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With low grip
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Strength to overtake

the grip
(_ 3 On the ground
1T

FORCE 300 KG

3 On tires
(_ :S: ! 1T!

FORCE 30 KG

PR

FORCE 3 KG
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Premier train :
Angleterre, Surey iron railway - 1803

Y
for transport”

ap forimankind”

”One sma// trip for horse, one giant le

e / it strong “One small step for man, one.g.l}'




Braking and capacity

Breaking distance in urgency:

160 km/h 900 m
270 km/h 2650 m
300 km/h 3350m

Headway between trains:
(300 km/h):

4 minutes 20 km
5 minutes 25 km




Breaking distances on road

v, (km/h) Vo (m/s) DR (m) DF (m) DA (m)
City centre 30 8 8 6 14
Urban area 50 14 14 16 30
Main road 90 25 25 52 77
Highway 110 31 31 78 109
(when raining)
Highway 130 36 36 108 145

(without rain)

DR: distance for reaction
DF: breaking distance
DA: stopping distance



guided
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Guided with low grip

speed

World speed records on rail

KM/H

600
500
400

300

200

100

1804 1829 1903 1931 1954 1955 1981 1988 1989 1990 2007
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On land
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France
seen from
Paris

by train

In 1900
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France
seen from
Paris

by train

In 1938
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Guided
+

Low grip
+
Land

Mass transport
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« The loneliness of the track waiting for a train »
| 2019
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DEFINITION
of HSR
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High speed line and conventional line from Paris to Lyons

VILLENEUVE-SAINT-GEORGES 5
COMBS-LA-VILLE

PARIS

- NTERCONNEXION EST
4 s HS Line

&~ BIF DE MOISSENAY

¥

MELUN

& SAINT-FLORENTIN

AISY
l/

a‘
PASILLY
DIJON

MONTCHANIN
LE CREUSOT
MONCEAUX-LES-MINES

CHALON-SUR-SAONE

PONT-DE-VEYLE
® BOURG-EN-BRESSE

MACON N

SATHONAY

~N

LN4 RHONES-ALPES

LYON

@
37 R . .
TRIANGLE DE COUBERT — conventional line



Vertical profiles of the conventional and the high speed lines

ALTITUDE (EN M)

500 [ ]

400 [ ]

300 [ ] LIGNE GRANDE VITESSE
{

200 [ ) W LIGNE ANCIENNE

100 .>‘.‘ll

0[] DISTANCE EN KM
0 425 KM 512 KM
PARIS LYON- LYON-
PART-DIEU PERRACHE
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< Hannover Wiirzburg 2>
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NBS Hannover - Wiirzburg (1991): High Speed + Freight Trains







HSR:

A chnage Iin paradigm
(specialization of the infrastructure)

More than

a mere increase in speed



Change of the vertical profile
In regards with then speed

Trench

VIADUC
VIADUC

Trench

Trench

VIADUC
embankment
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15 trains
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H+11 H+12

H+2  H+3 H+4  H+5 H+6  H+7 H+8  H+9  H+10

H+1

30 TER et trains de fret
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OPTIMAL
SPEED?



km/h

700

600

500

400

300

200

100

380

260

1981

515
¢ 482 ¢
300 300

270

1983 1989 1990

574,8

320

W Commercial speeds
o World speed records

2007
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3 main difficulties:

- Noise
- Flying ballast and transitions
- Capacity



2 criteria:

- Optimal carbon speed
- Optimal socio-economic speed



Rhin- Rhone HS Line

1st Phase
PARIS NANCY FRANCFORT
EPINAL
STRASBOURG
COLMAR
MONTBARD
NANCY BELFORT
MULHOUSE
»
BESANCON MONTBELIARD 24 %
LN1 DIJON = e ® BELFORT- zgﬁ:'cEH
MONTBELIARD BERNE
BEAUNE
LE CREUSOT
TGV

CHALON-SYR-SAONE

LAUSANNE BRANCHE EST 1% PHASE

LONS-LE-SAUNIER MISE EN SERVICE
DECEMBRE 2011

140 KM DE LIGNE NOUVELLE

MACON-
LOCHE @
TGV BOURG-EN-BRESSE
GENEVE
AMBERIEU
: CULOZ
LYON @ SAINT-EXUPERY
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Traffic shifting from air

Traffic shifting from road
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Carbon balance of the Rhin-Rhéne HS Line
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Variation of OPRATING EXPENSES with speed

INDICE

106.46 —] Charges growing with speed
B Charges reducing with speed
o Charges which are not affected by speed

V300 V360



HSR
in FRANCE



Impact on territory management
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253 stations are served s TG [alleo Lyria

