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A Case Study on the Effects of CO2 Emission by Last Mile

Mobility with Automated Driving as a Public Transportation

Tadashi Komiya™  Morihisa Iijima*'  Shuichi Kanari?>  Daisuke Oshima™  Masao Kuwahara™
i-Transport Lab. Co., Ltd."! Japan Automobile Research Institute™
PACIFIC CONSULTANTS CO., LTD.” Graduate School of Inforation Sciences, Tohoku University ™

The purpose of this study is to describe the effect of traffic flow and CO2 emission for last mile mobility with automated driving. Last
mile mobility system can be a solution as public transport system to help short trips of vulnerable road users from transport hub and
is expected to reduce traffic congestions and CO2 emission due to modal shift from private vehicle. Besides, automated driving has
potential to bring the good effect for last mile mobility system to make smooth traffic flow. In this study, we assumed that automated
driving system is installed to last mile mobility system for local transportation and evaluated the impact on traffic flow and CO2
emission using the evaluation tool consists of traffic simulation model and CO2 emission model.

Keyword: Last mile mobility, Automated Driving, CO2 emission

1. LIz G TCOIERPHRE SN TS, RiFEEE L

MABBEEETICL 2B — 2 LClire EERQWEEN TR 27 4F 2 AICikE Lz THEETT
ENTVWETARNT AN (FARYAN) HE)  EVRARGE] OFmBVLTH, ARV U~A
ATV AT 2%, e EOFERZB/BEIAND VABETV AT ATHIBER, MR EEEE NS
DI B E 2 kT 28 - e BB P S, Hkx D=—ARNmL, BT —~ =7 HEHEDH



DhmnEREsnTHH 2o EL LT, @
BRALIZ & 2 Hisk Az i@ o B L, BEEIGNIZRE T
2 BN DRSO B R A0HE, BREE AR &
OFFENEZT LN TEY, TROEMBRLTH LN
FIREDNE 9 Ay, EE A NOFIMEM:, BREEMERE /e &
KR 2 220 B ORRFEND K72, 20 XL 9 72
ninbh, FARNT <A VDOEIEFEEL 2016 4 9
ANGRSNTEY, ERICHITZE X135
BisAMEL TN EBZX NS, TFARNT U
ANDOHEETY AT LOEKE 72 BT AEAE
ITL-ULVDERRITV D LoyL 4 & FEES F )
b (FEIRARE S D), bbb b H5Eaid
rHEML (BERORERL) 2FEH L —E R
DERIZH DD, ZDOHTHLETED D WILRRD
HSEASINTGE, RERICEDL I A v
N7 Naebl b, BREARORE L E &S
P2 Z EITEERHERDO—DTHD.
AWFIEIE 2014 4EIZBEA & 72 > T2 HEIERO A ) ~<—
a L AET T 7T A (SIP) © AENEITY 2T LB
HO—ERTBITIThi, EHELIX 6 >OHBETY
AT 5 (BEHEEREEZEA L) —r Tz —
74T, Advanced Rapid Transit, BK5I&ETT, &l
BRSO RER o BT, Mok 5%
HZ B AT I (T AN~ A VAEET, HE)
Nv%ﬂ%%yfn%ﬂﬁbfét VN3 QISR

T, MBI AERIRBBS AT LO—D2THDH
7X%7/74WE@%HLOW S LR R A
NI

2. COHFHHERIRIL T L—LT—2

AW T 5 BB ETT Y AT AOFHEY — /v
I, K@ Ialb—arETqF5LE COLHEHEET
NEHEISETLOTHD. K 1ICRHE Y — o
FhoRT. ARV — /UL 2008 4EICBtE S o = L
—ITS #EtE 3N TEERAICEE I 5 20 K7 il
FEDRESL) (TR W TRT S 1L, BEITIERYIETT

o a KI4 7 « mal— hOEAR Y, Hix
PRI FIZB W CHHEM S HBBEICEA S B0
R~ DA, COy HIJHZNF % & BT EHET L T
7o, —FHT, EF—HITLDBEERIEEZITWV 2N
5 F OEE 7 1 A (Verification and Validation) <°ii
A7at2zB0 £, HXRRO 3 WBHOAEE
O T CEEEIER VAR — RBlZ2RIT L. 728, A6
ETHHATAZBEY I 2 —3 3 VETF I
SOUNDIIT & 7=,

