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Estimation of Carbon Emissions Reductions by the Penetration Rates of
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ABSTRACT

Recently, Autonomous Vehicle(AV) has been expected to solve various transportation problems.
s the problem of environmental pollution become serious, research to reduce pollution is needed.
However, empirical research on AV related pollution is insufficient. Based on this background, this
Received 25 October 2021 study analyzed network performance changes and CO, emissions introduc AVs and Electric
Revised 1 November 2021 Vehicles(EV) in eight intersections . The results show that when AVs with internal combustion
Accepted 7 December 2021  engines were, the effect of carbon reduction over the network was insignificant. On the other hand,
it was that the total amount of CO, generated in the network decreased significantly when EVs and
(© 2021. The Korea Institute of autonomous electric vehicles were . » emissions in the transportation sector.
Intelligent Transport Systems. All
rights reserved. Key words : Autonomous Vehicle, Electric Vehicle, Carbon Reduction, Micro Simulation Analysis



1. @70l Y U =5

HZ AA A=l A= A& T AHs AR} V2X(Vehicle-to-Everything) 5-9] A& Q1ete] ik 7)<
Ap Toll @ AT 5 AA 2go] EEs o] FoA I 9ty HEVFEE ©| 2 2025, FO1 %= 2035

W7HAE ofgdt 71eo] A&stEo] AeFdy AsArt wTEA, AT 5 712 v wEEAE

ZEAoR A4 = 9L Aolgt 7Hsl YtHUnderwood, 2014). AH&F3 A5atE= 27t 142 H 43}
9 7% FAHEE 228 9 AEFo O S 58 HHslY nE 529 FHAH 9= vF

o]} o] /¢ th(Fernandez and Nunes, 2012). ¥4, 28338 5217t =2, AolQl, A7) §le 4L 5 5
Aol AgA AT AF o] &S FT/MA NEL T8 F Fa FHE I3 23]y F FAFH AF
FPAL7 F71eE Aolgke 2% JTHHarper et al., 2016).

T A= 20273744 A& 49 AE3tE FRE ASTFY Jled 9 AF Aol 218 Folth
Falet MFAAAE AE&FY HAE A 3t Qo ol9dz 1&£5EE =4 W A58 Asat
&, FAUSE AEFY A 3 T 4T AEFTY AHEYo] AAFHI Qi ofAe

3 Asare] =9 Fefoll wet v wEe ol gl
A
HO

N Mo Lo

A AEFY 8B Treq glov 487 2
o}Bo] B F= YTkSperling, 2018). O1EIF ZANA B 0] AEFA F§3o] A AlgHE A8 FA B

A sgas g AR dnkE ool glo] thiH e A7 B Rgk Alv|et dehEh

HZ F4% 7|FHSLE I8l HA s ZHE Ad- A7 S7FetEA AA 196702 2015 S EA &
AAstA 2147] LA AT FHE2E F5S 1L.5°C7HA] AFEE 7439 thLee, 2016). $-2luet GA
“2050 B4 T FAHTS WA “BAFHI|EH ] gAFHE T o8 84 A A BASa
At = THHFTHY wFHE 247 AZR(KOTEMS, 20210l WE™ $7 ed SHdlA 2018
W 7|8 At EERE 247 WSS 19 E ol F R I7F 247 wiEEY ¢F 13%° gdth B2
F29 AF 247t A FAAdel & BE F HUE B FE0 vls| dHow HE BEARE & 45
95 4dE AoE /|UFtHKang et al, 2009). olol wE} E37AQ AV~ wlEH A EX 24S ¥
3 TEEEO] 247k Ao tig Wt Y P Ajso] EFFHolg) FehdETh

Ty T A AuRd A7t A SHdA AeFH A EYEd g d7ES A

2o, 53] ) ARE o] &3 YESH D B9 AFA A7 vrld AAolt. ol

AT U ARE o83 VAA 24 T AT AsAte] = wE vED B9 4

Fo| e s AvEy, Ward 2 A7) Asake] ojitstea wiE

Aol & i AT B AT AAE AU 247t A B2 1A s o] xAsE &
[e]

