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Abstract

This Study analyzed the electric car effect on the Korea Expressway System in terms of year 2020 CO2
emission. The analysis was based on the green car dissemination goal by the government and year 2010 emission
statistics. Major contents performed in the study area were as follows. First, the greenhouse gases emitted from
the highways were found to be approximately 17.3 million tons of CO2 as of 2010. Analysis showed the emission
would be 17.4 million tons in 2015 and 16.2 million tons in 2020. The results in the pattern reflect the effect of
O/D on the KTBD and the trend of traffic increase from 2015 to 2020 followed by decrease in 2020. Second, in
the case of greenhouse gas emission with the anticipated supply of electric cars, the amount of emission in 2015
will be 17.1 million tons, which is about 2.0% reduction compared to the lack of introduction of electric cars.
The analysis also showed that in 2020, the amount of emission will be 14.2 million tons, which indicates the
effect of reduction is 12.8% compared to non implementation of the program.
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Figure 1. Greenhouse gas emission(thousand ton)
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Table 1. IPCC guideline emission equation
Method

Emission Equation

BEmissions = 3 (Fuel, ¥ EF,)

Bmissions - CO2 Emmission (kg)

Tier 1 | Fuel, : Fuel a Consumption (TJ),

EF, : Emission Factor(kg/TJ)

a * Fuel Type(Ex : Gasoline, Diesel, LPG)
BEmissions = Y ,(Fuel,, . ¥ EF,, )

: COy Emmission (kg)

Emissions

Fuel,,. * Fuel a, b, ¢ Consumption (TJ)
Tier 2 EFabc Emission Factor(kg/TJ)

: Fuel Type(Ex : Gasoline, Diesel, LPG),
b : Vehicle Type
¢ ' Emission Control Technic
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Available?

Iz this a key
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NO
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Collect country~
Yes
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Figure 3. IPCC guideline emission method(tier 1, tier 2)

o2&t Tier 13 Tier 29} Z& WPEL =7lehe] 9
LAV s TS Mcke S ARl HE S
71817] 9] AEApo] Q8 ABE SRAMESS ALS
slo], Wk e] Bt A ARt oel wiEEE &4
7haE APgshe Aget i oR sk

u}ok %E/\]-ﬁakg,] ;q_e% §:].JC_L3],7] 01345%_ 76]—?‘@
T2 ERR oAyl H|EHa) Zo] FPLre} )
g magrle] WEEX 2 ek W= A9

O

£ 3T Ee AFH UESASHA A9 247t~
£ ste dxe Wao] Zasith

olglgh A%, AHE F e o] FYxoR S
Aete Tier 340l & F A&, ol &4 =2
TR wEFH FREE, A EATE B
247k E At W E(Tier 3)0] & A7 54
%, nEaRlel e 247k ¥igt 2 EERE B4

skt Agteiria sdeisict
[PCCoINE ERe] &47k2s AWA] Tier 3 W
W2o Mra Aolaty gAYt o)= AR} e

39




Article Expressway Greenhouse Gas Reduction Effect Analysis According to the Electric Vehicle Supply

o

‘E}EW, oM e ==, Z}% 2| wg A7k
£ 9l8) MOVES E£ CMEM 23 5o tg thast
E?Sé < 75k ©]F o] &ot] ATk £ 285t

L Sk el

ahedl AHgatEs gekn gk
old & ATlME Tier 3¢ 24
) A Ao FLsl= w2 o 7 desigon,
IPCCOlA] 43 W EL ol 54 E273te] &
e Hioww 7k gL

L =

o
i

Tie
%}%F%l—%%%o} E} Apee] T?@ﬂﬂe a9
o, 2&EER 9 2L AEF AgA = IC-IC, IC-IC
JC-JC T 738 B AEE e %, Hd FY&
=, FYAE S)ol AA WHlslA ¢k dEelA Tier
3 W2)o]

A
%
iz
)
-
K

2) DEES SATKA HHEE WA (Ter 3 24)

DEER 2A7FA &Y WAL Tier SYHES &
|31, 2 Ao BRI} Bl wo] 2(1)S st
o AFE FYsI9tt

Emission = Z(A*B*C) (1)

