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A REACHED AIM OF THE EUROPEAN SOCIETY 
DIFFUSED MOTORISATION, at personal level

Nowadays frequently REGULATED, CONTROLLED



SUSTAINABILITY for the TRANSPORT SYSTEMS DOMAIN

The development of the 
circulating vehicles, infrastructures and personal mobility,

which have significantly marked the 
second half of the last century in Europe,

show today some conditioning factors. 

A. saturation of the land or space
B. limitedness of the energy resource
C. respect of the environment
D. maintenance of all the existing infrastructures 
E. safety increase in transport systems, a will 
F. relationships among people and families.



Mobility in the past - and still today – for medium and long distances: dominated by the car

Approach co-modal, hierarchical possibly for the future

Transport by car

Destination
(work, purchases, sport,…)

Metros systems and APM

HS (high speed by rail)

Station, P&R, interchange area

Micro-mobility

LPT by road and private car

co-modal, hierarchical networks, decarbonised, 'user pays' 

MAIN SCOPE (nowadays)

Integration into a M
aaS

provided an ITS exists 

O/D 
matrix

Work Leisure Sport

Home

Holiday

Shopping



Used Space

Private car generates a footprint of  5 m2/person (twice as much, per vehicle) 

Public transport  4-5 passengers/m2 (0.2-0.25 m2/person, when well used).

People movers (cable-driven) for urban applications are preferred because of their 
hourly capacity (below 8,000-9,000 pp/h per dir.); 
above  9000 pp/h per dir. automated metros excel (availability close to 100%); they 
only give way to private cars and bicycles in terms of flexibility

Ropeways: 1.2 m  for the ᴓ ground footprint; 10x10 m2 for the 3S

Bicycle : ~0.2 m2/person



 Utility car with electric traction: 0.11÷0.20/0.25… kWh/v·km

 Railways : 0.04÷0.09 kWh/pass·km, 0.03÷0.1 kWh/t·km [source : art. Ing.Ferroviaria]

 Cable-driven and innovative APM: 0.027 kWh/pass·km on rigid guideway, 
0.04-0.065 as a f (C), 

even 0.08 kWh/pass·km; 0.02 for the traction itself.

Energy employed
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CO2

-40% of the 1990 levels 

by 2030  (2019)

- 55% (2021)

Renewables

27% by 2030 (2014)

32% (2019)

40% (2021)

Energy efficiency

27% by 2030 (2014)

32.5% (2019)

Modal shift (different transport modes, 
plus networks)

Vehicles and fuel /energy carriers plus  
powertrains and ITS/MaaS
(technologies)

Transport operation (optimization)

Transport planning
GHG emissions: CO2, 
Natural gas/Methane
(CH4), Nitrius oxide (N2O)

Emissions at global level



Consumption, 
CO2 and 
CO2/km 

S : less covered km (with ICE)

T : less use in time

 : ICE/EM  more efficient
Filters for reducting emissions

 Less resistances
during the movement/travel

• Aerodynamics

• Speed and  
v/t*

• r0

• Mass/dimens.

*: decisions up to the user

Drivers’/
driving

behaviour, 
«driving cycle»

Or the number of 
passenger/freigh is
increased (pooling,  
PT,…)

WLTP (Worldwide harmonized Light Vehicles Test Procedure) 
(by 2017), ex NEDC (New European Driving Cycle) -> RDE

WTW analysis in the Life cycle (LCA)

Emissions at global level
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Fuel cycle 
WTW

Fuel and 
electricity 

production

Vehicle and 
battery

production

Vehicle 
usage

Vehicle 
cycle

Vehicle and 
battery 

recycling

Life cycle analysis

63,0%

Electricity generation sources, China, 2021, from IEA

Coal
Oil
Natural Gas
Biofuels
Waste
Nuclear
Hydro
Geothermal
Solar PV



Emissions at local level



EU air quality standards: Directive 50/2008

The Commission has proposed
(2023) to revise the guidelines
on ambient air quality. The
revision aligns the air quality
standards more closely with the
recommendations of the World
Health Organisation (see the
latest WHO air quality
guidelines, published on 22
September 2021). For example,
the annual limit value for fine
particulate matter (PM2.5) will
be reduced by more than half.

THE EUROPEAN PARLIAMENT THE COUNCIL Brussels, 
2 October 2024 (OR. en) 2022/0347(COD) PE-CONS 88/24, 
DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE 
COUNCIL on ambient air quality and cleaner air for Europe 



 Modal share

 Composition of the circulating car fleet (old/recent)

 Level of vehicle use (rational displacement, modal choice, non-
displacement)

 Network features besides prevailing ventilation and orography

 Technological endowment of the territory (ITS)

Territory-specific issues

Emissions at local level
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Safety

Worldwide, around 1.25 to 1.35 million road accidents occur each year,
49% of which involve pedestrians, cyclists and motorcyclists, according
to several World Health Organisation sources (...2022)





Availability of transport systems and commercial speed
Average speed in Turin per day of the week (e.g.) 



Some EU cities, today

FUTURE AIMS
OF SOCIETY

QUALITY, 
SAFETY, 

SECURITY, 
EFFICIENCY

Automated People 
movers and Metros

Intelligent transport
systems and data

More oil-
independent vehicles 

and green motor
vehicles

including sharing mobility

Technological solutions
for Urban Sustainable Mobility

«Sustainable Urban Mobility Plans»
Carbon neutrality (mission impossible), however on the life cycle





Mobility as a service, including the private car

Italy: 2023-2026 in test 



Conclusions

I. Urban sustainability as a whole
II. Co-modal, flexible, hierarchical mobility and transport
III. Monitored mobility (ITS)
IV. Urban geofencing (environmental fingerprint of the vehicle on 

the life cycle)

V. MaaS
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