AACHEN HEF - AEROPORT CDG TGV - AGDE - AGEN - AIGLE - AIME LA PLAGNE - AIX EN PROVENCE TGV - AlX LES BAINS - ALBERTVILLE - AMSTERDAM C5 -
ANCENIS - ANGERS - ANGOULEME - ANNECY - ANNEMASSE - ANTIBES - ANTWERPEN CENTRAAL - ARCACHON - ARLES - ARRAS - ASHFORD INTERNATIONAL -
AUGSEURG HEF - AURAY - AVIGNOMN CENTRE - AVIGNON TGV - BADEN-BEADEN - BAR LE DUC - BARDONECCHIA - BASEL/BALE - BAYONNE - BEAUME - BELFORT
MONTBELIARD TGV - BELLEGARDE - EERNE - BESANGON FRANCHE COMTE TGV - BESANCON VIOTTE - BETHUNE - BEZIERS - BIARRITZ - BORDEAUX ST JEAN -
BOULOGNE VILLE - BOURG EN BRESSE - BOURG 5T MAURICE - BREST - BRIGLUE - BRIVE LA GAILLARDE - BRUGES/BRUGGE - BRUXELLES MIDI - BRUXELLES
MATIONAL AEROPORT - CALAIS FRETHUN - CALAIS VILLE - CANNES - CARCASSONNE - CHALON SUR SAONE - CHALONS EN CHAMPAGNE - CHAMBERY -
CHAMPAGNE ARDENNE TGV - CHARLEROI - CHARLEVILLE MEZIERES - CHATEAUROUX - CHATELLERAULT - CLUSES - COLMAR - CROIX WASQUEHAL - CULMONT
CHALINDREY - DAX - DLION VILLE - DOL - DOLE - DOUAI - DUISBURG HEF - DUNKERGUE - DUSSELDORF HBF - EBESFLEET INTERMATIONAL - EPINAL - ESSEN HBF -
ETAPLES LE TOUGQUET - EVIAN - FACTURE - FIGUERAS - FORBACH - FRANKFURT MAIN HEF - FRASNE - FUTURDSCOPE - GANDIGENT - GENEVE - GRENOBLE -
GUINGAMP - HAZEBROUCK - HENDAYE - HYERES - IRUN - JUVISY - KAISERSLAUTERMN HEF - KARLERUHE HEF - KOLN HBF - LA BAULE ESCOUBLAC - LA ROCHE
SUR FORON - LA ROCHE SUR YiON - LA ROCHELLE - LA SOUTERRAINE - LA TESTE - LAMBALLE - LANDERNEAU - LANDRY - LANMION - LAUSANMNE - LAVAL - LE
CREUSOT TGV - LE CROISIC - LE HAVRE - LE MANS - LE POULIGUEN - LENS - LES ARCS DRAGUIGMAN - LES AUBRAIS ORLEANS - LES SABLES D'OLONME - LEUK -
LIBOURNE - LIEGE GUILLEMINS - LILLE EUROPE - LILLE FLANDRES - LIMOGES BENEDICTINS - LONDON ST PANCRAS - LONS LE SAUNIER - LORIENT - LORRAINE
TGV - LOURDES - LUNEVILLE - LUXEMBOURG - LYON PART DIEU - LYON PERRACHE - LYON 5T EXUPERY TGV - MACON TGV - MACON VILLE - MANNHEIM HEF -
MANTES LA JOLIE - MARNE LA VALLEE - MARSEILLE ST CHARLES - MARTIGNY - MASSY PALAISEAU - MASSY TGV - MENTON - METZ VILLE - MEUSE TGV - MILANO
PORTA GARIBALDI - MIRAMAS - MODANE - MONACO - MONS - MONTAUBAN - MONTBARD - MONTELIMAR - MONTPELLIER - MONTREUX - MORLAIX - MOUCHARD -
MOUTIERS SALINS - MULHOUSE VILLE - MUNCHEN HEF - NAMUR - NANCY VILLE - NANTES - NARBOMNE - NEUCHATEL - NEUFCHATEAU - NICE VILLE - NIMES -
NIORT - NOVARA - NURIEUX - ORANGE - ORTHEZ - OSTENDEMOSTENDE - OULX - PARIS EST - PARIS GARE DE LYON - PARIS MONTPARNASSE 1-2 - PARIS NORD -
PAU - PERPIGNAN - PLOUARET TREGOR - POITIERS - PONTARLIER - PORNICHET - QUIMPER - QUIMPERLE - RANG DU FLIERS - REDON - REIMS - REMIREMONT -
RENMES - RETHEL - ROSPORDEN - ROTTERDAM - ROUBAIX - ROUEN RD - RUFFEC - SAARERUECKEN HEF - SABLE - SALLANCHES - SARREBOURG - SAUMUR -
SAVENAY - SAVERNE - SCHIPHOL - SEDAN - SELESTAT - SETE - SIERRE SIDERS - 510N - ST AVRE LA CHAMBRE - ST BRIEUC - 5T DIE - 5T ETIENNE CHATEAUCREUX
- 5T GERVAIS LES BAINS - 5T JEAN DE LUZ - 5T JEAN DE MAURIENNE - 5T MAIXENT - 5T MALD - 5T MICHEL VALLOIRE - 5T NAZAIRE - 5T OMER - 5T PIERRE DES
CORPS - 5T RAPHAEL - STRASBOURG - STUTTGART HEF - SURGERES - TARBES - TGV HTE PICARDIE - THIONVILLE - THONON LES BAINS - TORINO PORTA SUSA -
TOUL - TOULON - TOULOUSE MATABIAU - TOURCOING - TOURS - ULM HEF - VALENCE TGV - VALENCE VILLE - VALENCIENNES - VALLOREE - VANNES - VENDOME
VILLIERS - VENTIMIGLIA - VERCELLI - VERSAILLES CHANTIERS - VIERZOMN VILLE - VISP - VITRE - VITRY LE FRANCOIS - ZURICH HEF

