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Interfuel Substitution and Carbon Dioxide Emission in the
Transportation Sector: Roles of Biodiesel Blended Fuels’

Hyonyong Kang* and Dong Hee Suh**

ABSTRACT : This paper investigates how interfuel substitution affects carbon dioxide (CO,) emissions
with a focus on the use of biodiesel blended fuels. The results show that the Divisia elasticity of diesel
demand is the greatest because the transportation sector relies heavily on diesel. Also, while the own-price
elasticity of each fuel demand is negative, the results reveal that diesel demand is more inelastic than the
demand for gasoline and LPG. Moreover, gasoline is a substitute for diesel and electricity, and diesel is a
substitute for LPG and a complement for electricity. Regarding the effects on carbon dioxide emissions,
this paper computes the potential CO, emissions associated with interfuel substitution using the
coefficients of CO, emissions. The results show that using biodiesel blended fuels contributes to reducing
CO, emissions, but it appears that the price-induced interfuel substitution is a main factor affecting CO,

emissions.
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SRR AAYE A okol AH A - 7PEH 0= Apklo] glow], Fj ofuix
dn|o} i B0l GRS v A F R O QIAH T glek. FAN T YT 4
F P02 A ol go| T3] F7H5kM 90

™, 71 A} Fhof Al SR 2] of U 4]
AH|EEL- 19901 1,417 toeo]| A 20191 4,300 toe = A Bl o] A Z7FHTH ol L A1 7
A& 24| 9] 90% o= st A =of| o Ejtrh=H
of| A 2 9l 7Te} 4F ol H] sl th A A& AR8-2 713] 7} ulf-- A|gHA] Q1 sHo T} o] o
et 0] A AN SV 2R o R AV HiERE ST ARE
2Bk, AR S0)A] S o] o|AHEERA(CO,) HlES 1990 3,549%
£ COseqol 4] 20194 19] 99%H = COxeq A|4F 3047 Al v 717to] Z75o0],
2019 7% 2 CO, B 22| 14.4%2 22| GYTH2-A 72234 5 AE], 2022).
AR R SALA HIES Fol7] 98] 20151 79 ARG A) A& &
O] 1514 = (Renewable Fuel Standard, RFS) & A| 345}t B A =448 A7 §
woll Hiet AU A ] 5 HlE= Slistr] At R =M, A7 Al At
7 e 73 0] 24 18 o] o] &t Abiodiesel fuel)y & EHsto] FsHES
SFaL Qlek. 0]=2013'3 WA E TAL- AR IR A|23 2 0J20] AT AP = LS
™, ]SS &2 A= = FH| 7|71 2% 2 A 2Fste], Al Al 27| 5E 20174d
THA] 2.5%, 2018 19HE] 2021 6 L7A| = 3.0%, °o|F AA7IA|= 3.5%7} Z-8-=
3 itk E3F 12030 27} LAV A ZFEE T AFSEOH o A= 2050 BHAS TS T4
31} 2030 4 EO CO, =B HE 37.8% % ASF 24511, 2030 71A] vlo]
oA )R BT 8-S 8% Shfelr| = Akl

JELRSEAE B ESSSES T TR PR b l°ﬂ°f‘ o] Aoz o
hd, 21 qls gt el 99 G 2 YRS 405 Aek A8, B