2 dFelA s MeAl thAE, AEE Aol =59 A, dAS AA, 782 A, izaa
, &5 AAEY, ANZ2TFAE A, NE=AT AAE, A7 AAEe] 8719 aAzs X

A
P VEYAE ATHYOE HYSHGOH, UEAD By L FW JRERE AU IR Aol
FASS FNH WAR WY 48T AFAY 2ol EAR B2y v)AE JFE FHRA 5
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she AgdETA Aol Aeolw Uehttdl 1 ARE 095 H 0%/ 2 B2 P2 el therl

FYE=7E F7F BRI UERdTh(Lee, 2016). Amaout and
Bowling(2014)2> A&FAA A&Fd Aeat =90 M2 FHFIEE gt dig ATE Y33t
EY A

AL THFD AFS 83, AEA 48T AFH

2 TEAGL DEF P TYLS A5 Ag3e] BNT A% A&FY AFH EQso] FNIFE, 0F
Fol WSR2 BREE

A7, BE s, /1), 2 59 AgednrE 843 FoE Ao
THAnderson et al., 2014; Dokic et al., 2015). - 23182 H7A2 FIPF2E FEAIIE QUO 2 28
ato] BFeE Z7MNZ AR AP THPinjari et al., 2013). Golbabaei and Yigitcanlar(2020)0] wEH &
fr AH&F Ak o] g2 g s F2 T AT AHG 870 A TH tie 8 ST
o} U o] & ZARE o]0} 4= Qlth X3 Hensher(2018)= 3-f AH&F3 A53; o] &3 e AfrollA
R Yty sl T AEFY AsAte] Qg0 YA o) B4R YRk AFA o] &5 £ B

2
o
L3 & AEFY AsA ol§ TR ERE ST TFeAol ee A
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2. NEFY XISA OlatatE HiE *

=2
e
rot
e
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2 &1

& ESxoA ] F AR Huish 1t F719 WIEE £of ¢
of 1THWadud et al., 2016 ; Barth and Boriboonsomsin, 2009). A-&F3 2}
< °] A& AFEste FEYE IWES B8 T AlolF 24, FH AF A, A T A
& Bl AulE NSt wE AR Has HaseH w77t~ E £Y 4 3 THFagnant and Kockelman,
2015). Greenblatt and Saxena(2015)= A®ta W13 A F/ A&FY A7 A3} o] & Al 7€ Y71 &
kol HlI3] 90% oo ol4ksterA Az AUt Qlrkal F43rh WA Anderson et al.(2014) AT A
SAZ I8 dA o] BIFsR A Sl A AR

, 54 3 7t To8 FUH F FAAT LA
ste] 238 AR AH B HlEFS IA FVHNE AOE 94gt Choi and Bae(2010)= UFNCCCol 5<%
Hlo]xglel HES Ul O E Matlab7.1S 83 AEHIAS 53 A5 Asat =Yl e oj4ts}
B4 WEFS BASTh A5Y, A, 5T A5 Fol B4 A A& A5 EY A R
o WEAY, A& TN AEFY AFAE ik o] vl wjEHo] AL Ao YE Olia
et al.2016) AlEH oA XS 53 EEE 5SS oz d8F3 2 8ol wet o)isea
W EA| G ZHAS B35S Paramics Al EH OJEE o] &3t HAIH BAE FEF I Paramicsoll A Al
3= Comprehensive Modal Emission Model(CMEM)S ©]-8-3la] 0|48l 8t Al4E FE3iit. 443 ¢
ge) A vl o] oA E ogtslta HjE o] Ao EYLo] 50%E HolAH T AF
9 T3 ARVt FHE 23]y EFfo] FUIE olibsteA vl ETol

& d7e ewaﬁ A3 A7 A5 EYOE AW TR Hah &
Qg 2L 71E ATES A Aol Thde] AEH el YEY
Bolu] 53, Tl °451°1W AA =A% UEYD L GERE BYOE 1Y
A3 25 BYHY TS AT 44 M=daS Ates A 2ETE ng% 27} 912111
4R AeFY =9 B3 BAS 93 UERE BhYoR B

4 2

B EYOE IR SAE UEND A % psTs NI WAE LA o

A7) T3 SHE 9istel B4 AR ARl AE A DES ARE WSl A7E 11636}%3}.

