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M#ES - FAEE) RERBEXLND,
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BREREBZEz NS,

(4) BEREEXOELKR
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23 VFVAKEZBHRELERHARAY D2 —IILDIE

AETIT R P F2EHL, Zoa MLy FeiEFx LT TnoET
2L HER T AE, EZETIT O] FeWRLEBH A YV a—v (8, F - B8
DT EAT Do

231 fH&E LY FOEHE

(1) BEERBEDELL. AOBLKRE - PFERHEasLEHSMALUF
BUR R OYFk (2030 4F) @3 EECTE 5 TARBEA - &by . T—=x

JLX—  BEE ] . TEEBS S oW THE RN LY FOERBE AT T,

1) AOED & SEE

o AN : BA 1.28 8 A (2010 4£)—1.17 {5 A (2030 4)—9,700 77 A (2050 4F)
it 69 f& A (2010 4F)—83 {8 A (2030 4)—93 & A (2050 4)
(H #/http//www.stat.go.jp/data/sekai/0116.htm : AHEEFHF)

o /EPEAEMN A M : 8,200 H A (2010 4F) —6,800 F A (2030 4F)
o AN 12,900 5 A (2010 4) —3,700 5 A (2030 4E)

e fE/AM 11,700 5 A (2010 4F) —1,200 5 A (2030 4F)
(1) Fg 220201008

E: It

(0~14 %)

12 1@ 119 100 Es om0

w1 10 1 13
AO(BA)

B E2ghicd

LELLE S
H P B
HEB
4 70 B0 % 100 110 120 1N
AB(BA)

(HH #i/http://www.ipss.go.jp/syoushika/tohkei/newest04/h1 1.html : [E 72 (LSRR - A O BIBEMFIERT)
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o kg
- A : 23.0% (2010 4F) —31.6% (2030 47)
-7 AU T 13.1% (2010 4F) —19.9% (2030 4)
- 75 16.8% (2010 4F) —23.1% (2030 4)
A XY R :16.6% (2010 4F) —21.1% (2030 4)
- RA Y :20.4% (2010 4F) —28.0% (2030 4F)
(] #/http://www.stat.go.jp/data/sekai/0116.htm : B FHEH)
o FnBITEHA 0 RA E K (2012): 24 LATHI600 5 A, 65 Ll 1400 5 A
(M R S FFRE 3, 2012+ B8 25 )

2) IRLF—BERDEE LIRERE

o HMUERIEME (LB 1L HEH B A Bl
« HIER HAR C 0> 20504 CO2BE H & HI B 2 : 50%
- JeHE[E T 020509 CO28E H &I H £ : 80%
(R B/20134F LABE D b 3R - JESRICRE 9 2 i &, 2013 @ BREH P RRERES)
- HAROCO28EH & (2010): HE24.4%, 7 AV H17.7%, 7 75.3%, HA3.8%
(H#i/http://www.jccca.org/chart/chart03_02.html : & [EHERIEE(LES LTEEIHEE YL o % —)
- R OCO28EH & T W - JEE49% (2008) —35% (2030) —29%(2050)

% FEBH1% (2008) —65% (2030) —71% (2050)
(1 81/2050 FF TOMMRBEDITHIT TR F—Z4F Y 4, 2011: H AT 3L X — R EHFZEHT)

o RO NX -G ATEFL - A 42 F(2008), KIKHT X 60 4:(2008)
FBR 122 H(2008), ¥ 7 > 100 4-(2007)
o RO R /LF—FFE 120,13 & > (2007 FF4E) —>167,90 & k> (2030 45
L)
- BAR 4% (2007 FFEHRE) —3% (2030 4 5E L)
- OECD(H XkFr<) : 22% (2007 F3EHE) »17% (2030 4= HLiE L)
- FE : 16% (2007 FEFH) >23% (2030 F @ L)
- T VT (APEEAIERL) © 7% (2007 4FEEHEH) >8% (2030 4ERiE L)
- 1T 6% (2007 HFEAE) 5% (2030 4FE A L)
(H #/http://www.enecho.meti.go.jp/topics/energy-in-japan/energy2010html/world/ : #&# i ¥4 &I~ 1)L X —T)
o SEEEEFIIC I D A MK AF AR A A - 98% (2000 4EE) —80% (2030 4FJE)
(/= 3oL 28— [, 2007 @ BFFEEE BT XX —F)
o HRIZBIT AR EBIE (BEXHBHE, BREEmME, ~a1M7 Y v FNEE) EATH
- A B OKI38% (2030 4F) - RGEEERDOFKIBT% (2030 4F)
(HH /YR R [ BB RO, 2009 : B854 U AR B B KOs R AT
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3) EXBEN

