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FORUM 02
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FORUM 02

370 0| 2Xte| Ef4 of Al EEHO| Of2{2 AEHEE 5]R)

x|
T il
CHEA| A TA L =X
k| 359 (100%) 112 (100%) 83 (100%) 75 (100%) 89 (100%)
HZA0| LM HRICH 910] 042 =M R} 53 (14.8%) 15 (13.4%) 14 (16.9%) 11.(14.7%) 13 (14.6%)
S7HO| SLHE AIR SO= Al 0f24S 125 (34.8%) 40 (35.7%) 26 (31.3%) 29 (38.7%) 30 (33.7%)
CHE HA(RIEE)S0]| 2fef 40| of2i=2 48 (13.4%) 24 (21.4%) 10 (12.0%) 6(8.0%) 8(9.0%)
= EXH S0 2fo] AE 2 HAt o2 104 (29.0%) 25 (22.3%) 24 (28.9%) 28 (37.3%) 27 (30.3%)
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B20(20% Biodiesel+80% petroleum diesel) : 20% HIO|QC|&= + 80% A QLT A HA
B100(100% Biodiesel) : 100% HIO| Q| HEH A
BEB(Battery electric bus) : 7|HA
CAP(Criteria air pollutant) : Ci7 |2 & SZ!
CNG(Compressed natural gas) : fSFAT A A
HEB(Diesel hybrid-eletric bus) : 510|E2|E (X7 |+C| =) A
LNG(Liguefied natural gas) : HSFHATFA A
O&M(Operation and maintenance) : ®3H|2
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Acronym key

B20 : A blend of 20% biodiesel and 80%
petroleum diesel

B100 : 100% Biodiesel

BEB : Battery electric bus

CAP : Criteria air pollutant

CNG : Compressed natural gas

HEB : Diesel hybrid-eletric bus

LNG : Liquefied natural gas

O&M : Operation and maintenance

* The primary fuel is used to power and
operate the bus.
A secondary fuel is only used under
certain drive cycles or driving conditions.

** Electricity is considered a fuel

—— Primary fuel pathway*

-=--- Secondary fuel pathway*

e

regenerative

Electricity

Produced from crude oil.

Diesel hybrid-electric buses have
smaller diesel tanks than conventional
diesel buses.

Regenerative braking systems recover
energy from the vehicle’s mechanical
systems, which is then stored or used.
Diesel hybrid-electric buses have
smaller batteries than BEBs.

BEBs are battery electric buses with
electric motors and batteries that
charge en route(rapid, medium battery)
or overnight (slow, large battery).

CNG is compressed natural gas and LNG
is liquefied natural gas; both require
processing and special onboard tanks.

Typically made from vegetable oils,
animal fats or recycled restaurant
grease.

Transportation Research Part D, 2016.

2P0 RIEE HA 2H|8

XtZ : Tong, F., C. Hendrickson, A. Biehler, P. Jaramillo, and S. M. Seki, “Life Cycle Economic and Social Costs of Alternative Fuel Options for Transit Buses”, Under review at

Life cycle costs in 1000%/bus/year
assuming 80% federal funding for bus

purchases.

Comparing the alternatives to
conventional diesel, BEBs have the
lowest costs.

Other alternatives have equal or larger
costs compared to conventional diesel.

BEB : Battery electric bus
Diesel : Conventional diesel
B20 : 20% Biodiesel

HEB : Diesel hybrid-eletric bus
CNG : Compressed natural gas
B100 : 100% Biodiesel

LNG : Liquefied natural gas

Il Agency costs
I Social costs

Life cycle cost (1000$/bus/year)

40

20

Conventional Diesel

BEB
rapid

BEB HEB

slow

Diesel

B20 CNG B100 LNG

Transportation Research Part D, 2016.
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Z=11) Life cycle cost : =8 F7|S X12HH[E 2) Agency Costs : 2HH|E 3) Social Costs : 2HH|E 2 Ats|MH|E