Mesoscopic scale model
Vehicle Behavior(SSF) _ X=i\Y] €O, Emissions

Calculate
fuel consumptlon

CoO,
Emissions

Time
Stepwise Speed Function
9 (SSF) Y,

B 1Fff> — v OBE

3. COBIBA DR LDEIB L TR
31YITZF7LYRETI

CO, BB R DOFHIIC 72 > Tk, £ 55
ZHRT B0, CO, HEMICREDL 2 HHE, A=
ALEHEIL TR ZENEE LY. HEKFR LR
— MZBWTIE, FHEAT v 7 D—o L L CEHEiAT
REHRTDHZODY 77 LU AETNVEERT D
ZEERODTWD. LR TAFZEIZEB VLTS,
FANT U2 ANVHENETY AT LOEARICE
WTEDEL IR COHEHED A =X L %HitEL L
TiHliZ T TS D EEHE L7z, K 2127 A MDY
VA NVHEETV AT ADY Ty L AET LR
Y

FARNTURAIVER

AmwRe oo L. FRE \

N = =N
\ fraazons] . f
\(gﬁmio)%ﬁ gyjﬁﬁ,ﬁ /

~. -
~~~~~
-----------

___________
~~~~~
- ~,

it B BB
ZATBEDEM

{ Co, ¥ ]

[ CO, Hili ]

M2V 77 LU ARETIL

::Ti RKELLDFTAPT U< ANVHER &%
ORNHENZ S50, BEWORERICT D2 CO,
PEHHBEICRT 2B W CEHE L, Kbl 7
A RNT A VEIZEBW T, MBI ORI E
P LR, FAEICBOWTCITAFAEN LA
RIB~EFREEZERT 28X N HFIND. S5
(2, ANIASGEANEEAT D 2 LI K > CHENER BT
EHIPR S AL, FER COHEHEM RIS DT Y
IREEIND. —FHT, FMEERTM ET5Z LT
Ko THIHBEOBETRELZFI L, £ OREFEHIEN



DT ANT <A )VEBOFFEREIN L TR
L HZz, CO, HEHENEMT LTI A L E X
AT ENTEA.

32 ETILERE

FARNT <=L NVEHBETOY) 77 LU AET IV
WCIN-> T, BBRY I a2l —ya UEFALOEML
LT, QHIEND MY v 7RAFEEZEAS—AT
EfE, Q—THDT A MY~ A VEE I HUEN &
EITL, MAR—2DFRE N v FiZxt L THRH
FCoOBE LR, @FHN) v TORELEE,
R L, P LB RRRE A A LT

FANT A VHBETIZRBIT 2N R Y ¥
TOERIZOWTIE, 1 BOHEGEHAERO M) v
ATV a— e LTIRFELTEITTED RN v
F 2=V ETINERBERY I 2 b — g VETIVIT
FHEL K B3I v T F =TT LOME L
Y. MNP F =TT E ST, BEAET
EANLHLTFD RN OETT HFEEFHTHIENT
&, ANV <A VHEBOERIZBWTHEED B
Wl - EES T A B R E 258 L7-5T
S AIRE & 72 o 7=,

RAE D P

SRR
— ETED.

HI SR AR Eh
TWTH, HH MM
EShTLhEEDE
WD,

(~7:10) —D2 (1380 ~12:10) 0

EaFET. REBA. BE
WHETHAOH) v TE

M 3K yFFe—rEFLOMBE

AT, HEETV AT LAERE LT A B
U~ ANVHERZREE LTEY, BEIOFEEED
ZARIZM 2T, HENERRE TR ST 2 53R
DOMFLEITREOBHE DI S > E MRS D = &
WL DRBEIE~DHELZETCEHEIICLE. &
TEOELE L OENICHE S @it~ O BT
My Iab—raryRNEBLL, BEREONMBIESE
ITRED L D & DR RIL COLPEH &7 L
ITFMECE D L9l £, SHIOT AT
VA NVHBEITOEIEFEICBWTITERA R
ZEA LTS, RHFEIZBWTH XG4
ERHEHBE L Lz, 72770, EXBEEHEITETHIC

B2 COHEHH & AHEH (Tank to Wheel) L7207z
W, FPRETICE 5T 3 F—HRELHHL,
ZOHE EAHE L AR T Well to Tank #4530
CO HEHFHAT 2 T U CTRIERD COHEH B A e
LT

4. i3 B~ DE AR O

4-1 Xt Gk & R H T — 4

TANT oA NVEBEET ORI E LT,
FAFEROE X O T SimET2%EE Lz, X
4 \ZHGHIR E T T AL LI ER R v N U — 7 &R
4. FEASREOET OV TIIREEE L= H AL
E R = b—a 7 — BB B JE 0 0 48
BafhH L, Wi A & BB A S L7
BMEBICSE & LoWrimcmeE, EfTEERET
— XX 22 FEEE R U AT — 2 L LTz,

