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VIENNA 201 6

Joint initiative UIC-IEA
(International Energy Agency)

Objectives:

« Promote good performance of
railways with sound evidence

« “Certification” of railways official
data within international context

« Co-operation for robust Energy
and CO, data

IEA and UIC signed an agreement
to publish one Handbook every
year




Focus: Sustainability Targets

COMPANIES

ATOC
NETWORK RAIL

Country: United-Kingdom

Sourpa: ATOC [2015)
DEUTSCHE BAHN
Country: Germany
Sourne: D8 (2016)

INDIAN RAILWAYS
Country: India

Sourpa: UNDE|{2011)
JR-EAST

Country: lapan
Souroe:; JA-Exst (2014)

JR-WEST
Country: Japan

Souroe: JA-West [20115]

HKORAIL
Country: South Korea

Sourne: KORAL (2015}

NS Group
Country: Netherlands

Sourne: NS [2015)

NSB
Country: Norway

Source: N5B (2015)

Renfa
Country: Spain

Sourpe: Rende [015]

GO, TARGETS

Reduction of carbon emissions by 34% by
2020 and by B0% by 2050, both from 1980
levels (in line with the UK Government
targets).

By 2020, reduction of specific CO; emissions
from rail, road, air and ocean transportation
by 30% compared to 2006 levels.

By 2050, rail transport completely COx-free.

Saving of 3.33 million tonnes of CO,, by 2020
(80% over the period 2011/12-2020,21).

Halving of CO_ emissions from its railway
business by FY 2030 compared to FY 1930,
CO, emissions: -30% by 2021 relative to
1991.

GHG mid-term reduction goals: -8% by 2019
from 2015 levels.

Full €O, neutral railway sector (CO, emissions
from energy and materials) by 2050.

Less than 20 g of CO, per traffic unit {TU).
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EMERGY TARGETS

Increase of renawable
anargy sources (increass
to 45% until 2020).

Saving of 4.05 billion KWh
by 2020.

In parallel to the targets set for the
rail sector as a whole, a number of
railway companies are showing
initiative by setting their own

energy and sustainability goals.

Energy Consumption: -8%
by 2021 relative to 2011,

Energy consumption rate
(MJ/Rolling-stock km) -3%
compared to FY 2011,
83% Energy-saving railcars
as a percentage of total
railcars in FY 2018,

Table. 19: Examples of targets set
by rail companies _ PART 1

Improve energy efficiency by
35% by 2030 and 40% by
2050 compared to 2013

Reduction of power
consumption by 15% from
2013 to 2017,




Focus: Sustainability Targets

COMPANIES CO, TARGETS EMERGY TARGETS
RZD Reduction of the negative environmental
Country: Russia impact (CO, emissions) by 7% in 2017
and by 15% in 2030 compared to 2012
Source: RZD (2014) {optimistic scenario).
SNCB Use 1% less traction-anergy
Country: Belgium per passengar-km annually
between 2010 and 2020. .
Soure: nc 2012 Table. 19: Examples of
SNCF Cutting GHG emissions by 20% between Traction: reduce electricity H
Country: France 2014 and 2025. and diesel fuel consumption ta rg ets Set by ral |
by 20% batwean 2012 and .
2022. companies _ PART 2

Buildings: reduce elactricity,
home heating oil and natural
gas consumption by 20%

Source: SNCF (3048) betwean 2012 and 2020.
THALYS Reduction of CO, emissions by 40% by
Country: International 2020 compared to 2008 levels.
HS

Source: THALYS (2018)
V1A RAIL CAMADA Reduce GHG emissions by 20%
Country: Canada by 2020 and 30% by 2030
Soree: VIA RAIL compared to 2005 levels.
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Focus: Sustainability Targets

World specific rail energy consumption evolution per traffic unit (TU)
between 1990-2013 compared to 2030 and 2050 targets (1990=100) VIENNA 2016 Z\S

100%

90%

80% oo

Specific energy
o consumption
60% SRl 0% Taeet 2030 has reduced by
50% e 37% between
40% Tt sseeeo.s- 1990 and 2013
-60% Target 2050

30%

20%

10%

0%
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l MoMo World data I UIC Low Carbon Challenge Targets : ETP 2016 2DS
Elaboration by SUSDEF based on IEA and UIC
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Focus: Sustainability Targets

World specific CO, emissions evolution per traffic unit (TU) between
1990-2013 compared to 2030 and 2050 targets (1990=100)

Specific CO,
emissions have
0,
. -50% Target 2030 reduced by 30A)
Seg 0 between 1990
40% Tae and 2013
- 75% Target 2050
30% “‘“
\,‘“ »
20% S
10% .
0%