Xt& @ Tong, F., C. Hendrickson, A. Biehler, P. Jaramillo, and S. M. Seki, “Life Cycle Economic and Social Costs of Alternative Fuel Options for Transit Buses’, Under review at
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ALI2|QE CIREH A CiH| E13HY HA SH|E

Percent Change from Diesel

— Diesel hybrid-electric bus
B CNG

Sensitivity Scenario

@® Rapid-charging BEB

OLNG

@ Slow-charging BEB

AlLi2|R

LS

1. Baseline A|L{2|2

17+ 37761mile 7|F, 1% &0l

g

2. L 7ol =0td F2

Gallond EIE712 $10] =0

3. =at7{2| A 017+ Z=87{2|Z 30,000mile2 H|5H
4. H7] 7140| Z01H 42 7| 740 26f oA
5.9lmZet 7H40| ZOotd Z2 HAG Qlmat 7129 2uj Q1A

6. =2 &0l 3% Eolg Mg

7.3~6H A|LIZ|Q SA| HE -

8.2~6H AlL2|2 SA| Mg -

Xt : Tong, F., C. Hendrickson, A. Biehler, P. Jaramillo, and S. M. Seki, “Life Cycle Economic and Social Costs of Alternative Fuel Options for Transit Buses”, Under review at
Transportation Research Part D, 2016.
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BHARIHZZ M : Low or No Emission Program

T2 0| FX|

v QA H (USDOT)= 23] 69 Federal Transit Administration(FTA) S E-3] %ol A] vl|Z
Z]&= Greenhouse Gas H|ZS 7|3 o2 Zo|Zt= BX 2 19820097 22 (@Hs} ¢k 2,1509 95
Ex}sH= “Low or No Emissions” T2 1S W31t} o] T2 138 Eaf 467) Fol| A 4971¢]
Z2AEZL ARSI

o] TE o FAX ZHFAE T O FAP A AL = 422 -3 A (Van Pool, Taxi Substitute %)
7} ohd TS Sogehs 7] ste] M2 Tul i Sode] o]z ul g ARE A Pshn

Ak AT 50%5E H 80%7HA] 2 Zo] AFALE B3l 1A wAE st 7|3l
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4 2 952 Yol E St
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2@t oF 1,509 95 714 L3 ol 121870t e (@at oF 2100999 o] 2A] H Ho|ct. &3] 49
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« Chicago Transit Authority(CTA)

AFFaLe] WA 7] 8] CTAE ZaAE 2|95 79w & @s) o 839 9) S &H-g-ale] A7|ux
Tuje} AW AR, 283 AT W AR FA B ol ALR3 4 oA =Yt} o) ZaA)
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2) ME2 Of2H AMO|EO|M &0l 7Hs st
https://www.transit.dot.gov/funding/grants/fiscal-year-2021-low-or-no-emission-low-no-bus-program-projects
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THE BUS INDUSTRY N ° E o w ° s
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BAnE S

01 oj-ed H.|A34§+

— O

(T2 <71, o, )

