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We have a problem...

Change in surface temperature from present (°C)
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Demographic growth

Anthropogenic
planet
modifications

World population, billions
Ll

Industrial revolution — Antibiotics - Vaccinations
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CO2 «Residual budget» and burnable oil

Cumulative total anthropogenic CO, emissions from 1870 (GtCO,)
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CO2 emissions share

2016 rankings by per capita
. emissions

CO; emissions (per
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From +1° to +4°..
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Remark: relative contribution of GHG emissions (EU focus)

28% of UK GHGs were from Transport
in 2018

Agriculture
Other™*

Energy Supply Business
23% 18%
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Car-based personal mobility model

the mistake #1 (in retrospect, after 1B cars) = personal ownership
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Megatrends: CONGESTION / car density

Country cars per 1000 inhabitants total number of cars
United States 831 275.913.237,00
Canada 790 30.754.600,00
Australia 782 20.335.000,00
Poland 771 29.369.800,00
Italy 755 45.487.900,00
France 668 45.297.000,00
Germany 628 52.275.833,00
Spain 627 29.707.581,00
Japan 624 78.461.953,00
United Kingdom 600 40.800.000,00
Netherlands 588 10.248.388,00
Malaysia 542 17.728.482,00
South Korea 485 25.167.409,00
Russia 395 58.116.046,00
Mexico 391 50.400.000,00
Argentina 373 17.000.000,00
Colombia 324 16.500.000,00
Thailand 280 19.576.630,00
Turkey 254 21.763.186,00
Ukraine 245 10.500.000,00
South Africa 232 13.570.330,00
China 226 319.000.000,00
Brazil 215 46.200.000,00
Iran 175 14.500.000,00
Indonesia 82 22.587.923,00
Nigeria 61 13.000.000,00
India 59 80.888.051,00

Prof. Sergio M. Savaresi

List of countries with more than 10M cars sorted by car density
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Megatrends: CONGESTION / travelled distance (EU)

Change in distance travelled by car for selected countries
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https://www.odyssee-mure.eu/publications/efficiency-by-sector/transport/transport-eu.pdf
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Remark: simultaneously-used cars

Active vehicles during a weekday (07/03/2018)
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Remark: car usage (Italy, 2022)

Cumulative Plot of % Effective Time vs. Percentage of Vehicles | Datasanron;
UnipolTech -
1.0 -
0.8 /
L
= 85% of the carsin
Z o Italy (2022) are
& used less than 5 %
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Electric car and personal ownership: a mismatch

The longer the range, the longer the lifetime: For a 1200 cycles battery : 500Km range = 600.000+Km lifetime

. . Battery lifetime
Vehicles mileage per year (1200 cycles)‘

600.000km

3000 -

g % 0.000km -+
-

g e 400.000km -

300.000km -+
2000?4!!:»3: [em] o
200.000km —+
Average mileage:
10.000km/year 100.000km -
: : % z (@) .
100km 200km 300km 400km 500km Range
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“Affordability” of BEV (subsidy...)

EU

Annual net income in the EU

By country, 2021

€5,000 €12,000  €20,000 €25000 €30000 €35000  €45,000
I TSN | ]

Market share of electrically chargeable cars

Market share, 2022
0% 5% 9% 20% 30% 45% 60%
| D

https://www.acea.auto/figure/interactive-map-affordability-of-electric-cars-correlation-between-market-uptake-and-annual-net-income/
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Case study using real data: E-Private Mobility Index

ltaly (Rome, Bari, Brescia)- functional feasibility for hub-to-hub mileage AND economic breakeven

| Datasource:

; UniPOIlu-ﬁoggnommcn ;

™)
=
|

Bari 0,2 €/KWh
------ Bari 0,36 €/KWh
— Brescia 0,2 €/KWh
------ Brescia 0,36 €/KWh
Roma 0,2 €/KWh
—————— Roma 0,36 €/KWh

—
(2]
|
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Percentage of vehicles [%]

gl Private
_____ electrification

_______________________ seems

°r > 3 y 5 6 - - reasonable up
Breakeven Time [Years| to (qu) 20%
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The Mobility As A Service (MAAS)

and

Mobility On Demand (MOD)

(«car sharing»)
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Cross-links...

