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SOCIAL ISSUES RELATING TO
MOTORWAY MOBILITY
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STATE OF THE ART

THREE TECHNOLOGICAL PARADIGM SHIFTS AND FOUR GENERATIONS OF
ROADS

= 15t road generation: The pathway
= 2" road generation: The roman road

19th-20t century

= 374 road generation: The smooth road

= 4t road generation: The motorway
= First development in the early 20t century
= Full development of freeway from the 60s-70s
= Mitigation and adaptation since the 80s

= 5t road generation — R5G ©?

" The Forever Open Road: A road infrastructure that
takes the best of existing technologies and the best
of those to come.

End of 20t century

Porzamparc
Atelier Grand Paris

215t century

,‘.’< Université
»~.' Gustave Eiffel



In-built lane and vehicle
direction information and,
systems to power vehicles

Integrated
driver/maintenance
information system

I B

olt-on lanes and
road
Infrastructure

Instant crack

Measures own
repair

Condition
In-built electronic

vehicle guidance
systems

2=a Pre-fabricated Carbon free Recycled
Built-in flood construction materials
resistance
® P EXPLORATORY ADVANCED RESEARCH

R5G e

ROUTE

5*GENERATION

" PRIZE COMPETITION

Winner

Road Design and Road Construction

Mr M.J Lamb, Mr R Collis, Mr S Deix,
Mrs B Kriegar and Mr N Hautiere

The Forever Open Road: Defining the next generation road.

Thes is an cutstandiog puger that shownd vision beyond Curment 1oad design nd CORSIRCION Prncicles.
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THE 5™ GENERATION ROAD (2011)
THE R5G CONCEPT

= R5G project aims at integrating the different components of the Forever
Open Road following a systemic approach to design and build full scale

Resilient road

demonstrators of the next generation road :

Needs of road operators
— . User expectations
porous, depolluting, silent materials RSG Enoietal cbissies
: bus or tramway recharged
: by the infrastructure

f,.: : Automated road .“’
# ‘ R5G

@ testing of the components the road
cooling network

e N2 T
eating networ
s reversible vermeable pavement EJETE @ h @
heat exchanges “ " |i \’ deployment
g o R5G _»R5G

ACCEPTABLE “ INNOVANTE
g : " e - . A8 R SG testing of the acceptability
La roadmap "évolutions de la route" : route de 5e génération : route communicante / Nicolas Hautiére in Revue e

générale des routes et de I'aménagement (RGRA), (2018)955 (Juin 2018) COOPERATIVE

static recharging : roadside unit :
+ energy storage : : :

wireless :

silent wind plant :

piezoelectric :
* sidewalks : dynamic signage

integrated facilities

electric energy

communications :

T\’\:’ Adaptable road
R5G

valued waters
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Less CO,
Less emissions

F—.BIRIC

Smart and clean
energy

wattway pDWER
ROAD

FROM VIC TO VLE DESIGN MODEL

ITS Concepts\

1

Electric road ,

Energy

Positive energy road \

Vehicle

UX

Connected,
autonomous, electric
mobilities

Infrastructure

New services

Optimisation of public space

, Adaptable road

~

\ Connected road

N

Information

ks;daauo:) DS

-

Mastered congestion
Increased safety

(@5

ENSEMBLE

Projet
SCO0F

Optimized use
and maintenance

Al n TAROAD
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We are collectively inventing the E+C- regulation of
the road through new interactions between the
components of the R5G

On the one hand, the energy integrated road
produces and transfers decarbonized energy to
road and street components, generating E+ and C-.

On the other, the automated road generates C-
through the new functions and services it
implements.