oz Eyl Al A SO EHA
=t 2o B =t e el BAXE =t 2o BAXLE
2008 523 42,452 93,114 336 30,732 71,126 92 1,869 3,313
2009 530 43,494 94,975 346 31,659 73,071 90 1,877 3,305
2010 530 44179 95,441 348 32,426 73,836 90 1,890 3,287
2011 522 43,766 95,491 343 32,367 74,337 88 1,872 3,193
2012 530 44,210 96,231 351 32,926 75,415 88 1,796 3,068
2013 528 44,607 96,509 351 33,316 75,793 88 1,802 3,070
2014 525 44,825 97,186 353 33,417 76,379 85 1,800 3,071
2015 524 45,223 97,995 354 33,765 77,003 84 1,819 3,137
2016 525 45,277 97,649 352 33,689 76,660 84 1,826 3,171
2017 532 45,714 99,508 364 34,473 79,029 86 1,842 3,226
2018 534 45,787 102,331 365 34,849 82,137 86 1,852 3,299
2019 529 45,5699 106,464 364 34,883 85,069 85 1,897 3,380
2020 537 45,278 101,986 370 35,234 84,337 87 2,050 3,682
20214 1 537 45,262 101,499 370 35,270 84,200 87 2,051 3,501
23 537 45,263 100,847 370 35,276 83,816 87 2,065 3,694
38 537 45,258 101,070 370 35,287 84,175 87 2,056 3,622
42 537 45,249 101,173 370 35,294 84,410 87 2,056 3,627
58 536 45,180 101,118 370 35,330 84,447 87 2,085 3,634
62 538 45173 101,049 372 35,371 84,484 87 2,068 3,649
73 538 45,132 101,092 372 35,390 84,699 87 2,063 3,661
88 538 45,033 100,724 372 35,328 84,369 87 2,063 3,655
92 537 45,025 100,633 371 35,334 84,378 87 2,065 3,656
o AlofH 2 I5HA
- =t Beis BARE A By BMRE
2008 87 7,837 14,294 8 2,014 4,381
2009 86 7,957 14,314 8 2,001 4,285
2010 84 7,916 14,147 8 1,947 4171
2011 83 7,636 13,999 8 1,891 3,962
2012 83 7,611 13,730 8 1,877 4,018
2013 81 7,638 13,703 8 1,851 3,943
2014 79 7,709 13,766 8 1,899 3,970
2015 78 7,754 13,832 8 1,885 4,023
2016 78 7,676 13,841 11 2,086 3,977
2017 7 7,310 13,269 11 2,089 3,984
2018 72 7,078 12,646 11 2,008 4,249
2019 69 6,808 12,829 11 2,011 4,186
2020 69 6,085 10,339 11 1,909 3,728
20214 12 69 6,033 10,022 11 1,908 3,686
28 69 6,028 9,790 11 1,904 3,647
38 69 6,012 9,634 11 1,903 3,639
48 69 6,006 9,545 1 1,893 3,591
54 68 5,936 9,474 11 1,859 3,563
68 68 5,915 9,389 1 1,829 3,527
= 68 5,879 9,336 1 1,800 3,496
82 68 5,843 9,235 1 1,799 3,465
98 68 5,826 9,155 11 1,800 3,444
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HAus SA

(T2l - 7H, o, )

A= - 20194 2020 202141 98
A= Heds BMRIE A Heds BARIE Rl Heds BMRIE
N2 Al Ly 65 7,399 20,239 65 7,303 20,277 65 7,303 20,486
Y Al Ly 33 2511 6,701 33 2,511 6,703 33 2511 6,741
o 7 Al LY 2 1,531 4244 2 1,531 4,248 2 1,536 4310
ol A Al 41 2,349 6,324 40 2,189 5,871 40 2,184 5,947
zF Al 10 1,044 2,783 10 1,044 2,754 10 1,044 2,755
o A Al L 13 1,016 2,673 13 1,016 2,702 13 1,015 2,704
2 M Al LY 8 745 1,913 8 756 1,882 7 750 1,800
Al LY 63 10,662 23,259 70 11,109 23,017 72 11,162 22,674
4 7] zojE 3 131 267 3 150 300 3 149 302
Al Q| 14 1,850 3,626 14 1,572 2,730 14 1,554 2,480
e 5 944 2,016 5 886 1,771 5 839 1,652
Al LY 9 535 1,229 9 515 1,071 9 509 973
s sojE 13 194 372 12 201 382 12 206 390
Al 9| 7 667 1,340 7 614 1,119 7 592 1,004
e 1 104 196 1 % 181 1 % 164
Al LY 10 633 1,525 10 633 1,515 10 636 1,588
. soj= 7 204 358 7 210 364 7 209 371
e Al 8l 5 445 729 5 394 593 5 376 525
njE 1 82 135 1 79 121 1 79 102
Al LY 12 1,134 2,371 12 1,154 2,455 12 1,199 2,502
- L ZojE 7 253 474 7 265 506 7 269 519
°= Al 5 791 1,440 5 686 1,266 5 664 1,050
njeN 1 66 127 1 67 121 1 68 115
Al Ly 13 848 2,101 13 847 2,085 13 842 2,083
e zojE 5 147 266 5 147 277 5 147 288
Al 9 5 440 804 5 435 670 5 435 645
Al LY 10 723 1,712 10 729 1,712 10 723 1,688
5 zoj= 30 508 899 31 593 996 31 504 1,002
Al 9 5 537 1,068 5 529 940 5 489 875
e 1 508 1,219 1 581 1,101 1 530 1,008
Al LY 15 1,216 2,368 15 1,255 2,433 15 1,261 2,436
Y zojE 11 246 406 11 251 420 11 256 430
= Al 9 7 718 1,254 7 654 894 7 629 781
N 1 35 68 1 30 68 1 30 68
Al LY 27 1,718 3,852 27 1,739 3,839 27 1,737 3,879
L zojE 9 214 338 11 233 337 11 235 354
- Al 9l 20 1,339 2,531 20 1,180 2,001 20 1,087 1,795
e 1 182 425 1 170 365 1 158 335
A = Al LY 9 819 1,775 9 813 1,773 9 832 1,812
Al 1 21 37 1 21 36 - - -
Al W 364 34,883 85,069 370 35,234 84,337 371 35,334 84,378
zojE 85 1,897 3,380 87 2,050 3,582 87 2,065 3,656
7l Al 69 6,808 12,829 69 6,085 10,339 68 5,826 9,156
1% 1 2,011 4,186 11 1,009 3728 11 1,800 3,444
= 7 529 45,599 105,464 537 45278 | 101,986 537 45,025 100,633
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03 Al MoAZpA Sl KAHA CHrde
2021 98 Y 7 |F (B9 - oh)