.
e

Ay ‘ &L RS A )b
X 4 MRHR L ET /L LIERR Y FT—7

4222 L— 3 VETE

i by 77 C FEREERBR AN Ehiti S 11T D WA-MOB! o7&
ITa—AZ2ZB IR TSRO A RD
~ANVETEBREZRE L (EfTa—21F 1 A
45km). A NT U~ A VHBEITER~DREREIT
BRI 9 TR E LB FT oA L L, TARY
VA OVEE IR T Tl 30 MEET 5. Fi, 1
RLUTEHFO B THAR 4 ST OE>RHTC, —fi%H
X7 A NU v~ AV HBGEITEG 2BV R D%
EE L.

TARNT v A)VABETEmIL, FEIEFERICMHE
AE T 4 ANFeY OHE T, i@ 1T 20km/h
ZRE L. 72k, —MCEmE IIHHHE (30km/h~
50km/h) # BIEICETTAREEL Lz, —FH, 74
N = A VEE OEATHE R E TIE, WO
W b (65 mELL Lk, 2015 4TI 43%1) LT 2 K
U U~ AV ET 2 —AORMEAE (3152 Al)



MORG LRV GLEEANANEZHEL, 20955
D 10% (135 N/H) OFIHEER (9 FE~17 k)
WEET Y TR a vy g —xl
T~TANT A NVABNET— B X EEER
HAT2ERELE. ZOFTEEIXHLT, 4 AFED T
AN AVER L FEHZ0 5 ELE(T A
[E) 72728, 1247 <643 + 3 MR D 3 X7 —1,
T b LIEITHEE 2, 5 /K, 10 {H/EF, 20 f8#/KF &
L7z.

COz HEHHEET NV CHERHEEOME T 1 7 7
ANZHONTIE, KRBy Ialb—varynbo
HAGERZRAWS. £72, COHFHEAH T2
B BRERE AL T — 2 TN RI R E L7z, &
7o, ARO XS, FANT v A VEEITER
HEEZA0E L TV, BRI & [FERICELT
RED CO HEHIEN 0 & 725, FD=8, ETREOD
TRIF—HEEND COHEHRICHE T 2 DI

HEIRFD CO2 RN SN B/ . AREFZET
1%, FEEFFOHRIERB L OZ O CO JHHEA T
X —RRFMFIEET OREHE! D TH D 169g-
COx/MJ iz (=F—! BRIENBAONY £

# 1Well to Tank CO2 #EH R BAL

PRRHE | WET BRER &%E
Bifip
YUYy | 12.3[g/km] | FHEIALE : PR 8%, T

i 6.3[g/km] | 7 : 5%, FI7UAN 4% FDth: 2%

BS | 168.6g/kn] | RELLE : k) 63k, FFN 28%,

KA 1% ZDite 2%

4-3 2 aL— 3 VERAME T, RICFEERD
TEZ AFHETITo e a0yIab—ra vk
BRER L, T A MU~ A LVEETHELIZEA
CHEEHm L. XTI
SRR 8 ITHRAET M, 9 |Z KBTI
DYIal—valfER (SR NI~ ALVABNE
TBRBOR) ZRT. FA NI <AL HEETE
WMTI, KETEITT DT A NT U~ A NVEE DR
ECOTNCHEKR IR RO, BEHERHO
GELIRDoNT-a—REETTHETANT <A
NVEETIE, 1| Y v 7 H7=0 OETHEREN R D
7=, BFMHEFRMAO 7 —A12% LT 33%D kU
v T THDH 10 /5T HREITIEREIH NI 5 55
BThoT-.
BMOZBEED 7 — A MA, ASWEE LB

BB TR T— D ES AR AL B RETIL—F .
F USRI ERE /\‘ O xvamn
RS FUIRE
]‘ e
- @hé:“
; 5
O el
Y
e
(45 256
v
™%
T Y
P, HORMB
o,
|
N
&ﬁuﬁﬁ
— P
X 572 bUvA VETER
100% [E——
90%
22% m/NR
80%
m25tEY)
70% 7% -
5 o mgt5Y)
2 o =)
= m45tEY)
B sox
i LN
e
g % By
30% HEV
20% uEA
10% = A

