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A Multidisciplinary Research Framework for Green Car

Industry

Jinho Choi + Sunyang Chung - Kyungbae Park -
Dae-Chul Jang - Hyeongrye Cho - SeungGyu Kang

Abstract : Climate change and low-carbon consumer movement is demanding proper
response around the world while rising oil price increases consumers’ needs for green
car. As a preliminary study to establish an industrial platform for green car and bring out
corporate strategies, this article aims to propose an academic research framework by
using various methodologies including conceptual/mathematical modeling, system
dynamics, and ABM from different angles. First, an analysis framework for the industrial
platform was introduced to analyze green car cases, required elements were proposed,
and econometrics was applied to build a basic model related to green platform (two—sided
market). Also, to analyze from a dynamic perspective, a system dynamics model was
applied to green car environment to build a system dynamics analysis model that is
applicable to particular green car industry analysis. Lastly, an agent based model was
used to study the way to activate the hybrid car market in Korea from individual
consumers’ perspective. Based on the result, vehicle policies that are either being

enforced or planned to be enforced in the Korean HEV market can be analyzed.

Key Words : Green car, Industry platform, Economic modeling, System dynamics,
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V. A8 toliel 28 B8 7145 St
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Al2~dl tholuy] A(system dynamics)E Al7Fe] s8] uwlgl WElsteE FEIA
A A (complex) Q] A B EE]dd-S EA 7] S8l JidE A dd

Hole A ECRE gt A, BEAE S, 37, S|, AA 5 ARSYle] ket
woke] A|ARE EA5HY] fste] dE] ARgE o] Shth Al~F oy s V]2 A 0 R

2 BER S gov], B9 |

Flr ¥o o

al
= =l HhE-E < slolEl A Ak el A
= R&D 2 7|bAdn] F2p gy Ak B U EAA &3} 59 v
FAQ H3 el A7A s adE V1] AEA FeRdod ARG R
_]

- -
S Ae MWES 544 /1A ofelge AL 5 ol gk HolA, Az

A

H

el == 7] AFA R 2ol vlsh A7lzel ZIuket Aakyd ool tiEh
A

$9YL ATk B 5 Qrl@YF 9, 2013). R&D FAbel ndP e ft

= &l
‘ﬂB_?Oﬂ ek =214 53 9

7 %
Haheirh. Al2e tolmag A17]%e] JJukek A4kl BAe] H§8 ¢l Struben

oy ol S ALt w4, Qe A5
A28 cholujE i R&D B 7IMbAA ke mw, Awld PEe] vEQ w3

Sel A 2@ 3714 BFEF ekt ofg Wegke] v st A g

of B3] WASE A% Jluke] A FFE BHT 5 Avks WA e 5

o) A8 A A1) A 20715 RD £, 2171565 AT e vl 21 2
& A8 ol A BATE B

Fulo] FrA o MAREE, oeld A2UA Y7 AAE 1T = A2 o
LH [e)
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CHHA oA o] B3bsh 2 Qlelas EAl8H7] 98l Alzagitolue s 7S &8
3k A7F @] 23 E vk 2l Struben and Sterman X F ko] Qlo] A
(word of mouth)¥} VA ¥ (marketing)©] WEY A &I (network effect) S YA Z1Th

31 & TH(Struben & Sterman 2008). Jeong 5= UA &89 kA Ao A A}
Sk oo wel AsrtAEd, gAd, LPG)o] f714 o2 Waksiy, dgrt4 el
Wshe Aoz gAaar fujol 43S T FH 2Qleol@hal 3 tH(Jeong et al,
2009). Walther et al.& A5 AFaAkd, 12 olxeto] 4714 RE2 ZPES Ho|s)
A, ZF RES AaoEAelglal s tH(Walther et al., 2010). 53], A&} kol A 2]

S
St adtel Ay E T8 WsR B Qv oleh 22 AYATSE Fete] W
AAF 9] gkl mtEA] o d 35 8RS S wlste] <& 3> 3l <3 4>9} o)
sorEldth F8 8902 JH4, FAAY, EYAEY, %Xd*]i%ﬂ, A5 7HA ol
o2l 291% V|wko g Al ikt A A LE PSS ATH( Y, 2012).