G G B QTE AL AZE Ihe BAE gL IEA
5

. a4+ ¥y e

2 d7e A A E, 7HiE doje] == A, A Y AA, 82 AAY, A AA
2], GE5u AAE, NE2TFUAE A, HEE=MA AL, 71 AAE 9] 87) 9] watzE Eotst
= HEHIE #4AY9e= *é?‘é’é}%‘r/} A€ A% wFF AT Azl 2019 10€ 109 5849 &
A 84 ~ 9ol =HE ARE FEe B A9 Hae <Table 1>3} 2
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<Table 1> Information of study area

Contents Value
Length 19.3km
# of lane 1~5-lane
# of intersection 8 intersections
Analysis hour am. 08:00 ~ am. 09:00
Speed limit 50km/h

2) SUMO Simulator

2 Adyellde Ja 8 A s 3 FREE A, P 2] seie|E WA e 28l v 2
= s VA 24s Y ErEs SUMO(Snnulatlon of Urban MObility) & %%o};’it}. SUMOE T8
H 2Fr7t Foi7l ZEROA oA FAol=AE HoFe RE VAL Mg R A58 3
7} A= e FE2 8, A% 3 AFUACIA, EF S, 1F BUEY WUt 5 g 259Pt ks
7] "ol 54, 9=, &5 5 ¥ =7he] ZRAEY Al EEeta )tk SUMOE ' A&l
g VESA B ASAA %, OD Marix 75, S, Alvte]l e 49 v dAIE Y= qict

2. AIEYI0lM 75

1) HEST ¥ MSHA 75

HEYI #5 F8 AE MU L EAEE EF(www.openstreetmap.org) ol A Al F38t= =29 31§
71ZA5E 83Ath o)F voHAE AHHPYE 55 &83te] UESIE vu ¥ HESI SUMOS
NetEdit Z2 I35 53 7|22 59 AHHIYEE Hlwstd F, AdEEE F43Ie 5 B2 ATFH
At E2% £A49 Inputd YAk AR 7, AFEE, A Y, ASAA T2 FRETh 2GS ¢
A 9 ER AT QEXEYEY AO|ES] A5E FE3I51 ER AREEE AR AEE]]
50kmhE AASIHAL FHE AEHCIH VESIE <Fig. 1> 2 AsAAE A4 ‘EE
Az A7) doleo] o] HY 27 8A~9A1Y WAE A SAAE &3t <Fig. 2>9F #Zo] ZF Atz
A, off-set 5= 83T
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<Fig. 1> SUMO Simulation Network <Fig. 2> Intersection Traffic Signal Phase
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2) OD Matrix =

& AFolM e AlEdoldel AT o

nEF A8

Yote wEFS A ST FPE=

2t nFEFoERY HE A2S9 49
olgate] Z FA H EF wEF ZARIES
AEYF dHl 2348 27% oW Z A 2FF/

=
)

1)

BE ARE

s
)

E

T2317] 918 <Fig. 3>9 A AY o
P YEL I A

<Fig. 4>} Zom A 7 g3

7}E8k] OD MatrixE &%ﬁ}%q OD Matrix 752 93] WA Z
Hlgo met A7, 934, FH AZE ik ol F, ud