§88885 8333288 g2

I MoMo Warld data l UIC Low Carbon Challenge Targets : ETP 2016 2DS

Elaboration by SUSDEF based on IEA and UIC
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Railway specific energy consumption, 1975-2013 VIENNA 2016 %
400
e
350 -
300 e Specific energy
250 - * - consumption
* T 63% for
e passenger
100 service and 48%
> for freight
e " 4N m ot ow o o service from
5§ § § § BEEEEEEEEEsEid  1975t020m

l PASSENGER (k1/pkm) l FREIGHT (kJ/tkm)

Source: Elaboration based on IEA Mobility Model and |
UIC Statistics ll
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Railway specific CO, emissions, 1975-2013 VIiENNA 2016 %
45 :
a0 - .
a5 > SpE(ilflf: co,
emissions
30 R S < decreased by
22 60% and 38% in
20 > - d
> < < passenger an
15 freight services
10 respectively
5 from 1975 to
o | 2013
e § % § § sZgEsgsrassga:
S BN N N N N N N N N &N N DN N

I PASSENGER (g CO2/pkm) I FREIGHT (g CO2/tkm)
i

Source: Elaboration based on IEA Mobility Model and
UIC Statistics
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~\\
Comparison between UIC Low Carbon Rail Transport Challenge Targets \\

and CO2-eq mitigation potential by 2030 — Passenger (gCO2-eq/pkm) VIENNA 2016 %
A

Car Gasoline 2010 T
Car Diesel 2010 I
Car Electric 2010 I
(600 g CO,eq/kWh)
Aviation 2010 I

Rail monitored 0
values 2010

Car Gasoline 2030 ]
Car Diesel 2030 ]
Car Electric 2030
(200 g CO,eq/kWh) .
Aviation 2030 T
(g COeq/pkm

UIC Challenge Rail '
Target 2030

0O 10 20 30 40 50 60 7O 80 90 100 110 120 130 140 150 160 170 180

' Indicative 2010 stock average baseline CO,-eq emissions and reduction potential by 2030

Elaboration by SUSDEF based on IPCC and IEA
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Focus: Sustainability Targets

Comparison between UIC Low Carbon Rail Transport Challenge Targets
and CO2-eq mitigation potential by 2030 — Freight (gCO2-eq/tkm)
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Dedicated airfreighter ]
geee | L |
HDV Diesel 2010 | D | | ! |
Stock average
international ships 2010 - I I I I I I I I I I I I I I I I I
Rail monitored
itmonitored f ||l
Improved aircraft 2030 [ | | | | . | | | | | | | |
HDV Diesel 2030 s | 0 | 0"t
HDV Diesel/biofuel 2030 [ N O O D O O O O I O O O
Stock average
international ships 203g‘0 - I I I I I I I I I I I I I I | | |
UIC Chall Rail
vagezoso 0| L 1 L ]

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900

' Indicative 2010 stock average baseline CO,-eq emissions and reduction potential by 2030

Elaboration by SUSDEF based on IPCC and IEA
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Focus: Sustainability Targets

Current Well-to-Wheel GHG intensities of passenger %
transport activity, 2015 VIENNA 2016 7S
PASSENGER

. World {range)

£C0,eq/phm

Averages:
@ Urban

@ Non-urban

@ World

@ 0ECD Source IEA ETP

o @ Non-0ECD 2016

2-and 3- Smzll and Large Buses and
wheelers miedium cars cars minibuses
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Focus: Sustainability Targets

Current Well-to-Wheel GHG intensities of freight transport
activity, 2015

FREIGHT
600
500
400
B world (range)
' 300
Averages.
>0 @ Urban
@ Mon-urban
100 @ World
® CECD
0 —— 0 ® Non-OECD Source IEA ETP

2016

Shipping
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Handbook 2016: World key facts

JEEETEMREC

w B | N
34 TN e I |

..........
lllllllllllllllllllllll
.......................



e Handbook 2016: World key facts

Rail represents 8% of total transport but only emits 3.5% of CO,

M 3.5% ViEnnA 2016 7 S

5.1% RAIL

B 16.8% OTHER [ 108%
RESIDENTIAL AVIATION
M 10.2%
NAVIGATION
H7o%
oy INDUSTRY W 1.9% Share of CO, Emissions from
OWN USE PIPELINE
TRANSPORT ;
fuel combustion by sector,
M 10.3%
COMMERCIAL AND 2013
PUBLIC SERVICES
Source: IEA, UIC and UNCTAD
M 73.5%
ROAD
M 37.4%
MANUFACTURING
INDUSTRIES AND World transport modal share, 2013
CONSTRUCTION W 23.4% I 0.3%
TRANSPORT OTHER Passenger Freight Total
TRANSPORT PE.M TEM Tu
Source: IEA
Road B81.9% 8.3% 30.5%
Aviation 11.4% 0.8% 4.0%