Al E HATAMA A A FublES SAHA
M 7,020 4316 369 4
2 2230 724 239 20

o 7 1,500 50 6 -

ol & 1,040 362 79 -
g3 974 260 37 6

oy A 988 323 27 -
=) 743 101 - 6
37| 6,782 1,799 634 -
Z ¥ 285 190 52 -
B 409 130 2% -
= 459 179 58 15
il = 591 184 1 15
AN 674 116 11 -
48 610 205 30 -
A %1 443 190 28
NS - 19 136 -

A 26,196 10,117 1,925 %

LS

- HACNG)H A0 YRICNG, MAHACNG I

st
ES2 )

KSH A0l T |2, paB{A

racly
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HARE S

04 HHAREHE

AlLHEHA
Er Ut ik Hlz
et | 334 | =S4 | dwt | Za4 | =34
¥ A CISSHA B8 93
- kel 2 A K|
NS 2 | 1,300 | 1,000 | 450 | 2400 | 1,800 | 1,200 - ZAS ol A
(2015.6.27) = 1200 | 720 450 | 2300 | 1,360 | 1,200 @ % ZZEOIN F9
- 7|2.2309| 20% &el(FI=0|&Al)
- ZZAZHY © AA~06:30%
24 2 1,300 | 900 400 | 1,800 | 1,700 | 1,300 | (HIAKZA>
(2013.11.29) Jl= 1,200 | 800 350 | 1,700 | 1,350 | 1,200 | - Alof{A:1,700
oh7 2 | 1400 1,000 | 500 = 1,800 | 1,300 | 800 _
(2016.12.30) k= 1260 | 850 400 | 1,650 | 1,100 | 650
- AMEHAFFE) : 1,000(950)
 HAHAGIS):
olx #2 | 1300 | 90 500 | 2650 | 1800 | 1100 | ;ﬁ;}: : gggggggg;
(2015.6.27) k= 1280 | 870 B0 | 2650 | 1800 | 1100 | opzgp 00t
- BHFHHAMBL) : Lt 7|E
- F2:2,000/ 7= 1 2,800
FIES B2 | 1400 | 1,000 500 | 1,800 | 1,500 = 1,000 | x ZHM XM ZeA 23 =2l
(2016.8.1) Jl= 1250 | 800 400 | 1,700 | 1,350 850 - B A3 (2015.6.3 A1)
oH B2 1400 | 900 400 _
: - - - | % 20081230 T2 HX
(2015,7.1) Jl= 1,260 | 750 350 t=22 HA
K ME o e, 089 JIF
HE = | 1,500 | 1,200 | 700 | 1,800 | 1,400 | 900 | » Q&0 ol 2ol
(2020.7.1) Jl= | 1400 | 1,100 | 600 | 1,700 = 1,300 | 800 - 4401 2,100(2,000) / Z244 1,700(1,600) /
ofzlo] 1,100(1,000)
24 B2 1800 | 900 500 | 2300 | 2000 | 1,800 | 2015.05.15 AL 23 oiziN| AA|
(2015.12.10) b= | 1250 820 450 | 2080 | 1,700 | 1,800 | - FAE: olw{A
AL A SHE
g e ER et L B2
et | B3 | X5 | ogdt | Bm | X5 | U8t | 31 | =8 | ¥ | B2 | =8
RS 2 Tl
A(MEA) ek T|E
-3
27| #2 1,500 | 1,100 800 | 2,500 | 1,900 1,700 | 1,500 1,100 = 800 | 2,500 | 1,900 | 1,700 9f;_22§(%)/
(2019928) | FI= | 1,450 | 1,010 | 730 | 2460 | 1,820 1640 1450 1,010 | 730 | 2450 | 1820 | 1,640 | rhio
H}~06:308,
Ft= (e 71F2,0008
2 1,400 | 1,120 | 700 1,400 | 1,120 | 700
i) 2AHEA| | (1,260) | (1,010) | (630) (1,260) | (1,010) | (630) - EA|- 22 XA 7|E
(2018.10.26) - SBAE ZENIE
) =sAl | 1,400 | 1,120 | 700 | 2,000 | 2,000 | 2,000 | 1,400 | 1,120 | 700 | 2,000 2,000 | 2,000 - X|of 7h= steloy slof
(1,260) | (1,010) | (630) | (1,800) | (1,800) | (1,800) | (1,260) | (1,010) (630 | (1,800) | (1,800) | (1,800)