N (,(\\ “\6 Personal

(

«perfect fit»

- large mileage

- globally-optimized recharge
- (shorter trips)

- (smaller vehicles)

Electric Shared
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Mass-market Mobility-As-A-Service: is there a cultural barrier?....NO

https://www.smartcitiesdive.com/ex/sustainablecitiescollective/new-study-millennials-prefer-car-access-over-ownership/32723/ l‘:urope’S Gen 74 and the futu re Of ln()bl]ity

New Study: Millennials Prefer Car
‘Access Over Ownership’

Younger consumers are less likely to use private cars now and plan to increase
their use of public transit and micromobility.

s
TECHATLO0ICAL
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B > Mgy Badbns 3l » Mot & Bt > Mo

Millennials, Gen Z drive car-sharing boom

Car e g andd i Masieg M ioes 1h SOgepurs are feporing & Boom o Gemand, Tusbed Uy rellencisl and Gen 7
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T IManins guossitien i quickly sdoptog o inng e s e e e e
maratrssm smrsportaton soltion, sccording ‘o results from Zipcor's L £ E *\\
second oneusl shudy of e Bersonal iivocetafion and cur gwasnbic ,* Currently use a particular mode of travel’ s, Planned use by mode of travel in the future, Gen Z
behavor of 18- to 34-ym ] A
A
influentiof generation b L . = . e
sl | E = =] o ) Private  Public Micromobility Shared  Pooled
cver st 2 | | Private Public Taxi/ Car  Micromobility Pooled ! vehicle  transit mobility*  shared
I AR ! vehicle ftransit ride  sharing shared : : mobility
for mary Americans : ha|||ng moblllty : 4§ 41 J
1 ]
1 1
i Age group: <30 | Use |39 20 32
, 32 32
; ; more
; |
1 1
1 I
1 1
1 ]
— : :
; |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
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1 I
1 ]
1

e Tuh Tirgg Ferg, it anncistioe and co-founder of Getle Techniclopes, expects demmd Sor i car st ing

sarvc s “ 1o grow mees e S0 per Lent froeey 2002 Lo 200"

Thes gromth & d e adfy par thy by Bigher certifcate of estinieveot JCOE] prices he says

Uithuer facsors drhong She gromih of cut & ki 4 abalt b xn crwraTahig oy e Note; Figures may not sum to 100%, because of rounding,
FOUNGE! EITeralions, & Eromerd Interaal bn sustabeabifty, and e continimd erhancarment of Our patiie m and 'More than £ times per week,
BRVION- e 3008 Taxi/ride hailing/car sharing,

Source: McKinsey Mobility Consumer Pulse Survey

https://www.ntu.edu.sg/business/news-events/news/story-detail/millennials-gen-z-drive-car-sharing-boom https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/europes-gen-z-and-the-future-of-mobility
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Car-sharing, today (limited effectiveness — «niche»)

High (attractive) level of services

2

(too) many cars

4 A

Low milque—per-car «deadlock»

-

High cost (user) or non-profits (provider)
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Enabling tecnology for mass-market Mobility As A Service: Autonomous Car

High (attractive) level of services

'l

Few cars

4

High mileage-per-car

i L4- (un-manned, low-speed) gume

Low cost (user) and profits (provider)

L5 (robotaxi)

)
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Case study: Autonomous MAAS in Padua

Replaced private cars

Average Mileage A4. Simulation (using
real data) of a

Average Wait Time 2min 40s robo-taxi service

with autonomous
driving

POLITECNICO MILANO 1863

Prof. Sergio M. Savaresi



New mobility model

Personal Human-driven

Electric & H2 Shared Autonomous
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Consecutio - the “right” sequence of the events

Electricc MAAS

Electric, personal car

Mobility As A Service -MAAS

(20% - 30%) (85% - 90%)

Enabling technology
«Big-Bang» of the mobility model transformation
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OBJECTION#1: Vehicle-2-Grid | private car as an accumulator for distributed generation?

A 100KWh personal car battery can be used as a local battery accumulator for micro-generated renewable energy

- Why using a sophisticated battery technology designed for mobile application for local storage?
- Carrying around a big battery decreases the efficiency of the car in (5% of time) mobility

- How many households can apply this concept (in vertical cities)?

