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A —BARMHED COz PR BEEZHET DD LT D,

CO, = X1 X Vgye + X5 X Dist + x5 X Time + x4 X Time;g + x5 X Sinf + xg X v2,, +
X7 X (V2,0 X Dist) + xg X (Dist X sinf) + xg X Av +x79 *+ *+ * (1)

CO2 : SSF 79 @ CO2 i‘jlfu”j%[g]\ Vavezilzi‘éjigg[km/h]
Dist : AEfTHHEIm]. Time : £17RFM [secl. Timeiq:#% HEEH [secl
sin® : WL, Av : gitk SSF O E = [km/h], xi~x10 : 5% (& 3-5)

2B . COHEHEA V=T /WIL BTG U C 5 MO SSFICH L THRELTED .,
C-C50m LAF GEATHERBEA 50m LLFC, F&iE-EfT-1£1E) . C-C50m LA E GEFTHEEED 50m
PLET, 38 E1T-1E1E) . C-O (G&itE-E1T). O-C GEfTEIL). 0-0 (&EfT) & L7,

# 3-5 4% SSF ik o125k

C-C (50m LAF) C-C(50m LA L) ¢-0 0-C 0-0
x1 0 0 -1.4 -1.1 -2.3
x2 0 0.093 0 0 0
x3 0.40 0 0 0.77 -0.76
x4 0 0 0 0 0
x5 0 0 -28E+03 -27E+02 -13E+03
x6 0.038 0 0 0.037 0
x7 0 3.7E-05 | 5.7 E-05 0| 3.5 E-05
x8 0 0 96 0 28
x9 0 0 0 0 0.21
x10 -3.5 2.0 16 8.3 16E+02

57




3.2 BBETVATLEAROD COHHEETILOER
3.2.1 (ESHEERFEZERALLI V-0 —TJ#ET

7 =2 2= ETICB W T, Rl 2 2 L—3 a2 T, A& S IND 5
Ltk D SSFEMEBET HLENDH D, COPHHEET MMITE, FANESHE#RE
/552 LT, =ma RIS T7ICREKRIND, EOHRFEEINE, ROOT 7Lt T7 | HE
IBGED D72 NEATR EHEETINERH LD LB b5, Z 2 TiX NEDO =11
F—ITS HEHEFECTHE L 72T —F X—REEMT 2 Z & T, 2N HETEHOZITIE
LCCOHEHEZR M TE 52 L a2MER LT,

R L. 2017 B I BRIEBESE 0 B L 72 20 BTN DWW TE RS D B I B
WIS U T, BT AVOEFHZITO 2 & EHitdT 5.

58
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IMPACT ASSESSMENT CURDNCI! It B
19 July 2016 SYMPOSIUM ~=£34
TIME ITEM SPEAKER
130- | Welcome Scott Smith- Volpe Center / USDOT
1:50 PM
Direct Impacts: Introduction and Case
Studies
* Automated low speed shared shuttle | Satu Innamaa - VTT, Technical Research
*  Automated local delivery Centre of Finland
1:50 - *  Truck platooning Nick Reed - Transport Research
2:15PM *  Passenger car - mid-level Laboratory (UK)
automation Isabel Wilmink - TNO (Netherlands)
®  Private fully automated vehicle Trent Victor - Volvo
Handout: case study descriptions,
overview of direct and indirect impacts
Audience Discussion
Use the case studies to identify the most important direct impacts. What are
2:15- appropriate performance indicators? How does one establish a baseline for
3:00 PM comparison? How does one design an automated vehicle field test or simulation to
gain the appropriate insights? What data can be shared with third parties?
3:00 -
:30 PM el
Indirect Impacts - Introduction
We will examine two of the cases, identifying their
;:;;’M benefits and challenges. We will discuss some of the :tm umm.
important uncertainties and their implications for .
research, investment and policy.
Case Study 1 - Urban Shared Shuttle
3:45 Benefits (5 minutes) - Nick Reed
4:15PM Challenges and constraints (5 minutes) - Scott Smith
- Audience discussion (20 minutes)
Case Study 2 - Truck Platooning
4:15 - Benefits (5 minutes) - Isabel Wilmink
445 PM Challenges and ints (5 mi ) - Bo Ekman, Danish Road Directorate
P ) 3 N {20 = ]
Discussion of infrastructure and policy decisions
;;i ;M Wrap up Satu Innamaa

7-1 Impact Assessment Breakout Session ® 71 77 A

v va TR, HENEENEA I NLGEICKE TS5 2% | Direct Impacts
(Cost. Infrastructure, Safety. Energy/Emissions % FOT CEBHIE TE, A/r—/b
7 v 7 ARe/RfERE) & Indirect Impacts (Network Efficiency. Travel Behavior, Public
Health, Land use %) O OOBLETHEL, LT D2 —A 7 — R &R, #U) 72461
DEE, HARTE T 572D DR=2F7 4 LV OFRE, FOT RV Ialb—varA¥T 4
DFBFHEIZDONWTIN—TT 4 AT v a v &iT-72, % HHW S 172 Direct Impacts &,
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Indirect Impacts D& ¥+ % . 7-2. 7-3 127,
<Z—RF—A>
v' Automated Low Speed Shared Shuttle
v Truck Platooning
v' Passenger Car — mid-level automation
v Private Fully Automated Vehicle
Shared Fully Automated Vehicle