( )elesle geoigl
52 | #2150 1200 | 750 | 1,500 1,200 | 750 | 1,500 | 1,200 | 750 | 1,500 | 1,200 | 750 | - ZA Al (HZA)
(2019.9.21)  7I= | (1,400) | (1,100)| (650) |(1,400) | (1,100) | (650) | (1,400) (1,100) (650) (1,400) (1,100)| (550) | 4del1,9008) / M2
1,500% / OfZl0] 950
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Al A S0jE
= ot Z g N H|3
Qe | B3 | =5 | YW | B3 | =5 | gdt | Bn | =5 | ot | Bn | =B
s | @2 1600 1,280 800 | 2,000 | 1,600 | 1,000 | 1,500 | 1,200 750 | 2,000 | 1,600 | 1,000 ]
(2020.7.20) | 7= | (1,500) | (1,180) | (700) (1,900) (1,500) | (900) | (1,400) | (1,100) | (650) |(1,900) | (1,500) (900)
HE 1,500 1,200 750
23 | (1,450) | (1,150) | (700)
S [ )ees= gy
021 1) | JIEFA| 1600 | 1,300 | 800 | 1,700 1,350 | 850 < X|of 7|= Bfoloy Alo]
o (1,850) | (1,250) | (750) | (1,600) | (1,250) | (750) - 7IERAIE A 7 IE
x| 1,000 | 500 = 500 | 1,000 | 100 | 100
(950) = (450) | (450) | (950) | (50) | (50)
2x|of 1,500 | 1,200 750 | 2,100 | 2,100 | 2,100 | )ete 7iE Eelel
(1,000) | (500) | (500) | (2,000) |(2,000) | (2,000) *XI%iE 7= &l &0
Bt Amed | 1500 | 1,200 | 750 | 2,100 | 2,100 | 2,100 - A:LH;ﬂii 2AS=E
(2020.8.20) | s Al7IE
S8HA| | (1,400) | (1,100) | (650) | (2,000) | (2,000) | (2,000) oA cole 2
o JIE
2R 1,000 | 800 & 500 1,500 | 1,150 | 750 | ( )etezic seleel
(900) | (700) = (400) | (1,400) | (1,050) | (650) | *XI2i 7H= EeloH Ao]
= . ==
385 | Axe | 1,300 | 1,000 | 700 | 1,700 | 1,400 | 800 - Al 2ele =3
<
(2021.6.20) (1,200 | (900) | (600) | (1,600) | (1,300) | (700) NIIE
- ZojEHA 2Ye 2
Tz 71E
ZIA | 1,500 | 1,000 | 750 1,800 1,350 | 1,350
(1,450)  (950) ~ (700) | (1,750) | (1,300) | (1,300) .
Zt | S§Al 1,500 | 1,000 | 750 | 1,900 1,250 | 1,250 ([ Jetesi=seley
01 Bl : ' ' ' -SBA| 314 = Zaziy
(2020.1.10) (1,450)  (950) ~ (700) | (1,850) | (1,200) | (1,200) IIAL SEAHA)
TR 1,450 | 950 | 700 e
(1,300) | (900) | (650)
HE | FA|Y 1,200 950 | 450 | 1,200 900 | 400 Sa oA
(2014.8.1) (1,150)  (900) = (400) |(1,150) | (850) | (350)
@ Al2HA 28
| L=z =5
. 2019, 3.1 0% 2019.3,101%
:I'Ln'_' o = =lole :rl_E- o 3 sto| 2
goed | golny 3 gols gae3 | oy ywos
= ORISR 131,82 1~200km 67.31
oS 1~200km | 7077
" DAZT | 201~400km | 62.62 ok | 201~400km 59.56
xgy | 2 : . XSS
= Ab s =N
_ aotkmold | 5718 2= el 401km of&d 54,39 T,
A oy olel | km& 171.36 g-zzaw ) 5000/:; y
= FEAd " TESHS 1~200km 98.39 o E
‘ 1~200km | 9199 | oo mtel 1y
ool == 201~400km | 81.40 scqs 201~400km 90.63
40tkm Ol&F | 74,33
2|R22l(191/10km7HR]) 1,500 401km ol 82.85
Vol, F3

