@ j:- pISSN: 1226-7147, eISSN: 2383-9171 Journal of Korea Planning Association Vol.55, No.3 (2020)
@.’, ié https://doi.org/10.17208/jkpa.2020.06.55.3.69 HEIZE - EAIZIEEIE|X| " ZEAHS, H552 M35 pp.69-80
9

'.) Check for updates

A s A2E o] g3 H71 T AR BA
Key Drivers of the Electric Vehicles Penetration Using Regional Panel Data

Kim, Yooan - Kim, Solhee - Suh, Kyo

Abstract

Electric vehicles (EVs) have been widely considered as an effective way to reduce greenhouse gas emissions from the
transportation sector. The Korean government has been actively promoting EVs as substitutes for the prevailing internal
combustion engine vehicles to mitigate environmental impacts. National and regional governmental policies have been
formulated to achieve the penetration goal of 3 million EVs in South Korea by 2030. However, the current market pen-
etration rate of EVs in Korea is not enough to meet this goal. This study identifies the determinants of the regional EV
penetration performance by analyzing regional panel data and estimates the quantitative impact of each determinant. We
use a panel fixed effect model to evaluate the effectiveness of each potential factor. The results of this study signify that
the number of newly registered diesel and gasoline cars adversely affects EV market penetration, whereas the number of
newly registered electric cars shows a positive trend. In terms of policies, national subsidies negatively affect the increase
in the number of EVs; however, regional subsidies positively affect the penetration rate. Moreover, population density and
cars owned per capita have adverse and positive implications on the EV penetration performances, respectively. Climatic
and environmental factors do not affect the penetration rate considerably.
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Table 1. Factors on electric vehicle dissemination in previous studies

Type of factors Factors

EV price

Studies

Graham-Rowe et al. (2012); Carley et al. (2013); Tran et al. (2013)

Internal factors Driving range

Egbue and Long (2012); Carley et al. (2013)

Charging time

Graham-Row et al. (2012); Hackbarth and Madlener (2013)

Incentive

Kerkhof and Boonen (2013); Sierzchula et al. (2014); Langbroek et al.
(2016); Mersky et al. (2016)

Charging infrastructure

Kerkhof and Boonen (2013); Ito et al. (2013); Sierzchula et al. (2014);
Madina et al. (2016); Li et al. (2017)

Index of environmental regulation

Hidrue et al. (20171); Graham-Rowe et al. (2012); Sierzchula et al. (2014)

Fuel prices Tseng et al. (2013); Sierzchula et al. (2014); Wu et al. (2015); Li et al. (2017)
Income Hidrue et al. (20171); Kerkhof and Boonen (2013); Sierzchula et al. (2014)
Island Kerkhof and Boonen (2013)

Education level

Carely et al. (2013); Hackbarth and Madlener (2013); Sierzchula et al.
(2014); Liet al. (2017)

External factors
Number of vehicles

Musti and Kockelman (2011); Singh and Strgmman (2013); Javid and Nejat
(2017)

Vehicles per capita

Headquarters of EV producer

Electricity price

Number of EV models

Year of EV introduced

Sierzchula et al. (2014)

Urbanization

Sierzchula et al. (2014); Liet al. (2017)

Population density

Kerkhof and Boonen (2013); Javid and Nejat (2017); Li et al. (2017); Egner
and Trosvik (2018)
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Types Categories Variables Description Source
[ Region in Korea
t Month
Dependent EV Number of newly registered electric vehicles
variable
Diesel car Number of newly registered diesel cars MOLIT (2019)
Gasoline car Number of newly registered gasoline cars
Vehicle Total car Total number of car registered
Price of diesel Monthly average diesel price
. : : : KNOC (2019)
Price of gasoline Monthly average gasoline price
National subsidy National subsidy balance
Policy Regional subsidy Regional subsidy reserved ME (2019)
Independent Tax exemption Amount of tax exemption per electric vehicle
variables _ Population density  Number of people per square km of land area KOSIS (2019);
Demographic - : MOLIT (2019)
Car per capita Number of car owned per capita
Average TEMP. Monthly average temperature
Climat Minimum TEMP. Monthly minimum temperature KMA Monthly Weather
imate
Maximum TEMP. Monthly maximum temperature Report (2019)

