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Foreword

Rail transport is often neglected in public debates about future transport systems. Maybe this is
because rail transport dates back centuries and helped fuel the industrial revolution. And yet,
despite the advent of cars and airplanes, rail of all types has continued to evolve and thrive.

In cities, metros and light rail offer reliable, affordable and fast alternatives to road transport,
reducing congestion as well as local pollutant and greenhouse gas emissions. High-speed rail
provides a high-quality substitute for short-distance flights between major urban centres. Freight
rail offers a low-emissions and low-cost linkage in freight supply chains.

From an energy and emissions perspective, rail is also among the most energy-efficient and
lowest-emitting transport modes. Despite the traffic it carries, rail consumes only 2% of total
transport energy demand. Rail is also the transport sector that is most electrified: three-quarters
of passenger movements and half of freight rely on electricity.

Urbanisation and digitalisation, among other megatrends, may redefine how energy is used in
transport in the future. Rail has the opportunity to play an important role if it can leverage its
unmatched advantages in moving people and goods along heavily utilised, high-demand routes.
In doing so, it can provide substantial benefits for energy and the environment — by diversifying
energy sources and providing more efficient mobility, rail can lower transport energy use and
reduce carbon dioxide and local pollutant emissions. Rail’s benefits extend to economic and social
realms: if well designed and operated, in the right contexts rail systems can be very competitive on
the most important mobility service metrics: speed, convenience, reliability and price.

The report puts a particular focus on India, a country that joined the IEA family in 2017. India‘s
achievements in the energy sector in recent years have been remarkable, including successfully
bringing electricity to all the country’s villages and ramping up renewables deployment,
demonstrating India’s commitment to advancing the critical role of energy for society and
development.

| would like to extend my gratitude to India’s Minister of Railways, Piyush Goyal, and other
partners in India for their contributions to ensuring that this report contributes relevant,
concrete and actionable analysis on India’s ambitious railway plans. This report elaborates on the
unique social and economic role of rail in India, where rail is sometimes referred to as the
“lifeline of the nation”.

This report was prepared by the IEA in collaboration with many partners and experts, in
particular the International Union of Railways. Importantly, it is the fourth in our series looking at
what we see as the “blind spots” in global energy: segments of energy demand that deserve
greater attention from policy makers. Previous studies in the series have focused on energy use in
petrochemicals, air-conditioning and trucks. Given the scale of the environmental challenge and
opportunities for social development of the global transport sector, and its important role for
energy use, | sincerely hope that this report will provide meaningful input to the global debate.

Dr. Fatih Birol
Executive Director

International Energy Agency

Page | 3



"pansasal sybu IV ‘6102 V3l



IEA 2019. All rights reserved. The Future of Rail
Opportunities for energy and the environment

Acknowledgements

The Future of Rail was prepared by the Energy Technology Policy (ETP) Division in the Directorate
of Sustainability, Technology and Outlooks (STO) of the International Energy Agency (IEA), in
collaboration with other divisions of the Agency and the International Union of Railways (UIC).
Mechthild Worsdorfer, Director of STO, provided guidance throughout the project. The study was
designed and directed by Timur Gil, Head of the Energy Technology Policy Division. Pierpaolo
Cazzola and Jacob Teter co-ordinated this project. The main contributors were Till Bunsen, Joel
Dunant, Marine Gorner, Raphael Isaac, George Kamiya (Strategic Initiatives Office), Sacha
Scheffer, Renske Schuitmaker and Jacopo Tattini. Carole Escolan Zeno co-ordinated the input of
UIC. Caroline Abettan, Gillian Balitrand and Reka Koczka provided essential support.

Robert Priddle carried editorial responsibility.

The report benefited from input from Matteo Craglia (University of Cambridge), Jan Havenga
(Stellenbosch University), llse Hobbs (Stellenbosch University), Liam Lukey (UIC), Sarbojit Pal
(Clean Energy Ministerial Secretariat), Jessica Glicker (IEA Energy Efficiency Division) and Siddarth
Singh (IEA). Several in-depth interviews were conducted to obtain detailed information on
specific topics. Valuable input was received from Aakansha Jain (The Energy and Resources
Institute [TERI], India), Carlos Fernandez Alvarez (IEA Gas, Coal and Power Markets Division), Jan
Havenga (Stellenbosch University), Karthik Ganesan (Council on Energy, Environment and Water,
India), Laurent Dauby (International Association of Public Transport [UITP]), Ralph Luijt (NS
[Dutch Railways]), Mukund Sinha (Ministry of Housing and Urban Affairs [MoHUA], India),
Prashant Mishra (National High Speed Rail Corporation Limited [NHSRCL], India), Shri Prakash
(TERI, India), Giulia Rado (Climate Bonds Initiative) and Zane Simpson (Stellenbosch University).

Valuable comments and feedback were provided by the senior management and several
colleagues within the IEA, in particular, Paul Simons, Keisuke Sadamori, Laura Cozzi, Duncan
Millard, David Turk, Laszlo Varro, Roberta Quadrelli, John Dulac, Paul Hugues, Bruce Murphy,
Apostolos Petropoulos, Cedric Philibert and Tristan Stanley.

Thanks go to the IEA Communication and Digitalisation Office for their help in producing the final
report, particularly to Astrid Dumond, Katie Lazaro and Therese Walsh for production and
Bertrand Sadin for graphics. Diana Browne provided essential support to the peer review process.
Debra Justus was the copy-editor.

Peer reviewers provided essential feedback to improve the quality of the report. They include:
Aakansha Jain (TERI, India); Akos Ersek (International Union for Road-Rail Combined Transport
[UIRR]); Alison Von Ketelhodt (Sasol); Andrea Staino (Alstom Transport); Andreas Hoffrichter
(Michigan State University); Antonio Berrios Villalba (ADIF); Aurélien Bigo (SNCF); Carole Escolan
Zeno (UIC); Chris Nash (University of Leeds); Ferenc Zsabo (Ministry for Innovation and
Technology of Hungary); Francisco Furtado (International Transport Forum [ITF]); Fulai Sheng
(United Nations [UN]); Gerald Kowalski (Alstom); Girish Pillai (Ministry of Railways, India); Glenn
Sondak (IEA); Jan Havenga (Stellenbosch University); John Preston (University of Southampton);
Laurent Dauby (UITP); Liam Lukey (UIC); Mark Schipper (Energy Information Administration);
Matteo Prussi (Joint Research Centre); Matteo Craglia (University of Cambridge); Prashant Mishra
(NHSRCL, India); Puneet Kamboj (Brookings India); Ralph Luijt (NS); Rudolph Sperlich (Swiss
Federal Transport Office); Sarbojit Pal (Clean Energy Ministerial Secretariat); Shri Prakash (TERI,
India); Sian Prout (European Commission); Tor Kartevold (Equinor) and Willie Pierce (Irish Rail).

The report benefited from the “Global Rail and Energy Workshop” organised by the IEA and the
UIC on 24 September 2018 in Paris and attended by stakeholders from train manufacturers
(Alstom); rail services operators (FS [ltalian State Railways], JSC RZD [Russian Railways], Korail,
SNCF [Société nationale des chemins de fer francais], SNCB/NMBS [National Railway Company of

Page | 5



Page | 6

The Future of Rail IEA 2019. All rights reserved.
Opportunities for energy and the environment

Belgium], Irish Rail, Crossrail Benelux NV, NS); energy companies (Total); industry associations
(UIC, UNIFE [Union des Industries Ferroviaires Européennes], UITP, UIRR [International Union for
Road-Rail Combined Transport], Rail Delivery Group); other industries (TK Blue Agency,
WienCont); governmental bodies (Japan Ministry of Economy, Trade and Industry, Swiss Federal
Transport Office, European Commission, Indian Ministry of Railways, MoHUA, NHSRCL, European
Parliament, RijksWaterStaat); intergovernmental organisations (IEA, ITF, CEM [Clean Energy
Ministerial]); non-governmental and non-profit organisations (Paris Process on Mobility and
Climate, TERI, Brookings India); academic and research institutions (University of Leeds,
University of Southampton, Stellenbosch University, Imperial College of London, Institut du
Développement Durable et des Relations Internationales, Institut fir Zukunftsstudien und
Technologiebewertung); and a consultancy firm (Cleantech Group).

The agenda, presentations and the summary of the workshop are available at:
www.iea.org/workshops/global-rail-and-energy-workshop.html.

Financial support from the IEA Clean Energy Transitions Programme, particularly through the
contribution of the United Kingdom, supported the engagement with India for the purpose of
this report.


http://www.iea.org/workshops/global-rail-and-energy-workshop.html

IEA 2019. All rights reserved. The Future of Rail
Opportunities for energy and the environment

Table of contents

EXE@CULIVE SUMMAIY ...iviiiiiiiniiiiiiiiiieiiieiieeiineiioiiensiensiossiasssssssssssssssersssssssssssssssssssnsssnssenssnsssnsses 15
Y 4o Yo L1 T 4 T TR 19
VT o To Y I T o IRl o TR 19

Y A oAU o] o o [ =T o Lo o AR 20
Classification of rail tranSPOrt SEIVICES ....ccceveuiiiiiiie et 20

Y PArAM OOl i 22

DA SOUFCES «..eeeetieeee ettt e e e e e ettt et e e e ettt et e e e e e e abb e et e eeeeeesaanbebeeeeeeesaannsebaeeaeeesaansreeaeeens 22
RETEIENCES ..ttt ettt e st e e bt e e s te e s bt e e sabeesbeeesateesbaeesabeenn 23

1. Status of rail tranSPOrt....c.cciieiiieiiiicrrrcr et reeesen e s en e s sn e ssnseseneserensssensesensanen 25
[ T4 0] = 0} &Y 25

T o] o To U] o1 4 T Yo FS PP 26

Rail transSPOrt NEEWOIKS ......vviiiiciiiee ettt et e e et e e e ee e s e ebe e e e e nbeee e enraeas 26
Urban rail NEEWOIK . .....viiiiieie et e s e e s s abee e s sareeas 28
Conventional rail network for passenger and freight services........ccccooevevciveeiicieeennnns 29
High-speed rail NETWOIK........cooeeeiiieeeee e e e e e e e enrenes 31

R [T R T a1 oo A= Lot 4 1Y/ 1 1Y AU 33

o =T 0T =T o - 1 USRSt 33

What shapes rail TranSPOrt? ......ccociie i e et e e e sba e e s eabre e e esbaeeeeans 43

o =T 0T - T | SRR 43

=TT = oL 11 PR 45

Rail transport and the ENergy SECLON ... ..o i 47
Energy demand from rail tranSport........ccueiiecciiie i e 47

Energy intensity of rail tranSport SErVICES ......ccuviiviiiiiii i 51

GHG emissions and [ocal pollutants ..........ceeeeiiieiciiieic e 54
Well-to-wheel GHG emissions in rail transport .........coccvveeeeciiee s 54
Additional emissions: Looking at rail from a life-cycle perspective..........cccccovveeeecrinnenns 57
CONCIUSIONS ...ttt ettt ettt sttt e st e s ate e s abe e e sbbeesabeesabaeesabeesabaeenabeesabaeeseean 62

2] LT 1= TSRS 63

2. Outlook for Rail in the Base SCeNArio........cccveeeiiiieeiciiirnieriienierrrnnserrensseesernssessesnssessennssenns 69
L T= 01 =4 ) &SRR 69
INEFOTUCTION ...ttt st s e e s tt e e s te e sbte e sabeesbaeesabeesabeeesabeenns 70

Rail NEtWOIK deVElOPMENTS...ccci e e e e e e e e e e e e e e e e e anaraeeeeas 72

R TR =T a1 oo A= Vot {1V 1 oY APPSR 74

[ 3 =T o T =T o - 1 U UPUPRRNt 74

=TT = oY ol 11 SRR 78
Implications for @nergy demand ...........oooeuiiii ettt 80
Implications for GHG emissions and local pollutants.........cccceeecieeeiccieecccciec e, 86
D1 =T ot f OO D =Y 4 0117 o] o PSRNt 86

Well-to-Wheel GHG @MISSIONS ...uuuueeeeiiiiiiiiiiiiiiiiiiiiiriiasebaaebaseaeraberaaabaresasasenanasananes 86

Page | 7



The Future of Rail IEA 2019. All rights reserved.
Opportunities for energy and the environment

Emissions of 10cal POHULANTS..........uviiiiiii e e e 88
INVESTMENT FEOUITEMENTS ..ciiiiiiiiiiiiiiieiieeeerre e e e e e e e e e e e e e et e e e e e e eeeseseeeeseeeesesesesanes 89
CONCIUSIONS ..ttt ettt ettt e st e s be e e s a b e e s te e s bte e sabaesbeeeataesabeeesaseesateesnseeesaseenn 90
2] =T T T TS 91

page | 8 3. High Rail Scenario: Unlocking the Benefits of Rail ........ccccervimeieiiiieciiiiiccirec e 97
[ LT=d g1 1= o USRS 97
T g oo [0 4T Yo FS PP 98

Motivations for increasing the role of rail transport........cc.cccecieeiviiiie e, 98
Trends in the High Rail SCENAIIO ......civviii i e 101

MaiN @SSUMPTIONS...cciiiiiiiiiiei e e e e e e e 101

Rail network developments in the High Rail Scenario.........cccccvvveeeeiiiiicciiieeee e, 102
S [T R Lo T oo A= Lot {1V 1 oY AP UPURRRN 104

Passenger rail in the High Rail SCENAIIO......cccovciiiiiciei e 104

Freight rail in the High Rail SCENAIIO......c..euviiieeie e 108
Implications for energy demand ...........ooicciiiiieciiie e e 109
Implications for GHG emissions and local pollutants..........ccccecceeeieciiie e, 111

Direct CO, emissions in the High Rail SCENANIO.......ccceviiiiiiiiieciieeccee e, 111

Well-to-wheel GHG E€MISSIONS ...cccuuiiiiiiiiiie ettt e s e e s saee e e s saeeeeeas 112
Investment requirements in the High Rail SCENArio.......cccccviiivciieii e 114
Policy opportunities to promote rail .........cccuviiieeiii e 116

e T =YaY =Tl - Y| TR 118

=T F=d o A 1| PSSRt 122
(070 o o] [T 1] o1 13 PRSP 126
RETEIENCES ..ottt ettt e sab e e s ba e e it e e s ba e e sabeesbe e e nateesabaeenaes 127

L T o Lo L o o T T L N 131
[ T=d 0] =} &3S 131
TadgoTe [V L1 dTe] o HOT OO PPV ST TP RO OP PP 132
STAtUS OF rail TrANSPOIT.....viii ittt e et ee e e ab e e e e e abe e e e eareeeeenreeas 134

e Y=Y g Y=Y - Y| PRSP 135

=Y T=d o A | RPNt 138
Rail transport energy demand and €MmMiSSIONS .......ccccciieeiiiiiee et e e 140

Energy demand from rail transport........ccceeeieieii e 140

GHG emissions and local pollutants ..........ceeeeioecciiiiiec e 142
OULIOOK fOr rail t0 2050 ... .ciiiiiiiiiiiiiie ittt ettt st sbe e sbe e st e e sbeessateesataesbeeesanes 143

Outlook for rail in the Base SCENANIO .......cccvieriiecie et s 145

Outlook for rail in the High Rail SCENANIO.......cccccviiieiiiiiieiccieee e 152
(60T Vol (U1 T Yo -SSRSO 160
RETEIENCES ..ttt ettt sttt sbe e s bt e e s abe e sbt e e sabe e sbeeenateesbaeenans 161

Acronyms, abbreviations and units of MEASUre .......ccccciiveiiiieiiiiiiiiiiiiccrrcrrcreeren e eens 165

(€] Lo X3 T- T Y OIS 169



IEA 2019. All rights reserved.