o 32 GDP OMOE : 1%FfEE (20056 4) —1%¥1E (2030 4)
o IAY72V FH GDP: 1%RE (2005 F) —2%FfE (2030 )
(HHoy TAA 21 e 2 s ) SMREELMEE( T4 21 il a v 1B HEFOL - 1519, 2005 )
o R OHIELE] 2030 4FF TORFMER
T AU 3%, EU : 1.6%. TE :6.9%., 1 F:4.1%
(/2030 F O TR F & A ARF DL, 2006 - EH 122 04E)
o HilinE DI B SIE 1 28% (2005 ) —32% (2030 4F)
(Hs TRA 21 fi 2 a ) SMAEERMET( THA 21 il Y a v BT HEFEOL - 151D, 2005 PII)
e I AN ;6,650 5 A (2005 4F)
—5,782 TN (FBTHG~OZMPHEAL LSO 2035 4)
—5,293 TN (BTG ~OSMBEE W IGE O 2035 4F)
(L o B i A 0 R O L3R, 58 A 0 ok T ]I, 2009 ¢ [E 5 5EE)
o FEAFEMOMOE  1%5 (2005 4) —2%5R (2030 4)
o JEEMEIE
- FEFER GDP v =7 0L FEREE 76.4% (2000 F) —80% (2030 4F)
k¥ 23.6% (2000 ) —20% (2030 4F)
- EEREH Y =7 OE  IEREZE 79.6% (2000 F) —91.3% (2030 )
#E¥ 20.4% (2000 42) —8.7% (2030 47)
o 2T Y OHEGEM (GDP th): 2% (2005 4F) —5% (2030 4F) (43R 6.7%K &)
o i HAMEIANRITHE S - 614 A (2004 ) —4,000 5 A (2030 )
(g THA 21 A2 2 2 ) HMEERMEE(THA 21 HHEE Y= 2] GBI HRFEOL - 155D, 2005 PIRIIT)
*2ETF—2  BENORITIEES (2010 ) 23.8 JKH
GFHBEAMEARIT 1.3 JEF (2010 4F) —#98.5 JEM (2030 4= 1)
CRRAT & BB Ll & RE)
(it /Press Release BYE#iFEF, 2012.5.11 : E WA BILR)
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2% . HEh A ROE S RGE ML TR (2010 47): 47 JEM

2AERMNESHTES
260 AR EAE NS LS =R i [ !
340 336.8 335.6
320 3148
3po | 2962
280
260
240
220
200
180
160
140
120
100
80
60
40
20

305.1
289.1 ags p 2887 292:1

541 57.2 566
490 m‘;?;mmmm

2005 06 07 08 09 10 11 12 13 14
S

(tH#/ http://www.jama.or.jp/industry/industry/industry_3gl.html : A AKHEFE T ¥L)
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- Benefits Estimation for AV Systems (3nd SIP-adus Workshop)
+ Breakout Session Impact Assessment (AVS2016)

» Direct impacts of automated driving

» Indirect impacts : Fuzzy Definition



Benefits Estimation for AV Systems

Scott Smith, U.S. Department of Transportation

3nd SIP-adus
Workshop
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, U.S. Department of Transportation

Direct Impacts: Vehicle Operations, Energy, Emissions

» Vehicle operations: acceleration, deceleration, lane keeping, car
following, lane changing, gap acceptance

= Energy and emissions: affected by changes in the driving cycle
= Fuel Consumption
= Criteria Pollutants (CO, NOx, PM,,, PM, 5, and SO,)
o Other Pollutants (HC and VOCs)
= GHGs (CO, and other greenhouse gases)

* Importance: societal cost of congestion, air pollution and GHG
emissions

, U.S. Department of Transportation

Direct Impacts: Cost & Infrastructure

= (Capital and operating cost estimate for a production system

= |nfrastructure requirements (road markings, signs, signals, mapping,
V2V, V2I, V2P communications)

= |mportance: supports the business case for widespread adoption




, U.S. Department of Transportation

Direct Impacts: Safety

= Ultimately measured as fatalities, injuries and property damage for
vehicle occupants and other road users

= Challenging to measure because crashes are rare events
= Proxy measures
o Traffic violations (e.g., lane departure, following too closely)
= Extreme maneuvers (e.g., sudden braking, steering, acceleration)
= Instances where the human driver must take control
= EXposure to near-crash situations
= Response to near-crash situations
= |mportance: human-caused crashes have a huge societal cost

