Unit
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Al AR =] 54 Table 139} o] A8 G455
s Fvisle] SHWrE 47 BARTR, TAS) A, EA
o}, AlzY 54 eItk =AIEAS 0N BARTESA]
2 7(pop), (AI7FshHZ(area), Althr(hou_hol), A7 %=
(pop_den, 177/ HA)el= T8t EARBRIEE 4
1) 3l A7ksPd=(urb den, THEAHFIHELL] A7IA]
W), =29 (road den, L2/ TIHA) 2 Aatsle]
ARG oA GRS F= T8 TR IMEE
LA A B4 wgeRE AMPA|(Intax) 2t AFsFs=tieauto_ar)
£ FRKITE =A9] EA] o}8 5448 8A]9e] HEA ol
w2} FA(hou_ar), *FG(com_ar), F(ind_ar), =X|(grem_ar)
219 HAE o83kt

B Ao 8 B BARIISAS T8 Sl Al
AREFBIATE L ol AT A R Fabg e =AIEE 2015
1021 oPd B AL 11L,6637/12 H=2] 168 %, A

Table 2. Classification of Manufacturing Industries

2= 600,2940.2 A 20.3 %, E77EA] 95,0270 2
=9 19.1 %E 2ABHe 59 Az S4 =ARIIEES
7WA)a 9)7] wiEo]ckBusan Metropolitan City, 2017). M8F-tmas
AARF 9] A BFHE VE0 R 1 EAJ) wet 2u)A, 3¢
A, ARA, 71ek AZEY AFFA o2 AEF3F Seo and Choi
(1998)¢] A5 @ 7Reell 3l §-53} o] AIlE(Table 2)3}
ARSI AR Akde] PR 5E ARIFAIE kst
o] EARIEEA MFE 4H]A(cons), ST HA(inter), AR2A|(cap),

7]€lother) 2 UFro] AREsth

3.2 nfjdmal

A A9e] Vi S dlo[ElE niEe R A8 AAse]
ASS B3 ol Tl Bd F SAKCR fodt Bl X4,
E43590) g dlolEe BU3k Feh(cross-section)o]] thak

27} A H(time-series) 717t 2] #aHE AZolth 1

Classification

Kinds of Manufacture

10. Manufacture of food products

11. Manufacture of beverages

13. Manufacture of textiles, except apparel

Consumer goods

14. Manufacture of wearing apparel, clothing accessories and fur articles

15.Manufacture of leather, luggage and footwear

17. Manufacture of pulp, paper and paper products

18. Printing and reproduction of recorded media

16. Manufacture of wood and of products of wood and cork; except furniture

19. Manufacture of coke, briquettes and refined petroleum products

20. Manufacture of chemicals and chemical products; except pharmaceuticals and medicinal chemicals

Intermediate goods

21. Manufacture of pharmaceuticals, medicinal chemical and botanical products

22.Manufacture of rubber and plastics products

23. Manufacture of other non-metallic mineral products

24. Manufacture of basic metals

25. Manufacture of fabricated metal products, except machinery and furniture

26. Manufacture of electronic components, computer; visual, sounding and communication equipment

27. Manufacture of medical, precision and optical instruments, watches and clocks

Capital goods 28. Manufacture of electrical equipment

29. Manufacture of other machinery and equipment

30. Manufacture of motor vehicles, trailers and semitrailers

31. Manufacture of other transport equipment

12. Manufacture of tobacco products

Other goods 32. Manufacture of furniture

33. Other manufacturing

Source: Seo and Choi(1998)
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e A1 el 2
490] A0l 715 Aol

52 18] 1ol B Ackela ARl 6] e
S Wl 7l o) Al 9% ) w9 )

7Fsse] AL

S FR3 WEECKGujarati, 2003; Hsiao, 2003).
Auks]| AR oA FEHgl] FIRS TR F

o ok ekt

M

B
At
SR ot s fdal ol 2R}
Al wet 24 2o @it sideds veat 22
3|2 FAT F Sl
Y=o+ pX+ +p
pw=u,+X +e

i(Ae): 1,2,3,...N
t(A1ZD: 1,2,3,...T

w;: WEER] e JNAEA G unobservable individual effect)
A TEER] ke AFEA] S unobservable time effect)