304 Winter 44‘}



SEE L

(DRT) £ Ef

|

SOIER|e

2012-4  A|2lH

2012-3

© 7|2 A

o 2 ot

HASHIAK

2003-1
2003-2 H

FAEA ALt

2013-1
2013-2 Hf

4ot ¢i 7

THEA 2B 2HES feh H=IHY

2003-3
2003-4 Cf

giot A1
HgH|Z &

2013-3 H{AZHIAIY AMb[A SCH

o7

xr

o
Ei 23

2013-4 2011HE nES

2013-5 H
2014-1

2003-5 Cf

2003-6 H

k

0
pal
o
<l

q

F

= Al

cHof| cct

1

il
60
OH

i

=

4

]
=

IH

AQ|IaH|A 0|40

=3
s

DEHINS

2004-2
2004-3 H

X
2014-4 HA

2014-3

=
ol

SH2h &

2004-5

2015-2 X|o! 7+ Erof olgxel 58

2015-3

2004-6 H

2004-7 HAREAI H|

2015-4 H{A DEAL

2005-2 Xp7tEH

2016-2 H

x|
=

| X

=

2005-3 H{AQF| OFFizt

2005-4 HIAO|RX} MBEAIZ

2005-5 Cf

M H|m 7

a

o
1o
=
Ko

N

Lol o

2018-2 AlQH

2018-1

2005-6 2|59 HARIR|A| XL AHX|H =

CHEREAH|2 0| At

2006-1
2006-2 Hi

=

CHo e Abtdof Of

i

=1
=l

Y

2020-2

o7

S HI=oHMof] 25t

|5k
=}

HAtdat 2

2006-5 CNGH{AE

St sto
=
2006-6 HAMEAM

2006-3 HAZHZ

2006-4

Yol 3|AHP|= B &7

g
o

=
=

AZLH90| e

2021-2

T2t

1. H

o™

[

RO

1X

®

by

30

HO:

T2 HASHAL

b

JxHO:

KO
o
E]
<l

2003
2004

2007-2 H{AZF|

@ of

2007-3

F

to
2!