- Same concept can be applied for MAAS/MOD cars...

| Datasource:

; Unip0|1:go€1’;!mtomcui ;

Street

Parking lot

Others (private, box, etc.)
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OBJECTION: Power- to H2 - to X ? (the «E-FUEL» path)

| | . )
) ' o T ~Energy transition reaching zero
) TOPRIER CO2emissions by mid-century is
feasible
—-Methane
adbiveor »>Direct electrification is
B most efficient and least
RENEWABLE - U'EYSEL cost
eTRiaTy ELECTROLYSIS OGE GASOLINE -FT fuel
JET FUEL
Christian Breyer
tsr o S Econory
Cor?trol of Power and Energy Systems
: _Chemlcal online, June 23, 2022
i | feedstock

source: SolarPowerEurope/ LUT, 2020. 100% Renewable Europe
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Autonomous Vehicles Technology: roadmap

Partial Conditional
Automation automation

Dnver Driver
contnuously n | | contnuously
control of performs the
speed and longitudinal or
drection tateral dynamic
driving task

Orver does Driver is not
not need to reguired dunng

longitudinal
and istarsl
driving iask ina
defined uss
case
Recognisss its
'se”ar"‘cv»-

=
°
=
=
=
£
S
-
3
<

5
!:, resume e
dynamic driving
task with
sufficient ime
margn

No intsrvening

] Autonomous robo-driver: a massive technical problem, still
= | to be fully solved (in mixed human-Al traffic)

Prof. Sergio M. Savaresi
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Roadmap to Autonomous Vehicles: timing?

Subject to progress on the technical, infrastructure, and regulatory challenges, up
to 15% of all new vehicles sold in 2030 could be fully autonomous

L3, 2035 prediction:

New vehicle markel share of fully autonomous vehicles 10%-95% ra nge...
Percent
100 . . . . : SR ) .
High-disruption scenario entails High-disruption scenario
2\

| * Regulatory challenges overcome in key markets for conditional or better
* : . autonomy (L3+)
* Safe and reliable technical solutions fully developed

High-disruption scenario

80 = Consumers enthusiastic and wiling to pay / for full autonomy (L4)
70
60 i
50 '!’ = 1 {
40 + ol Low-disruption scenario
for conditional or better
30 o autonomy (L3+)
20 | :
10 __ Low-disruption scenario
— for full autonomy (L4)
0
2020 25 30 35 2040
SOURCE: McKnsey
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A political dilemma... |

San Francisco,
October 2023

A7) L2UAG Ton 31 e POLITECNICO MILANO 1863

‘ \ Prof. Sergio M. Savaresi vew




A political dilemma...

Projected total US. road deaths
Projected annual LS. road deaths over 50 years

Projected total US. road deaths

Projected annual U.S. road deaths over 50 years
60,000 2.4M
] - 60,000 2.4M
Without AVs 60k — Without AVs
1.5M |
40k 45 000
20k —& With AVs 20k With AV
17,000 I Avs
17,000
D T T T T 1
2030 2040 2050 2060 Without AVs  With AVs 0 T T . T |
2030 2040 2030 2060 Without AVs  With AVs
1,100,000 lives saved in a
i 580,000 lives saved in a future
future with autonomous i :
) with autonomous vehicles.
vehicles.
Scenario 1: Introduce when slightly safer (10%) than humans Scenario 2: Delay AV introduction until nearly perfect

The «good for the individual» is playing against the «good for all»?

Are we ready to accept the errors of technology?

Who'll be the winner in AV technology?

https://www.rand.org/blog/articles/2017/11/why-waiting-for-perfect-autonomous-vehicles-may-cost-lives.html

Prof. Sergio M. Savaresi
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Virtual mobility = AMAZON-ization of mobility? (people-moving or goods-moving?)