The Future of Rail
Opportunities for energy and the environment

List of figures

Figure In-1
Figure 1.1
Figure 1.2
Figure 1.3

Figure 1.4

Figure 1.5
Figure 1.6

Figure 1.7
Figure 1.8

Figure 1.9

Figure 1.10
Figure 1.11

Figure 1.12
Figure 1.13
Figure 1.14
Figure 1.15
Figure 1.16
Figure 1.17
Figure 1.18
Figure 1.19
Figure 1.20
Figure 1.21
Figure 1.22
Figure 1.23
Figure 1.24

Figure 1.25
Figure 1.26

Figure 1.27

Figure 1.28
Figure 1.29

Figure 1.30

Figure 1.31

Classification of various railway services and infrastructure..........cccccceeeeeeecnnnnneen. 21
Track length by region and network type, 1995-2016.........ccccoveeevirreeeicieeeescineeenn. 26
Eurasian freight rail Corridors.......ou e 27
Extension of urban rail networks (metro and light rail), 2000-2017 (left) and
opening of new metro systems, 1970-2017 (right) ...cccceeeveieeeeeiiiee e, 28
Average annual metro trips per urban resident, 2013-2017 (left); and metro
network utilisation versus high-speed rail, 2017 (right) .......ccceevieviieeciiieceecieens 29
Conventional rail infrastructure track development, 1995-2016............cccvveeenneen. 30
Non-urban rail activity per kilometre of track, passenger and freight, 2000 and
2006, ettt ettt et e et e st e e h bt e st e e s bae e s be e s hbeesabeeebaeenbeesabteenns 30
High-speed rail track length by key region, 2010 and 2017........ccccccvveeevcvveeeecnnenenn. 31
Passenger train activity for high-speed rail and conventional rail per
TraCK-KIlOMETIre, 200 6.....ccueeeeeiiiieeieeeee et et e e e e e e e e e e e e e aaa e e aees 32
Passenger rail activity, 1995-2016 (left) and passenger-kilometres per capita,

D01 N (7= 1 SRS 33
Passenger activity by rail type.......cocuevi i 35
Urban rail activity, 1995-2017 (left) and shares of urban rail in total passenger rail,
D01 T4 1 USRS 36

Modal shares of urban transport activity in passenger-kilometres (left) and as a
share of urban rail in total urban passenger activity by country (right), 2017 ....... 37
Non-urban transport activity by mode, 2000-2017 (left) and the share of

high-speed rail in non-urban rail, 2000-2016 (right)........ccccveeeieeeiieeieeccee e 38
Conventional rail average passenger trip distance and train occupancy, 2016 ...... 38
High-speed rail activity for key regions, 2000-2016 .......ccccceeecrreeeriieeeescrieeeecveeenn 39
Freight rail activity in selected countries, 1995-2016 (left) and share of passenger
and freight trains in total train-kilometres, 2016 (right) ......ccceeeeerviiiiiieecceeeiees 41
Average freight transport distance versus country surface area (left) and train
loading versus average transport distance (right), 2016 ........ccccceeeeveeeeecirveeeecnnennn. 42
Freight rail activity and share in total surface goods transport..........cccceveeerinnennn. 43
Shares of materials transported by freight railways worldwide, 2016.................... 46
Final energy use in transport by region and mode, 2000-17..........ccccceeevcrrveercnnnnnnn. 47
Energy intensity of different transport modes, 2017 ......ccccoeeciieeeiieeeeciieee e, 48
Final energy demand in rail transport by region and type, 2000-17 ...........ccc......... 48
Final energy demand in rail transport by region and type, 2000 and 2017 ............ 49
Passenger and freight rail transport activity by fuel type (left) and share of

activity on electric trains (right), 1995-2016.......cccceeeeiiieeiiiieeeeciee e e 50
Share of electrified rail tracks, 1995-2015.........uveriiiiiiiireeieeee et 51
Specific energy consumption of passenger (left) and freight (right) trains as a
function of train size and the share of electric activity, 2016..........ccccccveeeeecrreeennes 52
Average train occupancy across different passenger rail service types in key
FEEIONS, 2016 i iiiiiieeeieieieieee e e e e e e e e e e e e e e e e e e e e e e e e e aaaaeeas 53
Energy intensities of passenger (left) and freight (right) rail, 2016...........cceuunee.. 54
Average WTW carbon intensities for diesel powertrains, compared with electric
powertrains UsSing various Primary SOUICES ...cceeeeeeeereeeeeeieeeiieeeeeieeneeeneeeeeeeeeseeesaenenens 56
Concrete, steel and iron use for one kilometre of conventional rail line (double
EFACK) ceieeteiee et et e e et e e e e tar e e e e bba e e eebaeeeeataeeeeants 57

Annualised life-cycle GHG emissions, GHG savings and time needed to compensate
upfront emissions for a new high-speed rail line.........ccceeeeveeeiiciiiiiccee e, 59

Page | 9



Page | 10

The Future of Rail IEA 2019. All rights reserved.
Opportunities for energy and the environment

Figure 1.32
Figure 1.33

Figure 2.1

Figure 2.2

Figure 2.3
Figure 2.4

Figure 2.5

Figure 2.6
Figure 2.7

Figure 2.8

Figure 2.9
Figure 2.10

Figure 2.11
Figure 2.12
Figure 2.13
Figure 2.14
Figure 2.15
Figure 2.16
Figure 2.17
Figure 2.18
Figure 2.19
Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5
Figure 3.6

Figure 3.7

Figure 3.8

Annualised life-cycle GHG emissions, GHG savings and time needed to compensate

upfront emissions for a New Metro liNe........cccccueeiieciei e 60
Annualised life-cycle GHG emissions, GHG savings and time needed to compensate
upfront emissions for a new freight rail lin€.........cccccvvevieiii e, 62

Global conventional rail network extension and activity in the Base Scenario.
Activity (left), 2017-50 and regional distribution of conventional rail extension

(FIBIT), 2050, .. teeieeieeeeeeeteete et e sttt e be e st e st e et e e te e sbeesaaesstesnseenbeeseennes 72
Global metro and high-speed rail by track-kilometres and region in the Base
Scenario, 2017 and 2050.........eueviiieiiieieeiieeeeereeeeeeeeeeeereereereeree— e ——————————————————— 73

Existing and planned high-speed rail track developments in the Base Scenario..... 73
Passenger transport activity by all motorised means by region (left) and mode

(right) in the Base Scenario, 2017, 2030 and 2050 .........ccceeccveeeiieerireeeireeesreeereeenns 74
Passenger rail activity by region in passenger-kilometres (left) and

train-kilometres (right) in the Base Scenario, 2017, 2030 and 2050 ..........cccee....... 76
Urban rail activity by region in the Base Scenario, 2017, 2030 and 2050 ............... 77
Conventional (left) and high-speed rail (right) activity in the Base Scenario,

2017, 2030 aNd 2050.......00eeiieeeieeeireeeieeeneeesteeesteeesteeesraeesteeesraeesreeeaeeeanaeeenreeenns 78
Global freight activity by transport mode in the Base Scenario, 2017, 2030 and
011 O SRS 79

Global freight rail activity by region in the Base Scenario, 2017, 2030 and 2050 ... 80
Global energy demand from transport by mode in the Base Scenario, 2017 and

D01 SR 80
Global energy demand from transport by region and mode in the Base Scenario,
2017, 2030 aNd 2050......ccciiiiiiiiiiii 81
Global energy demand for passenger (left) and freight (right) rail in the Base
Scenario, 2017, 2030 and 2050..........uuuiieeeeeiiiiiiieeeeeeeeececirrree e e e e e errarre e e e e e e e eearrraees 81
Energy demand from rail by region and technology in the Base Scenario, 2017,
2030 @NA 2050.....ccciiiiiiiieeeeee 82
Comparative cost analysis of regional passenger train technologies with zero-
1T o LI = 4 Y E1] o PRSPPI 84
Variable costs of ownership for zero tailpipe emissions freight rail over ten years 85
Direct CO, emissions from fuel combustion in the Base Scenario, 2017-50 ........... 86
Well-to-wheel GHG emissions in the Base Scenario, 2017, 2030 and 2050............ 87
Well-to-wheel GHG emissions from passenger (left) and freight (right) rail

in the Base Scenario, 2017, 2030 and 2050 ........cccceeviiiiiiiiiiiie, 87
Annual average investment costs in the Base Scenario, 2018 to 2050 ................... 90

Energy intensity and passenger throughput of different urban transport systems 98
Average change in passenger activity on selected air routes after high-speed rail

[1aaY o] L= 0 V=Y o} = 1 o o 1SS 99
Percentage of flights for various route distances for selected countries of
departure with and without significant high-speed rail networks, 2017 .............. 100
Global fleet average freight energy intensity and relative size of transport
ACTIVITY, 2005 .. e e e e s e s e e e e e e e s s nnaanee 100

Rail network additions in the High Rail and the Base Scenario relative to 2017... 102
Metro rail network build-out by region in the High Rail Scenario,

2007 AN 2050......0eeiiieeiiie ettt ettt st e st e s ste e sb e e e nate e sabaesaaeesbeeen 103
Network build of high-speed rail by country in the Base Scenario and High Rail
Scenario, 2017 aNd 2050.........euuvieieiiiiiiieieiieeeeeeeeeeeeeeeeeeeee e ———————————————————. 103

Change in passenger activity in the High Rail Scenario relative to the Base
SCENATIO, 2020-50 ....iiiiieeiiiiiiieeeeee et e e et e e eab e raa e eaaaas 104



IEA 2019. All rights reserved.

The Future of Rail
Opportunities for energy and the environment

Figure 3.9

Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15
Figure 3.16
Figure 3.17

Figure 3.18

Figure 3.19
Figure 3.20

Figure 3.21
Figure 3.22
Figure 3.23
Figure 3.24
Figure 3.25

Figure 3.26
Figure 3.27

Figure 4.1
Figure 4.2

Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6

Figure 4.7
Figure 4.8

Figure 4.9
Figure 4.10

Figure 4.11

Figure 4.12

Urban motorised transport activity shifts in the High Rail Scenario relative to

the Base SCeNario, 2050 ......uuuuuuuuuuriuriiriririnrrrinsnsernnnnasnsanrnseaaaraa.......—————————————.—.—————. 105
Global non-urban passenger transport activity by mode in the High Rail

Scenario relative to the Base Scenario, 2050............eveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 106
Share of flights and available seat-kilometres that high-speed rail could

displace based on competitive travel times by departure country..........cccueenns 108
Change in surface freight transport activity (left) and freight rail activity (right)

in the High Rail and Base scenarios, 2030 and 2050.........ccccceecveeeevirieeeesciieee e, 109

Transport energy demand in the High Rail Scenario by mode (left) and change

in energy demand relative to the Base Scenario (right), in 2017, 2030 and 2050 110
Energy demand in rail by activity and fuel type in the Base and High Rail

SCENArios, 2017 AN 2050 ...ocoviiiiiiiiiiiiiiiiiiiieieeeeeeeee e ee e e eeee e, 110
Projected rail energy demand growth by region ........ccccceeeecciiieeeee e, 111
Direct CO, emissions from fuel combustion in the High Rail Scenario, 2017-50... 111
Well-to-wheel GHG emissions from transport in the Base and High Rail

SCENAMIOS teeeeieeiiiitteeee e e e ettt et e e e e e s aaereteeeeeee s anbbbeeeeeeeesansnraeeeeeesesannsseeeeeeesasannnrnes 112
WTW GHG emissions savings from transport by region in the High Rail Scenario
relative to the Base Scenario, 2050 ........euuueeiiiiiiieiiiieieee et e e e eeeaes 113

Transport energy demand (left) and WTW GHG emissions (right) by scenario .... 114
Average annualised outlays on transport vehicles and infrastructure across all
modes (left) and on trains (right) in the Base and High Rail scenarios, 2018-50... 115

Fuel expenditure savings in the High Rail Scenario, 2050 ........ccccceeeeecvviieeeeeeennne 116
Breakdown of environmentally friendly bonds by year and type.......c.ccccuveennneee. 117
Costs and throughput capacities of urban transport infrastructure ..................... 119

Contribution of fares to cover costs in public transport systems in various cities 119
Examples of freight-flow modelling to inform rail potential and infrastructure

IMVESTMIENES .ttt et e s st e e e s ear e e e s b e e e s s abeee s snreeesenreeas 124
Number of containers used in intermodal transport relative to GDP in the

UNited States, 2000-17.. ... s e s s s s s nnas 125
Number of transalpine crossings by heavy-duty road vehicles in Switzerland,
L1O94-2016 ... e et e e e ettt e e e e aa et s 126
Structure of governance of rail transport in India .......ccccceeeeieeiieiiieeieciee e 133
Evolution of passenger and freight rail transport activity and share in transport

Y =Yorto a1 Y [ Te [T R4 0 [0 1 R 134
Transport of bulk commodities by Indian Railways, 2017 .........ccceceveeeecrveeeccnnnenn. 138
Energy intensity by transportation mode in India, 2017 ........cccooveeiiiieeeccieeeenee, 140
Conventional train traffic by type of traction in India, 1995-2017 ..........cc.cc........ 141
Electrification of the Indian railway network and the share of broad gauge,
19952007 weeiireeeiieesiee ettt e s ettt e st be e e te e s e teesbeeenaeeesbeesnreeesareeens 142
Trend of train incidents on Indian Railways, 2000-2015 .......cccccceecvieeeecieeeeecnnnenn. 144
Passenger and freight transport activity by mode in India in the Base Scenario,
200750 1ttt et st st st e e ate e s bt e e nateesabae s ateesabee s 146
Transport activity by railway mode in the Base Scenario, 2017-50............cc......... 147
Energy demand from passenger and freight rail transport in India in the Base
Scenario, 2017, 2030 aNd 2050........cuueuiiiriiiiieiiieiieeeeieeieeeeeeeeeeereeeeeere ... 150
Well-to-wheel GHG emissions from India’s transport sector in the Base

Scenario, 2017, 2030 aNd 2050........cuuiuiiieiiiiiiiiieiiieeeeeeeeeeeeeeereeeeeeerereeerr ... 151

Well-to-wheel GHG emissions from India’s rail sector in the Base Scenario,
2017, 2030 @Nd 2050.......ccueiiiiiieeeeeireeeeeree e eeree et e e et e e e et e e e entre e e s eareeeeeraeas 152

Page | 11



Page | 12

The Future of Rail IEA 2019. All rights reserved.
Opportunities for energy and the environment

Figure 4.13
Figure 4.14

Figure 4.15
Figure 4.16

Figure 4.17
Figure 4.18

Figure 4.19

List of tables

Table 1.1
Table 1.2

Table 1.3
Table 1.4

Table 2.1
Table 3.1

Table 3.2
Table 4.1

Table 4.2

List of boxes

Box 1.1
Box 1.2
Box 1.3
Box 1.4

Box 1.5
Box 1.6
Box 1.7

Box 1.8
Box 2.1
Box 3.1

Box 3.2
Box 3.3

Box 3.4

Change in transport activity by mode in the High Rail Scenario relative to the

Base Scenario in INdia, 2020-50 .......ccoeeiiiiiiiiiiiiiiii 154
Change in transport activity by rail sector in the High Rail Scenario relative to
the Base Scenario, 2020-50.........uuuuuuuurureririiiiiiiiireieninesenesnseneseneaeeeeaana..—.——————————— 155

Total transport energy demand in India by mode by scenario, 2017 and 2050.... 157
Change in energy demand in transport by fuel in the High Rail Scenario

relative to the Base Scenario, 2030 and 2050 .........ccoeeeiiiiiiiiiiiiii, 158
Energy demand from railways in India by scenario, 2017, 2030 and 2050............ 158
Well-to-wheel GHG emissions savings in India’s transport sector in the High

Rail Scenario relative to the Base Scenario, 2030 and 2050..........ccccceeeevieenenennnnnn. 159
Increase in well-to-wheel GHG emissions from India’s railways by mode in the

High Rail Scenario relative to the Base Scenario, 2015-2050 .........cccceeeeerveeeennen. 160
Most used metro and light rail SyStemMS........cccueiieiiiiiiicieee e 36
Transport emissions mitigation with high-speed rail: selected variables in

18 YT o= YU 58
Transport emissions mitigation with a new metro line: selected variables in

18 YT o= Y= USSR 60
Transport emissions mitigation with a new 500 kilometre freight rail corridor:
selected variables in three CaseS.....cui i iiii e 61

Selected targets and rail development policies by region in the Base Scenario ..... 71
Number of flights and seat-kilometres displaceable by high-speed rail in

VATTOUS CASES teeeeeuuiiriieeeeeeenniiuttteeeesssssausateeeeessssssussseeeeesssssssssssaesessssssssseseeeessssnsnsnne 107
Freight-flow segments and corresponding rail requirements, potential and
developmENt SEATUS ..ocviiee e e e e s 123
Proportion of suburban and intercity service in total passenger rail activity,