$°] 4 GRG(Generalized Reduced Gradient) W41
gt O A=
A5} vl AR

pi

% [ @ [ = [am] |195\529|15
o] osgokstben [ 2s¢ | []  osechisution
=] il En ] 3 “r
E B >z [ | 9[22
B | B B
3 \m| 545| & [ar] D [Gle]=] [=]
2 Guquﬂemmaryi(mo\ % Gaepo High School | 350 115 Geepo Station &7
= i o] RS i
2 (26 ] 2ie [l e 3 = o] 2 B
B « Il [ T
19| Gyungi Gits High School [ 66|
115 w [ [ ] &
N
z
= & o [0
EEY Destination
1C [ 1D | 2B | 2C | 7A | 8A | 8B | 34 | 3C | 3D | 6A | BB |124[12C | 16B | 16D |24B | 24D | 364 | 36C | 46A | 460 | 488 | 480 |B7B |67D | 78A | 78C |Total
1C | 95 3651|399 | &1 7 15 0 1 ) 5 7 1 o u) 0 |aa7| 0 o o 0 0 0 o u) 0 0 0 o (1114
1D | 251 | 48 577|471 91 (193] O 16 |58 |62 |53 |65 o u) u) 7|0 o o 0 0 0 o u) 0 0 0 0 [1842]
2B | 277|857 | 30 | 744| 57 | 56 0 19 |69 |75 40| 4 o u) u) 0 0 o o 0 0 0 o u) 0 0 0 0 [2228
2C [134| b0 (219 2 | 94 [321] O 9 |34 |36 |26 3 o0 a a 0 o |121f 0 0 0 0 o0 a 0 0 0 0 [1049
JA | 44 | B9 (133|109 O (40 (16| 4 |15 |16 29| 3 o0 a a 0 0 o0 o0 0 0 0 o0 a 0 0|70 | 0 |548
A | 105 (184 |269|223| 66 | 7 |21 | 10 |35 | 37 |51 5 o0 a a 0 0 o0 o0 0 0 0 o0 a 0 0 0 0 (1012
8B | 3 2 |46 37| 3 | 82|45 1 1 1 10 1 o0 a a 0 0 o0 o0 0 0 0 o0 a 0 0 0 18 (250
SA | 16 |26 |49 | 40| 11 | 14| 5 | 80 [2106(312| 9 1 o0 a a 0 0 o0 o0 0|4 0 o0 a 0 0 0 0 [2709)
3C| 18|29 |63 |45| 12|16 5 |1545| 3 |224| 10 1 o0 a a 0 0 o0 o0 0|46 |0 o0 a 0 6 0 0 [2013]
30| 4 7 14 11 3 4 T ]138(115] 0 3 0 o0 a a 0 0 o0 o0 0 12| 0 o0 a 0 7 0 o (319
BA | & 7 13 (11 3 4 3 5 16| 18 0|43 0 a a 0 0 o0 o0 0 0 0 o0 a 0 2 0 o (130
o | BB | 51|81 |142(118| 37 |46 | 16| O 2 2 |61 0 o0 a a 0 0 o0 o0 0 0 0 o0 a 0 0 0 0 (556
r | 12&] O 0 5 0 o 0 0 0 o 0 0 0 0 o o 0 0 0 0 0 0 0 0 o 0 0 0 0 5
1eC| 0 |469| O 0 o 0 0 0 o 0 0 0 0 o o 0 0 0 0 0 0 0 0 o 0 0 0 0 (469
s | 168|156 | O 0 0 0 0 0 0 0 0 0 0 0 0 0 |184| 0O 0 0 0 0 0 0 0 0 0 0 0 [340
I [18D| © 0 0 0 Q 0 0 0 Q 0 0 0 0 Q Q 0 0 0 0 0 0 0 0 Q 0 0 0 0 Q
= o248 O 0 0 0 Q 0 0 0 Q 0 0 0 0 Q Q 0 0 |32(0 0 0 0 0 Q 0 0 0 0|32
24D 0 0 0|31 Q 0 0 0 Q 0 0 0 0 Q Q 0 0 0 0 0 0 0 0 Q 0 0 0 o3
3BA| 20 |13 |26 (20| & 7 2 0 ] 0 [} 0 0 ] ] 0 0 0 0 0200 0 ] 0 3 0 o (120
3BC| O 0 0 0 ] 0 0|26 & |84| 0 0 0 ] ] 0 0 0 0 0 0 0 0 ] 0 0 0 o (207
4BA| O 0 0 0 ] 0 0 0 ] 0 0 0 0 ] ] 0 0 0 0 0 0 0 0 ] 0 0 0 0 ]
46C| 0 0 0 0 ] 0 0 9 | 34|36 0 0 0 ] ] 0 0 0 0 0 0 0 0 ] 0 0 0 o 79
48B| 0 0 o (147 O 11 0 0 ] 0 0 0 0 ] ] 0 0 0 0 0 0 0 0 14| 0 0 0 o (172
48D 0 0 0 0 ] 0 0 0 ] 0 0 0 0 ] ] 0 0 0 0 0 0 0 0 ] 0 0 0 0 ]
BBl 78| 0O o o u) 0 0 0 u) 0 0 0 o u) u) 0 0 o o 0 0 0 o u) 0 0 0 o 79
BD| O 0 o o u) 0 0 0 u) 0 0 0 o u) u) 0 0 o o 0 0 0 o u) 0 0 0 o u)
J8A| O 0 o o u) 0 0 0 u) 0 0 0 o u) u) 0 0 o o 0 0 0 o u) 0 0 0 o u)
J8C| O 0 o o u) 0 0 0 u) 0 0 0 o u) u) 0 0 o o 0 0 0 o u) 0 0 0 o u)
Total| 1258[2183|16742080| 388 | 816 | 114 [1862[2560( 916|304 | 67 | O u) O |648| 0 [153| O o [18| 0 o 14| 0 18| 70 | 18
<Fig. 4> Simulation OD Matrix
3) E3 A o X2k &M
oo o o 1o
A 24 9) re A% A2ek A5 S402 Ytk A% AR A 443 1
tF £/ 9] Input #t& A A2} AFE EAHOE vt A A2 A9 24T OD MatixE 715k
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RNEFY AHSA Y $F0| ME TAR £2 EBAHEY ULED 3