7hA Eah 7o A A 2 710 iAo 248 uko] B4 %9 tHFuss, 1977; Pindyck,
1979a; Pindyck, 1979b). 0|5 31427} 7] 5 3}o| v] 2] 91314 0] fold o] ufet
B2k A zete] diAoff Bt A7 HolH o, thardf dtoll A= S ARt 117
ALolof| A Ad o] A 5H= AL FF216+9 thHalvorsen, 1977; Jones, 1995; Jones, 2014;
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Bjerner and Jensen, 2002; Stern, 2012; Hossain and Serletis, 2020). £35] S A7 9} A
7] AFo] 9] A& Al7to] AE4E =olx|H(Xie and Hawkes, 2015; Hochman and
Timilsing, 2017), 45 2710152 A2 0 2 28 A4S 2He A0 R 249
Cl(Serletis etal., 2010). €7 514 A 2.9 vho] 912 Ao o] A o] Tt AT Tk
A= A=tl, sHA A=} vio] e A= Abo] o] B2 tiAfl/dS &HRIgE A-HAlves and
Silveira Bueno, 2003; Anderson, 2012; Suh, 2016; Suh, 2019)2} 733t T A A2 &2l
&5H(Santos, 2013; Cardoso et al., 2019; Solarin and Bello, 2019)7} At} E5F A|7F
of AgpE iAol STk 545 Hol7| = 5Fl e (Macedo et al., 2008; De
Freitas and Kaneko, 2011), 9% Lo A= 3]uk-g-ol vlo] @ A & 7Fo] B okybA|(Szklo
etal., 2007), HA7F 2} ufo] 2.2 7he] A THA(Suh, 2016)% B3}/ = Sgick
ey =] A-e] - v 2t o] ARgo] ol A o] A= TF tiA|of ok
= 1A 5= 5ol E61aL, o]of IRt A= vl ml &3t A olrh o= T
o] axnz7} Hiol et o] 23tE o] s ARE TR vldths HolA
At 7ol uro] et Alof| thgt 4= 2 5 #-2|517] of 8- A7} Q17 wiizot). T3k Ht
oj T A o Abg-of WhE CO, A5 Ak o F-&ghu]&of whet 4 4= JIA|TE A A
aH|ZFo] A& 4=8 0 thA o] whE CO, 25 Wto] Tt At= WA| ek whepA 2
Ao s el FEHe A5 FoAAE AR A= 1 dAlo] uE
CO, Hi& BV BAstaAL gheh WA A2 ARt 0]8-5to] A7 2.9
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1. 2HE A8 v 2 8] (Differential fuel allocation model)

M

H = Clements and Gao(2015)9] 2 &2 2 & (Rotterdam model)& 455
A7 4R0] 28314 T, SRR 7] ARE AT AR /1A W AR
Bl W7 242 P= (py p,) 2 Q= (01,0 q,) B W, SRS AR AH]of o
FAE(M= P Q)& 7N Azl wiEste], Al(ulg, ... . ¢,))& FHI6H= 2L
PPgae, o u] 4B AR 2RFRE ¢ = ¢, (M pyrn . p,)0]5], 28T 0

o b

O

2 o] Eako] Mokl 4] (1)34 o] ekl 4= 9l
aq, g,
dg, = ;W am+ 3 BZ dp, (1)

A (D)ollM A= jof 714 Hato] whg A& o] =8 Hok= S8 27] §7g4|(Slutsky
equation)el] e} 25 ES} A ER LI 4 AT0g,/op, = 5, — 4,00,/000),
olnf 5,,+= &2 7] Al5(Slutsky coefficient) 24| A=z thgt FA|Eo] YT f A=
o} jo) Al BT Lt &) (1) Se127] A48 o] gafo] Helshel 4] ()2
o) e 5 9ok

- /'dpj) + Z 8;;dp; 2
=1 i=1

A (2)9] el 1/gr& #kaL, dllnw) = da/a-& o]-&5to] A|5Hd, 4] (3)3} Zo]

M 94 D;
d(lng,) = 7<9M Z 1npj + 2511 " d 1npj) 3)

i = ji=1 i
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o 71K 441 50] X Zo 4] Q1R i7} AA 51 H]Fexpenditure share) & w, =
(pya,)/ M= 7 2J5)31, 7] Qmo] gt 20]2} 7128 247t c]u] x|} BE2|4(Divisia

volume index)¢l d(InQ) = Y w,d(In ¢;) &} T]B]x|o} 744 2| 4x(Divisia price index)<]

=1

d(In P) = Y w,d(Inp,) 2 AJg 4= Qltk. o1& 2] (3)0l] 85l dIinM = dIn P+ dInQ

i=1
o] JAE o] Lalo] A, 4] (4)2} ZHo] J A ARERF L =ZTF 4= QITHAMA|
3t U]-8-2 Barten(1964), Theil(1965), Clements and Gao(2015)2] <1+% Zka1).

w,d(Ing;) = 0,d(InQ)+ Y 7;d (Inp;) 4)
j=1
Al @)ollA 0,=F A& L At bE A7 i o 8 IS UE Y, 1= A=
jol 744 wslo] oh2 AR io] 58 WMekE Uehiich AZBAS 98] FaMs)
(infinitesimal changes)& A5 7F AP el 2 B2 al @ 2}8H(e, )< T3 2] (5)9F &
2 3 o| =ZF tHClements and Gao, 2015).