Uber amazon
)

Uber-ization: mobility as a service Amazon-ization: goods-mobility

A ' Prof. Sergio M. Savaresi POL'TECN'CD M“_ANO 1863
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The YAPE (Your Autonomous Pony Express) spinoff project
LI P i i

¥ & yape

| TE y | H
|M_ |1 i Global WORLD
'0 Technology ECONOMIC
mance FORUM
Summit ~—

—_— e ——

e - Jnra
. = | B ERS A0
’ : N B “ . '; +
; . -
. h

— N

3 ground-breaking bots
transforming food delivery
around the world

——— —_— -

e —
ILROBOT ITALIANO YAPE FA LE CONSEGNE FINO IN GIAPPONE

o

P @R

Footage: Starship Technologies, YouTube

I I (55 in off”

PO(H(CN!CO Of MILANO
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Scenario#l: robotaxi + soft mobility+smart logistics

I | ? v "
> ' s A )o

ﬂf\

Dipartimento di Elettronica, Informazione e Bioingegneria
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car-based personal mobility model

the mistake #2 (in retrospect, after 1B cars) = mixing function&fun

Prof. Sergio M. Savaresi POLITECN'CD M“_ANO 1863
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Bifurcation | landing point

Today: function & fun (40M)

A 7
"robo-taxi” MAAS = public transport (<10M)

Prof. Sergio M. Savaresi
Dipartimento di Elettronica, Informazione e Bioingegneria
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Emotional ("red") vehicles (private owner or “service”)
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he birth of Autonomous Motorsport

Prof. Sergio M. Savaresi POLITECN'CD M“_ANO 1863
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Artificial Intelligence in motorsport: the Automatic Control gap

A '
X , , , autonomy .
Mt

Automatic control & A.l.
ADAS, Level )
| | 1and Level are clearly the next big
1| 2aut . .
EsC ey leap in automotive
Traction
Control
Semi-active .
Active | | | suspensions The gap with motorsport
suspension, | \ | Robo-clutch i P
- botic. | | cars is growing and
clutch, : | becoming constantl
electronic- | | Electronic \/ . g. . Y
ignition .| ignition more significant

Traction
control

v

ABS . . . .
1970 1980 1990 2000 2010 2020 2030

Dipartimento di Elettronica, Informazione e Bioingegneria
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Indy Autonomous Challenge (15t example of full-scale autonomous motorsport)

POLIMOVE - POLITECNICO D1 MILAND

asws| AIRACING TECH (ART) - UNIVERSITY OF HAWAI'I

%ﬁ. AUTONOMOUS TIGER RACING (ATR) - AUBURN UNIVERSITY

BLACK & GOLD AUTONDMOUS RACING - PURDUE UNIVERSITY
AND THE UNITED STATES MIUTARY ACADEMY (WEST POINT)

CAVALIER AUTONOMOUS RACING (CAR) - UNIVERSITY OF
VIRGINIA

EURDRACING - UNIVERSITY OF MODENA AND REGEID EMILIA,
UNIVERSITY OF PISA, ETH ZURICH, POLISH ACADEMY OF
SCIENCES

KAIST - KOREA ADVANCED INSTITUTE OF SCIENCE AND
TECHNDLOGY

MIT DRIVERLESS - MASSACHUSETTS INSTITUTE OF TECHNOLDBY

TUM AUTONOMOUS MOTORSPORT - TECHNISCHE UNIVERSITAT
MUNCHEN

Dipartimento di Elettronica, Informazione e Bioingegneria
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Autonomous Challenge @ CES (Las Vegas) 1/7/22: the birth of Autonomous racing

First ever competition:

e fully autonomous

M« multi-agent (head-to-head)
* high-speed (up to 280kmh)

W)
Winning team: Polimove,
Politecnico di Milano

=

{ = g

A w————

""ZTTACKIM\

3 TUM Autonomous

\

. ' PoliMOVE 5 { , Motorsport
' 3 R . S \
L \l ' 1 \.\ N N \

Ai Prof. Sergio M. Savaresi POLITECNICO MILANO 1863
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Dallas, Las Vegas, Monza...