, U.S. Department of Transportation

Direct Impacts: Personal Mobility

= |s atravel option available to someone (e.g., a non-motorist)

= Journey quality (comfort), travel time, out of pocket cost

= Ability to engage in other activities while en-route

= Different effects on different sub-populations (e.g., non-motorists)
= Fleet (truck or bus) driver productivity

= |mportance: higher levels of automation may significantly improve
personal mobility, particular for populations that are not well-served
today.
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" U.S. Department of Transportation
A

Energy/Emissions Approach

* Process VISSIM output to create an operating mode distribution
+ Properly apply VISSIM modeled roadway network in MOVES

*+  Run MOVES model and analyze results

Roadway

Link volume,

length, road type

Fleet Meteorological Data
Vehicle type, age, -Temperature,
humidity

fuel type

Driving

Parameters :>
Headway distance, Consumption
acceleration/decel
eration

|:> Input to VISSIM
- Input to MOVES
- Output

. Driving Parameters,
Comparison of Results Driving cycle
emissions rates

Generator

Real-world Data

" U.S. Department of Transportation
A

Percent Reductions in Emissions from 100% Human Driving
100%
Multi-lane freeway 80%
segment
60%
Baseline: 40%
100% Human,
. 20%
2400 vehicles [ hour
0% — —
-20% r r .
-40%
60%
-80%
100 Volatile
Total : = Particula Energy/
Hydrocar CAroon  NITOGEN yyvp, e OMGaNIC o yyoter BraKeWe oivear Carbon
Monoxid =~ Oxides Compou ar .
bons - "Ne0)  Now | (CHA) Thge <25um b o (PM25) Dioxide
(THC) woc)  (PM25) : (CO2)
m 100% Human - 2400 vih 000% 000% 000% 000% 000% 000% 000% 000% 0.00%
B 100% CACC - 2400 vih -41.93% | -49.99% | -22.87% | -55.03% | -39.49% -2175% -88.84%  -3.05%  -642%
B 50% Human/50% CACC - 2400 vin -22 34% -3172% -12.96% -28.48% -2119% -2107% -4181% -169% -470%
100% CACC - 4000 vin -45.56% -58.69% -27.25% -59.57% -42.96% -29.83% -84.40% 1.69% -8.35%
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Example of an AV that can deliver itself to a user

Households
replacing owned
with shared

Marginal cost per trip

(vs. owned vehicle)
) Willingness to
+ ) share trips

Demand for [——————
(-) parking | MPACT
Land Use
Ease of travel
for non-
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\ f Infrastructure for
sharing trips
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Personal Mobil
Public Health
Economy E
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Our Approach

Direct Impacts
ot
m—‘ Automation Scenarios Isrngytructure

- Use cases - Vehicle operations
|User Attitudes |— - Energy / emissions

- Personal mability

Infrastructure Other indirect impacts
Today's - Revenue & Cost - Network efficiency
policy - Capacity - Travel behavior
decisions - Demand - Public health
- Type of infrastructure |- Land use
Today's - Size / weight - ﬁlocm-ec;momlcczl
investment - Newmodes an
decisions industries
Outcomes
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Part 1

Use cases
* Low speed shared shuttle

Examine direct impacts - Urban delivery

* Cost .

* Truck platooning
» Infrastructure needs :

» Passenger car-mid level
" Safety »  Private fully automated
= Vehicle operations vehicle
* Energy/emissions » Shared fully automated
= Personal mobility vehicle

What are appropriate performance indicators? How does one establish a
baseline for 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?

19 July 2016 AVS 2016

Part 2

Examine indirect impacts Infrastructure Impacts

= Network efficiency » What happens to transit?

* Travel behavior » Highway capacity

= [nfrastructure » Demand (highway, transit)

= Public health = Size and weight

= Land use = Type of infrastructure

= Socio-economic = |Implications for revenue
and funding

»  Road, transit

Today’s investment decisions  Today’s policy decisions

= Defer = For acceleration
= Accommodate risk =  For externalities
= Change

19 July 2016 AVS 2016
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Breakout Session Impact Assessment

- Direct impacts of automated driving

Satu Innamaa  Principal Scientist, Ph.D.

VTT Technical Research Centre of Finland Ltd.
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var
Questions related to direct impacts

prototyping, and into production, what is a reasonable
estimate of the capital and operating cost for the
technology?

e = Cost: Once an automation application has moved out of

= Infrastructure: What is needed (road markings, signs,
signals, mapping, V2X communications) to support the
application?

g“m"lﬂégﬂlﬂls YMPOSIUM: July 19-21, 2016 | ANCILLARY MEETINGS: July 16 & 22, 2016 | Hiton San Francisco Union S
YMP |UM2 i . ks Sy < iton San Francisco Union Square
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Questions related to direct impacts

other vehicles and road users?