L0 PO UPPPRPPPNN 137
Key targets and announced rail development policies in India.........cccccecuveeennneen. 145
Technical characteristics of the network and inter-operability of rail services....... 27
Maglev and the Hyperloop. ...t 32
Usage patterns of conventional passenger rail Services........cooceeecveeeivciieeeccneeenn. 38
Digital technologies: autonomous trains and advanced rail traffic management

AN CONLIOL SYSTEMS .. et e e e et e e e e e e e e e bae e e e eareeas 39
Usage patterns of freight rail SErviCes .......oovvviiieiiiiiei e 42
Electrification of rail transport..........cceeeciiii i 50
Sector coupling: linking renewables-based power generation with rail power

o [=T o 1= Yo o SRR UPRRUUPOOTORPPPRIN 55
Opportunities for rail to reduce air pollution ..........cccoeveeeiiiiiciie e, 55

Technologies to enable further electrification and zero-emissions rail services..... 83
Assessment of global modal shift potential between air and high-speed rail

LR -1V ISR SPS 106
Relationship between the High Rail Scenario and the UIC activity targets ........... 109
Contribution of the High Rail Scenario to achieving the Paris Agreement

LIE= 1 =< RN 113

The use of environmentally friendly bonds to finance rail infrastructure............. 117



IEA 2019. All rights reserved. The Future of Rail

Opportunities for energy and the environment

Box 3.5

Box 3.6
Box 4.1
Box 4.2
Box 4.3

List of maps

Map 4.1
Map 4.2
Map 4.3

Map 4.4

Better understanding of freight flows and market segmentation for freight rail

L= ] 1] 0T o N 123
Case of the Alpine initiative in Switzerland........c..cccoociieiieiiiie e 125
Governance and organisation of rail transport in India.........cccecovieiiiiiieincieeeeens 133
Safety on INdian RailWays ........oooviiiiiiieecee e 144
Plans for the continued electrification of the conventional rail network in

Yo [T T RO O T OO P TP OPUTRUPPRROPPRRTPPRNt 15
Railway network map of India, 2017 .....cceveviiiiiiieecieee e 132
Existing and under construction metro systems in India........ccccceeevveeeiiieeeennnen. 136
High-speed rail corridors being built and those with a feasibility study

underway, and where a feasibility study is under consideration.............cc.c......... 148

High-speed rail network in India in the High Rail Scenario.........cccccceeivecivviinnnn..n. 156

Page | 13



"pansasal sybu IV ‘6102 V3l



IEA 2019. All rights reserved. The Future of Rail
Opportunities for energy and the environment

Executive summary

Rail has a long-standing position as one of the pillars of passenger mobility and freight
transport. Today, conventional rail provides nearly one-sixth of the world’s long-distance
passenger travel around and between cities. High-speed rail provides a high quality substitute to
short-distance intracontinental flights. In cities, metros and light rail offer reliable, affordable
and fast alternatives to road travel, reducing congestion and carbon dioxide (CO,) emissions and
local pollution. Freight rail enables high capacity goods movements over very long distances,
allowing access to trade for resources that otherwise would likely be stranded and facilitating
operation of major industrial clusters.

Rail is among the most efficient and lowest emitting modes of transport. With a strong
reliance on electricity, it is also the most energy diverse. Rail networks carry 8% of the world’s
motorised passenger movements and 7% of freight transport, but account for only 2% of energy
use in the transport sector. Rail services consume less than 0.6 million barrels per day (mb/d) of oil
(about 0.6% of global oil use) and around 290 terawatt-hours (TWh) of electricity (more than 1%
of global electricity use). They are responsible for about 0.3% of direct CO, emissions from fossil
fuel combustion and the same share (0.3%) of energy-related emissions of fine particulate matter
(PM,s). The high efficiency of train operations means that rail saves more oil than it consumes and
more emissions than it generates. If all services currently performed by railways were carried by
road vehicles, such as cars and trucks, then the world’s transport-related oil consumption would
be 8 mb/d (15%) higher and transport-related greenhouse gas (GHG) emissions would increase by
1.2 gigatonnes (Gt) CO,-equivalent (CO,-eq) on a well-to-wheel basis.

Most rail networks today are located in India, the People’s Republic of China, Japan, Europe,
North America and the Russian Federation, while metro and light rail networks operate in
most of the world’s major cities. About 90% of global passenger movements on conventional
rail take place in these countries and regions, with India leading at 39%, followed by the
People’s Republic of China (“China”) (27%), Japan (11%) and the European Union (9%). Globally,
about three-quarters of conventional passenger rail activity use electricity, and the remaining
quarter relies on diesel. Significant investments have been made in high-speed rail and metros,
most notably in China, which has overtaken all other countries in terms of network length of both
types within a single decade. Today China accounts for about two-thirds of high-speed rail activity,
having overtaken both Japan (17%) and the European Union (12%). The regional distribution of
urban rail activity is more even; China, European Union and Japan each have around one-fifth of
urban passenger rail activity. Both high-speed and urban rail are entirely powered by electricity.
Freight movements are concentrated in China and the United States, each of which accounts for
about one-quarter of global rail freight activity, and the Russian Federation (“Russia”), which
accounts for one-fifth. Despite the fact that electrification of freight rail faces greater challenges
than other rail types, half of global freight movements rely on electricity.

The future of rail will be determined by how it responds to both rising transport demand and
rising pressure from competing transport modes. Rising incomes and populations in developing
and emerging economies lead to strong demand for mobility, but social considerations and the
need for speed and flexibility tend to favour car ownership and air travel. Rising incomes also
drive demand growth in freight, where higher incomes, together with digital technologies, have
sharply increased demand for rapid delivery of higher value and lighter goods. The rail sector
has important advantages to exploit in competing for business, but this will require additional
strategic investments in rail infrastructure, further efforts to improve its commercial
competitiveness and technological innovation.
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In the Base Scenario, annual investment in rail infrastructure increases to USD 315 billion
(United States dollars) in 2050, on the basis of projects currently in various stages of
construction and planning. In this scenario, which assumes no significant new emphasis on rail
in policy making, the pace of infrastructure build is fastest in urban rail. The length of metro
lines under construction or slated for construction over the coming five years is twice the length
of those built over any five-year period between 1970 and 2015. The result is unprecedented
growth in passenger movements on urban rail; global activity in 2050 is 2.7 times higher than
current levels. Growth is strongest in India and Southeast Asia, which see more than a sevenfold
growth in passenger movements on urban rail, albeit from a low baseline. In the three countries
with the highest urban rail activity today, activity increases by more than threefold in China,
25% in Japan and 45% in the European Union.

The Base Scenario also sees strong growth in high-speed rail networks, particularly over the
coming decade. As has been the case over the past decade, China accounts for a large share of
high-speed rail developments; nearly half of those projects undertaken between now and 2050
are in China. The result is strong activity growth on high-speed rail: passenger movements in
China increase more than threefold, while those in Japan increase by 85% and by 66% in the
European Union. Construction of non-urban rail infrastructure in India is particularly notable,
supporting volumes of passenger activity that, by 2050, are unparalleled anywhere in the world.
However, despite impressive global growth, rail does no more worldwide than maintain its
current share in activity relative to personal cars and passenger air travel by 2050. Global freight
activity across all categories nearly triples in 2050 from 2017 levels.

Strong growth of rail activity in the Base Scenario brings up rail energy demand: by 2050 rail
electricity use reaches nearly 700 TWh. By 2050, 97% of passenger rail movements and
two-thirds of freight take place on electrified rail, meaning that rail remains far and away the most
electrified of all transport modes. Rail’s energy use, however, pales in comparison with the energy
it saves by diverting traffic from other modes. In 2050, if all rail services were performed by cars
and trucks, oil demand would be 9.5 mb/d higher (or 16%) higher than in the Base Scenario. GHG
emissions from transport would increase by 1.8 Gt CO,-eq (or 13%) above the Base Scenario in
2050. Fine particulate matter (PM,s) emissions would rise by 340 kilotonnes (kt).

The High Rail Scenario explores how these benefits might be further capitalised. The scenario
rests on three pillars: Minimising costs per passenger-kilometre or tonne-kilometre moved by
ensuring maximum rail network usage, removing technical barriers and integrating rail services
seamlessly into the portfolio of available mobility options. Maximising revenues from rail
systems, such as through “land value capture”, i.e. capitalising on the “aggregation” capacity of
railway stations whereby commercial and residential properties in their proximity increase in
value due to improved mobility options and greater activity, and using this value to finance rail
systems. And implementing policies that ensure that all forms of transport pay adequately for
the impacts they generate. Traditionally this has been accomplished through fuel taxes, but
road pricing, and especially congestion charging, may be effective going forward.

In the High Rail Scenario, global passenger activity on rail grows to a level that is 60% higher
than in the Base Scenario in 2050, and freight activity is 14% higher. Urban rail has the greatest
potential for additional growth: activity on metros and light rail in 2050 is 2.6 times higher than
in the Base Scenario, concentrated in densely populated cities in China, India and Southeast
Asia. The High Rail Scenario also captures the potential for high-speed rail to provide a reliable,
convenient and price competitive alternative to short-distance intracontinental passenger air
services. Activity on high-speed rail in the High Rail Scenario is 85% higher than in the Base
Scenario, reflecting strategic investments in this mode.
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Aggressive, strategic deployment of rail can lead CO, emissions in global transport to peak in
the late 2030s. By 2050, oil use in the High Rail Scenario is more than 10 mb/d lower than in the
Base Scenario. GHG emissions are 0.6 Gt CO,-eq lower and PM, s emissions are reduced by
about 220 kt, the latter primarily as a result of diminished aggregate vehicle kilometres by cars
and trucks. Primarily as a result of increased urban and high-speed rail operations, electricity
use by rail in 2050 is 360 TWh higher than in the Base Scenario, 50% more than in the Base
Scenario, an increase that is roughly equal to the current total electricity consumption of
Thailand and Viet Nam combined.

Annual average investment in the High Rail Scenario in trains and rail infrastructure combined
is USD 770 billion, a 60% increase over investment in the Base Scenario. The biggest part of the
increased investment goes to infrastructure for urban rail (nearly USD 190 billion) and high-speed
rail (USD 70 billion); the additional costs of the trains are small in comparison. As a result of these
investments, in 2050 fuel expenditures are reduced by around USD 450 billion, relative to the Base
Scenario. India could save as much as USD 64 billion on fuel expenditures by mid-century.

Rail activity in India — a special focus in this report — is set to grow more than any other
country, with passenger movements in India reaching 40% of global activity. Activity in India is
already among the highest in the world, being second only to China for passenger movements and
fourth for freight movements. Rail remains the primary transport mode in India connecting
numerous cities and regions. Indian Railways is also the country’s largest employer. As a result, the
railway network in India is sometimes referred to as the lifeline of the nation. Guaranteeing
affordable passenger mobility by rail to the entire population has always been a priority in India.
Today rail passengers in India travel 1.2 trillion kilometres, more than the distance travelled by cars;
and about one-third of total surface freight volumes are transported by rail, a very high share by
global standards. By far, coal is the predominant commodity carried on freight trains today in India.

Indian Railways is spearheading a wide range of ambitious undertakings. Construction has
started on the first high-speed rail line. The total length of metro lines is planned to more than
triple in the next few years. Two dedicated freight corridors are planned to enter operation in
2020. The country is set to double, or possibly even triple, existing capacity on the most utilised
rail routes, and it aims to electrify the entire broad gauge network by 2022. With these and
other measures realised in the Base Scenario, rail passenger movements almost triple and
freight movements more than double over current levels by 2050. Electricity consumption from
rail operations increases by nearly a factor of six, reaching almost 100 TWh. Electrification of
highly utilised corridors leads to reductions in oil use by rail to less than 10% of current levels,
reaching 3 000 barrels per day in 2050. As in other countries, rail in India saves more energy and
emissions than it consumes: in the Base Scenario, rail activity in 2050 reduces oil demand by
1.6 mb/d, GHG emissions by 270 Mt CO,-eq and PM, 5 emissions by 8 kt.

Going beyond the targets captured in the Base Scenario, India has the potential to serve as an
example to other emerging economies. In the High Rail Scenario, India further increases
investment in railways, commissioning high-speed rail lines to connect every major city along
the “Golden Quadrilateral”, achieves the target of doubling the share of rail in urban areas by
2050 and constructs dedicated freight corridors to connect all the largest freight hubs. Shifts in
transport activity from road modes and aviation lead to additional savings in oil consumption of
1.5 mb/d, compared to the Base Scenario, and to an additional reduction in GHG emissions of
315 Mt CO,-eq and 6 kt of PM,s.

Two categories — urban and high-speed rail — hold major promise to unlock substantial
benefits both in India and throughout the world. In an era of rapid urbanisation, urban rail
systems can provide a reliable, affordable, attractive and fast alternative to travel by road: metro
and light rail can reduce congestion, increase throughput on the most heavily trafficked corridors
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and reduce local pollutant and GHG emissions. With co-ordinated planning, urban rail systems
increase the attractiveness of high-density districts and boost their overall economic output,
equality, safety, resilience and vitality of metropolises. High-speed rail can provide a high quality
substitute for short-distance intracontinental flights. As incomes rise, demand for passenger
aviation, a mode of transport that is extremely difficult and expensive to decarbonise, will
continue to grow rapidly. If designed with comfort and reliability as key performance criteria, high-
speed rail can provide an attractive, low-emissions substitute to flying.
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Introduction

Purpose and scope

On a worldwide basis, the transport sector today is responsible for almost one-third of final
energy demand and nearly two-thirds oil demand. It is also responsible for nearly one-quarter
of global carbon dioxide (CO,) emissions from fuel combustion and is a major contributor to air
pollution, particularly in urban areas. Changes in transportation fuel use are, therefore,
fundamental to achieving a global energy transition, which will guarantee energy security,
alleviate air pollution and mitigate climate change. The challenge is heightened by the rapid
pace of rising demand for mobility, especially in developing economies, where cities are growing
exponentially, creating a need for more efficient, faster and cleaner transportation. Rail has
characteristics that enable it to reduce energy demand in transport and draw on diverse energy
sources. It can mitigate CO, emissions from transport and contribute to a broader transition
towards sustainability. Its particular strengths are: energy efficiency (on average, trains are close
to 12-times more energy efficient than road and air travel in terms of final energy per passenger
transported and 8-times more efficient than trucks per tonne of freight carried); its reliance on
very diverse energy sources; and its contribution to reducing congestion on road networks. Rail
provides mobility with minimal emissions of harmful air pollutants and, thanks to agglomeration
effects, facilitates economic growth.

Rail today serves passenger and freight mobility needs in countries across the globe. In 2016,
rail services were an important component of passenger mobility in People’s Republic of China
(“China”), India, Japan, European Union and Russian Federation (“Russia”), and provided a
significant fraction of all goods movements in North America, China, Russia and India. Globally,
rail constituted 8% of passenger transport and 7% of freight movements in 2016. Rail accounted
for less than 2% of transport energy, far less than the sector’s share of transport activity. The
reasons are multiple: the large carrying capacity of trains, compared to other modes; the high
efficiency of electric motors; and the efficiency of fuel use resulting from the very low resistance
offered by the steel-to-steel interface between wheels and tracks. With roughly one-third of its
global energy consumed in the form of electricity, rail is also currently the only transport mode
that does not rely almost exclusively on oil. The share of electricity in rail energy use exceeds
70% in major economies, such as China and the European Union. In Japan, this share is more
than 90%.

In highly populated “megacities”, many of which are in Asia (with more yet to be built), urban
rail (metro and light rail) plays a critical role in large-scale passenger movements. This form of
rail travel diversifies the transport energy mix, reduces local air pollution, alleviates congestion
and improves overall productivity. But there are also limiting factors. Because of its capital-
intensive nature, urban rail requires very high throughput in order to achieve its environmental
and economic goals.

This report examines how the role of rail in global transport might be elevated as a means to
reduce the energy use and environmental impacts of transport services. It explores plausible
scenarios to 2050 in which such an enhanced role is achieved, assessing the environmental,
societal and energy security implications.