: 852 W @kHremainder stochastic disturbance term)

Table 3. Estimation Summary of Electricity Models

E dFoA &8st didrde dY9irrgsa=d(one-way
fixed effect model), ¥-P&+Ea 7} (one-way random effect

model),

ol A g3 = d(two-way fixed effect model),

o]t

E87 g (two-way effect model) 2 T-EH T}
i o:]:[Lo“/H__ JHHE:E:} %_ ;(-161—3]. ElTij:]'_,Q_ o 3]_5_7_ :L% 13]_1:6]-2_

2 Ads siMsiink AAIde] aEA] o

0

Db

(pooled ols)7} 47}9] e Fofx] o)) AFeh Helks ek
3171 ¢J8l Chow Test} Hauseman TestE A8}l Chow Test

2 28 Fgroz 17§§37Jr94 A=

FOIRF B o

AR frofiA|

and Noh, 2013).

3.3 EX|o|g A M=
g2 =M

WA] Table 3] 7Nt 2A], A0S, Az

o] ZdAdel] thgh s

AAste] sAH L

2, fjel) erom Aksiale) OLSE 43
3l Ao 2 gheit) IdEdl = Hausman testS £3) 35 g3}o]
A gsle] HoIE BATR) Lk A% THEs WS v

o} Ao

k=AY steavirdls #3ksl 7o g vt
3] s4d5FSIt}(Baltagi and Li, 2006; Choi et al., 2007; Lee

s AR,

S0l TE olLX] AlgZkie|

] EAQ A
0.61342] 8-S

. One-Way Fixed Effect | One-Way Random | Two-Way Fixed Effect| Two-Way Random
Variables Pooled OLS Model Effect Model Model Effect Model
Intercept -59.66295 *** -10.1262 *** -86.9686 *** 14.78487 * 7.527324 **

pop -0.00020549 *** -0.00034 *** -0.00032 *** 4.56E-06 9.27E-06
hou_hol 0.00051634 *** 0.001143 0.00081 *** -5.25E-06 -0.00002
pop_den -0.00019381 0.000206 * -0.00008 0.000024 -0.00001
area -0.00287 -2.36006 *** -0.00431 -0.02514 0.000476
road_den 0.12361 2.346508 0.091549 -0.04492 -0.00405
urb_den 0.00015663 *** 0.000047 0.000091 * 7.03E-06 5.28E-06
In_tax 4.02041 *** 4.25903 5.563006 *** 0.23638 0.47055 **x*
auto_ra 0.00003816 0.000055 0.000056 2.10E-06 -4.76E-06
hou_ar -0.00205 -1.33196 -0.18942 0.068066 -0.02681
com_ar -1.2219 -0.02398 -1.19397 ** 0.105147 -0.05684
ind_ar 0.00908 -0.16931 -0.08422 -0.07079 0.060722 ***
gre ar 0.00027287 0.012526 0.007218 0.024051 0.000157
cons -0.00143 -0.01075 -0.00657 * 0.000218 0.000183
inter 0.00942 -0.00236 0.012867 -0.00004 0.000696
cap -0.00134 0.003665 -0.00079 0.000052 -0.00017
other -0.01473 0.063013 -0.01187 -0.00034 0.000276
R-square 0.4916 0.7552 0.6134 0.995 0.6366

ik p<0.01, ** : p<0.05, * : p<0.10
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7= dYEEE 7 one-way random effect model)S 23}
w802 TEATk f)8 WrES A5 Al hou hol),
APA| AApl(In_tax)o] 1 %] =2 Feleeo s Ao 934
¥l 2O Q1(pop) WA 1 %] FrolRo = 3
o wil(com_ane] 5 %] o0, 4] AEAcons)
710 %9 frelee] BOe) e W vekich riRo s
APFSFLE(urb,_den) W57 ()] WO 10 %] S0
A FreldE Haltk