OS2 SUMO®| Daurouter 9| 7I's& ol&sto] 7HFAQ] A2E AHsn TFe wAsth Ly
Daurouter £¢] €iLgEL ©]83 429t & AFolA wEF T A T HEst
gl A97E Aol AFARQ ARt wEHES &9 F FAst A asFol AdsiA A8kt
2 AFA Y AT BF s8AtR st AFsiglon s8aks IRt AEAet AsFd Asas
TEED AW AF5AY 2E 542 SUMOO A A E3H= Vehicle Type Parameter Default®] 7] 244 ©]-§
AT AEFY Aeate] AE 549 A9 Lu et al(2019)2] SUMOE ©] 83 UE A &3 n|A] £40|
A o] &3 A& A 54 e AR Aoy I aE el HFo EO}Q o ohas B e

M50l glo] AN 2ol AT LA BHAYE eI E Sigma G SHA] BFAT 271
54 9 AL B4 AFE TR sAeolElolth AT A SHE Tabe 205 o) 47
shsich

<Table 2> Vehicle Parameter used in Simulation

Vehicle Type Max Speed Accel Decel Length Min Gap Sigma
Human Driven Vehicle 100km/h 2.6m/s* 4.5m/s* 4.3m 2.0m 0.5
Autonomous Vehicle 100km/h 3.5m/s* 4.5m/s* 4.3m 1.0m 0.0

% Sigma : Driver imperfection (0 ~ 1)

4) 24 AlLZ|2 Y
B AT AYE o= drt WAr# AFA HEo] 100%<] oA Wazld A5 s Y A
uele, AeFd Ariasat £9 Aluel el AR FAEEn B3 ASFE A A EUE BE Y
lﬂ«l s Hske SAs Ede ¥ A 3 a3 E4& s AuE e A E980 e Al
AU E AT AR v s 48 0% @ ZEFH 100%%) ¢HAAEFH FE7HA 10%
2 Ede °ﬂ Ao Fol 1I7HAR FAsATh A4’ Ayl e 742 <Table 3>3} 2t

n: H

<Table 3> Simulation Scenario Setting

Contents Vehicle Type Penetration Rate
Scenariol Human Driven Vehicle + Autonomous Vehicle (Engine) 0%, 10%, 20%, 30%,
40%, 50%, 60%, 70%,
Scenario2 Human Driven Vehicle + Autonomous Vehicle (EV) 80%, 90%, 100%
3. EMo| w