[Sendce 2012}
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France
seen from
Paris

by train

In 1980
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HSR
in EUROPE
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Interoperability
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Training

]
Hiring staff

Premisses in stations

Reservation of pathes
|

Compatibility with ERTMS
.\ | |

rolling stock certification
..~ ||
Right to run

||
Safety certificate

.

Licence of railway undertaking
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HSR
IN other parts
of the WOrld
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HSR at a glance






16000

14000

12000

10000

8000

Line length [km]

6000

4000

2000

W 1. In operation
H 2. Under construction
3. Planned

W 4. Long-term planning

27

130
285
0
0

114
0
0

203

200
5714,9
2446
934
3325

446
16,73
0
80

1005 14053,63

0
0
740

250

3222
1745
4439

257
0
0
0
0

260 270 285
966 471 447 515
336 0 0

0 926

0 0 0

Speed [km/h]

110

300
5908
2341
1940
6764

657

320
1597
200
858
1704

0
0
385
0

350
9609,8
3550
3149
5239

] |
360

230
320
0

400

2208

2724
214
5718



Czech; 14; 0%
Russia; 16; 0%
Poland; 20; 0%

Finland; 22; 0%

Norway; 38; 1%

Belgium; 10; 0%

Portugal; 10; 0%

Switzerland; 57; 1%

Austria; 79; 2%

Sweden; 93; 2%

Italy; 153; 3%

Spain; 222; 5%

Germany; 251; 5%

UK; 343; 7%

France; 522; 11%

Turkey; 13 ; 0%

China-Taiwan; 34 ; 1%

Korea; 105 ; 2%

Japan; 401 ; 8%

Netherland; 8; 0%

Denmark; 6; 0%

China; 2404 ; 49%

Slovenia; 3; 0%
USA; 20 ; 0%
Morocco; 12 ; 0%

Saudi Arabia; 8 ; 0%

4816 HS transets

78



Tanger MMed — Faz E'mel

. . Tanger ;
Railway network in Morroco Tetouan Beni Enzar
A=ilah Hador Cujda
Kenitr SI0NKACEM it
RAEATY -
M-:-humrnemu Meknez FES
CASAELANCAH @&
El Jadida Aeroport MMohammed % Booarfa
SETTAHT Oued Zem
- SAFI -
Oc:ean _ Beni Hellal L, .
atlantique SISUESET Algérie
Essaouria ® MARRAKECH
Hgadir
Goulpnirme
Laayoune LGV
gL Mauritanie
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IRAQ IRAN

azm al lalamid

JORDAN
KUWAIT

Al-Basyta Ras al-Zour

Jubail

QATAR
Medina R
‘Q
| 0“
¢o‘ sentioe
..” = Conventional network
Jeddah K -==x=  Landbridge East-West Railway

HSL Medina - Mecca
Present North-South railway network
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Sacramento

Diridon stat[es

Victorville
Ontario Airport




CONCLUSION
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Technology



Avelia Liberty







Hyperloop One




Marginal cost
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CRE2037-5404
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TGV du futur



Environnement



... However we get 3 /66 800 EJ
per year




1 EJ (Exajoule) = 1014 J =1 000 000 000 000 000 000 J

1kgm=9,8)
1J=1Ws (1 watt pendant 1 seconde)

1kWh =3 600 000 J
1 Calorie =4,18J




3 766 800 EJ par an
# 108 kWh* = 10° TWh

2 million times
Electric French consumption

50 000 times
World electric consumption
Whatever the energy sources




Solar Impluse
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Toyota Mirai
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Artificial Intelligence









« La durée poighardée »
Magritte
1938




Thank you for your
attention
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