Direct Impacts

Direct Impacts are those that can Direct
Impacts
be measured in a field "u"":"""m - Cost
operational test (FOT). They then |y o0, o Sufety
can be scaled up to a national |{mayindude new use cases = Wolichs oparations
; enabled by new marksts) 5 Bty / aabsstons

level, and will also lead to - Personal mobility/convenience
indirect impacts. For ple, an
FOT can measure driving conflicts {S;few], car following and intersection performance
(Vehicle Operations), energy ption and tailpi issi (Energy / Emissions), and
the comfort of the user, as well as the user's ability to multn task while in the vehicle (Personal
Mobility). FOTs can also provide insights on the infrastructure requi s of an tion
application.

Cost: Once an automation application has d out of p ing, and into production,

what is a reasonable estimate of the capital and operating cost for the technology?

@ Infrastructure: What is needed (road markings, signs, signals, mapping, V2X

ications) to support the application?

Safety: Uhti y, safety is ed as fatalities, injuries and property damage for vehicle

e occupants and other road users. Other road users may include pedestrians, bicyclists, slow-

ing vehicles, ¢ tion work and first responders. Nearly all AV applications, ranging

from Level 1 collision avoidance systems to Level 5 self-driving vehicles, have potential safety impacts. A

challenge with safety assessment is that actual crashes are rare events; fore, proxy are

often used. These measures may include traffic violations, instances where a human driver must take
control of the vehicle, exposure to near-crash situations, and responses to near-crash situations.

Vehicle Op Vehicle of i include acceleration, ! ion, lane k

«car following, lane changing, gap acceptance: all affect highway capacity. nﬂmmm
applications include those which provide longitudinal and/or lateral control with respect to the
road and other vehicles.

Enerﬂ!Emissions: Energy and emissions includes both the energy consumption of the
= vehicle through a driving cycle, and tailpip issions of poll including greenhouse gases.
" The direct energy/emissions impacts come from the change in the driving cydle.

Personal Mobility: Mobility from a user’s dpoint includes j y quality (comfort), travel
time, cost; and whether the travel option is available to (eg., anor ist). It also
includes equity and accessibility considerations. mmmumulmm
most significant impacts, by providing mobility for nor and g multi-tasking. These
include first mile/last mile services and accessibility applications. Challenges in measuring personal
mobility impacts include the variety of sub-populations who may be affected in different ways, and the
difficulty in assessing the actual value of automation to a person based on survey data. In the context of
a fleet operation (trucking or transit), it is the direct impact on labor. Is the driver still needed? What are
the implications of automation for driver productivity (ability to multi-task or reduced fatigue)?

Breakout Session on Impact Assessment 19 July 2016

7-2  Direct Impacts D

157



Indirect Impacts

In ing indi img note that service offerings and fleet composition might change. For
example,

With better crash avoid , it may be possible to use lighter-weight vehicles

The advanced control sy used for on may also contribute to electrification

If there is no human driver, the layout of the vehicle might change
Without the labor cost of a human driver, it may become economical to use smaller vehicles for
both trucking and transit.

N k Effidency: N k efficiency refers to lane, fink and intersection capacity in a

] t ri. It also refers to travel time and travel time reliability. Improved
nimmwmmmtefnuwmredmdm*hv Also, changes in vehicle
operations (e g., car following) will affect network efficiency.

Travel i A may respond to AV options, including new service offerings, by
changing travel behavior. There may be more trips. Modes and destinations may change.
Higher level automation applications that have a significant effect on personal mobility or labor
could have a significant effect on travel behavior.

Asset Manag; A ion may affect inf ture assets required in several ways:
Number of lanes and lane widths

V2! infrastructure used by automation

Size and weight implications of changed fleet c

Effect of travel behavior ct on trip

amount of walking and bicycling, as well as access to medical care, food, employment,

Land Use: Automation may affect the use of land for transport functions (e.g., parking, road

geometry). Longer term land use changes may include location and density of housing,
and rec C

Socio-E ic I I d safety, use of time, freight movement, travel options for
mmnabicmlﬂi land use and effects of changed emissions (including climate
change) will have longer term ec ic impacts. A ion may also have substantial
impact on labor markets and industries.

o Public Health: Automation may impact the health of communities, via safety, air pollution,