Precipitation

Monthly average precipitation

Environment  PM;, Concentration

Monthly average concentration of

AirKorea Monthly Report of

particulate matters Air Quality, Airkorea (2019)

72 "=EAE, H553 X3S (2020)



XIS T K2 0183t X7IRt 7o} ZHRL! 2

o
B Qe 2212 S48 Tefsto] F) ujake] 4713} )
% £ QA ] T SRR ATFES ]

o
P

) H7)3pe] Al g RS w7) 9fa) Ak o)

o e 2712 o 814 ek

Aoy B 0010 RE ATFERE 48 AF e, AFESE
HEAAF o, A AFES A B O ste] 4
25 TASGAT /1R st AR i, B o)
G, A A o] A, W R ot ofd Ao B
Yol AFEHE APe] 2 Ao} A A i F2 A
A 245 ] A AFEE el WaE B st Al

SEE A9 AF ot ATES R A o, 1A A

S8 A A6 1AL FRWER AN AT 1
OlElE, A% 1At FiG 1A QuelA AFSHs ol
5 Apgstol 17134 wgo] Yeleel vlAE BYRE W
s Mgttt

481

Natl Subsidy,, = AnnualBudget,,—(NofEV, ,x Subsidy,,) (1)

017|141, Natl.Subsidy,= iX 9] tA|7] =il Hzgo] kel
2, AnnualBudget, ;= t*7] =31 B2 AXkE ofujshy,
NofEV, = iA99 A7) A71A} Aate5 4=, Subsidy, = iA]
] (A7) A712L 3t Al e SjulRit),

AR Hzge A 97T 1] g AREsto] AR B
2 WeR ZEoi AR Baa RS 2HEsh] $igt

e 4 Q)9 2,
Reg.Subsidy,, = AnnualBudget, ,— NofEV, )

o17|Al, Reg.Subsidy, = iX 2] tA7] AAHA| H252] Zhol
5, AnnualBudget, = tX7] AAHA| Bzxa XY 7Fs oo
£, NofEV, = iX 99 tA7] A712 A& 425 QJu]gltt,

AL BRI AR B Eg ojakat A Ak it Ak
ko g AlE7] witel] Y7t 2§t $HA 2ot 2ol of

22 ggstonn 21 9 A Bl gig 1oH S48
shegalinn) sy, AlR7hEole A Ean e} e A, FHEA],

AR FTOR Aslo] 42E FAI,

onf QIFERALA EAE QIGE AEste] QIFUEE AME

qom, o]eh upR7FA| & 2| 0] HA| ApF 42of QIGE L
1909 AFE R =5 APttt A7l 22t S 9
3 F&EAL A aEe] HIkE Hol=d|(Yuksel and
Michalek, 2015), & SA-ol|l A= ol2fgh A7]2te] EA4E whst
o] A7|AFsAL o] QS u|A= AR 74FalS 23S
Aok 71480 Aok AAtEE d et ¥
T, Y Haes eako s ARkl

npA]Eko g S A @ lof LRk uAHA] A= PV, O &
g st en v ZuAWAR] PM, 0] 782
2015A5E] Aol A|LJEkgI), PM,, B4 oflolatlzfol eH
718k B LA o A Al gt HolElE o]-8-5k3iT,

ol
o=
%

e

B
-

flo

A]