This analysis is guided by the essential need to respect the economic viability of rail
undertakings and sheds light on the key instruments that can turn potential benefits into actual
achievements. Crucial components of the solutions identified are:
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e Minimising costs per passenger-kilometre or tonne-kilometre moved, ensuring that the
preconditions for maximum rail network use are in place (e.g. through urban planning
measures that provide integration of different modes of transport with rail networks), taking
steps to remove technical barriers (e.g. through the adoption of international standards
which facilitate inter-operability) and fully exploiting digital technologies to ensure that rail
services are well integrated into the range of mobility options available to passengers and
freight users.

e Maximising revenues from rail systems, capitalising on the “aggregation” capacity of railway
stations (land value capture), a model which has already made several rail systems
profitable. In this model, the increase in value of commercial and residential properties in
the proximity of stations that arises as a result of improved mobility options and greater
activity is “captured” to finance rail systems.

e Ensuring that all forms of transport pay not only for the use of the infrastructure they need,
but also for the impacts they generate (e.g. through road pricing and congestion charges).
The opportunity for effective action on this front will be enhanced by increased transport
electrification and the transition towards road vehicle automation, both of which are likely to
require price signals to modulate demand.

This report highlights the capacity of rail transport to deliver economic and environmental
benefits, even in the face of widespread adoption of efficient road vehicles and low-carbon
energy (regardless of the pace at which these other important developments occur). The
opportunities offered by rail transport to meet energy and environmental goals cannot be the
sole determinant of transport policies, but these objectives can be successfully integrated into
the development of those policies.

Structure of the report

The first chapter describes the current status of the world’s railways. It examines the main
elements that have shaped the systems and their significance in terms of both the energy sector
and environmental concerns.

Chapter 2 outlines how the railway system and its energy needs are likely to evolve to 2050 on
the basis of the policies, regulations and projects so far announced. These projections constitute
the Base Scenario.

Chapter 3 examines the implications of capitalising the capacity of rail to meet multiple policy
goals. The High Rail Scenario shows the extent to which a significant shift of passengers and
goods to rail transport, compared with the Base Scenario, could be achieved, the policy
instruments which might be deployed to that end and the environmental and financial
implications of such a scenario. Chapter 4 takes a deep dive into railway systems in India, a
country which currently stands out globally for the proportion of passenger movements that
takes place by rail and the significant share of goods transported by rail. Both the challenges
and opportunities are immense.

Definitions

Classification of rail transport services

This report assesses the contribution railways can make to providing various types of services,
referred to as passenger or freight rail. Categorising sub-sets of passenger and freight rail is a
challenging undertaking. For passenger rail, this has been addressed by considering key
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characteristics, such as speed and location, but always within the limitations of the data
available. The categories and terminology employed are:

Conventional rail, covering medium- to long-distance train journeys with a maximum speed
under 250 kilometres per hour and suburban train journeys connecting urban centres with
surrounding areas.

High-speed rail, defined as rail services over long distances between stations, operating at a
maximum speed above 250 kilometres per hour.

Metro rail, refers to high-frequency services within cities, designed for high capacity
transport (standing passengers and many wide doors for rapid boarding and exit), which are
fully separated from other traffic and are often developed as an underground and/or
elevated network.

Light rail, refers to tramways and other urban transport systems, most often at street level
and offering lower capacity and speed compared with metro rail.

For the purpose of this analysis, metro rail and light rail are often aggregated as urban rail (that
is rail within cities and the immediately surrounding area), while conventional and high-speed
railway systems are together referred to as non-urban rail. In the discussion of rail
infrastructure, the term conventional rail lines (or tracks) designates the infrastructure used by
both passenger conventional rail and freight rail.

Figure In-1  Classification of various railway services and infrastructure
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In addition to metro systems and light rail, urban areas are also serviced by commuter, or
suburban, rail systems, connecting the city centres with suburban areas. While commuter rail
services constitute a significant proportion of passenger transport activity, they are not
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separately identified here because of data unavailability or unreliability.® In this analysis,
commuter rail is included in the figures for conventional rail services. This is a significant
limitation for some aspects of the analysis, since commuter rail is an important part of urban
mobility, but unfortunately it cannot be fully isolated.

Classification issues are simpler for freight rail, which is defined here as the transport of goods
on dedicated freight trains.

Key parameters

The extent to which rail services are used is defined here as rail activity. It is expressed by
measuring the number of passengers or tonnes carried across a given distance, in passenger-
kilometres or tonne-kilometres (ten individuals riding a train for ten kilometres equates to
100 passenger-kilometres, and likewise for tonnes of goods). These passengers or goods are
transported on trains driven on rail networks across a given distance. Train activity, measured
here in train-kilometres, is defined as the sum of all kilometres driven by all trains in a given year.

The extent of the networks catering for these movements is expressed in terms of
track-kilometres, which may be aggregated into a lower number of line-kilometres, reflecting
the fact that lines can be composed of one or more tracks.

Trains are assessed in terms of their energy consumption (typically expressed in units of energy
per train-kilometre) and their greenhouse gas (GHG) emissions. The latter are measured here
either as well-to-wheel CO, emissions (i.e. emissions imputable to both the production of the
fuel and its use) or as life-cycle CO, emissions, also accounting for the CO, emissions resulting
from the construction of trains and rail networks.

Data sources

Historical data for conventional and high-speed rail transport data come from the International
Union of Railways (UIC, 2018), up to 2016. To supplement these data, the figures are processed
by the International Energy Agency (IEA) and combined with statistics from national sources?
and the IEA energy balances. For urban rail, historical data are derived from the International
Association of Public Transport (UITP) global databases for metro and light rail statistics, the
Millennium Cities Databases (UITP, 2015; UITP, 2017; UITP, 2018b), and the Institute of
Transportation and Development Policy’s rapid transit database (ITDP, 2018).

Historical data for all modes other than rail are collected by the IEA as part of the activities
related to the development of the IEA Mobility Model (IEA, 2018), which is a techno-economic
database and simulation model that enables detailed analysis and projections of transport
activity, vehicle activity, energy demand and well-to-wheel greenhouse has gas and pollutant
emissions. Historical data are available to 2016. The IEA Mobility Model was used to develop
estimations for 2017. The same model is also the main tool used for the development of the
guantitative projections analysed in this report (IEA, 2018).

! Isolating commuter rail data is not an easy task. Even when the category is explicitly differentiated, organisations use
various definitions for commuter rail. For example, the International Association of Public Transport defines regional and
suburban commuter rail using indicators that include the distance between stations (between 1 and 25 kilometres), the
speed of the trains (40-60 kilometres per hour) and the maximum duration of a single journey (one hour) (UITP, 2018a). This
definition can easily overlap with intercity rail, especially in densely populated countries. The Institute of Transportation and
Development Policy defines commuter rail according to whether the use of the service is specifically designed for rapid
boarding operations on networks that are not shared with other rail transport services (ITDP, 2018).

% National and regional data sources include: National Bureau of Statistics of China, 2018; Eurostat, 2018; Indian Railways, 2018;
Japan Ministry of Land, Infrastructure and Tourism, 2018; AAR, 2017; and Russian Federation State Statistics Service, 2018.
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1. Status of rail transport

Highlights

e |In 2016, passengers travelled over 4 trillion kilometres by rail, around 8% of total transport
passenger-kilometres. Rail travel is concentrated in a few regions: People’s Republic of China
(“China”), the European Union, India, Japan and the Russian Federation (“Russia”), which
together make up about 90% of global passenger rail activity. Despite rapid expansion of metro
and high-speed rail systems over the past decade, the share of rail in global motorised
passenger transport has remained roughly constant.

e Today, around 600 billion passenger-kilometres are travelled by high-speed rail every year
compared with 3 100 billion by conventional rail. Two-out-of-three high-speed rail tracks are in
China, which starting from virtually zero only a decade ago has built over 41 000 kilometres of
high-speed rail tracks. The speed and size of this achievement place it among the largest
infrastructure projects of recent years.

e Nearly 200 cities worldwide have metro systems. The combined length of the metro tracks
exceeds 32 000 kilometres. Light rail systems add 21 000 kilometres of track length, across
more than 220 cities. The pace of extension of China’s metro network since 1990 has
outstripped the global average, pushing the country’s share of global metro networks from less
than 10% in 1990 to more than 28% in 2017. Since urban rail is typically electric, travel by
metro and light rail systems gives rise to none of the tailpipe emissions associated with road
transport and can achieve zero-emissions mobility overall.

e About 7% of global freight transport activity, as measured in tonne-kilometres, goes by rail.
Growth was very rapid at the turn of the century, but slackened and levelled off thereafter. In
contrast to Europe, Japan and Korea, where rail networks mostly serve passengers, rail
networks in North America overwhelmingly cater to freight transport. In Russia, more than half
of freight activity takes place on rail. Australia, Brazil, Canada, India and South Africa also carry
substantial volumes of goods by rail.

e Rail transport today accounts for close to 2% of final transport energy use, a modest share
compared with rail’s share of transport activity. Three-quarters of passenger rail transport and
almost half of all freight rail are electric, using around 290 TWh of electricity every year
(25 Mtoe). Diesel-powered trains account for the remainder of final energy use (0.6 mb/d, or
28 Mtoe a year). Electric and diesel trains together give rise to around 3% of all well-to-wheel
greenhouse gas emissions from the transport sector.

e Although rail is an energy consumer, it also makes an important contribution to containing energy
demand. If all passenger and freight services currently carried by rail switched to road vehicles, such
as cars and trucks, global oil demand from transport today would be 16% higher (8 mb/d). The
contribution rail makes to containing GHG emissions is as significant as its energy savings. If all
current passenger and freight traffic by rail shifted to road vehicles, global GHG emissions would
increase by 1.2 Gt of CO,-eq, or 12% more than total emissions from transport today.

e Investment in rail infrastructure is expensive. In order for a rail construction project to pay off,
high passenger or freight throughput is necessary. If this condition is met, shifting large
guantities of transport away from cars, trucks and planes delivers very important societal and
environmental benefits, which may not be fully captured in conventional commercial pricing.
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Introduction

This chapter provides an overview of the world’s rail transport services, looking at transport
networks, activity, energy demand and greenhouse gas (GHG) emissions. It also explores how
rail transport systems have developed, offering insights into the main differences across regions
and attempting to identify the key socio-economic forces behind rail development. As well, the
chapter provides details of the determinants of the global energy and carbon intensity of
passenger and rail transport services.

Rail transport networks

This section considers the evolution of rail networks and the state of past and present
infrastructure. Rail infrastructure refers, in particular, to rail tracks and lines (with any one rail
line consisting of one or more tracks); the importance of electrical equipment and signalling
systems is highlighted in later sections. The overall length of a country’s railway tracks gives
some indication of the priority given to investment in rail transportation and the capacity of the
network. Three main types of rail infrastructure are discussed: conventional (shared by
passenger and freight trains), high-speed and urban (consisting of metro and light rail systems).

Conventional rail tracks make up 94% of all rail track-kilometres, but their length has grown very
little in recent years (Figure 1.1). Urban and high-speed rail networks, on the other hand, have
grown significantly, their length having doubled and tripled in several countries in recent years.

Figure 1.1  Track length by region and network type, 1995-2016
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Sources: IEA assessments based on UIC (2018a); UITP (2018a); UITP (2017); ITDP (2018); AAR (2017); Eurostat (2018); Indian
Railways (2018a); Japan Ministry of Land, Infrastructure and Tourism (2018); National Bureau of Statistics of China (2018) and
Russian Federation State Statistics Service (2018).

Key message e Conventional rail networks have changed little over the past two decades, while metro
and high-speed rail have grown strongly.

Even though new metro lines are regularly being opened in the European Union and North
America, along with high-speed rail lines in the European Union, Asia is the epicentre of most
recent and ongoing developments. The most impressive rail infrastructure expansion in recent
years is China’s rapid development of high-speed rail corridors. Non-existent before 2008, the
length of China’s high-speed rail network has overtaken that of all other countries in the world
combined. Today, nearly two-thirds of the world’s high-speed rail lines are in China.
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Box 1.1 Technical characteristics of the network and inter-operability of rail services

The independent development of railway systems in different countries led to the adoption of a
variety of track gauges (i.e. the spacing between rails), power systems (using alternative or direct
current and voltage) and signalling conventions. These choices have constrained the integration of
railway systems.

For passenger rail, network integration barriers have been limited. In the case of urban passenger
rail services, this is because breaks occur in most cases at railway stations, where passengers
would be likely to transfer in any case. In the case of long-distance rail transport, the constraints
have been fewer because of the timing of high-speed rail development, which occurred once the
importance of network integration and inter-operability had been widely accepted.1 Allowing the
rolling stock to be powered via various electrical systems, new technology permits differences in
drive systems to be overcome. Although there will always be additional administrative cost for trains
operating across borders, if the tracks have the same gauge, the trains can be adapted to different
overhead line characteristics.

Freight rail typically travels long distances and therefore is subject to more significant network
integration barriers than passenger rail. This is especially relevant in Europe and the Eurasian
corridors, where, at switch of gauge locations, cars must exchange their bogles for the different
sized tracks (Figure 1.2). If this is not possible, goods are transferred from one train to another. The
use of freight containers facilitates this, but transfers still increase time and cost.

Figure 1.2  Eurasian freight rail corridors
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European Union

In 2010, European Regulation EU913/2010 created 11 freight rail corridors open to different rail
operators (European Union, 2010). The goals of the corridors include the standardisation of
operational practices, signalling systems, electrification, increases in the maximum possible length of
a train to 740 metres, 100 kilometres per hour operating speed, 22.5 tonnes axle load, loading
gauges (allowed height and width of the train) and track gauges by 2030 for the core network and by

 All major high-speed services outside Russia operate on standard gauge, regardless of the gauge used in the conventional
network. For future high-speed connections between Russia and China, the railway operator China Rail, is developing an
adjustable gauge high-speed train (RT, 2016).

A bogie is the underframe, or chassis, of a rail vehicle; the axles and attached wheels are contained within the bogie.
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2050 for the overall network. However, improvements on this scale are typically slow and require the
co-operation of national governments, which is not always a given (European Court of Auditors,
2016).

Central and Eastern Asia

Freight rail traffic between Europe and Asia is growing rapidly, but its modal share remains limited
compared with shipping, mostly hampered by issues related to border crossings and inter-
operability. Breaks of gauge occur between China, former Soviet Union countries and Europe, as
well as between Pakistan and Islamic Republic of Iran (“Iran”) on the southern route (Figure 1.2).
Other inter-operability issues also exist due to the separate development of the rail networks in each
country (UIC, 2017a).

North America

Inter-operability in North America was achieved rapidly due to the relative simplicity of the rail
market. Freight operators own their networks and operate in only three national contexts (Canada,
Mexico and United States), facilitating more co-ordination. This is in stark contrast with Europe and
Eurasia, where there are many different countries, operators and infrastructure managers to co-
ordinate in one corridor. Larger diversity in the services, such as established domestic passenger
and freight services for which international standardisation is an additional cost with no direct
benefit, is also a hindrance. To increase inter-operability, co-operation and organisation is required
between all relevant parties in a network.

Urban rail network

Worldwide in 2017, 194 cities had metro systems and operated over 32 000 kilometres of track
(UITP, 2018c; ITDP, 2018). Plus, 221 cities had light rail systems, with 21 000 kilometres of track.
Since 2010, new metro systems have opened in 43 cities, 32 of which are in Asia (Figure 1.3).
Length of the overall network of metros has increased by 4 800 kilometres since 2000, when the
total length was 11 300 kilometres. In the next five years, new lines and extensions are expected
to open in many countries, including the first lines to be built in sub-Saharan Africa (in Abidjan,
Abuja and Lagos) (UITP, 2018a).

Figure 1.3 Extension of urban rail networks (metro and light rail), 2000-2017 (left) and opening of
new metro systems, 1970-2017 (right)
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Key message ¢ China’s metro network became the largest metro network in the world in just one
decade, overtaking that of the European Union in 2015.

The intensity of the use of metro systems is an important indicator of their current relevance
and potential for further growth. A first metric for comparison is the average number of metro
trips per urban resident in a year. Figure 1.4 (left) shows how this indicator has evolved over the
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past five years in selected regions. There are clear regional differences, reflecting several factors
such as the proportion of the city area that is served by a metro system and accessibility to the
stations. India and North America have the lowest number of trips per urban resident, indicating
that a smaller portion of the urban population uses the metro system compared with countries
and regions with more developed urban rail networks, such as Russia, Korea, European Union
and Japan.