2 WEAS(g/h-km)

DEER LA} wlET Ao] ASE Tier 344
& olefs} o] 7] 371A] WA} 7|z elolel 7} g,

}Oﬂ oul,
‘KOTI(2008) 1452 T8 aAE 9 Hadl| #at 7|
3] =2

Wik BAE 93 WEFREN 97 52 Ed

) AA(B)
T2 wEY SANE(20109) oA A3 } N 1
T2 FPHIC-IC, IC-JC, JC-JCO)ARE A-8siltt

2L
i
do
E)
H
ob)
Sa|
@
[\
i
m
S
N
=
i
o
=
o
oo
o

3) Emme/3 RS &E3 HIEZF AT

(D vEH= ¢ O/D 4

Emme/3 235 &83l7] flsiA UESAS] A5
KTDB =9 A5 &4slglon, & A5 EAd g5
o] u&ER YEYIARS 83T

T3 O/DUlolE & ;E%C FANA FEE 0] e
TCS Zk&9] 542 A5E 4 st E8319rH2010
d 3 #8).

40 Journal of Korean Society of Transportation Vol.31 No.5, October 2013



LEE, Jin Kak - HAN, Dong Hee - OH, Chang Kwon * JUNG, Chul Ki - OH, Kwan Kyo

Table 2. Vehicle emission factor & application

Article

Classification | Statistical

. Yearbook . .
. 2)
Vehicle Type Vehicle Unit | Vehicle CO2 Emission Factor Calculation Formula
axes ratio(%)
65.4Km/h or less = 1555.52 %™
1 . Qars 2 1 69.08  |Car-Midsize-Gasoline - Y ‘
Mini Truck 65.4Km/h or higher | y=0.0797z + 144.19
65.4Km/h or less =2676.7¢ "BH
2 Bus 2 1| 34 Bus-Diesel : Y ‘
65.4Km/h or higher | y=1.3034z + 548.56
) 65.4Km/h or less y = 1135.22~ 0468
3 Small Cargo A 2 1 10.29 Cargo-Small-Diesel -
65.4Km/h or higher | y=2.2307z +25.76
4 Small Cargo B 2 1 7.61 Cargo-Mid-Diesel y=0.1029z" — 14.937z + 798.9
5 | Medium Cargo A 3 1 3.36
6 | Medium Cargo B 4 1 1.78
7 | Medium Cargo C 5 1 1.75
8 Large Cargo A 4 2 0.49 ) y=6240.30
- Cargo-Large- Disel
9 Large Cargo B 4 2 0.04 x © Speed(km/h)
10 Large Cargo C 5 2 1.72
11 Large Cargo D 5 2 0.09
12 Large Cargo E 6 2 0.36
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Figure 4. Traffic volume calibration spot
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Table 3. Calibration result

No. Section Length | Traffic | Assigned | Error
(km) | counts traffic (%)
1 | HampyeungJC-Muan 1 24,194 27,261 12.7
2 Gokseong-SeokGok 6 27,670 29,167 5.4
3 | Sancheong-Danseong 4 20,003 20,637 3.2
4 | Changnyeung-Youngsan 9 41,688 41,551 -0.3
5 Cheongdo-Milyang 5 30,888 28,918 -6.4
6 | Gyeungju-EonyangJC 10 48,749 43,129 -11.5
7 SeoGimjea-Buan 3 20,091 17,100 -14.9
55| AnsanJC-DunnaeJC 3 160,720 | 128,463 | -20.1
56 | DonggunpoJC-Bugok 2 156,094 | 114,442 | -26.7
57| Buksuwon-Dongsuwon 4 175,713 | 150,488 -14.4
58 | Dongsuwon-SimgalJC 3 161,078 | 134,649 | -16.4
59 SingalJC-Masung 4 125,190 | 123,670 -1.2
60 | Deokpyeong-HobeobJC 5 83,263 66,517 -20.1
Sum 4,295,154 14,109,452 | 4.3

Table 4. Greenhouse gas emission result(expressway)

Route Volume |CO; Emmision| Ratio

(v/day) (tCOg) (%)