1) SUMO Al2Fd XISA §4

SUMOS] 2}eF F38) 2 el Krauss®| Car-following Model & 7]HFo. 2 ?ﬂv} °l BHE Ao Al 2
7HES E3) N8 xpgFo] M zEkale] HA AAAZE S 5HHEA F =
AT} Car-following model®] PHFeY &&= 2(H)F Zo] xdAT.

1—4
é
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g(t) — v (t)t,
Voafe = Ul(t) + U,(t) +vf(t) 7 (1)
2b v
A7, vy A FHEE(m)s)
v (¢): t o] A8 2=F FPEE(mfs)
g(t): td o A 2Fe] A (m)

t: =AARS] AA|- WG A Zh(sec)
vp(t): tY W FF A FPEE(m)s)
b: 2k Ho & Em/fs?)

oAN\H SR B, A BA wet 3} b9 gol ATk A&FY AFAE LA BHIH
sigma 22 002 3] 1, & 002 FUAIIL v, B AU WEO| A&FY A5} Aol @ Ao
ns) B ABF FYS b Bok

2) CO, HiEE &F

apege] 247t WjEEE APt A Asanle A B (life-cycle)oll A TATHE 2ATEA FE 4t
Aaflopsttt. A A5 4 A P FHLH ASE o2 NS u, A df FEHE, 29, AsA] F4
717441 ] B4 ]] Well-to-Tank(WTT) A7 e Ao A 471227t WA= Tank-to-Wheel(TTW)
Aol &7 Well-to-Wheel WTW) 78-S ofr]gict. W A7)l WIW 2472 viE3S M2 A 3 A
HE o]&sled WITHA I WTIW #g2] A8 And o 247t AFS Atksle oz ojgzit, 1

B} B ERoAE 28 SEol ThE o) Asieka AR ARE] mEel B A Al 9 AR suF
B2 3T & Gl WITHYN PUSH Ekos] T8 BYSHE U] ofsie) 0% £ RC @
Q0140 TEW FF FLe A WIT ol Balsle olgsiebas] ke AA WIw #ge] of

N
_,4
[
2
°9r‘

o] 4k 3
16.7%= ¥l5o] ZJP—EE B =RolAe WIT #goA dAsks 24 o ulg A 2okt
ydrlgde 2Asake] co, MEFS 188 H 5 U(2013)2 2/ % H A7k~ 9 o dEE wWiEE
A E vEo R H3 8 JdEE T wEY, TEARS o]8ete] 4EIAT ME AFY kmT
H%ak /\]-;S]/Rl [e) /\1(2)9,]_ 71—1;]_

E=a V‘H ........................................................................................................................................... )
A7|1A, B AFF vl E3H(gkm)

v A S E(km/h)

o AT

Zt 289 EASTE FAlA oy B A s BE AHS £ TS AFeE pgdn o
), a=1564.9300, B=-0.5963°|T}. o] HlE TS 7|Hto 7 2/3)3} Zo] F CO, WMEHFS 4H&3)h

Aq7\AM, B, : EHZ AA2 F CO, vlEHg)
E : @4 z«l A B CO, HlEH(g/km)
Vs B0 T4 alsH)
L 830 E2 A% (km)
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HAAEAE A o8 AolA oldsteras WEshd etk deht A7) A%A edd AgHE
ATl N ol % H7IAFA] CO, MEFL.
e

| 2
AT = wiEAE, A, T3 wE Y, EREAES
Al

& w3eY, 17 AFAS o, WEFE A BT
ol gatol BT Y APl kmF MEF WL A

ap @ AFPRAGE 2472 v E A (kgCO, [kWh)