A second indicator for the intensity of metro use is the number of passenger-kilometres per
kilometre of network length (Figure 1.4, right), which illustrates how busy the existing network
lines are. Metro systems have by far the highest utilisation rate of all rail systems (whether
measured in train-kilometre or passenger-kilometre) per kilometre of track length. The figure
shows that metro systems are much more intensively used in Russia and Japan, where metro
occupancy and frequency are extremely high, whereas intensity is lower in the rest of the world,
in particular in North America. Figure 1.4 also compares metro with high-speed rail utilisation.
On average, a metro system sees 13 million passenger-kilometres per year per kilometre track,
compared to 9 million per high-speed rail track. Conventional rail tracks carry much less, though
they also transport goods. Advancing traffic management systems may extend the potential
utilisation rate of urban rail networks (see Box 1.4).

Figure 1.4  Average annual metro trips per urban resident, 2013-2017 (left); and metro network
utilisation versus high-speed rail, 2017 (right)
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Sources: For the figure on the left, data are from the UITP (2018d). The figure on the right represents IEA estimates based on UIC
(2018a); UITP (2018a); National Bureau of Statistics of China) (2018); Eurostat (2018); Indian Railways (2018a); Japan Ministry of
Land, Infrastructure and Tourism (2018); AAR (2017); and Russian Federation State Statistics Service (2018).

Key message ® Russia, Korea and the European Union have the highest levels of metro ridership. Metro
network utilisation per kilometre of track is higher in Russia and Asian countries than in Europe and
North America. Metro utilisation of rail networks is much higher than high-speed rail.

Conventional rail network for passenger and freight services

The length of tracks used for conventional passenger and freight rail services has hardly grown
over the past twenty years, i.e. very little new conventional rail infrastructure was built
(Figure 1.5). The longest conventional rail network today is in North America, followed by the
European Union, Russia, India and China.
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Passenger utilisation of the conventional rail network is more intensive in Japan than in any
other country. This is due to the fact that a large number of networks in Japan are suburban, or
commuter, rail systems, which have activity patterns closer to those of metros than of intercity
trains.?

Figure 1.5  Conventional rail infrastructure track development, 1995-2016
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Key message ¢ Global conventional rail tracks did not expand significantly over the past twenty years.

Figure 1.6 Non-urban rail activity per kilometre of track, passenger and freight, 2000 and 2016
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Key message ® Almost all regions have experienced more intensive rail transport activity per track
kilometre, except the European Union and Korea.

Since 2000, almost all countries and regions have experienced intensified use of rail networks as
activity levels increased while the networks remained relatively constant in length (Figure 1.6).
At the global level, passenger track utilisation (passenger-kilometres per track kilometre)
increased by 75% between 2000 and 2016, and freight track utilisation (tonne-kilometres per
kilometre track) by 45%. This intensification was strongest in India, with increases of 150% for

3 The UITP estimates that the network length of commuter rail services at 150 000 kilometres (UITP, 2018a).
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passenger transport and 110% for freight. In China, passenger activity per track-kilometre has
risen by 54% since 2000, and Association of Southeast Asian Nations (ASEAN) countries by 33%.
Freight rail activity per track-kilometre increased most in South America, rising by 127%
between 2000 and 2016. Korea is the only country that has increased its network capacity faster
than demand growth: both freight and passenger rail activity increased, but the rate of growth
was faster.

High-speed rail network

With more than sevenfold growth since 2000, high-speed rail has been the main area of
infrastructure growth in the global rail network, reaching close to 68 000 track-kilometres in
2017. The main reason is the addition of many new lines in China (Figure 1.7).* High-speed rail
accounts for 4% of all rail tracks in the world today, yet high-speed rail infrastructure exists in
only 14 countries.’

Figure 1.7 High-speed rail track length by key region, 2010 and 2017
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Note: High-speed rail lines are assumed to be bi-directional, i.e. consist of two tracks per line.

Source: |IEA analysis based on (UIC, 2018b). (This source also includes tracks with maximum speeds under 250 kilometres per hour,
though those are not included in this analysis.)

Key message e China is the clear leader in global high-speed rail network expansion in recent years
while networks in Europe and Japan expanded at a slower pace.

High-speed rail tracks are used much more intensively than conventional rail tracks, which share
a large part of their network activity with freight rail. Figure 1.8 shows that, on average,
high-speed rail tracks are used by almost three-times as many trains as conventional tracks.

Utilisation of the high-speed rail network also differs strongly between lines. For example, the
Tokaido line of the high-speed rail connection between Tokyo and Nagoya — one of the most
intensively used high-speed rail lines in the world — has a frequency of more than 15 trains per
hour at peak times, whereas the number of trains per hour using the Train a Grande Vitesse
(TGV) corridor between Paris and Lyon during the morning and evening peaks (also with high

“ In the past five years, China added on average more than 6 000 kilometres of high-speed rail track per year, roughly the
same length as the total high-speed rail network length of Japan and Korea combined. Today China accounts for 65% of the
world’s high-speed tracks, followed by the European Union with 24%.

® Austria, Belgium, China, Chinese Taipei, France, Germany, Italy, Japan, Korea, the Netherlands, Spain, Switzerland, Turkey
and United Kingdom.
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utilisation) is 8 or 9 trains per hour (IHRA, 2017). This indicates potential for more intensive use
of high-speed rail lines.

Figure 1.8 Passenger train activity for high-speed rail and conventional rail per track-kilometre, 2016
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Key message e High-speed rail lines are more intensively used than conventional rail. Japan is an
exception due to its very high share of commuter rail, which is included as conventional activity.

Box 1.2 Maglev and the Hyperloop

A proposed alternative to high-speed rail is maglev (derived from magnetic levitation). Maglev
technology relies on a system of coils and magnetic fields that move the train along the track and
allows very high speeds. Unlike traditional rail systems, the train carriage does not come into contact
with the track.

As of early 2018, there were six maglev systems in operation (Maglev.net, 2018). The best known is
the Shanghai maglev, operating between the city’s Pudong International Airport and Longyang Road
Station, close to the city centre. Capable of a top speed of 430 kilometres per hour, the
30 kilometres trip takes eight minutes. Other maglev systems, operating at much lower speeds, are
being developed for use in high capacity urban areas (e.g. in Beijing) or dedicated connections (e.g.
at Seoul's Incheon airport). Japan aims to use maglev technology to achieve speeds of
500 kilometres per hour on a high-speed line that is under construction between Tokyo and Nagoya,
which is designed to reduce the travel time between these two cities — at a distance of 286
kilometres — to a mere 40 minutes (Japan Rail Pass, 2018). There are plans for an eventual
extension to Osaka.

High-speed maglev technologies have high energy requirements (Crozet, 2016). For example, the
maglev connection being built between Tokyo and Nagoya is expected to consume between four-
and five-times as much power as the Tokaido Shinkansen (Kingsland, 2018).

High-speed maglev technology shares the high throughput characteristic of rail infrastructure, but it
faces even higher infrastructure construction costs. In Korea, Incheon Airport's maglev project is
estimated to have cost roughly USD 32 million per kilometre (Hall, 2018). In Shanghai, the cost
exceeded USD 35 million per kilometre (Hall, 2018). The system under construction in Japan is
estimated to cost USD 260 million per kilometre, partly due to the fact that 86% of the Tokyo-
Nagoya route will run through underground tunnels (Smith, 2017). The cost of low speed maglev
systems, which are becoming popular in China, is more encouraging (Tabeta, 2017). Such systems
bring the benefits of low noise and low vibrations to urban environments. Even so, because of the
high investment cost, maglev is likely to be confined to routes that can guarantee high intensity use,
e.g. running between megacities, at a reasonable distance, or connecting important transport hubs,
such as airports and city/business centres.
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Another alternative technology, the Hyperloop, is based on a passenger or cargo pod that uses an
electromagnetic propulsion system6 operating through a low-pressure tube (SpaceX, 2013).

Proponents of the hyperloop claim that the technology is more efficient than other land transport
modes, due to the low-pressure environment in the tubes through which the vehicle travels.
Feasibility studies have been carried out which indicate that hyperloop technology could be two- to
three-times more energy efficient per passenger transported than high-speed rail (Taylor, Hyde and
Barr, 2016). Hyperloop proponents also claim that the investment and operational costs would be
one- to two-thirds lower than those of high-speed rail, while travel time could be several times faster
than high-speed rail, with speeds exceeding 1 000 kilometres per hour (SpaceX, 2013; Hyperloop
One, 2018). Cost estimates for a Los Angeles and San Francisco connection are close to
USD 6 billion (less than 10% of the projected costs the high-speed rail line currently under
construction between the two cities) (CNBC, 2018).

These claims have come under serious scrutiny, however, because of the high energy requirements
of hyperloop technologies and perceived under-estimation of land acquisition, which suggests that
full functionality of the technology would result in costs comparable with those of high-speed rail
links. For the Los Angeles to San Francisco hyperloop connection cited, cost estimates attempting
to account for these impacts could be as high as USD 40 million per kilometre, which is similar to the
Los Angeles - San Francisco high-speed rail line currently under construction (Taylor, Hyde and
Barr, 2016; New York Times, 2013; CNBC, 2018). More importantly, the number of people that can
be hosted in the pod is economically less than fifty. This appears to limit the possibility of safely
attaining the frequency of service necessary to move large numbers of people (Crozet, 2016).

Rail transport activity

Passenger rail
Figure 1.9  Passenger rail activity, 1995-2016 (left) and passenger-kilometres per capita, 2016 (right)
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Key message ¢ Rail passenger activity has risen by 91% in the past two decades, mostly in China and

India. Japan, by far, has the highest rail activity per capita.

Passenger rail transport activity comprises urban and non-urban passenger movements and is
typically measured in passenger-kilometres per year. Such activity has increased significantly
over the past twenty years, but is concentrated in a few regions (Figure 1.9): China, India, Japan,
European Union and Russia together account for more than 90% of passenger rail activity

€ The drivetrain includes an electric motor, inverter and battery system (Decker et al., 2017).
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worldwide and have much higher rates of passenger activity per capita than other regions. In
2016, more than 4.1 trillion passenger-kilometres were served by rail transport. The usage
patterns of passenger rail vary across countries and depend on patterns of population density
and income, as illustrated in Box 1.3.

Passenger rail activity trends are not uniform across countries.

e In China, rail transport activity more than doubled between 2005 and 2016, largely reflecting
major investment in high-speed rail lines and urban rail networks. Having instituted its first
high-speed rail line in 2008, today high-speed rail passenger activity in China represents
roughly one-third of all national non-urban rail activity. China has surpassed the combined
global volume of high-speed rail passenger-kilometres. Metro activity also strongly increased
in the last ten years, going from 43 billion passenger-kilometres in 2005 to about 72 billion
today.

e India has the second-highest absolute level of passenger rail activity today, close behind
China, accounting for nearly 30% of global rail passenger activity, carried on a vast network
of railway lines. Activity measured in per capita passenger-kilometres has increased steadily
every year since 1995. Most of the activity is on conventional suburban and intercity trains,
though a number of metro lines are in operation and others are under construction, along
with one high-speed rail line.

e Japan, by far, is the global leader in terms of passenger train activity per capita and rail
transport activity continued to increase in the past decades, though slowly (Figure 1.9).
Almost half of non-urban rail trips are made on Japan’s famous high-speed trains and urban
rail plays a very significant role in urban passenger transport, accounting for 18% of rail
passenger-kilometres nationwide.

e In the European Union, historically the first region to build an international rail network, rail
activity has risen slowly but steadily in recent decades, both in the case of urban and
non-urban transport. Part of its passenger activity has shifted from conventional to high-
speed rail. By 2016, high-speed rail accounted for roughly one-quarter of non-urban
passenger-kilometres.

e In Russia, despite a vast rail infrastructure endowment and high per capita rail use, the level
of total rail activity has dropped since 2000, although urban rail activity has remained largely
constant.

e Korea has witnessed the most rapid shift from conventional rail to high-speed rail: in 2016,
high-speed rail accounted for more than two-thirds of passenger rail activity. Urban rail
activity also accelerated rapidly, increasing by two-thirds since 1995.

Globally, rail transport activity has nearly kept pace with the overall increase in demand for
mobility. The share of rail in total motorised passenger transport activity (i.e. all except walking
and cycling) has declined only slightly, from 9% in 2000 to 8% in 2016 (IEA, 2018a). But the rate
of growth of rail transport activity compared to growth in other transport modes was not
uniform across all regions.

e In India, for example, rail passenger activity grew by a factor of 2.6 between 1995 and 2016,
but other modes of transport grew more rapidly, resulting in a reduction in the share of
passenger rail activity.

e In China, though rail activity doubled in the past decade, the modal share of rail in passenger
activity has reduced by 70% since 2000, indicating much more rapid activity growth in other
modes, most notably in air and passenger car transport.

e Japan is one of the very few advanced global economies that have witnessed both a strong
increase in rail passenger activity and a continued increase in the share of rail in overall
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transport passenger activity. In 2016, rail accounted for 34% of all motorised passenger
activity in Japan, up from 31% in 2000.

e In the European Union, the modal share of passenger rail has remained constant, around 8%,
over the last twenty years.’

e In Russia, the drop in passenger rail activity has been accompanied by a decline in the share
of rail in total passenger mobility: the share of rail in total passenger transport activity fell
from 18% in 2000 to 7% in 2016.

e Korea, on the other hand, has seen both a significant increase in absolute rail passenger
activity and a constant rail modal share. Between 2000 and 2016, rail activity grew by 8% and
the modal share held at 6%.

Figure 1.10 Passenger activity by rail type
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Sources: IEA assessment based on UIC (2018a); UITP (2018a); ITDP (2018), National Bureau of Statistics of China (2018); Indian
Railways (2018a); Japan Ministry of Land, Infrastructure and Tourism (2018); AAR (2017) and Russian Federation State Statistics
Service (2018).

Key message ® Most passenger rail activity takes place on conventional trains, though growth in activity
is most significant in metro and high-speed rail.

Urban rail

Urban rail, including metro and light rail services, satisfied demand for roughly 500 million
passenger-kilometres in 2017, accounting for 2% of global urban passenger transport activity
and 9% of total rail passenger activity. Activity on urban rail networks has increased
continuously over the past century (dating back to the first metro system opening in 1863 in
London). It has accelerated rapidly in recent years, mostly due to significant development of
new metro systems in Asia.

Urban rail accounts for around 5% of total passenger rail demand in China and around 15% in
the European Union, Japan and Russia (Figure 1.11, right). In Korea almost half and in North
America over 60% of total passenger rail demand is served by urban rail. The high proportion in
North America is attributed to the small volume of non-urban passenger rail. In Korea, it reflects
the relatively small size of the country and the significant extension of metro networks in major
urban areas. In India, conventional rail is more dominant, with urban rail accounting for only 1%
of passenger rail.

7 Also noteworthy is the fact that Europe is the region where air travel has seen the fastest growth in recent years, going
from 15% of passenger transport activity in the year 2000 to 24% in 2015.
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China is home to several of the world’s busiest metro systems (Table 1.1) and accounts for more

than a quarter of global urban rail activity (Figure 1.11, left). With 6% average annual growth

between 2005 and 2017, metros in Chinese cities have been the largest contributor to growth in

urban rail activity in the recent years. Despite challenges in terms of economic viability, the rise

of urban rail systems in China is expected to continue in the next decade, where many new rail
Page | 36 lines are under construction (see section on rail transport networks).

Figure 1.11  Urban rail activity, 1995-2017 (left) and shares of urban rail in total passenger rail,
2017 (right)
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Notes: Urban rail consists of metro rail and light rail in the classification used in this report. The urban rail activity for 2017 is based
on reported data in the case of metros and an estimate in the case of light rail, based on UTIP (2018d) and ITDP (2018).

Sources: IEA assessment based on UTIP (2015a), UTIP (2018d) and ITDP (2018).

Key message ® The largest portion of urban rail activity over the last decade is in Asia with rapid growth
as many new metro systems were built in China.