Breakout Session on Impact Assessment 19 July 2016

7-3 Indirect Impacts Dl
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ITS 5 25% 2016 I2FBW T, HENETY AT AOEANIZ LD =%/ X —1H#, CO24EH
OB L Ciin 5 2 & & BHAIZ, [SIS21 Impact Assessment of Automated
Driving Systems on Energy Consumption and COz2 Emissions] % 1 « 3= L7z,

VHOT R T T LABILOAE—H—%DY A N 7-5 TR,

SIS21 - IMPACT ASSESSMENT OF AUTOMATED DRIVING SYSTEMS ON ENERGY
CONSUMPTION AND CO2 EMISSIONS

@ Environmental Sustainability Organiser
There is growing interest in automated driving systems and its development has been Daisuke Oshima, Pacific Consultants Co., Ltd.,
advanced throughout the world. Automated driving systems are expected to contribute Japan

to reduce energy consumption and CO2 emissions from vehicular highway traffic
by improvement of traffic flow, reduction of traffic accidents and changing citizen's
travel behavior. This session invites speakers from Europe, the US and Asia Pacific
and introduces recent projects of each of the three regions related to development of Moderator
the automated driving systems that lead reduction of energy consumption and CO2
emissions and how we will evaluate the impact.

Takashi Oguchi, Institute of Industrial Science,
The University of Tokyo, Japan

Masao Kuwahara, Tohoku University, Japan

Speakers

Akira Mitsuyasu, Pacific Consultants, lapan
Mour-Eddin El Faouzi, IFSTTAR, France
Hesham Rakha, Virginia Tech, United States

Mitsuo Yonezawa, Japan Automobile Research
Institute, Japan

7-5  SIS21 Impact Assessment of Automated Driving Systems on Energy
Consumption and CO2 Emissions D%~ VU —EB LA —H—U X |
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IV. International collaboration

mSchedule of International collaboration and relative of our project

| w5 ] 206 ] 217 |

Japanese Project on
Assessment of CO,

CO, visualization "\
emissions from traffic 2
f under SIP-adus /
ow e

Impact assessment of Automated driving

systems on CO, emissions { } | Mainly talked by Mr. Yonezawa
ITS cooperation of
Government level Impact Assessment SG B
(EU-US-JPN) .

SotAbOIaTITINCE: project Trilateral collaboration in CO, assessment

(EU - the U.S. - Japan) > |

X 7-6 SIS21 TOREDEEERKAT A RO
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1.3 EE®BEELTME RS & DEE

#:[E ® Department for Transport (DFT) OBESH#HHk T&H % The Centre for Connected
and Autonomous Vehicles (CCAV) TiZ. BENEIRN H 72 b T2 23l —B & LT,
Connected and Autonomous Vehicles (CAV) D& AN @ FEICE LT T HEO @Y
V—yayEHWEHE T r Y =7 F3MThbRTWD, £ I T, CCAV OfRE L ERA
izt BEETAEHF L OXRy VU= B LT,

CCAV 2332 U 7= 2B A Tl PTV ARG T 5B X = L—3 3 U E7 /L VISSIM
ZHV, mEBOERSR Y FU—2 L WITOEK R v hU—27 0O 2 fEHEAIRIC, U
KHEDOHIZ CAV 3 —EHIE TEASNTIGE OIS@IRICK T 54 /37 M OERE(LIZERDY
FATWD, FHICH1T 2 CAV O K F U Aid, BENEERO L2k L TE 7-1
DY FEINTND

#£ 71 vIzalb—valiHlilckid s CAV & LTV 424

CAV CAV penetration composition

Scenario ‘:::::TE?: Level i Level Il Level IV
Driver assistance Mix of capability Full automation
Base 0% 0% 0% 0%
25% penetration (1) 25% 20% 5% 0%
50% penetration (2) 50% 35% 10% 5%
75% penetration (3) T5% 50% 15% 10%
100% penetration (4) 100% 40% 20% 20%
Upper bound (5) 100% 0% 0% 100%

B B AR RIC LY R 2 b= a v EER L, BRSO EHRITRREIICE 2 5 %

%.%%Wﬂﬁ 7o, CAV &R 25% CITIT L A L3R E b o b SRV, HRFOHN L
IR BHBLL, H R T5% % M2 5 & AZWMRORERUWEL b2 O T Al REME RIR

INTWD, Fo, HEROWMBRETIX, FIAEOPEESZ EMEOB RIS, CAV 3¢
KLV EEREEEEIC R D AREELH Y TOHEEIX CAVEANCL>TRIT 4 772
AT M ERETZERfEHR I TV D,

Flo ABOMED—>& LT, COPEHEDBLE TORBIDMLENENE X HILTEY
AKEETORYMAARIL, A F Y RV TO Impact Assessment DHLY FLAIZBNTHH
WML, SR VEHEEZHVIZNWEDZ ETHoT,

24 Tmpacts of connected and autonomous vehicles on traffic flow: technical report
(Department for Transport, the UK) £ Y
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