<¥E 3> AAHE oA J|Et Fekd ASA AT

FQ W AAT
42 Choy and Prizzia(Choy and Prizzia, 2010)
. Stave(Stave, 2002)
(price) Carlsson and Stenman(Carlsson and Stenman, 2003)
F3AE Montazeri and Asadi(Montazeri and Asadi, 2011)
(driving range) Kadirov and Varey(Kadirov and Varey, 2010)
Y ETE Oliver and Lee(Oliver and Lee, 2010)
(network effect) Harich(Harich, 2010)
FHAA 2=H =319 AN-(=F 5 F, 2009
(recharge system) Fiorello et al.(Fiorello et al., 2010)
Ag7t4 Kadirov and Varey(Kadirov and Varey, 2010)
(fuel cost) Mazraati and Shelbi(Mazraati and Shelbi, 2011)

2kg: whgu(2012)
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<E 4> AM2H”HIClo|U 2l A J|HE XEtA KIS A Mol @oF

FQ WP RECES

e skofo] AHAEL HEwd AleAdS Sl et 3 (Choy and
Prizzia, 2010)

o AT APAA A THAA A S diF FolE AR (Stave 2002)

oK Rxg HU AsTHAo Je) MErF ¢ Fag alow g
(Carlsson and Stenman, 2003)

edlo| B E A= S S oA AmH|Ld AR AE Aok

TP A 3FH(Montazeri and Asadi, 2011)

(driving range) | ® 7] GE®F ¥+ Toyota At oA A&t Aujol] 9lof s E&4 E 3
Al o] T8 HFE FE(Kadirov and Varey, 2010)

e Fms o R AFg AF stolBE=xl Gikel] AH|Rpe] A3 A

72

(price)

YEHIE I} 7Fx ¢} S A zp7]eln A7} Z 2 (Oliver and Lee, 2010)
(network effect) | @ 344 VEHIAZHY F52 AA| Al=wlo] FAA 32 359 (Harich,
2010)
e st=ro] - wlE g &3] & slo|HE=rt FAHH SR FAH(=ES - AW
FHA 2=H -, 2008)

(recharge system) | e Q1xZg} £z} 2Hold UEL A A5714, Asa ol s I=ds fd
gH(Fiorello et al. 2010)

er]a, AE AHHE & W Asak AulE FX1A717] fEiAE A8 £848
d87H4 AT e AsaS FQsoF drya F4(Kadirov and Varey, 2010)

(fuel cost) e AARAFS] AR A7 S7Hstel et A dsvlE 7HA ¥ (Mazraati and

Shelbi, 2011)

Zps: 2l (2012)
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loop# 3 - Fstaie] e 54
loopl A strEate] el A4
loop2 ESREI PR HEY= 53
loop3 71Ed B e g 53} Fa7 e

25 BHEEl(2012)
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o] 7t 5438 watgv= ot dAA S E9tet
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o= 4587 /\l@@}oi Al A AbA AL 2k 5, AAIEFE] Evhs AR

-

o] AAQITR2] 20% ol etaL 01]”6*5}(71:1 2, 2004). whEkA, HHguj
[e)

AE2E 7192 shol B Eke] giko]l A AlFe] 20%0] =EE=AE v A =
a7k lem o] s 9 49 J34 Fite] dojd F= jlomw ofof thH] gk 7]
= T} A& s Hds] FNs et vk v B, 2012).

AR, 71 Tagk ZAstaregfolat Al ale® wiE el Ysdd o) o] F Ao
2 oAt dolt) uhAN)E 19] QTR oAl AALT} An| R B T 738l ag]
o el Ml A B 1) FAAA FE AT Aane (fE Y RE->F

N
)
o
e
o
fru
r (o]
rob
O~
o
=
)

(A E] 2] 8 = >7F 2 >0 E->420] - >R&D-> el 2] 7] &

Bo] Jere Frha Sk, 2012), wheba] A <13}

A% o] Gakee] 7bg 2 w2 sefshelth, Auba o sho]neEate] Satabgol

A 7V Fag Aol AuARE] MEND Eateka o} AX T, A 1 149 %

oA Y FLT YL e B 7 Eddeln, olejdt WEe sl 4 714
=

W AnHow Aaaest Budor 44 5 Qe



7 Fedo] WEnch "ol A QA dge] B35t /]FL vjEo] Hofof drim 3
2=, 19] AFAE stolel=ate] WjE YAZL AHEA 7ol Azl mel e
AbEtol E‘rl sttt ol el &k wiE AA7F &5 3~59 o) o AGHE oA A 137
A2} oz Zutz olA" 7bsAle] Atk A e A 4 grtw
o2 WAuls &% 3~5d0] sfojH =zt A RS AHAE M

g Al7lolH, o3k AT R-E A= T 24% WEY Ve ¥ 5

I:FU

E]

Ak wMiEE] Y FEAGE AR vjE R S FA vH(Kadirov and Varey,
2010), AbE 2H|AF wiE EE FAdske aR1ES 7, AE 7]E‘r%° H)-&, ¢, 3H7 4
43k 5 Wl 1 W7} vheEslH (Struben and Sterman, 2008), WA ER(2012)9F E oI
AAME o] & ‘AanAt WiEE e My xEA o wystal ok vyl 2 Q1A E
MM stolBEl= AEakE T4 AT R AAaL, stolng s ApsAte] Ass
Px F A= A W2 wiE e U= (battery density)' ¢} ‘HiEI 2] S AL-8-3F F3A
2] (driving range) & 73t o o]t 7|24 7|59 o] glole thE AanlAt v
H @919 st Ao AdEEA Ee Aow Bt F 7R 7)o 4 glo]=
B} Eoke] JhAdo] dojubie AnA; wjE T} Aed = ikl 7Hg skl e, oy E Tt