0%
Small Large

X 6 &S TSR T — ¥

D3 FITHEMSED L TREBENS O AR L
TI7ANT <A NVHETOETICL D —HRE~D
WS G177, X 10, X 11127 — 2B T A
ND = AV ABETEOET 2 — 2OV E &
AT, BROREEE T T, JA RV U~AIVH
BhEITESIR Z TS 2 — X B R B | T ) T
THRARGNDZ DD, TA T~ A /LHEEITHE
DOEAITHEEIC L S TREREOHE CTH 7. T,
—HRHIX T A BT A VL B < DD DOEG T
TIEWHE LAREARREE L2 L, AT ~A
JVELR O EZE D B TR 2R TOE S Ik
T EOEEHENME T L TN Z EREREE
Zbh, EEHEEnNTWs= 7T, TANY
A VABEITHEN 3 S RIRRE O SBEET T
b — AR HL ]~ DRI & 7R D TRV B D LB
ZHN5. BIOSBTFEEL 3 fHIZHEmM L7 r—2A
TlX, ZARNT U~ A NVEBOFEEE XD 0NN
T LR, BORBFEL[F L~V ORETH
ofc. —F, —HKEMIL, ZKBEFEOHMTEE
ERTFTHAELTEY, AR U~ A VHFOMEE
BN EH] U ORI EE IR T A b TN A b v,



X 12 123 U @0 O i B BB £ TOF

FATRE 273, 1 MY v 7 H72 0 ORATIRRIIZ A
FHEFHTI~ADREThH TN, ANV~
AVHBEITORIHIZE Y 94 (20 A/EF) ~14 43
(5 A/g) ~EHInL, FHEMEOE TIXPRE T
LHEEBEZOND., —F, BURORETELY 3 %121
MERFZr—2TIE, 1 R v 7 HT=0 ORI ITHERRE
(BB — 2B OBINI R b2 -T2, 2
TANT A NVHEB B AKETET LTV
O, JEHOZER DA BT D BT NS )
SlelzbtEZLND.

TFANT oA NVEEETHRITERAEELEE
L, EfTZFES BEERIC X - TR 22 i s X
WERETHEOHEITL X NKBEINLI DL L
7=. Tank to Wheel — %/l F¥ —{H&EEE LU Well to
Wheel CO2 HEH EDHEFHERZ B 12, X 13 12777,
7B, ANV~ ANVABETHIXTER BB EE
HELTWDHED, CO2 HEHHEIFRER T HERE L
FHEHETHI LTS, =3 VX —HEEEZ D
&, BUROZ BRI A FFEL L e _X— A — R L g
LT, Az oBEI RN v 7S 2 2 CAHFHE
THED &, 107% £ TN+ 5. —7%, B LU v
DY % T A N T o~ A VHBIEITEICRET
ZET, BURMEYE TR X TR, LN
CO2 HEH BT S D0, TANT~A LHE)
AELTHA 20 A/MEE THINT D &, CO2 HEHEDH]
PR 23S0 N LT B

5. 8HYIc
KB TIE, AT U~ A VHENEIRY
AT b WA @I E A L 7B Ag @i s L UV CO2

PEHEHIBEN ROV TRl 2 T > 7o i R 2 s L.

AHE BRI 301 % EAESIR G B 1 0 135 1
W AR A A BE LTS, AR h B2
B — LV ERERICIT TER SRS 2 L AT
BESh5. 20T, FERELLE L CEKLE

WZBD DA T bEHBGEET D 2 EBKETHD.

[FiE]

ARFFEIL, TERE ) A ) = g VARG 1 7T A
(BBVEATY AT &) - Hllag# CO2 e &b
B OB LK OEE] ICB TR EERETLHO
THDH. FEHOHEICH > TCTH IV
R, T2 CHRERIHEELRLET.

FLJERE [m/h]

5,000.0
4,500.0
4,000.0
3,500.0

3,000.0

%0

2,500.0
2,000.0
1,500.0
1,000.0

500.0

0.0

T4 EE km/h]
o]

0

EESEx L] S/ 10{%/FF 2018/

X 7 FEmE (EEW)

EELZESIE s{E/E 10(F/F 208/8F

X 8#EITHEM (£HMm)

HRAEHNA S{E/EF 107 /8¢ 2008 /85

X 9 KESTRM (2EM)

7 AT A LRI TNE

105%

100%

FAFTrA Nt LICHT B AR ENE

85%

145%
140%
=
g
135% &
41
130%
125% }-E
0
120% O
i@
115% =
-

4
110%

[
105%

S
100% i~

95%

26.7
257
244 253 251
179
I : I I I i I

EESEE ] S{E /i 101 /B 200/
WHREE (FRF7 2 A LER n—H#EF (FA 721 LER)

B 10 7 — R B EE

(FR MU =A VAFETEROZ, ZBERESRS —X)