3. I{EEA DY

1) THEC|O[E| et AE
72 ol G vl Aoz aPE ks g4l
ShM SAA FroldE sl Sl siduole o] Fdde A
ettt A7t AdEE
7F ol Eetar 74 froljh Ak
ﬂ?’](Spurious regression)i olste] A
| 91-S>(Durbin-Watson
= Qlef, o]t AAGAE ] £ 4 (Non-stationary)©] T
2t 237t o= 4= ql710] s lolEE 28517 ffali= &
Aol 285 = W59 S ghasfjof KR 2017).
Waxtmz Y HeE] S AAs] HsiA Aug-
mented Dickey Fuller(ADF) H3& Al&¥at3lct, ADFEA2
Dickey Fuller 70l AZHE 371 g 0= ©hele] EA4] o
S AAske WHlez AR/ iduolgof dele] &
Agheyoln], hy7bEe ZF AIAES 47 Ao E A%

7HAAL QleF= Zloleh(gE-%- o34, 2013). o= ADF 4

o
)
oft
o
e
lo
ofr
L =

oL

I ol
ofl to mo rf

(R12141- 28 A 2016).

2) I{2H|0|E Sot=2s
B A= At 1770 Al = ST ZRE7T 201393 20184
of Ax ¥ AAGR wd AY 3|7|nES ARSI AR

Journal of Korea Planning Association Vol.55,No.3 (2020) 73



o

FAmE FuH ArE AR o2 AR ARo)7] wie] &
H 2kz oA UER & Sl ol ate] ALk AIAIE Aol A
e AL EAOl YERE 4= ATHERIERE, 2004). whebA
23t ZAIE s st flsl AAE Awet FdH ArE T
P EA}E (Balanced panel data)® -53to] ARE-SHSITE
WA mE 2g5ro 2 AUSHA 7PHAAS BAT 4= 9lom,
RIS WM Y § e B A, 20
55. 7t MY Ede 28T 5 A s
Hﬁﬁ Pooled Ordinary Least Qquare(POLg) A 5
‘6@5} T} POLSE & JHAE A2 T2 7 A

FEsto] EA48E7 1o Uk Rl OLS(Ordinary Least
Square)";: 2 3}% AR EO]5‘]":}(\)(/0oldndge 2002). AR
Wb EAslE 2ol POLSEE S 483 -9, WA aLfgt
S0 IRk T840l AR @9lE 4 Qloh St A
E(Pooling data) 452 EAISHA] 53617 w2l 4%kl |
573, 2000), ook e, UAE LA

o
WHERA] 2 o|dE 2t SAIst &t B2 ﬁiﬂ%

e i

rsl‘ﬁ

i

;

S FE
o

]_
A
S
7

19 o

re

LFE

ﬂJ

y= B, Dieselcar; ,+ B,Gasolinecar, , + B;Totalcar, , +
B,Natl Subsidy, ,+ BsReg Subsidy, , +
BsPopulationDensity,, + B,CarperCapita, , + ®

ByAvgTemp, , + By MinTemp, , + u; +¢,,

0471/‘1 = A, = ES Uy, ye F5UeRA At
SEE AR e, xite SHHESE A7|A ] FRks A=
ELOJ, pie= WSz A9 IAHaNE oufdit), &
o, f= AR, 6w AR UERdY, el ARge 7|
A EAAE0] Fejjof e} v ARy} SHE gt o
LHrolAH, = BEe vl A avEe] sHHeEe
FAA| E3F ofitel] Q1o 2 AelE Holt}(creene 2012) a
HEI Ry HEd
dojxut SEaNRYE S A5 5 %i% E“Ol F—’Eﬂﬂoi 3}11
olty= 114 3lo) zkzhe] Al
Sk W olthFS, 2007). A71AF ol <
FS Yl A1y 17‘4 0= 3lo] ld 1Y A2 (Panel fixed
effect model)™ W GEEF 72 3 (Panel random effect model)
S AP en, 9 am TR O R 33,17 R Studio ©]
Bsto] TR olF 7 7HA By F ZA7)A; Hag K] 4]
’61—6]— Eaﬂ ] _L}- 6‘]. ] 'I"IOH _LHL‘17]_/\“]7EI]ZéO ].O /\U]— 7—‘7(‘]
iy