Research perspectives: environmental assessment
or even LCA of R5G
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MAKING R5G AN INTEGRAL PART
OF CITIES AND REGIONS
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THE R5GFAB AIMS TO ACCELERATE THE PROJECTS OF

MOBILITE

LAGENDA

TERRITORIES

\\A
Vers des
mobilités
) ~ durables,
intelligentes
aOplimisces

e ()3()

/‘ A

(?<,,\3—P\’/

alle-de-lrance

R Uvre blane
~—= T~ uForum métropolitain du Grand Paris

L
‘OU COMMENT LA REVOLUTION INDUSTRIELLE
'MOBILISE TOUTE UNE |

POUR UN MODE DE VIE CONNECTE ET DURABLE

Scale of Planning

Basin ofIMobiIity

Metropolis

Intermodal station

cological Corridor
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Strasbourg, Marseille...

health streets are the main requests.

The main reason for the requests for intervention are the metropolitan thromboses: Bordeaux, Nantes, Lyon, Lille, Paris,

The transformation of VSAs into a new type of urban boulevard, the adaptation of networks to new forms of mobility or positive

Hautiere, N., Décarbonation des mobilités et infrastructures de transport. Trajectoire(s), novembre 2022, pages 82-84
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PERI-URBAN NETWORKS: FROM MULTIMODAL
MOTORWAYS TO ROAD TRAINS

= On peri-urban motorway
networks, the challenge is to
develop the infrastructure to
enable them to accommodate
means of transport with higher
occupancy rates

Current situation

LA ROUTE AUTOMATISEE
- UnN scénaria PERIURBAIN

= As automation progresses, itis TN
possible to envisage the -
transformation of dedicated
lanes into real road trains,
probably decarbonised

Future situation

| Nb de passagers par véhicule |

TRAPEZE
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LONG-DISTANCE NETWORKS: AUTOMATION AND

DECARBONISATION OF FREIGHT TRANSPQC

ELECTRIC ROAD SYSTEMS
TRUCK PLATOONING £RS network allows a

FRANCE
=20 2% Al
é@-‘lgﬁw\“‘m

HDT to leave the highway s GHG emission gaps /year in Life Cycle Analysis (2040) France data |
. with a fully loaded ighway
= Reduction of costs and delays battery and reach any “Diesel as usual \ Levs | -
o point of France with a ‘
® |mproved productivity 250km range Blogas 1% estape) ¢ s3% |
.................... e
= Reduced driver anxiety e 12s5km Biogas (0% i) + -65%
' biodiesel + electric* |
= |ncreased safety through fewer human errors \\ Flecricand age -so%|
* Reduced emissions and fuel consumption (10%) Electric + ERS e
= |ncreased road capacity, reduced congestion e s MtCOeafyear 0 10 20 % % 9 e "2
= A solution to the lack of drivers Source : Pelata et al., 2021
Diesel
-?U%\ Emissions de GES (roulage + batteries + ERS)
= 45,0
/_ 40,0
T : 50 PL EH:EBEE‘“*_
™ W SAVINGS < 300 T— —
, 5250 VUL | | | | 45%
8 -age - )
C 20,0
= 50 VP i | | -— S F. Perdu, 2021
' ource : k. Perau,
Y bamere ]
o . — |
I 100% batteries ERS PL ERS pour tous
autonomie 250 km autonomie 150 km

. A63 Automated Test Site for CCAM
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LOCAL NETWORKS: IMPROVING TERRITORIAL SUPPLY

Autonomous shuttles Ultralight trains
Take advantage of autonomous mobility solutions to decarbonise everyday mobility
and adapt at least the existing infrastructures in a cross-modal approach. FERRO LT

Rambouillet -TORNADO Project FLEXMOVE Project — AKKA/ALSTOM
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THE R5G - A ROAD WITH A
POSITIVE ENVIRONMENTAL 4
CONTRIBUTION?
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THE VI,E FRAMEWORK IS STILL INSUFFICIENT, AND WE NEED
TO ADD THE ENVIRONMENT IN WHICH THE ROAD IS LOCATED.

Road emissions, in particular CO,, do not only
concern the road itself, but the environment

in general.

If we reason locally, CO, emissions concern
the immediate atmosphere and the areas
crossed by the road.

This makes it possible to draw up a more
global framework for thinking about the role
of infrastructures in decarbonizing the green
corridors crossed by transport infrastructures,
including NBS in particular.