Navigation 0.3% 82.2% 57.5%
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Transport sector emissions increased by 60% in 1990-2013, the \ /
share of railway emissions decreased from 5.4% to 3.5%

. R~

I % RAIL . ROAD . RAIL AVIATION . MAVIGATION . PIPELINE TRANSPORT v
B
Fi.
&%
Transport sector CO, 5
emissions by mode, 5

1990-2013 (million

tCO, - left, share of e
rail over total - right) 2%
1%
i

Source: IEA CO, Emissions from
Fuel Combustion
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e Handbook 2016: World key facts

China and USA are responsible for 41.3% of global CO, emissions

M 6.4%

EU28
M 9.3%

4.4% 0

INDIA

M 15.4%

JAPAN

2.8% 0

CAMADA
2.5%

UsA

M 16.1%

RUSSIA

25.9%

CHINA

Source: IEA CO, Emissions from

Fuel Combustion

AUSTRALIA
1.7% 1

SOUTH AFRICA
1.3%

BRAZIL

1.0% Il

MEXICO
0.6% I

SOUTH KOREA

12.6% M

REST OF THE WORLD

(DRI A

Share of railway CO:
emissions by
geographic area,
2013
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e Handbook 2016: World key facts

The share of electrified railway tracks has increased by 163%
between 1975 and 2013 at world level.

100%
O0%
= [taly
B0%% == South Korea
Ll == Japan
e spyannnadt? n‘tulﬂnuu TTITE b Germany
0% s == OECD Europe
i S o == Russia
il L, . sonitin = India
50% T} Lk L Lo ““\"ht a
i Y gt
40% sl i w= China
gt
305 T el att == World
."_.nllll'"-“ we Africa
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Source: UIC
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Share of
electrified
railway tracks in
selected
countries and
geographic
areas, 1975-
2013
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mrem  Handbook 2016: World key facts

The HS lines in operation increased by 10 times between
1990 and 2015. China HS lines grew by 540% in 5 years

X

22
(2009-2015) VIENNA 2016 7
. IM OFERATION . EXPECTED FUTURE DEVELOPMENTS
= Global high-speed
70 lines (>250 km/h)
co in operation and
. expected future
developments,
40 1975-2015
30 (thousand km)
20
10
0N QB Qo Ww Qo o o 8 ¢ 5 © = 8 6 0 =« N M = 0 D = =1 8
5888885888853 38¢888:8¢833¢8¢§¢

Source: IEA World
Energy Balances




Y

e Handbook 2016: World key facts g

Railway energy that is fuelled for 57% by oil products and for /
36.5% electricity. \\ )
P (oo SIRSY GCEe Jreanes geowns oA 20167
2500
Railway final
2000 I energy
I I I consumption
1500 I I I I I I I by fuel, 1990-
2013 (PJ)
1000
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e Handbook 2016: World key facts

Coal consumption in rail has fallen from 25% to 6% between 1990
and 2013. In the same period, renewable energy sources have risen

from 3.4% to 8.7%.

ENERGY MIX BY SOURCE

OIL PRODUCTS
COAL PRODUCTS
BIOFUELS
ELECTRICITY
of which Fossil
of which Muclear

of which Renewable

SUMMARY BY SOURCE TYPE

FOSSIL SOURCE
NUCLEAR
REMNEWAELE

Source: IEA World
Energy Balances

1990

58.0%
24.8%
0.0%
17.2%
10.9%
2.9%
3.4%

1990

93.7%
2.9%
3.4%

2013

57.3%
5.6%
0.7%

36.4%

24.5%
3.9%
8.0%

2013

87.4%
3.9%
8.7%

a2\
N7
VIiENNA 2016 %

World
railway
energy fuel
mix, 1990-
2013
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e Handbook 2016: Glimpses from countries

0.1% of passenger-km and 32.6% of goods (in tonne-km) L.
were transported by rail in 2013. ViEnna 2016 %
Passenger Freight Total
o Lo v USA transport
modal share,
ROAD ] 87.9% 56.8% 72.5% 2013
AVIATION 12.0% 0.2% 6.2%
NAVIGATION H 0.0% * 10.4% 5.1%
RAIL ] 0.1% 32.6% 16.2%

* Note: Navigation's passenger activity has a value of 0.03%, corresponding to 647
million passenger-km.