EitDQit =0,DQ, + Z T Dpj + €y 5
j=1

A (5)0A w, e 44RO 5 7 A 2ol it AR o) B S HFOR w, =
(wit+wit—1)/201111; AHE FJEje] W= 24 Dy, = Ing;, —Ing;, -2} Dp;, =

Inp,, —Inp,,_ 2 LR % GItk. E3 Tu|lo} BEA5 A& Feh DQ, =

Z w;, D g, = UERATE ofefl, 4] (5)= th A (symmetry, i ﬂ'jy:), -5XHd(homogeneity,
i=1

ij =0), 7F(adding up, Y30, = 1) 2A& FH3H, 1, B2 SO RS

(negative semi-definite) S TH53IC}
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2E9 HE 7t A2t O|AMSEA HiE: HIO|QCIHE B4 1S SHe=

S 4] (5)9] P w, 2 e 4 63 (7)3} o] 09| tlu|xjo} kel
(Divisia elasticity of demand)1} 4=2 9] 7} A€+ A(price elasticity of demand)S =%

3 % glek

G == (6)

Nij = = (7

2] (6)2] Ty H| o} & A2 tfu]x|o} =& A|4(Divisia volume index) 7} 1% < oj
AR io 8 WSEEN, T A5 e Wl g d2d s FHAdS Auditt &
3 4] (72 912 19| 72 W] Tfat A2 19] 20 e ojulskt o), A7 A e
A1, own-price elasticity)-S- 91 1] 7}2}0] 1% W o] 917 19] -0 ke Leh
i, o240 & 5(-) 9 gro] EEHh ®3 wAp AR AJ(n,, cross-price elasticity)
o Az jo] 712 Wstol W2 1R iof st 0 WiskE oju]atul, WAl Rk o] &
()4 ghol mEE HA, ()2 fhol == A uATF A2 2vlgit:

N

AR

2 A= 20106 155 20211 128704 -5 of A= 2n|f 5 7HA 4
B ol &ttt o] AR AR olU A A Ao ol v Al e A E E A=
g olgdtgion, du /M F US4, LPG 7ML SRAREAe] ouly
(https://www.opinet.cokr), 7] 7}4-& B4R o] 3 F&EEH T ARE A6
o} ot AR 7HA2 o VA A ghal7 el whet MI 7HA 0 & ghAlstal, o] S B
0] 2u2} B7MA| 45 o] 4ste] AATLA 0w wBksle] HASIAT) B4 4w of

[e)
o 7|2 EARE < 157} 2
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My | me | wRex | Axmg | A9y
AR 2 (TI)
kg 32,425 3,140 26,293 43,961
B 61,629 8,664 42,119 83,275
LPG 14,651 2,621 9,169 20,432
A7) 786 158 544 1,214
AR 7+ (M)
A )1 e 53.1 8.5 38.6 68.9
A 40.7 7.5 28.4 54.0
LPG 33.8 5.8 25.1 44.5
A7) 29.8 8.1 18.1 40.8
A% % (%)
Sk 36.3 1.2 33.6 39.8
B 52.6 2.6 46.6 57.8
LPG 10.6 2.5 6.4 16.1
A7) 0.5 0.1 0.3 0.8
Z: A= 20 U A9 wejel MI 9 TI- dRrdse ekl 92 ARAGRHIGEI)
Aad TAHMY/ILFHE) R AsbE e, 1TI=10°MJ <.

<H 1>} o] 20104 195E 20219 129744 B AR 2u|ee A7k
61,629 TIZ 7} Wk, th2- 0 & 319h9(32,425 TJ), LPG(14,651 TI), A1 71(786 TJ)
Zolgitk. AR A& HIFE A 47F S26%E /A EUAL, THe-02 FR(36.3%),
LPG(10.6%) 2201 0.7, H7]%= 0.5% o9 W& 1] 58 2 5H 20,2 Lhepeh
S A AlEe el MY S3E0R A1 BRI, TR 9419,
LPG(349), 471309 <o) i,

shal <19 153} o] AEd AR Av|a 241 AR, F2g 20104 359
5,836 TIo|| A4 2021 4393,292 TIZ 21.8% &7 01, 73-5+=2010% 637+2,081 TJ
o] A 2021 829t 7,186 TI= 30.9% =730t} 3FH LPG=2010 22%F 1,691 TIJof| A
2021 1251 6,986 TI= 42.7% Ao, A 7|+=2010d 7,871 TIo| 4] 2021 1%
2,225 T2 55.3% Z7}3ict.
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Zh CHAIQE O MSIEEA HIZ: HIOIQCIE =4 FUIE SeC=Z

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
LAV LULL AU AULD AVULS AULD LU0 LU ALY B s L ol et S )

A oA A L.