H
o

(=

al
=

SR 2

2007-4

2007-6 A2

3. 227|2Y Hgel

2008-2 HATEA}
2008-3  AlLf-=0

S04

2008-4

TEHA|

2008-5
2008-6 Hf

53t 24

#

HAXHEX|
2009-2 H{ARAF| QFETA| K= oA

2009-1

2008

Mot ot

M

72 74

39

2009-4 HAQIRHE %

2009-5 H{ADEAL
2009-6 H{ADEAL

__I.L

ey
od
0

F

HIFIR

O] CHE TR &

oY

2010-2 HAZZRF| Al

O
utd

F

2010-5 HAZRF|Q| MEFIIA|AEIBSC) &

b

d
(=}

A= M

F2d o

X

A 2=
— o

2010-4 A2t

g

b

1. AT

2010

HASHIAIY Chief

2011-1

Bl

ol
K
H
7l
oF
uy

| &A

{

K| HAZESEH

=
=

]

2011-3  =AH

2011-4 H

=0

2011-2

4. HMHA =

ATWEATL

+EH of
2011-6  CNGHf

2011-5
2011-7 H

o ZH

A

S A EfEY

b

S
2l

8. HiA Al A0 Cf

At

S

2 H

2012-



3
S
=
=
v

3 I&EEE

T2 HAHER2H|
2. NEHA Y Stfol] W |

A
J=

1.

2012

2liot 017

1. IEE 2 H

2017

0T

o

80t 910

4

B2 QFH| = 7Y

 7A2HH]| Al

2014

HAUA cHST=f

=
=

HOj| [k

3l
=)

=
=

bt

2015

© HAN

oo -

Jun}

[=

1o
=
<l

ol=o

2004

il S A

A AIRIA

I

il
ol
zl

q

9|29| L.

2018

2019

2. CHEWEQ| HIMZ Curb Right - HASHARF|2| 2L Chot

TAREe| 917

TAICH
B

2006

=

]

oF
31

xF
[=]

1

__I.l.

-

@ 2AI2

2004

1Ho
|
Ko

2007

| =2 74

h

ol
=0

H

9l 0|

&
<]

2008
2012

|

ol
=<
<0
OH

F

2005

© EZEIM

1. 2|59 o

2004

2. o590l

op7lol cheH

BHHHA

Off CHb|

2
S

1

5

3 24X AR

2wl

sep

2010

2011

© AR

* 2004 ~ 2021 B

2012

ZY7 et o

e}
=}

HA A[LHHAR S

g

2.9

4

2
o=

CHof T2 BAYA TS

b

g
=)

RIQEA =8

2. 7|

2018

6. BT AlLH &

xt

2004
2007

A

A Al

T

0
=

KK
<l

3. 47| H

xr
IH

1. H7|HA N

2019

oK

&

2018

70

1ot

ol

30
or
=0
ol
Y

0 A

2
=)

HA 9|5

2020

0|8 Egat 5 AH|A 7Hd AL

ES

R0 R

C
=

2. AT}

© ZAIE M

1 HATIERIZ FL70f HiA A

2008

S

M|

2009

HAEHDA

E23| X2
e

=H
Al

ok

3

2003

A0
£ 2 02X}

AlLiE

2018

=
Lo
B0

2019



\\V

nESK| AlE HAY| s|kelLCt

M Q0| w21 He|sh g s nE—
CHSHD 12 mS0| SAlof AT UL

T nEFTel A RE, | OfC|AMLE 0l =2l &

| EE5H ol
Z| TX} 5l NEEX|E AlSiel= | QRMZISLICEH

04

719757275 ‘|
ISSN 1975- 275X

A © T2 (06703)MB MET Wl 35 MR AL 45 ‘
?—}E S'I'Al_ =t ?ﬂ © M3} (02)3474-6888, 9777 oll7

Korea Research Institute of Transportation Industries ~ © {2 (02)3474-1331