Indy Autonomous Challenge
Monza, 16-17-18.06.2023
Final Classification 16-17-18.06.2023

ey Official Classification

Nat Team

2 PoliMOVE POIMOAVE

3 TUM Autonomous Motorspo TUM Actonomous Motorporn
6 T Unimore Racng Ti Unimore Racng

4 KasY KAIST

o MIT-PITT.RW MT-PITT-RW

= (winners: 2:05:87) [current speed record on an
M autonomous car on a road course circuit: 273.4

Autonomous Challenge @
CES (Las Vegas) 7/1/2023
(winners) [current speed
record on an autonomous § e —
car on an oval circuit: TUM Autonomous Motorsport 155 wew PoliMOVE

§o e

290.0 KPH /180.2 MPH] US4 s R & 1445 mpn.

Dipartimento di Elettronica, Informazione e Bioingegneria
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World record- (27/4/2022) - Space Florida launch&landing facility, at NASA Kennedy
Space Center in Cape Canaveral, FL

AUTONOMOUS
CHALLENGE

-

THE WORLD'S

New world record holder for a fully-autonomous car: 309.3kph=192.2mph (two-ways average, FASTEST
average over 1Km); 310.4kph=192.8mph (two-ways average, average over 100m); AUTONDMOUS
311.9kph=193.8mph (top speed). The previous record was held by Roborace since 2019 RACECAR
(282,4kph=175,5mph, two-ways average, average over 100m).
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Possible interactions: autonomous motorsport future formats

Car Driver CAR |

S o

Human A.l.(autonomous) Real car (on-track) Simulatd Car
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Car 2 9 9 P
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Car?2 ' x ) ) g
Car1 () 9 ‘ «Sim-Race» of A.l. Drivers (first step
Car 2 X ) 9 of Indy Autonomous Challenge)
Car1l 9 9
s o o - Indy Autonomous Challenge
Carl 0 (=, 2 - Human vs. A.l. but 1 real car and (b?
Car 2 [ ' ] 1 Holo-car on track
= = =

Car 1 ] e ‘ Human vs A.l. on real cars b
Car 2 ' x) ] (ultimate goal, higher complexity)
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AR-Glasses: an enabling technology for hybrid-racing
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1000 Miglia Autonomous Drive (1000-MAD)
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The challenge: high road diversity and public engagement

Mille Miglia: “the most
1000 > wonderful race in the

MIGLIA world” [Enzo Ferrari]

High road
diversity
N
1000-MAD]
\\' Robust
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ey SMART gglb
Low time-extension Long time-extension
‘ MAVEN '
—emhan il C c-roap
UKAutodrive . A
ICTA cruise &> . s
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Low road
diversity
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Authorization 2023 (D.M.70 «smart road»);: more than 200km!!!

10000
MIGLIA
20023

®_INF.WOT.SS5315TRO DECESTI I.000033¢,01-0¢-301)

Full-crossings of:
BRESCIA
FERRARA
MODENA
PARMA
MILANO
BERGAMO
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Dipartimento per la mobilita sostenibile
Direzione generale per la motorizzazione e per i servizi ai cittadini e alle

imprese in materia di trasporti e navigazione
DIVISIONE 3

CERYIA -
(2 MILANO MARITTIMA

DECRETO DIRIGENZIALE

"Autorizzazione alla Sperimentazione di veicoli 3 guida automatica ai sensi dell'art. 9 del
Decreto del Ministro delle infrastrutture e dei trasporti de! 28 febbralo 2018 n, 70"

VVVYVYVY

VTappa / waRis0! 13
Braacia < Ceres - Misra NMaritting
Il Direttore Generale della Direzione Generale per la motorizzazione e per | servizi al

T Teppa / wenoneet 1 cittadini e alle imprese in materia di trasporti e navigazione

Cotvia - Miats Marittimg -+ Roms

-+

3*Tappa 7 aioves! 16—

100km of A26 (ASPI) i

“—s 4*Tappa / vewenst 3¢
Parre -+ WMo

VISTO il decreto legislativo 30 aprile 1992, n. 285 e successive modifiche ed integrazioni,
istitutivo del Codice della Strada;

VISTA |2 legge 27 dicembre 2017, n. 205, e In particolare I'art. 1, comma 72, che autorizza la
Sperimentazione su strada delle soluzioni di Smart Road e di gulda connessa e automatica,;

VISTO il decreto del Ministro delle infrastrutture e del trasporti del 28 febbraio 2018 n. 70

recante |le modalita attuative e strumenti operativi della sperimentazione su strada delle
soluzioni di Smart Road e di guida connessa ed automatica;

S Tappa / sspr0 37 «—!
Misn -+ Brexce

2nd permission (6/6/23) grant in the 5-years history of DM70 — by far with the largest mileage
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1000 Miglia 2023
Milano 16/6/2023
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