MA

Nl. &5=4 Zat

1. 9= 7t JAE 3
B AT AR A RIS 21| Sl R AR terative seemingly
HH O /\]-%-8}93\2@, BCa F-E A E#(Bias-Corrected and
Accelerated Method Bootstrap) B © & 3|7 EAL- 14} 3] A A|slo] QA AlAE
SHS1EL AIEEAS 9o A 5) AN 02 ALl T, A0, LPG

(1), A71(e)oll et A= =2A A= 4] (8-1)FH 4] (8-4)2 2ol Lhehd 4= 3lck.

34 w,Dlng, =0,DInQ, +7,; Y, Dinp;, +e¢,, (8-1)
j=1
A% wyDlngy = 0,D1nQ, + 7, Z Dinp, + ey (8-2)

j=1
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LPG: w, Dlng,, = 0,DInQ, + ZDlnpjt + ey

j=1
A7): w,, Ding,, =0.DInQ, +m.; >, Dnp, +e,,
j=1

(H 2) AIEHZHIET S| ISUR FX At

(8-3)

(8-4)

= 34 A
0 0.335%%*
! (0.012)
9 0.640%**
! (0.014)
0 0.025%%*
1
(0.008)
0 0.001
‘ (0.001)
- ~0.066%*
i (0.027)
. 0.047*
o (0.025)
T 0.015
o 0.012)
- 0.003*
’ (0.002)
- —0.091%#%
“ (0.029)
- 0.047%%%
« (0.012)
- ~0.003*
o (0.002)
- —0.062%%*
! (0.009)
- ~0.000
b (0.001)
. ~0.000
(0.000)
D) g= 3 % o—n‘, [2 LPG, ex= AVE Qujdt
2) 4 (8-)FE 4] (8-3)2 R’ z+zh 0.882, 0.945, 0.9322 24
3) ()= HE@EF@ EEORE Liehy,
4y *, v, e ZZE 0%, %, 1% SOl4E0ld BAHOR Soighe ofnlg
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+ERE0 HE 2t tiAQF O|MatEA HiE: HIO|QCIE E4 FUE AR
F4 A, A (815 E A (8-4)9) BE A1 ISURE 2T 49, Ahe] FEAHY

o] H]E-o]Al(non-singularity) A2 THE5}HA| Lot =2, & 7)o
ZJeF3It ISURE 43 A k= <3 2>0F Zom, §£4 Ao
A 2745 Tl o} el A} ARl S FH02 Felas

4 ©%F 4 el o el ) e

2 AT Aaks < 353}
Lok 2712 AT 448 ARG hFEL P Hulo Gy 2 Rom
iebstel 2b220) 5 22 Waje] o) TE-0.921)5HLPG(0.234) el
kel 2] vk, Z361.215)0] g Bl Q) A ek o) A4 A1

ZFo] 735 31 9L LPG AFgto]| B8l A8 H]Z-o] *“’41;‘4 o7 FotF7HE Y
= H3}of| ihE F 0] F A= Hsto
3l RV S =38 RoR(RE L AES, 2017). Tﬂ-f‘lj 71<j7] Z}%i}t 20044
A7E TR RIS Ak A 9
SEE AT 2y A7 AR 55 Higs sto ]EﬂE A AE Xﬂﬂﬁ}l’ 2021 =
712 230 th &2 A AF5AF0] 0.93% 5 ARl vl B2 s Helow, ofof whet
A7)0l gt 8= 52 & A& Hoto] tisf -9 vk HolA] Utk
<3 3>9] 5. 9| 7HAR YA oA iAo A7t g2 AA| 7 AR A (own-price
elasticity)2 UEF ™, UM R= A= 7F 4R 0] wx}712 e A(cross-price elasticity)
5 ek F A9, LPG 5 L clszel A AL S8 o2 2
o] 20|20l R AN Mo, o) A1) AS(EL sf2ho] 2|
A(EE ZTPAIE A SJulRit) Eg S AR a0 e X}iﬂ
Asigrol 15} 2o} -27] uEelHel Ao 2HE o0, o] %
ol et = 83= A 71201 1% AF< A 0.173%1kE 7hAdhe 2 0 2 veh, 7Hg a]
et 20l Av1S Bk 3hH B = 7-8(-0.173), 3]2-84-0.180), LPG(0.586) <=
o g 7 vebgon, Mo et 2= H7] 74 wste] f-2)51H A §Eg-5HA] ghgkeh
A& 7 wxprtAEe s A Ed, FPERet A7) = Al A S 2T, A7 7t
2 W] whE P 2 O] A e 442 0.009 2 w9~ W2 S Kol Wk, St
714 W] whE A7) =99 M3h= 07142 A2 0 2 A et o= A7
AgAke] Sl A7 ol S 714 8] HshrL et G vA AL le= HoE