Azst7] <18 wiEle & A
83 T3 A2 (driving range), 2k 7}, WES A 7} o] vz} vjge] J&FS
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A5, A8 BAGEs AR, F a8l spolRel s, sads A e w2
& FHHeR 3, FAs] A8 5 9l Aotk & Al s 18 Abs A
AgE BAE s Al2E dolli s Bge] Y2ARl BEdlE Alwsh Aol bl
oelE Fa1 glon, o B4 7 RS wskehe A B Ve B AlE x|
seo] sl ALl Urks A Fasta ogvgle S5 7o) HArt d ¢ s
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e Are] AEmet A 87Fs el & Eweol | AR VdiEn



V. Agent-based Model(ABM) 7]%F 7|21 Ak A5t

Zbm AR 8 AXAAELS YA BE 2 37 Al t-getr] A8 AsA S
LS ?Hﬂ, stolB = bk ol Al BEE Ae T U AAS Al A
g5lar dthBeresteanu 2011; Ozaki. 2011). th& Yty w72 sb= A5
HEVSF 22 A3 AAE 7124 CO, WES HAaA7]7] 98 odst 448
A& F ol Ay Algstal JATHMOE, 2012). aF4RF 5 e 2] S ol A Zh=o] A= 5l A 4
A Zxgo] oj" AHA ZIE V2R o] = stolHE= A 711}574 Al7e] m e
Foll diafjx = A4 EA o] F-53 Astolth

oje] & AT M= A AAIGH AlFlTho]ju] 2~ 74 E%‘% Ho}h mAlARl HA
ol A, 71=8] AbE A AlS A g A3t kbl tiste] AFtgith 53] Al Z~EItholu v
2ol =&Y AH5AE 718 (price)oll thdF 4B]AF vl E = (consumer attraction)S H.th
HA AR HA o A A 7] S8l ARt o] HES A AL ol o] HE S} AH]R} of o]
AER F-Esto] A=Al dlo]dES] 7hA el et AvaF AAF Q1 FF=E A4
12} o, AR o] dE ] HEQ A & (network effect) & F+7F RE3 &
= Arstar vk 53] AsAk 7H4 st 9 A" AnrhA e wskel 3
(subsidy)/¥'d E] (penalty) 2} Al A1 & & (tax incentives)& XE3HsH 5 24
o2 U 2psak Al A e] HEV &S] &S ol dl dojA] a3
247 FOI7EE A staLzt vk volbrt HEV Al ghabel] slol A Al &) & 2t
/e AU A] BaE Ao R AAE (ke Gl HA 23 ks
Aletaizl sto, 2 A A3 D AR AN AGAE A AsAA el A 2] HE

A e 918 BAH slole F8E 5 Ak
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1. ABM 7|8t 289} AgaAF

gl ok vA Al oA, V1EY AEA LS BAG HAATE 2w
sfo] Gte] sholnels A7IRFEAL Al el 2 2yt wetel] thah
LA AN G A28 holulel s mal3) ]aLA] ABME Al Eao] dolel Sro] A 5l
s} Aol wok Al Holeba B 5 Qirh AlxE thelumlat B Alswle] @ES

ZAVe7] §13k d o2 A A i (stocks), - H(flows), feedback loop(F] =8 32) 5 A}-8-3}



1=
njEg Ao Ao oA gl v ABME M AEAgals O 455 doliE
= O

55 ¥Este 299 7 eltHMacal, 2010]. ool A EES] &2 25| DA 53t
i, M= deAgetal, 48eheAE AAss 13 (rules)ol os AT, WA A=

o
do
Ir
=
1
=
o,
2
[m
i
[
Lo
oz
fole
»

Sl <& AAHr) ol <& 6> of AlzElttolfu] s

o} ABM7Ee] F83F xpo] = A A3kt (Grazziela et al., 2011; Schieritz and Milling, 2003).