A7} B AP Arelo] ok o] SRGl Al

7H Aldiere] S7P7F uRARS-Rel) mIAE g3e] S8t
Z4e Hofer) skl Sl AR QIeE S715=S] AT, 74
Al ko QIR A M Al 52] B 191 Al SRkl
o] =Ale] Al ¢ S P = Bph A7 joeR] ARSel] miAk=
e AR Ak e Al slekd A7]uA]
AR S7FR Hol ARl AR 1SS 19 oluiA] A
AAS 7 AdelMEE &ds7e Zlo] a8Hd Aotk

t}&0] Table 4= 7l2Alg3a) ©A|, BEXo)lE, AzY EAQ
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7k e EAISHE Ao Aol
2 itk 55 AP} AAIEEo] Bilsle] A Sl
S ik 3 ) AN ele e dilshs A
Wk o alow B 4 ik 242

S tjEshs AVRPLET} feldh W

= g A 35

[e] [e] ==
2 g A5He R

T AAE =

A1eje] rlshe AN 201E Sk o Ao A
gazsh AuE Qo 228 gn F A7 A

Fe ) e

To] EA FIpETE Bl AFER=

Table 4. Estimation Summary of Natural Gas Models

(one-way fixed effect model)o] 233k

TE2ARE RS 017 (pop) 2t HE(area), AFEAF5E4auto_ra),

23] 2 WA (com_ar)¥} =2]%|¢ WA
S k= Ao g yepit

ZhouA] R ARSEE A 5488 T wE 540) 7Kg

j=h=e)

a5 =

=EH 9k

(gre_an)oll Z(+)e] I

q
o
M-S AHIshe F7ha010 2 FsIn 5] 94 A

ghe EAjol84] 50 7P fronidh e vtk A7
kst o R Qlyel WA EANTRA S4E et
RS Yo APty E2UEe) ke TAJs) 548

2ot Az BHe FAROZ RO F

S HolA

}o

o] Fheabg kel
SQgkeh. 7pouA) SRk ALEERE EA olg

. One-Way Fixed Effect| One-Way Random | Two-Way Fixed Effect| Two-Way Random
Variables Pooled OLS Model Effect Model Model Effect Model
Intercept 21.75554 *** -22.5448 * 17.16062 *** -23.1661 17.16315 ***

pop -0.00000488 0.000032 ** -6.70E-06 0.000041 ** -6.70E-06
hou_hol 0.00002912 7.28E-06 0.000034 -0.00002 0.000034
pop_den 0.00008522 * -0.00012 0.00009 -0.00007 0.00009
area -0.00687 *** 0.781521 ** -0.00667 *** 0.774418 ** -0.00667 ***
road_den -0.0815 * 0.130359 -0.09208 0.106499 -0.09215
urb_den 0.00000309 -3.96E-06 -3.53E-06 2.00E-07 -3.51E-06
In_tax -0.12165 -0.11143 0.11796 -0.01404 0.117853
auto_ra 0.00001518 0.000026 * 8.84E-06 0.000021 8.79E-06
hou_ar -0.34479 *** 0.011813 -0.30668 *** -0.01543 -0.3066 ***
com_ar 0.02799 0.585295 *%** 0.331197 ** 0.542453 *** 0.330453 **
ind_ar 0.03088 -0.16606 0.042082 -0.13807 0.042046
gre ar 0.02307 *** 0.125853 ** 0.017408 ** 0.127837 ** 0.017432 **
cons -0.00096065 ** 0.002788 -0.00095 0.004015 -0.00095
inter 0.00393 -0.00019 0.001524 -0.00032 0.001525
cap -0.00051424 0.000132 0.000285 0.000035 0.000283
other 0.00070745 -0.00524 0.000284 -0.00571 0.000302
R-square 0.7177 0.9487 0.2996 0.9505 0.3003

ik p<0.01, ** : p<0.05, * : p<0.10
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