M
)
Rl
e
o
2 5
lo o
t
N
U
_O|L
2
R
o

RS n)x|= 9z}

(Hausman test)= A

74 T=EAE, X553 X3E (2020)

v, Zot Y o

1. XI2e| 7128 | HEY 4E

2013958 2018871212 67 5¢F 177 Almef At A
712} Bh4=e] x| et AR (Tabled) ot 2ok, Ao
717 dieee] gato] 7P w2 A9 AR AdEEAR
A= A= 22 A7 A IREE AR S AR Al
2, F AR 52 Habe BY et 2 AolE Ealr, -7
Lol A 7P 2 Ate 5 A713} i Bk 2Rl A 92 A
FTEIAAAZ EAEI AEEEARA2] 7, 20135
2016E7KA1 2] Alate= Z712F Hias7E 2sHefl =et gl o, 2017
ANE A2 Bgo] Mg AlRkehe Higo] F7kskeict
Zze] SRHeE l et 7] 574] EAE = (Table 4)9F
Atk A w3 89 T At 51T A A A A
o] gk 7474 14.847 thek 11,10 o= Ayt 7 A
F kol At FEF AFEL oF 1348 2 A EAT =
EIFR020)00 Th2H, 20159 A A2 HEl S0k Y
A AERARe] 2t wiAY Eat 9l PRl 7t 5 YR
At S a7k A9 diu) 2,68 S71sted Uehd Atz 245
ok, a1l Baaa AR Bl g 2ol A gieE
28-sto] Qlzo} o] Afo7} AA| vrehfar Hglat H9igt
o) Aol A vehh= A2 Abmdr), B, 2k gk

Table 3. Conditional mean and variance of newly registered EV

Region Mean Variance
Seoul 129.96 40,025.48
Busan 20.64 1,058.60
Daegu 91.60 28,742.30
Incheon 17.83 811.83
Gwangju 20.03 1,077.91
Daejeon 18.33 1,526.34
Ulsan 11.64 47212
Sejong 5.42 291.15
Gyeonggi 86.71 19,754.86
Gangwon 18.83 1,106.14
Chungbuk 16.49 292214
Chungnam 1511 805.85
Jeonbuk 13.74 669.75
Jeonnam 26.17 1,210.73
Gyeongbuk 27.00 1,842.65
Gyeongnam 27.88 1,697.07
Jeju 212.07 62,780.43
Observations 72
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Table 4. Descriptive statistics of variables

Categories Variables Unit Minimum Maximum Average
| - - - -
- t - 2013. 01 2018.12 -
EV Cars 0 1,091 44.72
Diesel car Thousand cars 0 14.84 2.05
Gasoline car Thousand cars 0 11.10 1.19
Vehicle Total car Thousand cars 0 24.84 3.36
Price of diesel won/L 1,079.62 1,869.29 142311
Price of gasoline won/L 1,327.02 2,067.42 1,624.66
National subsidy Billion won 0 74876 29.26
Policy Regional subsidy Cars 0 6,723.00 264.83
Tax exemption Million won/ea 2.60 3.90 2.82
Population density Population/ha 091 168.54 21.72
Census :
Car per capita Cars/Person 0.24 0.68 0.35
Average TEMP. T -47 29.00 13.50
Minimum TEMP. T -20.50 23.20 291
Climate o
Maximum TEMP. C 72 39.60 2516
Precipitation mm 0 676.20 98.90
Environment PM;, Concentration ug/m 19 88 44.36
el o H 2ol d HAE, ¥ Hu2e= A7 7]2 Z Table 5. Stationarity for variables using Augmented Dickey
20k ge] 9 7122 o] g3}o] ﬂwoﬂ w2 712 2o wet Fuller Test
27kt ZYizkol| Zol7} 9= A BRI} 72ekn o)z} Variables ADF statistic
o) SIS 2R A0} 2 A0 ek, ol vt NewEV 28279M
97 oFe 7HE Al B 9] Hl7k el 693t 7] upy  Diesel car 865827
o] 7hzEko 2 ol5h A o & whehElh Gasoline car -351.78**
Augmented Dickey Fuller(ADF) 7 Z3H(Table 5) =), Total car -367.92%
HAof| 295 571x] Bl 22, A ol 7|Z shAy B Price of diesel -29.73**
= 157 W B AL ne Ao g BARQI Wl o Price of gasoline -32.06™**
O 0.01914 sidejolEef Tlite] EAfRiks Aif/bgg  National subsidy 256947
717kt w7t A A dRzbe Aeisie] wge]  Regional subsidy 210
AL Blolsl 2= 9l g} Tax exemption -17.632%*%*
Population density -272.30%**
2. TH A0l 2 H7|XF 70H S0t HESEN Carperc2pita soana
Average TEMP. -46.12%**
1) DE0| MM AN Zin} Minimum TEMP. -58.90***
WA 2E FAsHe a0l Brh Aoz BAsl] g Maximum TEMP 59237
TAFNREY} SHEautnd o] g X}EOﬂ EHU} xq-?—j,;\q o 7} Precipitation -149.10%**
ol 9 PM,, Concentration -120.00%**