Table 1.1 Most used metro and light rail systems

Metro (2017) Light rail (2014)
City Number of trips per year | City Number of trips per year
(millions) (millions)
Tokyo 3420 Budapest 396
Moscow 2369 Vienna 363
Shanghai 2 045 Bucharest 322
Beijing 1988 Prague 317
Seoul 1878 St. Petersburg 312
Guangzhou 1821 Warsaw 264
New York City 1 806 Moscow 252
New Delhi 1789 Cologne 210
Mexico City 1679 Ziirich 205
Hong Kong, China 1600 Zagreb 204

Sources: UITP (2018d) for metro and UITP (2015b) for light rail.

Key message ¢ The busiest metro systems are located in very large cities, while light rail is more
important in European cities.

IEA 2019. All rights reserved.
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In 2017, light rail systems accounted for an estimated 34 billion passenger-kilometres, providing
a significantly smaller proportion of global urban rail activity than metro rail, which accounted
for almost 500 billion passenger-kilometres. This is partly explained by the much lower vehicle
capacity and operational speed of light rail services compared with metro rail, and partly by the
concentration of the light rail network in a relatively small number of countries. While metro rail
is more heavily represented in Asia (where the world’s megacities are concentrated), light rail is
most abundant in the European Union, which is home to the world’s ten largest light rail
systems operating over half of the total 12 000 kilometres of light rail tracks (Table 1.1).

Globally, urban rail accounts for a relatively small share of urban passenger transport activity
(Figure 1.12). Japan, Korea and Russia, which host several of the busiest metro systems in the
world, have a share of urban rail that is higher than the world average. The share of light rail
activity in urban rail activity is 23% in the European Union compared with 9% globally.

Figure 1.12 Modal shares of urban transport activity in passenger-kilometres (left) and as a share of
urban rail in total urban passenger activity by country (right), 2017
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Note: The figures include metro and light rail systems within city limits and do not include suburban and commuter rail networks.
Source: IEA (2018a).

Key message ¢ On a global scale, rail accounts for a minor share of urban passenger transport. On a
country basis, Japan and Korea have the highest shares of rail in urban transport.

Conventional and high-speed rail

On a global basis, conventional and high-speed rail have consistently accounted for around 15%
of the passenger-kilometres travelled by all transport modes outside of city limits since 2000
and around 90% of all travel by rail (even with extensive metro construction in many countries).
There has been a net increase of conventional rail and high-speed rail activity from 2.1 trillion
passenger-kilometres in 2000 to 3.9 trillion passenger-kilometres in 2016, an average annual
growth rate of 4% (Figure 1.13, left).

This pace for overall conventional and high-speed rail expansion, in part, is driven by the
increase of conventional rail in India, where activity nearly tripled between 2000 and 2016. This
has been a principal influence to sustain the global average annual growth rate of conventional
rail at 3.3%. By 2016, India represented 37% of conventional passenger rail activity worldwide,
ahead of China, with 29%, and Japan, with 11%.2

& The UITP estimates that 90% of rail passengers in the European Union use regional or suburban commuter rail (likely to be
reported under conventional rail services) (UITP, 2016). According to the UITP, the countries that transport the most
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Figure 1.13  Non-urban transport activity by mode, 2000-2017 (left) and the share of high-speed rail in

non-urban rail, 2000-2016 (right)
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Key message ® Non-urban road passenger transport and aviation have grown at the same rate as non-
urban rail since 2000.

Box 1.

3

Usage patterns of conventional passenger rail services

There are key differences between countries and regions which rely on high shares of conventional
rail for passenger transport. Two parameters are especially interesting: the average distance
covered in a single trip (Figure 1.14, left) and the passenger train occupancy factor (Figure 1.14,
right).

Figure 1.14  Conventional rail average passenger trip distance and train occupancy, 2016
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Sources: IEA assessment, based on UIC (2018a); National Bureau of Statistics of China (2018); Indian Railways (2018a); Japan
Ministry of Land, Infrastructure and Tourism (2018); AAR (2017) and Russian Federation State Statistics Service (2018).

Key message e Unsurprisingly, average trip distances are longest in the biggest countries. Train
occupancy rates are positively correlated with relatively low per-capita income.

The average distance covered in a single trip varies across countries: in China it is almost
450 kilometres, while in Korea, North America, India and the Russia the average is
100 - 200 kilometres. Average trip distances in more densely populated or smaller countries or

passengers by commuter rail are Japan (about 16 billion trips per year), India (4.5 billion trips per year) and Brazil (1 billion
trips per year) (UITP, 2018e).
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regions, such as Japan and the European Union, are close to 50 kilometres. This reflects the
importance of suburban/commuter rail (typically characterised by high passenger throughput and
relatively short trip distances) in the total of conventional rail travel in countries with higher densities.

Passenger train occupancy rates also vary notably, with high-income countries at the low-end of the
spectrum and emerging economies at the high-end. India has the highest average occupancy rate,
followed by China and Japan. A conventional train in India typically transports almost ten-times more
passengers than the average conventional train in the European Union.

High-speed rail developments in the European Union and several Asian countries (mostly China)
have shifted some demand away from conventional rail and also generated new travel demand.
Despite its limited geographical spread, high-speed rail activity grew by more than 11% per year
between 2000 and 2016, nearly three-times faster than growth in any other non-urban
transport mode, attaining nearly 600 billion passenger-kilometres in 2016. Most growth
occurred after 2007, mainly driven by the surge in China (Figure 1.15) (UIC, 2018b). By 2016,
high-speed rail activity represented 16% of overall activity on conventional and high-speed
networks, up from 6% in 2000.

Figure 1.15 High-speed rail activity for key regions, 2000-2016
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Key message e High-speed rail activity worldwide expanded fivefold in less than ten vyears,
predominantly in China.

Box 1.4 Digital technologies: autonomous trains and advanced rail traffic management and
control systems

Rapid advances in data, analytics and connectivity are driving a wave of digitalisation
including in the transport sector (IEA, 2017). As demand for rail mobility increases faster than
new infrastructure construction, digital technologies can facilitate more intensive use of tracks
by reducing the time and distance between trains, to increase capacity and boost returns on
investment while improving user convenience and maintaining high safety standards.®

Advanced traffic management and control systems help ensure the safe and efficient
operation of rail transport. These systems include Communication-Based Train Controls
(CBTC)," extensively used for urban rail, where they are combined with Driver Assistance
Systems (DAS) to maximise the use of the network. They also include the European Railway

® High utilisation rates can make rail projects more economically viable and decrease the time necessary to offset life-cycle
emissions from infrastructure construction (particularly underground or elevated segments), as discussed in the “additional
emissions: looking at rail from a life-cycle perspective” section.

10 CBTC include Automatic Train Operation (ATO), Protection (ATP) and Stop (ATS) technologies.
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Traffic Management System (ERTMS), which uses control, command, signalling and
communication systems to ensure the inter-operability of trains across the region, primarily
on conventional and high-speed rail networks."" All these technologies have the capacity to
maximise network utilisation by reducing the headway between trains,'? and they have also
demonstrated effectiveness in reducing energy consumption by up to 15% (Dunbar, Roberts
and Zhao, 20‘I7).13

Automated trains offer the promise of improved safety, lower costs and improved energy
efficiency,14 beyond the level achieved by advanced traffic management and control systems.
The rail sector defines “Grades of Automation” (GoA) under the International Electrotechnical
Commission (IEC) 62267 standard, which range from fully manual operations, such as a tram
operating in street traffic (GoA-0), to unattended, fully automated operations (GoA-4). The
first fully automated metro (GoA-4) opened in 1981 in Kobe, Japan and there are now over
1 000 kilometres of GoA-4 lines in 42 cities worldwide, or around 7% of the total installed
metro networks (UITP, 2018a; UITP, 2018f).

While the number of driverless metros is expanding rapidly on closed and secured lines,
there are significant challenges in deploying fully autonomous trains on open, uncontrolled or
unsecured lines (such as trams, intercity and freight lines). On this front, two examples of
recent progress are the operation of a driverless freight train on a 280 kilometre heavy-haul
line in Western Australia and the testing of the world’s first autonomous tram in Potsdam,
Germany (Burroughs, 2018; Connolly, 2018). Efforts are underway to deploy autonomous
driving technology in conventional rail services as well: to ensure compatibility between
ERTMS and developments in automation. The European Union initiative “Shift2Rail” is
working on potential standardisation and inter-operability of automated train operations with
ERTMS (Siemens, 2016). In addition, the French rail operator, SNCF, has announced plans
to deploy “semi-autonomous” trains by 2020 and fully automated trains by 2023 (Railway
Gazette, 2018).

The use of other digital technologies such as big data analytics and artificial intelligence, also
offer opportunities to significantly improve services for end-users through seamless
integration across different modes and other measures.'® They can also contribute to
improving energy efficiency16 and reducing costs for operators.17 Digitalisation is also

" The ERTMS has two primary components: GSM-R (Global System for Mobile Communications - Railways) and ETCS
(European Train Control System), (European Commission, 2018). GSM-R is a dedicated radio communication system for
voice and data services. ETCS is a signalling and train protection system used to monitor train speed and movements.

12 The ERTMS can enable capacity on existing tracks to be increased by 40%. Simulations of higher levels of ERMTS signalling
(Level 2 and 3) demonstrate that utilisation could be more than doubled (ERTMS, 2018).

3 The combined use of CBTC systems and DAS can result in additional energy savings. CBTC, coupled with more reliance on
coasting, has demonstrated average energy savings of 16% in the Paris metro system (Urien, 2013).

% For example, fully automated train operations have the potential to reduce energy consumption by up to 20% by
optimising driving patterns while taking into account other variables such as real-time weight and timetables (Trentesaux et
al., 2018; Siemens, 2016; Gonzalez-Gil et al., 2014; Douglas et al., 2015).

13 In the Netherlands for example, Nederlandse Spoorwegen (NS) is testing its Zitplaatszoeker app, which uses colour-coded
occupancy visualisation (using weight sensors on tracks) to help customers to find a seat and ensure a more even
distribution of passengers and weight (Vosman, 2018).

18 Massive volumes of data collected by sensors on trains and tracks can be analysed to optimise operations at the train and
system level in real-time. Such data can be used to educate drivers on the practices best designed to reduce energy
consumption, including through DAS. The potential energy saving of DAS range from 5-20%, depending on connectivity to
traffic management systems, use of system-level optimisation and type of route (Gonzalez-Gil et al., 2014; Institute for
Futures Studies and Technology Assessment - UIC, n.a.; Douglas et al., 2015). Digital technologies can also enable optimised
timetabling and planning of rail operations, favouring energy savings. For example, energy-efficient train timetabling (EETT)
—i.e. developing an optimised timetable across a network to maximise energy-efficient driving — can lead to energy savings
of up to 35% (Scheepmaker, Goverde and Kroon, 2017)

7 The use of big data analytics and artificial intelligence can inform and improve maintenance regimes, helping to reduce
costly repairs and downtime, improving safety outcomes and extending asset lifetimes. With the help of digitalized assets
and data, condition-based and predictive maintenance reduce maintenance costs by up to 25%, or nearly EUR 17 billion
globally per year (McKinsey and Company, 2017). Big data analytics on smarter components, like wheel bearings, can also
provide insights to improve the design of future components, improving performance, extending lifetimes and reducing
waste.
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facilitating better integration of mobility services,' in both passenger and freight, in which
there is strong potential for rail to play a central role.

Freight rail

Freight transport activity by rail, measured in tonne-kilometres per year, increased overall at an
average pace similar to that of passenger rail over the past two decades. Activity growth from
1995-2005 was very rapid, but slowed between 2005 and 2010, and remained almost constant
between 2010 and 2015 (Figure 1.16, left). Similar to passenger rail services, most rail freight
activity is concentrated in a few regions, though not necessarily overlapping. North America,
China, Russia and India have the highest levels of freight rail activity.

Comparing freight and passenger train-kilometres, Canada, Mexico and the United States
(where rail infrastructure is primarily used for freight) freight train activity outweighed
passenger train activity by 14 to 1 in 2016, (Figure 1.16, right). The primacy of freight rail is also
discernible in Russia (2.2 freight train-kilometres for every passenger train-kilometre), in Brazil
(1.9) and Australia (1.9)." By contrast, the European Union, Japan and Korea employ the rail
networks primarily for passenger transport. These differences are reflected both in prioritisation
policies and infrastructure ownership; for example freight trains get network priority in North
America and South Africa, while passenger services are prioritised in the European Union, India
and Japan.

Figure 1.16  Freight rail activity in selected countries, 1995-2016 (left) and share of passenger and
freight trains in total train-kilometres, 2016 (right)
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Note: In the figure on the left, freight volumes in Japan and Korea are too small to be visible so their freight activity is included in the
rest of the world category. The most significant countries in the rest of the world are Australia, Brazil and South Africa.

Sources: IEA assessment, based on UIC (2018a); National Bureau of Statistics of China (2018); Eurostat (2018); Indian Railways
(2018a); (Japan Ministry of Land, Infrastructure and Tourism (2018); AAR (2017) and Russian Federation State Statistics Service
(2018).

Key message e Freight rail activity has risen steadily over the last twenty years. The ratio of freight rail
activity relative to passenger rail activity varies significantly from country to country.

'8 Often referred to as “Mobility as a Service” (Maa$).

% The context situation in Europe and the United States has been explored in the literature, including in the work of
(Vassallo and Fagan, 2007).
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Box 1.5 Usage patterns of freight rail services

Countries characterised by strong reliance on freight rail for the movement of goods tend to be
those having both high train loading and long distances to cover (Figure 1.17). Countries with
such large surface areas and abundant raw material resources include Russia and the United
States, where freight rail journeys are characterised by the longest average distance worldwide
(more than 1 600 kilometres, twice the world average) carried on freight trains which are among
the largest in the world, with average loads ranging between 2 200 and 2 900 tonnes per train.

Average distances are less in China and India (between 600 and 900 kilometres) and so are
loads (1 500 to 2 000 tonnes per train, the same range as the world average). Europe and
Japan have the lowest average distances (less than 400 kilometres in the European Union) and
loads (less than a third of the values of Russia and North America and less than half of the
global average).

Figure 1.17 Average freight transport distance versus country surface area (left) and train loading
versus average transport distance (right), 2016
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Key message ® Average freight rail distances are typically higher in large countries and long-distance
trains generally carry high freight loads.

The share of total goods moved by rail varies widely across countries (Figure 1.18). By far, Russia
has the highest share with over 75% of all surface goods transport being moved by freight
trains. In China the share is 39%. In the North America and India, rail makes up over 30% of
surface freight transport, close to the world average (28%). The share is significantly lower in
the European Union, 10% in 2016, while in Japan and Korea it is less than 5%.

Most surface freight is otherwise transported by heavy trucks (above 16 tonnes), 45% of surface
goods transport on average in 2016. With rail accounting for 28%, medium trucks, light
commercial vehicles and three-wheelers make up the remaining 27%. Even though rail has
limited opportunity to replace intercontinental shipping, this freight category should certainly
not be neglected as a potential market, which accounted for 73% of all freight tonne-kilometres
in 2016.
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Figure 1.18 Freight rail activity and share in total surface goods transport
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Sources: IEA Mobility Model (IEA, 2018a) using assessments based on UIC (2018a); National Bureau of Statistics of China (2018);
Eurostat (2018); Indian Railways (2018a); (Japan Ministry of Land, Infrastructure and Tourism (2018); AAR (2017) and Russian
Federation State Statistics Service (2018).

Key message e Since 2000, freight rail activity has increased significantly in absolute terms in most
countries while the rail modal share has decreased.

What shapes rail transport?

Most large passenger rail networks were built with the assistance, at least to some extent, of a
central authority, typically public, that assumed part of the risks. As a capital-intensive business,
rail requires clarity of political intention and a solid business case for commitments to be
made.”® A solid business case depends upon the adequate demand as in large population
centres or freight hubs that generate high demand for transportation volumes sufficient to pay
back the significant investments.

Maximising the use of railway capacity is critical for economic viability, as it reduces unit cost
and maximises revenues. Once the most important demand centres are connected, rail
networks develop further, as opportunities arise for higher capacity utilisation derived from
interconnected lines.”* Operators may decide to prioritise passenger or freight rail, depending
on country-specific circumstances. In their best configuration, rail networks become part of a
seamless framework of mobility services, playing a core role in passenger and freight mobility
overall.

Passenger rail

Key examples of major investments in the initial development of passenger rail lines include:

e Development of urban rail networks, first in Europe and Japan, over the course of the
20" century and, more recently, in China and other emerging economies in Asia.