<IE 6> A|XHECto|Lf 2fA2f ABMZE

o F2 ol

HEg/Hd Al =gl o] = ABM
S| 3144 (top—-down) A2 (bottom-up)
o EE gzl 2 o] HE
A S Alz=gl Fz ool HES] 13
2aard 234 (aggregate) ¥ A (individua)l
B Eat s g4+ GAHA e
NZtEA A4 o] 4xh4

BAHQ ol AE 2] BEA4ES BAFY] 9% ABME
21 2] )
& 8] 9lstel

E 9 BEAslax} sy A 87 (real world)oll sk -3k B4 St
oo QA X, A5, Ak AFEE, 44 5o HolHE 7|W e g HEV Al g4t

upet APAAG S shar AR A A 5] vk AE
WA o] a1 FAZ Q] o o] HE Fhe] 5 A-go] ABM2 “itﬂ, Fda= s ABMOW%#
B335 s ulelo] YElE 4 i, ABM2 Al Agel| 7i7ke- AlE ol dlolE Fk
S A& 4= tHBonabeau 2002; North, 2007).

Sweda and Klabjani= ABM< °]§3t4 7148 EV 2#A(BEV, PHEV)¢] €&
ghetatal 2 A Qzete] A=A wiAE &4 ststes ieks glstaat &kl
(Sweda, 2011). 449 7} 57He45 BEVS] =¥ =(Inconvenience): #4331 2.
W, A8 7}A0] ol Mol wl BEV, PHEV, HEVS M2 A f8&0] vebsioh
o= HM7|RE ] oELT} e HEA AFAtd T dxer g AnvhAe] 8%k ¢

Fo vty ¥ 5 9

ABMeOI A Al =62 Apsoabd o] A= mdgo] E]U:L 7# °ﬂ oJFEE 7]E Eo
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)
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Eppstein et al. (2011)2 ABMS 53l A3 4 g3 (Social effect)9} vjtjo] 7} Z& 19l
sto] Bl = s xH(PHEV) A1 el vA]= J8F 22 A o2 A5 A4} A
Ak AAE e Bd UE TR ALS] A g ae) nitjoje] J&y T F4

2. ABM 7)4¥F 1817} 2

o

2 JFe BY 2

A A ghukel o] B Aol = F=e stolB = A7) AbEAF AFe] W B
g7 sh wetol diste] Atk AEAk 7hA wst Bl Ak AnrhAe] wstkel A, B
%+ (subsidy)/#'2 ¥l (penalty) ¢} Al A1 8 B (tax incentives)& ¥33F AF A% a9l
S g o ® Sl Ak Al A o] HEV AFFe] B g ol o oA a3
FFLL7F FATEE S48kt g

< 4>l AAIRE HEel 2Eo] FFof oo]dEL= Amlal AFAL FHEA, AR T

S SH(Choi, 2012). AH| A= wld =p21e] F=8A

2], A=), ko] s st 37 Al xAre] 18719 7l e Rl EH’E}"% s
AR 2] 7S 2A R AF= CO el e
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AHAEA BRFARI Y, A o §BH 21 AFH] e HEEE 7}

Ax gk $F AT A WELFL AG3A7] A5kl FAY R AEA ARE o]
8310 7t AT AT B, ARF £55F BE, ALA AF 200, 2

2H2R= QA 717 Q) wiet ek, 2FES v wEke] zpAle] Adske] uh= H A
shel 2HE ettt Rl B =Ab) s ek &n)AF AHsA}

7} 2M|AEo] HEV X3S Fulslr] 918 8 2|2~ <18 5>9F ZTHChoi, 2014).
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2GRS s O] HERA AR AEE = Qe A AlS Al AA
ol E 7IWto 2 dto] AF HH4ES nigow A KIA 183 GMe] 37l BAa=S
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Th), T3(1,600~2,000cc PI¥hH 183 ¥ (2,000cc o’h oz ek Th Tk 2011
o A5t gujEe nlgow 7t naled A 44 59 Od 72 shue] md(d

ml



Ho

/MRS s dlolxE. 20013 FH 20113704 @) 10047k 7
T3l LPGE] 71H4 Wekes A&aiion zh FRE Aol weh IR $65~
10.5/gallon, 4 £+ $6.0~10. O/gallon 2] 3l LPG $35~$75/gallon®] ) WelA 714&

v} ool BT} sholnele Ful A nEF % AT AARAOR A P
2 gt Bae) @A) AW SO AFHA 3B A getgon (st v = AER o)
A 300 AAE AF) 0I5H9FE A gel neg/sdE ARE 2 g

53] B Aol e A5A 714 2 TREE 98449 Wate)] mel HEV ulgl
GHE MALIE BNt 22184 BA AER A o] A5 1AS 8
T A% HEV 8o vt 93] sl A9ATE QA 454 AzAbEol
A AFA 74 il 90%~160%7H4] Zho]l Meke A9 HEV Fojol vxe A
o YRS FASAL, Ed 4B ARE 27 74, O, LPG Al 7
S AR E AGsHs AFAE e A7 70%, 100%, 130%,
$ HEV #4le] ml2 3ol tsid 24 AAs ¥ 29e
.

MAe <29 6>3 2HChoi, 2014).
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