***p<0.01

& (Panel fixed effect model) 22
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Table 6. Factors affecting dissemination of electric vehicles

4 A eEL A7)2HEA} Tl A (+)9]
AEigict, ole} W AFEE A4
o, S Had U, o gt
e Ao YRt
OF BA 5 2 7}

2
o

_>|“I_L
o o 0

f1 ol

or o2 rlo
ot o

o

Tk 712k H
oA, AL g ot 2o 109 7 Al Alate s A7
A= 0.61H7F S5 AR FAEQIH, H= 22 o] R
o A 7hs et ol A7)k dier] A= A7k Alte =
sof v BAE 2t Ao SRl AR A Eae A
o Bi7k 1 57F Al 0.05H S718ks AR HERET o2
T g Al Haaah AR Haae] AdiA]o] Adolgtel
w719l Ao gk, WA 7t M A sl Rae
0} 735, TH 2w ol thgt ol uhet e7d-Fol A Egtidol

2
N

Fixed effect Random effect
Categories Variables
Estimated t-value Estimated z-value
Intercept - - -310.40 -5.45%**
Diesel car -46.59 -8.01%* -43.75 -1.79%*
Gasoline car -46.80 -5.83*** -56.37 -6.98***
Vehicle Total car 46.54 8.31%* 51.90 8.89%**
Price of diesel 0.14 1.25 0.54 3.42%*
Price of gasoline -0.04 -0.32 -0.34 -2.79**
National subsidy -0.61 -6.61%** -0.71 -7.33%**
Policy Regional subsidy 0.05 5.52%+* 0.09 8.75%**
Tax exemption 0.04 0.57 0.30 4,945
Population density -34.71 -9.447%** 1.15 13.77%*
Census -
Car per capita 1,924.90 16.92%%* 863.75 14.86%**
Average TEMP. -4.27 -2.03* -3.71 -1.63%**
. Minimum TEMP, 2.60 2.06* 1.41 1.05
Climate :
Maximum TEMP, 1.67 1.33 2.58 1.95
Precipitation -0.04 -1.37 -0.02 -0.65
Environment PM;,, Concentration -0.54 -2.34* -0.97 -3.98***
N 1,224 1,224
R’ 0.50 0.51
Adj. R? 0.48 0.50

Hausman Test (x%)

1611.3

1) *p<0.1, #p<0.05, **p<0.01

2) R* within is the coefficient of determination after eliminating effectiveness between groups, which is a concept in within group
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Table 7. Estimated intercepts of region fixed effects model

Region Intercept
Seoul 5989.80
Busan 1,101.78
Daegu 342.31

Incheon 181.60

Gwangju 365.50

Daejeon 307.89

Ulsan -425.81

Sejong -677.95
Gyeonggi -252.02
Gangwon -744.98
Chungbuk -724.23
Chungnam -715.37
Jeonbuk -689.15
Jeonnam -715.76
Gyeongbuk -750.10
Gyeongnam -700.23
Jeju -828.85
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