% As in the case of any major investment in large transportation infrastructure (i.e. oil or gas pipelines), a guarantee of long-
term and sizeable use is required.

2 |nterconnections are important to strengthen capacity utilisation, as demonstrated by the benefits derived from the
development of multiple metro lines in a given urban area.
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e Development of high-speed rail lines, first in Japan, with the Shinkansen network
development that started in the 1960s, then in Europe, spearheaded by the French TGV and
most recently in China.

e Development of long-distance conventional rail networks in Europe, Japan and India over the
course of the 20th century, before competition from aviation became a serious threat.

The best opportunities for urban rail networks arise in very big cities with large and
concentrated populations, since they are the areas most likely to experience congestion and
negative impacts of poor air quality. Large, dense cities can guarantee high levels of demand for
passenger rail services from people living within the catchment of each station.?

In the case of conventional and high-speed services, the strongest opportunities for rail arise in
cases where the centres of transport demand are:

e Within distances that enable rail to compete effectively, in terms of the overall journey time,
against the most relevant alternative (road transport for conventional rail, both road and air
transport for high-speed rail).

e Large enough to justify a high frequency of service along the lines.

These situations typically arise in cities with a large population, which are located roughly 300 to
1 000 kilometres apart, and where the average level of income creates sufficient demand for
long-distance travel.

The most commercially successful rail networks are those which are effective in maximising
capacity utilisation, in cutting costs and in supplementing revenue from ticket sales by
generating revenue from related activities (particularly land value capture, i.e. the increase in
land values arising from capitalising on high levels of activity around railway stations).?* Metros
and high-speed rail lines lead the way in terms of high capacity utilisation (see Figures 1.4, 1.14
and 1.27). Land value capture has been most successfully exploited in Japan and Hong Kong,
China,* and automation and the reorganisation of services placing stronger focus on lines
having the highest frequentation proved its crucial role in cutting costs (Siemens, 2016;
Mazzola, 2018).

High capacity public transport is a crucial element in facilitating mobility in large metropolitan
areas, where rail services effectively reduce reliance on road networks, thereby reducing
congestion, as well as local pollution and GHG emissions. High-speed rail also provides links
between satellite cities and metropolitan areas, enhancing so called agglomeration economies
(Fang, 2013). For these reasons, passenger rail has often been supported by public policies. The
most notable example in this respect is the imposition of public service obligations in the
European Union.”

2 people can generally be expected to walk to a station that is within a range of 500 metres (Louf, Roth and Marc, 2014), or
they may access it through other means of local transport.

2 | and value capture has been a significant method of funding for various (typically urban) projects. The opportunity arises
where the rail transport network developers purchase land at pre-railway prices and develop residential, commercial and
tertiary facilities, enabling them to capture the increase in property value induced by the railway operations. Governments
may share in the risks and rewards by direct investment or through the taxation of higher value properties. The anticipated
change in property value can mobilise debt financing.

2% In Japan, over 30% of the revenue of JR-East (a regional railway operator) comes from non-transport sources, e.g. leasing
office buildings, shopping centres (JR-East, 2017). In Hong Kong, China, non-transport sources produce over 60% of the
revenue of the Mass Transit Railway, the city’s public transport operator, (MTR - Mass Transit Railway Hong Kong, 2016).

% public service obligations can be imposed on operating companies by legislation or by means of a remunerated contract to
reward public services not fully compensated by a commercial market. In the case of passenger transport, the case for
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Freight rail

High freight rail transport activity is normally related to the existence of large landlocked
resources that can be effectively exploited if traded widely and often over long distances both
on a domestic basis and as export-oriented industrial clusters that require the transport of
significant quantities of goods or large volumes of commodities.

e Russia is a clear example. It has abundant supplies of coal, timber and minerals, most of
which are located in Siberia and the eastern part of the country, while the main centres of
economic activity are primarily in the west. To facilitate and expand international trade of
such resources requires the movement of goods to the country’s ports, along its eastern and
western coastlines. In consequence, Russia has built an extensive rail network (primarily
used for freight) to serve the coastal ports, as a contribution to the development of its
economy. This is reflected in the very high share of rail freight in transport activity (over 50%
of the total tonne-kilometres of the country, including maritime shipping) (IEA, 2018a).

¢ In the United States, 32% of the total mass transported by freight train was coal, followed by
grain and grain mill products with 13% and chemicals at 11% (AAR, 2017). Another 11% of
the activity is attributed to intermodal transport, largely shipping containers, which
contribute 20% of gross rail freight revenue.

e Freight rail in China moves inland resources over long distances to the coastal parts of the
country, demonstrating the relevance of rail for export-oriented industrial clusters.

e In India, freight rail is currently dominated by the movement of bulk materials, especially
coal, and the carriage of large quantities of bulk goods to large demand hubs.

e In Australia and South Africa, freight rail benefits from the availability of large quantities of
primary materials (in particular, coal and other mining products) and their export.?®

Coal and mineral products have been, to date, the most common type of freight transported by
rail around the world (Figure 1.19). The lower reliance on freight rail in Europe, Japan and Korea
reflects industrial structures which rely to a lesser extent on the primary sector and the shorter
distances between the main industrial clusters and major ports.

intervention in the public interest may rest on issues of social pricing, accessibility and environmental benefits. In the case of
major European rail operators like the Société Nationale des Chemins de fer Frangais (SNCF) (France), Deutsche Bahn (DB)
(Germany) and Ferrovie dello Stato (FS) (Italy), subsidies for public services accounted for, respectively, 28%, 30%, and 26%
of the revenue of passenger businesses, while non-subsidised passenger revenue covered 91%, 81%, and 61% of the costs
associated with operating the related passenger services (SNCF Mobilités, 2016; Deutsche Bahn, 2016;FS, 2016).

% The narrow gauge heavy-haul coal and iron ore export railways in South Africa are notable examples of the successful
exploitation of rail’s economic fundamentals. Train weights of 35 000 tonnes are achieved (ten-times more than the average
North American train weight); and, as an example, on the iron ore line, the tariff is less than USD 0.01 per tonne-kilometre,
while remaining a profitable business for the freight railway.
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Figure 1.19 Shares of materials transported by freight railways worldwide, 2016
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Key message ® Minerals, coal and agricultural products account for the bulk of total freight rail activity.

Three categories of rail activity catering for freight may usefully be distinguished: mature and
market-driven railways prioritising freight movements; mature railways which prioritise
passenger movements, but also provide freight services; and developmental railways.

Mature and market-driven railways prioritising freight movements are characteristic of the
United States and Canada. Freight rail started there with an initial period of route and
infrastructure growth, which was followed by a rationalisation phase. This phase was driven by
free market principles — represented, for the United States, by the 1980 Staggers Rail Act
(United States Public Law 96-448, 1980), providing for the deregulation of rail transport in order
to achieve higher network density, the lowest possible operating costs and high levels of
customer satisfaction. These are railways where freight trains are prioritised, enabling operators
to optimise their schedules to meet the needs of their freight customers.”

Mature railways prioritising passenger movements are usually also open to freight services. This
is the case with respect to the large European railways (such as those in France, Germany and
Italy). These are systems that were based, originally, on uncoordinated route and infrastructure
growth, but industrial maturity has resulted in interlinked economic centres, freight corridors
and ports exhibiting benchmark efficiencies. However, inter-operability barriers persist and the
prioritisation given to passenger rail limits the optimisation of freight transport.®

Developmental railways are those where expansion of the network is deliberately fostered as a
contribution to social and economic development through the provision, inter alia, of improved
access and high employment. The best examples are to be found in China, India and Russia.

2 If freight is prioritised, infrastructure investments are directed towards increasing the freight capacity of the system
(increasing train lengths, load carrying capacity of tracks, changes in terminals and sidings, or increasing clearance for double
stacking containers), meaning that one train can carry more cargo. As an example, moving the same amount of freight in
Europe, compared to the United States, requires more than four-times the number of trains (UIC, 2018). A negative of
prioritising freight rail is that passenger rail services become less reliable and struggle to compete with alternative transport.
%8 The prioritisation of passenger transport typically involves a requirement for reliable, on-time services through structured,
planned and scheduled operations, with timetables often being developed months in advance. This generates constraints
for freight operators, both on access to the network and dispatching trains. These constraints reduce both the
competitiveness of freight rail over competing modes and opportunities for growing market shares.
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Rail transport and the energy sector

Energy demand from rail transport

On a global basis, the transport and industry sector each account for 29% of final energy use,
the residential sector for 22% with the remainder used in commercial and public services,
agriculture and others (IEA, 2018b). Within transport demand, the European Union and North
America are the source of the world’s highest energy requirements, but emerging economies,
such as China, India, South Africa and Brazil are catching up quickly (Figure 1.20). Railways today
consume close to 2% of transport final energy use, a modest share relative to road, maritime
and air transport, especially since rail constitutes a much higher share of transport activity (8%
of total passenger-kilometres and 7% of total tonne-kilometres).

Figure 1.20 Final energy use in transport by region and mode, 2000-17
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Sources: IEA Mobility Model (IEA, 2018a), using assessments based on UIC (2018a); UITP (2018d); ITDP (2018); National Bureau of
Statistics of China (2018); Eurostat (2018); Indian Railways (2018a); Japan Ministry of Land, Infrastructure and Tourism (2018); AAR
(2017) and Russian Federation State Statistics Service (2018).

Key message ¢ Energy demand from the transport sector has risen significantly in the past decade,
driven mostly by growth in Asia and by demand in road transport.

The key reason for the gap between its share of activity and its energy use is rail’s much better
energy efficiency, compared with road transport and aviation (Figure 1.21). When expressed as
final energy use per passenger-kilometre or tonne-kilometre, the energy intensity of rail
generally significantly outperforms other transport modes given its unique characteristics.*

% Moving passengers and goods by rail is more energy efficient than by road by a wide margin. Rolling friction losses of
steel-to-steel contacts are far lower than those of rubber tyres (on the order of 85-95% lower than those of truck tyres, for
instance). Trains also benefit from the higher performance of electric motors versus internal combustion engines as well as
high capacities, capable of transporting very large passenger and goods volumes per vehicle. In addition, rail has the
advantage of infrequent stopping, with traffic segregation and right-of-way.
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Figure 1.21  Energy intensity of different transport modes, 2017
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Sources: IEA Mobility Model (IEA, 2018a), using assessments based on UIC (2018a); UITP (2018d); ITDP (2018a); National Bureau of
Statistics of China (2018); Eurostat (2018); Indian Railways (2018a); Japan Ministry of Land, Infrastructure and Tourism (2018); AAR
(2017) and Russian Federation State Statistics Service (2018).

Key message ¢ Rail is the most energy-efficient means of motorised passenger transport, much more
energy efficient than road freight.

Figure 1.22  Final energy demand in rail transport by region and type, 2000-17
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Key message ¢ Overall, rail energy demand has remained relatively constant in recent years. Today,
diesel freight trains account for roughly half of rail energy use.

The trend of energy use in rail has varied considerably across countries (Figure 1.22). Since
2000, energy use for passenger transport has grown significantly in China and India. Energy use
in rail also has increased in Japan, albeit more slowly, while it has slightly declined in the
European Union, Russia and the United States, broadly mirroring trends in overall activity.

Rail is a significant energy consumer, but it is also a significant contributor to reducing energy
demand. If all passenger and freight traffic currently served by rail transport were carried by
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alternative transport modes, global oil demand from transport today would be 16% higher (by
8 million barrels per day [mb/d]).*

Figure 1.23  Final energy demand in rail transport by region and type, 2000 and 2017
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China (2018); Eurostat (2018); Indian Railways (2018a); Japan Ministry of Land, Infrastructure and Tourism (2018); AAR (2017) and
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Key message e Energy demand for rail has declined in the European Union and Japan, remained
constant in North America and increased in Russia, China and India in the period since 2000.

Electricity constitutes 47% of rail energy use, amounting to 290 terawatt-hours (TWh) (or
25 million tonnes of oil equivalent [Mtoe]) today, while diesel accounts for 53%, roughly
equivalent to 29 Mtoe, or 0.6 mb/d (Figure 1.22, right). About 55% of electricity use in rail
transport is for passenger services, and most of the diesel (85%) is for freight services. Countries
with the highest shares of electricity use for rail transport tend to be those with the most
passenger rail activity. For example, in the European Union, Japan and Korea, passenger trains
account for well over 80% of train-kilometres and use electricity, whereas in the United States,
passenger trains account for only 7% of train-kilometres and of which only 1% are fuelled by
electricity. China, India and Russia fall somewhat in between, with 45% to 65% of all rail energy
use in the form of electricity and 30% to 65% of all train-kilometres travelled by passenger

% This assessment accounts for total product demand and the refining losses associated with it. However, it considers
primary energy only, and not the conversion and transmission of electric power. For passenger transport, average energy
intensity for road transport and aviation is taken into account to assess avoided energy demand. Energy intensity of heavy
freight trucks is considered to asses avoided energy demand from freight transport.
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trains. Further details on the forces behind rail transport electrification and, in particular, on the
key determinants of these energy demand figures are presented in Box 1.6.

Box 1.6 Electrification of rail transport

Today, three-quarters of passenger rail transport activity takes place on electric trains, which is an
increase from 60% in 2000, with the rest served by trains using diesel fuel (Figure 1.24).31 These
figures take into account virtually all urban rail activity, all high-speed rail activity and most
conventional rail activity. For freight rail, electric trains accounted for 48% of the total
tonne-kilometres in 2016 (one-third in 2000). The regions with the highest share of electric train
activity are Europe, Japan and Russia, while North and South America still rely heavily on diesel.
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Figure 1.24 Passenger and freight rail transport activity by fuel type (left) and share of activity on
electric trains (right), 1995-2016

45 100% —— oy
B High-speed 2 /
A0 e rail (electric) B } —Korea
YR —— W = 80% = A
I = —— e RUSS i3
i l 3
9:.)0 3'0 ................... n Urban T:) ; Europe
- BB (electric) & 60%
g = E North
c 20 R . . .. tal / America
2 W a0, e T — ot s Chii
= s u Conventional & A1 ina
= L electric § / India
1'0 .................................................................... b~
g 20% South
05 -~ S .. .. .. (d:io:s\sntional _5)“’ ﬁgjii;ica
0.0 - T T T T ] 0% r T T T T ]
1995 2000 2005 2010 2016 1995 2000 2005 2010 2016
12 100%
«====Japan
= e RuUsSia
) T 80%
. IFrelght o Europe
= electric B
@ 3 X
c T 60% e Africa
g 5
s £ China
= =
= g 40% India
8
&
B Freight b Souid
diesel © 2 America
= Korea
0% — ' ' ' ' — NOI"th'
1995 2000 2005 2010 2016 1995 2000 2005 2010 2016 bt

Sources: IEA Mobility Model (IEA, 2018a) using assessments based on UIC (2018a); National Bureau of Statistics of China (2018);
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Key message ® Global rail activity is slowly shifting towards electricity for both passenger and freight
transport.

The importance of electric rail activity for passenger services contrasts with the dominance of
non-electrified lines in rail networks (Figure 1.25). While three-quarters of passenger-kilometres and
around half of tonne-kilometres worldwide are carried by electric trains, only one-third of rail tracks
are equipped with electrical infrastructure.

31 Historically, the first trains used coal and a boiler to fuel steam engines. Such technology was still marginally used in China
(National Bureau of Statistics of China, 2018) and India (Indian Railways, 2018b) until the early 2000s, when it was fully
discarded. Few trains use natural gas as a fuel. Very recently, pilot projects for hydrogen-powered trains have been
undertaken in Germany (see Chapter 2, Box 2.1). These are not included in this discussion.



IEA 2019. All rights reserved. The Future of Rail
Opportunities for energy and the environment

Figure 1.25 Share of electrified rail tracks, 1995-2015
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Key message e Rail tracks have been progressively electrified, with the strongest efforts made in
China, India and Korea.

