“It takes CO, to save CO, and ...
... It takes money to make money”

Michel LEBOEUF

Head of Major High Speed Rail Projects
SNCF Voyages

Paris
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Introduction:

Three received wisdoms about trains running faster:

- they are more energy consuming,
- they are more harmful for the environment
- they are more expensive.

So ...
What's the point with increasing the commercial speed?
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Demonstration

1 — Carbon balance of a rail high speed line

2 — Impact of a speed increase on the carbon balance

3 —The cost of speed
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1. Carbon balance

of a High Speed Line

HSL commisioned in June 2001
250 km from Valence to Marseille

22 million passengers
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1. Conception

Energy in offices

Paper

Informatic and Electronic materials

2. Construction

Earthwork

Transport of construction materials

Structures (Bridges, Tunnels, etc.)

Tracks with Ballast, Rail & Sleeper
Equipments for Signaling & Electricty transport
Railway Stations & Maintenance Centers
Rolling Stock Construction

3. Operation

Energy Consumptions for Rolling Stock

(traction, air conditioning, recovery braking energy)
Maintenance of Rolling Stock

4. Disposal
Disposal of Rolling Stock

“It take CO, to save CO,” — Berkeley — May 2011

“Structures”

SNCFIVOYAGES / @



Conception 250 km 100 years
Railway equipments 250 km 50 years

_ tCO,/km/year
Rail 250 km 30 years
Tunnels 12.8 km 100 years
Viaducts 11.km 100 years
Earthworks 191.4 km 100 years
Main Stations 2 stations 100 years
Secondary stations 2 stations 100 years
Total 2,200,000 tons of CO2
over the whole infrastructure life period
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tCO,/trainset over its life period

- 155 t 6f Flber reinforced plastic

- 34 t of copper
- 50 of glass

- average lifespan: 30 years

- 670 seats per train (average)

- revision: every 4 years : 45 t of iron and 0.25 t of copper

- maintenance and cleaning every second day: 7.7 t of water, 0.125 t of waste, +1,555 kWh

- asumption for disposal: all metals may be recycled into other products

.Manufacturing .Maintenance + cleaning Periodic revisions Disposal
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1. Carbon balance

of a High Speed Line
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CO2 emissions
- for Infrastructure & Rolling Stock construction
- for Infrastructure & Rolling Stock renewals

for High speed train operations

annually saved by traffic shifts from air to rail

- - annually saved by traffic shifts from road to rail

CO, emissions (tons)

A

>
1 2 3 4 5 Time (years)
\
. . \ 4
Starting point :
of construction Project .
commisioning N years of operations
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CO2 emissions

1. Carbon balance
of a High Speed Line

for Infrastructure & Rolling Stock construction
for Infrastructure & Rolling Stock renewals
for High speed train operations

annually saved by traffic shifts from air to rail

annually saved by traffic shifts from road to rail

Annual savings

in CO,
Net : emissions
investments . Pay back perlod” = Net
in CO2

investments

emissions

Annual savings
in CO2
emissions

v
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1. Carbon balance

of a High Speed Line

Net operation
t CO,
savings

Net t CO,
investment

“Pay back period” =

\ COZ”
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Carbon Footprint of Electricity Generation

m Coal
m Ol

Natural Gas

Biomass

m Nuclear

Hydropower
m Wind
Photovoltaic

m Other
91 g CO, per kWh in France
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Carbon Footprint of Electricity Generation

(2007)*
856
747
665
617
596
486
91
France Spain  Germany Italy Great Taiwan China
Britain
@ * EIA 2008 sources
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Infrastructure Mix

100%

Earthworks

- Bridges
- Tunnels

France

Paris
L yon

Y4
CEPP y 14/27

France Spain Taiwan
Valence Madrid Taipei
Marseille Llieda Kaohshuing
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Energy efficiency:

Orders of magnitude

10 of passenger-kilometers
carried per unit of energy (1 Kwh)
60
35/40
20
High Bus Private Plane
Speed car
Train
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Demonstration

1 — Carbon balance of a rail high speed line

2 — Impact of a speed increase on the carbon balance

3 —The cost of speed
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2 — Impact of

a speed increase
on the carbon balance

The higher
the speed

!

productivity
The more
More energy and QOZ 9 attractive
for running the trains = Less energy the train

consumption

The fewer
and smaller
the structures
(tunnels/bridges)

The more
powerful
and adhering
the trainset

The shorter
the line

Less energy
consumption
and CO, emissions
for
the line construction

The shorter
the travel times

The better
the rolling stock

The more energy and CO,
saved

and CO, emissions
for the RS construction

from modal shifts
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Vertical profile of the PARIS-DIJON-LYON conventional line
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But what about the train energy consumption?

Power rule:
Does the train power increase with the cube of its speed?

Enerqgy rule:
IS energy consumption in proportion
with the square of the speed?
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Mechanical Air Intake Aerodynamic Decelerat Downhill Ancilary Train &
resistance resistance resistance breaking breaking services infrastructure

losses losses losses
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K,*V/1

G
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Shorter Route
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y

Load factor

KgVL
Less intermediate stops

v
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breaking A 2,761 Losses ’ Recovered by
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4  breaking
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Energy dissipated
in the brakes

Net consumption
9,412 kWh
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2 — Impact of

a speed increase em\

on the carbon balance O‘l
‘the C|hefewer

The higher g;ivr;%? J S Gr and smaller
the speed and - "he \e ane the structures

) (tunnels/bridges)
Less energy
e 1he shorter consumption
the travel times and CO, emissions
The for
The better the line construction
the rolling stock
productivity

The more
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Less energy the train
Consumptlon

More energy and CO, 7
for running the train

The energy and CO,
saved

and CO, emissions
for the RS construction
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/' 22/27 “It take CO, to save CO," — Berkeley — May 2011



3. The cost of speed

First Paris-Lyon High Speed Line Commisioned in 1981 & 1983

ccccccc

Speed:
260 km/h in 1981

270 km/h in 1985
300 km/h in 2000

Second Paris-Lyon High Speed Line planned for 2025

What Speed?

300 km/h
320 km/h
or 360 km/h

¥,
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Demonstration

1 — Carbon balance of a rail high speed line

2 — Impact of a speed increase on the carbon balance

3 —The cost of speed
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150 (1+1.1*15/180) =1 68.75

- OPEX increasing with speed 150
Il OPEX decreasing with speed
Bl OPEX independent of speed

B Revenues
100 106

ARevenues = +18.75

AOPEX= +6

ACAPEX# 0
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% Rail / Rail+Air

Two key factors:
-a large air market

-rail travel times
in the 2 to 4h range




d
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