4
> 40
> =
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LPGS} 7 612 oA A2
75 7h2 skl

SF - 10% §-oZoll 4 o) A S
U A6 AT RS A3k G
- Aolc). £ 4 fot A7) Bk

]

N

1 2o A= IPCC(2006)<] Tier 1 () 84

215 7t o] w2 CO,
S AL T PR EEA B IR &
18, 74, vl 2614, LPGE]
18.9, 20.2, 19.3, 17.2E COeqE AME5I4 oW, A 7] (AN
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e 528 ek

Nzoz sgon, 3

EFE T
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21PG 409 @ﬂmmsmu} 2o Ao

Z o2 HQlth

. 98 7 diAlY] WE COo, WEF

= o) /\
‘C.‘7C:)]'|T'T_

] W3K0.089)7}
Upeheh G A

QT 4= Y. o) 2R BOA] TG

=
2 gistgon,

alixt st} 1=

4712

a7

B R S
o A7 H71%k B

vl &, < A5 )& o83t

2=~ [PCC(2006)
2 A5 siEAs
DHjEA =

1719 = MWh 0.4594 =

= TJo} z2+z}+

o 1

COeqE A-83}9th <18 2>=20101 1 Y+ E1 2021 12Y7}17] Bh0] 22 B 1o
A v s ARER P CO,
% CO, HIE T2 2F 16.4% S7151%0H,
2 271417 FEH A o ket CO, v &5k

(¥ 3) ClH|X|o} &Y

A5t ﬁqo]u} 201045 E 2021714

o] H$-CO, BH%ﬂ]Tﬂ U]

o u) 2|0} i A e s A
@ R 7 | AR 7 | PG 7 | A7 7H
sjupe sg | 0921% ~0.180%* 0.129% 0.042 0.009**
= (0.034) (0.073) (0.069) (0.032) (0.005)
o A 1.215%%x 0.089* =0.173%%% | .089%** -0.006*
AR T8
(0.027) (0.048) (0.055) (0.024) (0.003)
LpG g | 02340 0.144 0.445%%% | —(.586%** -0.003
B (0.078) (0.112) (0.118) (0.083) (0.007)
- 0.160 0.714%* -0.629* -0.063 —-0.021
A7) +8
(0.125) (0.358) (0.369) (0.152) (0.040)
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L Qo Uehge
T} <E 405 490 93 WS ol et BPUORA WAT 4 Uk
3120l 24 2| 5 LehiTh A1A] SR ol A 4l a7 Tl 3

% ABHe Afeks olA) gl e 407} vto] o.t) def ek 5-0.5 A4}, 1
= 7% 714 Wislo] gt 52 vk 792} ol
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(B 4) 4% 2H|of E CO, HIEH
(T A ECOseq)

A A% (A) Afruloledd®) | Aol (A-B)
2010 46,816 46,774 42
2011 46,661 46,620 42
2012 46,376 46,334 41
2013 48,227 48,184 43
2014 49,793 49,749 44
2015 54,473 54,419 54
2016 59,006 58,941 66
2017 61,503 61,434 69
2018 60,917 60,835 81
2019 62,231 62,148 83
2020 60,036 59,956 80
2021 61,267 61,178 89

Z: vlol oA o R Es] -2 2010.01.~2015.07.7H4] 2%, 2015.08.~2017.12.744] 2.5%,
2018.01.~2021.06.7}4] 3.0%, 2021.07.~2021.12. 3.5%S =43}

F4T o 3l A (9)2 Zo] AL EH(Suh, 2016).

Ny —

A Ol A Ay A j0] 742 Walel w2 el 9] CO, jZ 3 Wato]w, ¢ = o
29 CO, MEAS, g Az io) Bt A2 ehiick
SESE AR U} AR 08 WA U CO, MEY U
Aupolth. A% ot AR ool 790k A fo Hol 2] AL B
= ZAshTh WA AR Al vl Fu
| LPG 7}20] 1% 44552 skehyahel, 4] *37} (hastlol whet CO, e
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