= Vehicle operations include acceleration, deceleration, lane
keeping, car following, lane changing, gap acceptance: all
affect highway capacity

= Relevant automation applications include those which
provide longitudinal and/or lateral control with respect to
the road and other vehicles.

= |s an important input to the overall capacity impact of AD,
although limited by the small penetration rate of field tests.

® = Vehicle Operations: What is the interaction of AVs with

glqmll:;g grﬁlﬁ 29’16 SYMPOSIUM: July 15-21, 2016 | ANCILLARY MEETINGS: July 16 & 22, 2016  Hiton San Francisco Unien Square

T
Questions related to direct impacts

field tests as crashes are rare events?

= Safety is measured as fatalities, injuries and property
damage for vehicle occupants and other road users.

= Other road users may include pedestrians, bicyclists, slow-
moving vehicles, construction workers and first responders.

= Proxy measures 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.

@ = Safety: How to measure/assess direct safety impacts in

guYTT\h‘EES grﬁm 291:6 SYMPOSIUM: July 15-21, 2016 | ANCILLARY MEETINGS: July 16 & 22, 2016  Hiten San Francisca Unien Square
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Questions related to direct impacts

= Energy / Emissions: How to measure direct energy /
emission impacts if traffic flow impacts do not exist in field
test (with small number of test vehicles)?
= Energy and emissions includes both the energy
consumption of the vehicle through a driving cycle, and
tailpipe emissions of pollutants including greenhouse
gases
= The direct energy/emissions impacts comes from the
change in the driving cycle

AUTOMATED VEHICLES A7 _s
JSIUN '19.-'21_‘ZD‘IbIANI:II.LARTHEEﬂNGS:JuIyIB&ZZ,EIﬁIHIthmFlmciscoUnionSms

SYMPOSIUM

vr
Questions related to direct impacts

= Personal Mobility: How to measure mobility impacts for all
kind of demographic groups?
= Mobility from a user’s standpoint includes journey quality

(comfort, etc.), travel time, cost; and whether the travel option
is available to someone (e.g., a non-motorist). It also includes
equity and accessibility considerations.

= 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)?

gl iy 2 16 ISIUM: July 19-21, 2016 | ANCILLARY MEETINGS: July 16 & 22, 2016 | Hilton San Francisco Union Square
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- Indirect impacts : Fuzzy Definition

2016 £ 7 H
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AUTOMATION INDIRECT INDIRECT
SYSTEMS DIRECT MEDIATION PRIMARY MEDIATION SECONDARY

Automated Closer vehicle
braking/ spacing
speed control  [EELEE

* Market penetration, Increase in link . . Reduced need for
. N Public policy N
risk acceptance capacity new capacity

Market penetration,

Latitudinal risk acceptance Reduced lane width =S ity

Lane keepin, R Public polic: ROW for lane
guidance PIE o scale R P additions
* Market penetration
Driverless * User habits Reduced demand Market Reduced space for
operations * |nstitutions for parking parking (freed for
. * Business models other uses)
il * Regulation Use of automated Social behavior Increased mobility
* Public acceptance vehicles by for non-drivers
young/old
* Scale Reduced pavement . . Reduced PMR
. ) Public policy
Crash * Market penetration impacts costs
A Reduced
avoidance ¥ A
technolo vehicle weight o Flectric vehicle Increased electric | d utili Reduced
eY battery technology  vehicle range mproved utility emissions

Ty MU= ghER ZdATE, EEEH, AREE. BRI, RSRF IOV TREZ IR
LTWb,

AUTOMATED VEHICLES

) Examples SYMPOSIUM+44

Network Efficiency -- reduced need for new capacity, transportation system maintenance §
operations (TSM&Q)

Travel Behavior -- vehicle access for non-drivers (old, young disabled, low income); travel
becomes more convenient for drivers

Asset Management -- reduced cost of pavement maintenance and repair (PMR), roadside
appurtenances

transportation, improved accessibility to medical care for non-driving populations
Land Use -- reduced land for parking, safe complete streets (multimodal)

Socio-Economic — Examples of impacts
- Safety: reduced need for insurance

- Transit: AVs replace transit in low density corridors
- New business models: reduced need for private vehicle ownership
- Changes in labor markets: professional drivers

c Public Health -- increased penetration of low emissions electric vehicles, reduced active
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