Source: UIC and NTS




m Handbook 2016: Glimpses from countries

The American railway tracks are mainly not-electrified and they

have decreased by 39% between 1975 and 2013. »
| o kK VIENNA 2016 7N

Length of railway tracks,
o BN N B B N NEEENNNEEESNWSNN 1975-2013 (thousand km)

i [=] L) L= iy 2 o o ® = I = o ¢
®» o @ & & o985 2888833
ha - - bz - N & 0NN N NN

Source: UIC
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- Handbook 2016: Glimpses from countries

The share of nuclear electricity in the national electricity
production mix has decreased from 18% to 1% after the Fukushima
accident of 2011. This has mainly been replaced by natural gas. Vienna 2016 7

. COAL PRODUCTS OIL PRODUCTS . GAS . MUCLEAR . RENEWABLE

100%

B80%

T0%

o National electricity
50% production mix

o evolution, 1990-

2013
205
=T
0%

Source: IEA World
Energy Balances

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

i1

12

13
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Handbook 2016: Glimpses from countries ’ \/

A
\

Rail’s share of total transport activity reached 28.5% for passenger %
services and about 87% for freight services in 2013, making it the //ENNA 201677
first transport mode in the country

Passenger Freight Total
PKM THKM TU
Russia
ROAD | 25.5% 9.8% 12.3% transport
AVIATION 45.9% 0.2% 7.6% modal share,
NAVIGATION B 0.1% 3.1% 2.6% 2013
RAIL ] 28.5% 86.9% 77.5%

Source: OECD (2016), UIC (2015a) and Rosstat (2015)




Handbook 2016: Glimpses from countries

Russia
The length of electrified railway tracks has more than

doubled between 1975 and 2013 and accounted for 57% of the total (1)
network in 2013. ViENNA 2016 7 =

I % ELECTRIFIED . ELECTRIFIED . MNON ELEGCTRIFIED

Length and share of
electrified and non-

160 80%

140 T0% e .
electrified railway

20 *  tracks, 1975-2013

100 5% (thousand km)

80 40%

60 30%

40 20%

20 10%




e Handbook 2016: Glimpses from countries

The transport sector was responsible for 13.5% of total CO2 \\
emissions in 2013 (equal to 250 million tCO2), increasing its share A
about 3.5 times from 1990. VIENNA 2016 77
AND PUBLIC NDUSTRY  INDUSTRIES AND

2000

1 800

1600

1400

1200

1000

. OTHER . RESIDENTIAL ISER‘-"ICES . TRANSPORT ."-}WN USE .GONSTRU(}TIUN

2000

Total CO:emissions
from fuel combustion
by sector, 1995-2013
(million tCO.)
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The rail sector used about 170 PJ of energy in 2013, two thirds
of which were provided by oil products. The share of coal

products was entirely phased out by 1997

ENERGY MIX BY SOURCE

OIL PRODUCTS
COAL PRODUCTS
ELECTRICITY
of which Fossil
of which Nuclear

of which Renewable

SUMMARY BY SOURCE TYPE

FOSSIL SOURCE
NUCLEAR
RENEWABLE

SOURCE: IEA World Energy Balances

1990

36.6%
54.9%
8.5%
6.2%
0.2%
2.1%

2013

67.3%
0.0%
32.7%
26.3%
0.9%
5.5%

2013

93.6%
0.9%
5.5%

Handbook 2016: Glimpses from countries \//
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India railway
energy fuel
mix, 1990-
2013
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Handbook 2016: Glimpses from countries

Passenger and freight activity have decreased respectively by | 3
20% and 4% compared to the last year (2012) VIENNA 2016 / ‘

Passenger and
freight transport
activity - all modes,
1990-2013
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Handbook 2016: Glimpses from countries \/

With more than 2.5 trillion tonne-km in 2013, China has the highest
freight rail activity globally (6-fold increase between 1975 and 2013). \\
Within the same period, passenger rail activity increased with a factor ;.. . . 2014 %
8 reaching a total of 794 billion passenger km

Iﬂl-EHAI.PA&BEHIE? .I‘WELLH}HFIH

2T
24%
21%
1E%
15%
1%
%
%
%
0¥

1990 N

1995 N
2000 I
2001 I
2002 I

2003
204
2005
2006
2007
2008
2009
i s L]
2041
042
2043

LLICH THM

.FHEGHTE

Passenger and
freight railway
activity and High-
Speed activity

as a share of total
passenger railway
activity, 1975-2013




W  Handbook 2016: Glimpses from countries \/

The share of electricity use in the rail sector grew with a factor 3 ’/ / _
between 2000 and 2013, with an increasing contribution of |y
renewable electricity sources in the same period (from 3.8% in Vienna 2016 %

2000 to 13.1% in 2013).

.m.iLFﬁL'tl.I:‘I"S- DIl FRODUCTS .-E.HE .HEI-EIA'ABI.E

|III||IIIIIIIII I
electricity
production mix
evolution,
1990-2013

SOURCE: IEA
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Thank you!

Raimondo Orsini,
Director of Sustainable Development Foundation
orsini@susdef.it
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