Total 25,437,579 | 17,323,342 | 100.0
Gyeongbu routes 4,084,925 3,728,045 21.5
Yeodong routes 2,683,974 1,722,754 9.9
Seohaean routes 2,041,475 1,592,399 9.2
Jungbunaeryuk routes 868,173 1,421,068 8.2
Jungbu routes 1,689,661 1,379,294 8.0
Namhae routes 1,762,033 1,232,232 7.1
Seouloegwak routes 4,562,523 1,218,130 7.0
Honam routes 1,199,574 816,047 4.7
Jungang routes 692,550 707,835 4.1
Dangjinsangju routes 467,485 553,020 3.2
Pyeongtaekjacheon routes | 412,151 325,767 1.9
88 routes 330,498 271,927 1.6
Gyeongin routes 865,966 233,296 1.3
Tksanpohang routes 171,140 218,951 1.3
Second Gyeongin routes 815,849 208,140 1.2
Second Jungbu routes 66,399 206,286 1.2
Honamjiseon 301,204 198,224 1.1
Seoulchuncheon Route 490,832 189,313 1.1
NamhaeZ2jiseon 332,375 183,555 1.1
Donghae routes 251,484 181,440 1.0
Jungbunaeryuk routes 396,517 174,488 1.0
Suncheonwanju routes 69,609 107,295 0.6
Ulsan routes 90,930 82,891 0.5
Jungangjiseon 263,951 80,566 0.5
Namhaeljiseon 165,690 70,504 0.4
Gochangdamyang routes 63,215 57,370 0.3
Seocheongongju routes 41,138 55,964 0.3
Pyeongtaekhwaseong 94.905 42,150 02

routes

Daejeonnambu routes 98,043 41,021 0.2
Je2sunhwan routes 56,261 21,858 0.1
Osanhwaseong routes 7,049 1,512 0.0
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Figure 5. Vehicle registration trend
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Table 6. Expressway vehicle type ratio

Table 5. Expressway use vehicle (unit : thousand, %)
/ ‘06 | 07 | 08 | 09 | 10
i vehicle 145 605 (16,428| 16,794 17,325 17,941
—— Registration
Hxpressway use|  geq | 4 983 | 5,081 | 5,239 | 5,776
Vehicle
% 29% | 30% | 30% | 30% | 32%

* Note: Korea Expressway Corporation Internal Data
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Division Ratio Ratio Ratio Ratio Ratio
AADT 0 | DT e | AT T | M T | AT T
Passenger Car | 28,883 64.7 28,016 65.1 27,400 65.6 27,669 67.1 28,928 66.5
Bus 2,028 4.5 1,913 4.4 1,945 4.7 1,719 4.2 1,814 4.2
Truck 13,750 30.8 13,131 30.5 12,400 29.7 11,853 28.7 12,733 29.3
Sum 44,661 100 43,060 100 41,745 100 41,241 100 43,475 100
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Table 7. Ratio for highway use vehilce forecasting

Vehicle | Highway | TLshway | Highway use
Year . . .| use ratio vehicles
Registration |use ratio
only cars | (General Car)
2015 | 20,000,000 0.3 0.665 3,990,000
2020 | 23,000,000 0.3 0.665 4,589,000
Table 8. EV forecasting result
2015
Division Dissemination | Green car | Expressway use
goals type ratio vehicles
Electric car 85,700 6.1% 25,700
Plugin Hybrid car 44,000 3.2% 13,200
Hybrid car 151,500 10.9% 45,500
FeulCell car 10,100 0.7% 3,000
Clean Diesel 1,104,200 79.1% 331,300
General car 3,571,400
Sum 100% 3,990,000
Vehicle — — 2020
Type Dissemination | Green car Express.way use
goals type ratio vehicles
Electric car 1,046,200 28.6% 313,900
Plugin Hybrid car 248,000 6.8% 74,400
Hybrid car 405,005 11.1% 121,700
FeulCell car 98,800 2.1% 29,600
Clean Diesel 1,853,500 50.8% 556,100
General car 3,493,400
Sum 4,589,000 100% 4,589,000

* Note: Green car dissemination goals(Ministry of strategy
and finance, 2011.09)
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Table 9. Result summary

e Traffic Volume(a thousand count/day)
- 2010 2015 2020
Sum 16,348 19,415 18,178
Origin 8,022 9,519 8,919
Destination 8,326 9,896 9,258
Ratio 18.76% 11.19%
Q. Emission(tCOy/year)
2010 2015 2020
Sum 14,550 17,448 16,259
Origin 7,146 8,541 7,982
Destination 7,404 8,906 8,277
Ratio 19.91% 11.74%

Table 10. Greenhouse gas emission result(with EV)

Categor non-Implementation Implementation | Reduction
aresory Emission(tCOy/year) |Emission(tCO»/year) (%)
2015 17,462,530 17,120,339 -2.0
2020 16,273,842 14,193,520 -12.8
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