9 EE (km/h)
&

(ZA VU< )VHEWETHRROZR, BILORBEES 318

25

1My T FHRRATER 5]
FEER(A]
w 5 & 8

o

5 A b7 A NBRTFIRE

235
20.2 19.7

173 %

N

A\

-
<
>

=
W
[}

BRAEF

ki

S{E/FF 1018 /% 20f8/85

wHRBE (FRAF7 2/ VESR) z—HEm (3R L7774 LBR)

X 11 47— R B EE

Lz —=x)

FRBEEMA Y- FHRTERH (FUIRESHET RFR)

9 10 11 12 13 14 15 16 17
B
BRAEMANVTH SIE/BE YT
10(8/B) v T 200E /B YT
— B R A AT S ARATE R A FAND A VF AT HRATE R (52 /B%)

~
o

FRBEEMS - THRTHMHE (F)IRESBEHRRR)

&
o _ 20
EQ
15
£
ﬁk’( 0 E= = 5 = S
EE 44
0,
z
0
9 10 11 12 13 14 15 16 17
B Pl
BRAEAMANYTH SE/E )Y TH
108/B5) v T 2008 /5N v TH
- BRAEFR AT TR AT RNT A LR T HRAT R (S /8¥)

X 12 XM fRAT R

(ZA VU= VHEBEITHEROAR, b RBEEBIW—

160

140

120

100

80

T RILFEER[G)/11h]

A, TB: BRORBRREL 3fFIC L —3)

108%

106%

it
>
104% gy
2] WElE E BhiEn
102% B o pmsig
* PNt
100% =
~ — )R
98% i == TR IFEE

96%
AN—2R  0&/hr  SA&/hr 104/hr  2074/hr

G REHI

B 13 =Rk V¥ —HBEEHEIER

CO28FH 2[ton/11h)

14.0 108%

12.0 106%

10.0
104%

HEHE B BEER

— RS

8.0

BEE

102%
6.0
— K

Co2#EH

100%

4.0 — )\ F

20 98% —=0=C02Z L3

0.0 96%

AN—=2Z  0F/hr  5A/hr o 10%/hr 2074/hr

it FEHI

X 14CO: PrHi BHERHER

ZE LR

(1]

[2]

31

[41

[5]

[6]

[71

(8]

[0

[10]

[11]
[12]

[13]

[14]

FBYETT B At i 5 B B ET O FBUS M 7B ]
Verison3.0 (4 f1t4 6 H 26 H) : https//www.meti.go.jp
/shingikai/mono_info_service/jido_soko/20190626_report.html

HE A B ERER LS 2T A0 LUV SEB L OER (JASO TP-
18004)

M)A ) N—va VARG T m 7T s (HBET S AT L) - Hillag
W C O 2 ¥ H & A EIF o B R RO EGE
https://www.data.go.jp/data/dataset/meti_20160907_0048 s
https://www.data.go.jp/data/dataset/meti_20171206_0194 ,
https://www.meti.go.jp/meti_lib/report/H29FY/000370.pdf

= x v ¥ — ITS # # F ¥ : https://www.nedo.go.jp
/activities/FK_00023.html

M. Kuwabhara, et al.:Development of an Assessment Tool of the Effects of
ITS on CO2 Emissions, International Journal of Intelligent Transport
Systems Research, Vol. 11, No. 3, pp. 129-140, September 2013.
(DOI)10.1007/s13177-013-0063-y

T. Yoshii and M. Kuwahara :SOUND: A Traffic Simulation Model for
Oversaturated Traffic Flow on Urban Expressways, Preprint at 7th World
Conference on Transportation Research, Sydney, 1995.

R. Horiguchi, et al : Potential of the Advanced Traffic Management on
Tokyo Metropolitan Urban Expressway Rings -  Development of
Network Simulation Model and its Application, Presented at the 24th ITS
World Congress in Montreal (scientific paper), 29th Oct to 2nd Nov 2017.
AN SE D BAREBUEO R v U — 2 x5 & LA @i
a2 b—va rORBE, % 11 |\ ITS YR T U A TRHE,
2012.12.13-14.

i 0 L AR A @RI R F2E  : http://wajimacci.or.jp/ecocart
o ERE®R AT s (R )
http://jmap.jp/cities/detail/city/17204

SRR 27 FREEE BT T — & & ST AR

KL, 135 ; BBV ERMMIC T 2 CO2 HEHHIBZENE, =%/ ¥ —
&9 2009 £ 10 A%, (2009)

B W) R A R Gk 2 B BRI RE R B B ELOR A R )R R AR
71,2017

A By A A R Gk 2 B R e R B B B ORAT B T TR 51,2017