A71AE2Y] 24F E Al 42 gEg B dAFdXs B 2 7FY] Ar|AEAE 7Pgstal Al
IONIQ5 Standard 2WD E2lo| ¥ B 29 ‘E—_/;__] FFAH ¢l 58km/kWhE AH&-EtGTH A &
A7t wjEAGE 2011 A A A 7)FE % o 247k WlEAIF 0442tCO, MWhE AHE3FS
o BE 7] Asake] o] Fornw RE i}%@l km% o]Absteks Wl EHS £=76.2¢C0O, [kmZ FY3}
o} o] WjEFS 7IWe 2 A(5)9 o] =

EJ- _ 7622 V; li ................................................................................................................................ (5)

q71M, B, : EYZ AA2 F CO, EH()
v, B3 ¢ % wFEM)
L B3 0 =2 A% (km)

i

AEF A TUCL AT olusta MEF ga ANE BA3] 9 24 Ao AeF

1) AlLkzle 1 2Az

AEle 1€ @ Bl a7 ® A2FY AT EQo) BE o Ashai MEF Fi EAE B4
stgon 528 A%} e <Table 4-91 2k BHAT, A7 A5H EYRO] FNTFE B FAS
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<Table 4> Results of scenario 1 : Human Driven Vehicle(HDV) + Autonomous Vehicle (AV)

AV Penetration Rate
Performance Index

0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%

Mean Speed (km/h) | 15.14 | 1526 | 1574 | 1586 | 1675 | 1699 | 17.06 | 17.78 | 17.99 | 18.18 | 19.17
Volume (veh) 12069 | 12151 | 12232 | 12224 | 12412 | 12493 | 12711 | 12687 | 12846 | 12824 | 13012
Co, (kg) 3664.8 | 3681.2 | 3652.5 | 3625.7 | 3623.3 | 36002 | 3636.8 | 3619.3 | 3614.6 | 3589.6 | 35755

% Change 0.0%) | 04%) | (-:03%) | -1.1%) | -1.1%) | (-1.8%) | (0.8%) | (-12%) | (-14%) | (:2.1%) | (-2.4%)

CO, per vehicle (g/veh) | 303.65 | 302.96 | 298.60 | 296.60 | 291.92 | 288.18 | 286.12 | 28527 | 281.38 | 279.91 | 274.78
% Change 0.0%) | (02%) | -1.7%) | (:23%) | (:39%) | (:5.1%) | (-58%) | (-6.1%) | (-7.3%) | (-1.8%) | (-9.5%)

<C0, Reduction Rate>
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<Fig. 5> Scenariol : CO, Reduction Rate
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<Table 5> Results of scenario 2 : Human Driven Vehicle(HDV) + Electric Autonomous Vehicle (EAV)

EAV Penetration Rate
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Mean Speed (km/h) 15.14 15.26 15.74 15.86 16.75 16.99 17.06 17.78 17.99 18.18 19.17

Performance Index

Volume (veh) 12069 | 12151 | 12232 | 12224 | 12412 | 12493 | 12711 | 12687 | 12846 | 12824 | 13012

CO, (kg) 36648 | 33593 | 30149 | 26767 | 23611 | 20357 | 17424 | 14203 | 11094 | 7929 | 48738

% Change 00%) | (83%) | (-17.7%) | (-27.0%) | (:35.6%) | (44.5%) | (:52.5%) | (-61.2%) | (-69.7%) | (-78.4%) | (-86.7%)
CO. per vehicle (g/veh) | 30365 | 27646 | 24647 | 21897 | 19023 | 16295 | 13708 | 111.95 | 8636 | 6183 | 3749

% Change 00%) | (90%) | (-18.8%) | (-27.9%) | (:374%) | (463%) | (:54.9%) | (-63.1%) | (-71.6%) | (-79.6%) | (-87.7%)
2. Hm 24
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<Fig. 6> Overall analysis
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