BIODIVERSITY
S| GOLLARSE

Decarbonized Corridor

V4

7/

Zero emissions E_ Mastered congestion
[
EV £ Electric road Connected road Increased safety
INCIT- S .
NCIT-E} @‘Pm et
< O® sc00p
~— Inf ti - ol
O autonomous, electric sieltnietdisin — ENSEMBLE
Smart and clean § Optimized use
energy a :
Al Positive energy road / Adaptable road § an;i‘r'nalntenance
i powe 3| HAYALTAROAD
D & g
.

Infrastructure

ing Network  Qptimisation of public space

7 BISON

=
New services I-STREET

Green Corridor

ITTECOP
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A ROAD THAT CONSUMES OR STORES CARBON

CO, capture by trackside production units

CO, capture or negative emission solutions

The ANR CANOPEE project has developed concepts for microalgae
production.

@é’éh

The aim of these geo-engineering techniques is to remove more CO2

by "aforestation" or reforestation, by changing the nature of the soil or
by capturing it directly.

CO2 storage by recarbonation of recycled aggregates , o , _
_ ' = The challenge is then to valorize this CO2 in sectors such as biofuels,
* |REX FastCarb project studies storage processes based on recycled food or agriculture
concrete aggregates = By default, CO2 can be sequestered underground, but acceptability is
limited.
o )

* The E3S project applied this technique to the LaVallée eco-district @w
in Chatenay-Malabry.
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ROAD AS A CORRIDOR OR HABITAT FOR BIODIVE :

Selocted Natura 2000 nodes.

ITTECOP

AIFASIIUCTUrGS o=——
da transporns lerrastras

The role of LTls in the fragmentation of natural habitats is
fully recognized. To date, the potential of LTls as habitats or
biodiversity corridors remains controversial.

Y

2Cosysiemas al paysages

However, in a context of shrinking natural habitats,
exploiting these areas to contribute to wildlife conservation
cannot be ruled out

These ecosystem services can contribute to the agro-
ecological transition.

In addition, these corridors can enable species to migrate

Systéme socio-économique
to adapt to climate change. '




A ROAD THAT MONITORS THE STATE
OF THE ENVIRONMENT AND
BIODIVERSITY

= |ncreasing road connectivity and advances in sensor technology will
gradually transform road infrastructure into an "opportunistic" surveillance

tool, including satellite-based surveillance.
= Current advances in artificial intelligence will lead to new approaches to data

management and pattern recognition.

Figure 1 : sensor for
soil condition
monitoring

Weather
Open Data

Data fusion Smart Camera

Visibilimétre

- @

Station météo

Etat de la route

N. Hautiere, F. Bourquin. Instrumentation and monitoring of the
NextGen road infrastructure: Some results and perspectives from
the R5G project, EGU General Assembly, Vienna, Austria, 2017
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New-generation roads and streets will be increasih"gly
.. automated and energy=integrated to meet societal challenges.

: : = Ak -

“The R5G project aims to design demonstrators of the roads of o

the future throughout France, and to assess their ability to meet
the challenges facing society today. -

- The various French regions are working in this direction, as N
demonstrated by the "Routes du futur.du Grand Paris" €
competition organized by the Forum Métropolitain du Grand .
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par;i%.a\ghich aims to solvesthe challenges of periurban mobility in=?

[ -e\;ié vday life, in particular by massifying urban frééways.
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In intercity areas, the challenge is.not only.to decarbghiize s el
long-distance freight transport, bu%WiW ; dEA b}
relationship between freeways and territ »an@to propose a wywuwa: )
"closed" approach hetween town and countryn Ws@le Sl g
to achieve the SDGs. i ¥ N

iis to successfully

In urban environments, the chakller
ositive streets.

transform urban arteries into healt!

In this context, digital technology is seen as an essential
solution, alongside the development of new materials and
processes to improve the resilience of roads to climatic and man-

ET DANSR ST
made hazards. "
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