The differences in electrification between passenger-kilometres, tonne-kilometres and track-
kilometres reflect the following dynamics:

e The United States relies completely on diesel for freight rail transport, while other countries
(including Russia and South Africa) rely predominantly on electricity for freight rail transport.*

e Passenger rail is significantly more electrified than freight in almost all regions: on average
74% of all passenger-kilometres are on electric trains and 48% of freight tonne-kilometres are
carried by electric trains.

e Electrified rail routes have higher utilisation rates than non-electric ones. On average,
electrified lines carry five-times more passenger-kilometres per kilometre track than non-
electrified lines, and twice as many tonne-kilometres. This reflects the priority given to
electrification of rail network segments with high activity, where payback periods for the
investment costs are shorter.

o Regions with higher reliance on urban rail and high-speed rail are those with the largest share
of passenger-kilometres served by electricity, while other regions rely more on diesel. This is
because urban rail and high-speed rail are fully electrified, due to technical requirements, and
enjoy high network utilisation rates, justifying higher investment costs.®

Energy intensity of rail transport services

Major factors influencing the energy intensity of rail transport (expressed in terms of energy per
passenger-kilometre or per tonne-kilometre) include:

e Changes in the specific energy consumption of trains (energy/train-kilometre).

32 For freight rail, the practice of stacking containers to maximise train loads may sometimes be a limiting factor for freight
rail electrification. This is because maintaining the height limitation imposed by the presence of overhead line electrification
(OLE) infrastructure means that maintaining the overall load while electrifying the tracks would require the use of much
longer trains or the use of the "third rail" approach (rather than OLE). Both longer trains and third rail electrification would
add costs. The solution of longer freight trains, combined with OLE, has been adopted in Russia, where electric freight trains
are fully capable of transporting massive volumes of goods over very long distances.

3 Note also that electric trains are significantly more efficient than diesel-electric, especially in situations where rapid
acceleration and frequent starting and stopping are necessary, a pattern that is characteristic of urban rail. The rapid
acceleration of high-speed trains can only be achieved with electric trains.
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e Variations in train capacities and their utilisation rates (leading to different rates of
passenger-kilometre per train-kilometre, or tonne-kilometre per train-kilometre).**

As discussed, the specific energy consumption of trains depends largely on powertrain types
and train size. The positive relationship between energy intensity and train size is explained by
the simple fact that more energy is needed to move larger volumes of people and goods,
especially at low speed and in the absence of regenerative braking. All else being equal, electric
trains are less energy intensive than diesel trains because electric motors have much higher
thermodynamic efficiencies than internal combustion engines. Electric motors are also much
better placed to enable regenerative braking, minimising inertial losses (especially relevant in
the case of frequent stops). As a result, countries with large shares of trains running on
electricity tend to have lower energy demand per train-kilometre for similar sized trains
(Figure 1.26).

Figure 1.26  Specific energy consumption of passenger (left) and freight (right) trains as a function of
train size and the share of electric activity, 2016
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availability.

Sources: IEA Mobility Model (IEA, 2018a) using assessments based on UIC (2018a); National Bureau of Statistics of China (2018);
Eurostat (2018); Indian Railways (2018a); Japan Ministry of Land, Infrastructure and Tourism (2018); AAR (2017) and Russian
Federation State Statistics Service (2018).

Key message ® Rail systems that use small trains and have a high share of electric traction have lower
energy consumption per train-kilometre.

Variations in train capacities and their utilisation rates depend on the specific circumstances of
each region. Such conditions include the state of economic development, nature of the
transport demand (passenger or freight) and the geographic and structural characteristics of the
region.

As discussed in Box 1.3, income level has a strong correlation with occupancy rates for all
passenger rail services (Figure 1.14). In addition, long freight distances usually imply high freight
train capacities and loads (Figure 1.17). These are important factors affecting the energy
intensity of rail transport. Figure 1.27 shows the variation of train occupancy across different

* The trends shown in Figure 1.26 are determined by the combined effect of activity developments and the evolution of
energy intensities (energy/passenger-kilometres and energy/tonne-kilometre).
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passenger rail service types (urban, conventional and high-speed), looking specifically at China,
the European Union and Japan, the regions with the largest volumes of passenger traffic for
conventional, high-speed and metro rail. The comparison shows that high-speed rail occupancy
(and consequently energy efficiency) is significantly higher than for other rail modes, even
though higher speeds require more energy. Average train occupancies are two- to three-times
higher in China and Japan than in the European Union.

Figure 1.27 Average train occupancy across different passenger rail service types in key regions, 2016
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Sources: IEA Mobility Model (IEA, 2018a) using assessments based on UIC (2018a); National Bureau of Statistics of China (2018);
Eurostat (2018); Indian Railways (2018a); Japan Ministry of Land, Infrastructure and Tourism (2018); AAR (2017) and Russian
Federation State Statistics Service (2018).
Key message ¢ High-speed rail typically transports between one-third and three-times more passengers
per train than conventional rail.

The combined effect on the energy intensity of rail services of changes in specific energy
consumption, capacities and utilisation rates on the energy intensity of rail services is
summarised in Figure 1.28. For passenger rail, the countries with the lowest energy use per
passenger-kilometre are China and India, largely because of high train occupancy and loads.
Japan is third with the highest share of electric passenger transport and high passenger load
factors (see Box 1.3). Even though European trains are highly electrified, they are more energy
intensive per passenger-kilometre than the world average, due to lower occupancy rates than in
Asia. Trains in the United States consume three-times more energy per passenger-kilometre
than those in Europe because of their low occupancy and the low rate of electrification.

Energy use for rail freight also shows a strong dependency on train loading. Russia stands out as
the most energy-efficient freight rail system, thanks to a high share of electric traction and high
loads. The United States has the highest freight loading, giving it the best energy efficiency per
tonne-kilometres of trains using diesel (essentially the only fuel used for freight rail in the
United States). China, Brazil, India and South Africa have comparable characteristics of specific
energy use and train loads. The European Union and Japan are less energy efficient per
tonne-kilometre, due to significantly smaller loads.
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Figure 1.28 Energy intensities of passenger (left) and freight (right) rail, 2016
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Sources: IEA Mobility Model (IEA, 2018a) using assessments based on UIC (2018a); National Bureau of Statistics of China (2018);
Eurostat (2018); Indian Railways (2018a); Japan Ministry of Land, Infrastructure and Tourism (2018); AAR (2017) and Russian
Federation State Statistics Service (2018).

Key message ¢ Trains in the United States and the European Union are less energy efficient per
passenger-kilometre than trains in Asia, primarily due to lower occupancy. Freight trains in Russia and
China are the most energy efficient due to high loading and electrification.

GHG emissions and local pollutants

In this report, the environmental factors related to rail transport focus primarily on GHG and
local pollutant emissions. Local pollutants have the greatest impact on human health in densely
populated urban areas (see Box 1.8). Other environmental impacts (e.g. those related with land-
use change, habitat disruption, effects of noise and visual disruption, impacts of mineral
extraction related to the high steel and concrete demand, as well as consequences of the use of
pesticides on rail tracks) are not assessed here.

Well-to-wheel GHG emissions in rail transport

In 2016, the transport sector as a whole accounted for 24% of direct CO, emissions from fuel
combustion, or 7.9 gigatonnes (Gt) (IEA, 2018b).* Rail transport accounted for 89 million tonnes
(Mt) of these CO, emissions, or 0.3% of total energy-related emissions. Measured on the more
comprehensive well-to-wheel (WTW)* basis and including all GHG emissions, 230 Mt
carbon-dioxide equivalent (CO,-eq) were emitted. Compared with other modes, passenger rail
accounted for less than 2% of all WTW GHG emissions from passenger transport, a figure
comparable with rail’s share (1.1%) of final energy use by all forms of passenger transport, and
well below the 8% share of passenger rail in total passenger-kilometres travelled in all forms of
transport. In transporting freight, trains released around 4% of all the WTW GHG emissions of
the freight transport sector as a whole, a similar figure to the 3% share of freight rail in total
final energy use and lower than rail’s share (7%) of all freight transport activity.

* Direct emissions from other sectors include electricity and heat production with 41%, manufacturing industries and
construction with 19%, residential sector with 6% and others 10%. Direct emissions, in contrast to well-to-wheel emissions,
only account for emissions from direct fuel combustion, neglecting the impacts of extraction, transport and refining.

% Well-to-wheel emissions include the sum of emissions due to the conversion of fuel to kinetic energy for vehicle
propulsion during combustion or use in the vehicle (tank-to-wheel) plus those occurring to produce, store and transport the
fuel (or energy carrier) to the vehicle (well-to-tank).
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Box 1.7 Sector coupling: linking renewables-based power generation with rail power demand

As rail is the only mode of transport that is widely electrified today, it is uniquely positioned to
take advantage of the growing role that renewable forms of energy are playing in electricity
mixes. Many railway operators take this further, ensuring that they source their energy from
renewables, thus reducing the overall carbon intensity of the transport services they offer.

In Europe, rail companies purchase renewable energy certificates and guarantees of origin Page | 55
which, in 2017, on average, contributed to reducing specific passenger CO» emissions by over

15%, compared to electricity sourced directly from the national grids. Freight specific CO>

emissions were reduced by only 6%, suggesting that sector coupling measures were more

frequently adopted in the presence of a direct relationship with consumers than in case of
business-to-business relationships (UIC, 2017b). Since 2017, NS, the railway company in the

Netherlands, has sourced all of its tractive energy from domestic wind installations and others

in Belgium and Scandinavia, resulting in no net CO> emissions (NS, 2017). Also in 2017,

renewable energy sources accounted for 42% of Deutsche Bahn’s traction energy mix, on the

way to its goal of achieving CO- free rail transportation by 2050 (DB, 2018).

Worldwide, rail operators and infrastructure managers are increasingly taking advantage of the
land they own to reduce dependence on the grid by operating their own renewable energy
production means. For example, as of 2018, Japan Rail-East operates wind turbines, solar
panels and a 12.4 megawatt (MW) biomass power plant (JR-East, 2017). The railway operator
in Switzerland (SBB CFF FFS) owns and operates six hydroelectric plants, which provide
around 75% the company’s traction power needs, while Austrian Railways (OBB) have installed
hydropower capacity of 279 MW (UIC, 2017b). In Santiago, Chile, the city metro operator built
two solar photovoltaic power plants in 2017, which supply 60% of the metro’s energy use,
bringing the share of energy sourced from renewables to 76% (Metro de Santiago, 2017).

Box 1.8 Opportunities for rail to reduce air pollution

Air pollution is a major externality of the transport sector and poses health risks especially to
urban populations. In 2015, transport accounted for 53% of global nitrogen oxides (NOx)
emissions and for 11% of total particulate matter (PM) emissions (IEA, 2018c). Rail transport
accounted for 4% and 5% of total transport-related NOx and PM emissions.

Almost all cities (98%) with more than 100 000 inhabitants in low- and middle-income countries
are exposed to air quality levels which exceed World Health Organization (WHO) limits.®” This
percentage is 56% in developed economies (WHO, 2018). Urban air pollution from transport
originates from fuel combustion in the internal combustion engines of two/three-wheelers,
passenger cars, buses and commercial vehicles, as well as from non-tailpipe pollutant
emissions, including the wear and tear of brakes and tyres. Many countries have imposed
tailpipe pollutant emission standards for passenger cars, such as the Euro standards, which
set permissible emissions per vehicle-kilometre for pollutants such as carbon monoxide (CO),
NOx and PM. Global best practice on emission standards (e.g. Euro VI for trucks and Euro 6d
for cars, or Tier 3 standards in the United States) do effectively reduce pollution from road
traffic. But many low- and middle-income counties have yet to adopt best practice. Moreover,
actual driving emissions have been widely found to significantly exceed regulated limits
(Bernard et al., 2018).

3 Lower income populations also are more affected by key negative externalities from transport, such as air pollution and
road accidents (Rode et al. 2014; Drabo, 2013).
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In cities with good scope to limit personal vehicle ownership by offering all-electric transport options,
rail is well placed to contribute significantly to reducing air pollution, particularly in developing
countries.*®

The carbon intensity of WTW GHG emission is the crucial factor explaining the differences
between energy and GHG emission shares. Carbon intensity depends on the type of traction
used by the trains (primarily diesel or electric), on the energy intensity of the rail service
considered and on the WTW carbon intensity of the energy used. The carbon intensity of diesel
traction does not vary significantly across regions. On the other hand, the carbon intensity of
electricity depends on the fuel used to generate power. Figure 1.29 compares the WTW carbon
intensities of diesel fuel and electricity produced from various primary sources. It shows that
electric trains can effectively reduce emissions, compared with diesel-powered trains, but only if
the power generation mix is not largely dependent on primary fuels with high carbon content,
such as coal. Box 1.7 explores how the benefit of rail in terms of GHG emission reductions,
compared with other forms of transport, can be enhanced further by voluntary actions within
the rail transport sector.

Figure 1.29 Average WTW carbon intensities for diesel powertrains, compared with electric
powertrains using various primary sources
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Notes: g CO,/MJ = grammes of carbon-dioxide equivalent per megajoule. Tractive energy is the final energy necessary to move the
vehicle forward. These results are obtained assuming a diesel train efficiency of 35%, an electric powertrain efficiency of 90% and a
power plant efficiency of 50%.

Source: Emissions factors per unit energy of fuel used from IEA (2012).
Key message e Electric trains are significantly less carbon intensive than diesel trains if they draw

power from primary energy sources with low-carbon content.

The much lower carbon intensity of rail (per passenger- or tonne-kilometre) compared with
most other modes of transport, means the rail sector already plays a key role in containing

% A wealth of evidence has been collected showing a link between the opening of urban rail systems and cuts in ambient
concentrations and intake of the harmful pollutants emitted by internal combustion engines (primarily PM, NOx, CO and a
range of hydrocarbons). Gendron-Carrier et al. (2018) show that the construction of metro networks in cities results in a
significant impact on air quality, reducing particulate concentration by 4% on average in a ten kilometre radius around the
city centre. The effect is larger near the city centre; more highly polluted cities, especially in Asia, experienced larger
pollution reductions after opening a metro network. Concentrations of CO, NOx, PMy and sulphur dioxide along corridors
have been shown to fall by around 5-10%. Specific case studies have shown that opening new urban rail lines can reduce
local concentrations of selected pollutants or limit their increase with reductions of up to 23% observed in CO
concentrations (Park and Nese Sener, 2019; Chen and Whalley, 2012). Case studies in Beijing, Guangzhou and Mexico City
also observed significant air pollution reductions after opening metro systems (Yang, Zhang and Ni, 2014; Shang and Zhang,
2013; Bel and Holst, 2018).
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global GHG emissions. If all passenger and freight transport demand currently satisfied by rail
were served by planes and road vehicles (cars and trucks) then global GHG emissions would
increase by 1.2 Gt CO,-eq (13% higher than total transport emissions) (IEA, 2018a). Looking
forward, efficient electric motors and increasingly low-carbon power mixes could enable rail to
contribute substantially to achieving zero-emission mobility from a WTW perspective.

Additional emissions: Looking at rail from a life-cycle perspective

The operation of trains is not the only source of emissions from rail transport. Emissions also
arise from the construction of the railway network, the manufacture of the rolling stock, its
maintenance and ultimate disposal. These emissions must also be taken into account when
assessing the capacity of rail projects to reduce GHG emissions. Environmental life-cycle
assessments for rail projects show that the projects best able to deliver net benefits are those
having the following characteristics:

e Infrastructure characteristics that minimise the need for large amounts of steel, iron and
concrete per kilometre (required for bridges, viaducts and tunnels) (Figure 1.30). The
production of steel and concrete is responsible for a large fraction of embodied emissions.*

e Trains operating high loads that minimise emissions per train-kilometre, thanks to efficient
electric motors and a low-carbon power mix.

e High potential for a shift away from those transport modes with high carbon intensities in
the use phase: aviation and cars for passenger rail, and trucks for freight rail.

e High passenger or freight throughput to facilitate maximising the emission savings for every
passenger/tonne-kilometre switched from road and aviation to rail, so diminishing the
relative importance of emissions due to the manufacture and maintenance of transport
vehicles and networks.

Figure 1.30 Concrete, steel and iron use for one kilometre of conventional rail line (double track)
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Note: Boxes represent the range of material use in various projects and points represent values in the academic research mentioned
in the cited sources. Elevated structures include bridges and viaducts. It should be noted that the use of tunnels and viaducts may
have other important benefits, for example increased safety and less land use, and necessity for additional infrastructure for line
crossings.

Sources: Chester and Horvath (2010); UIC (2016) and TERI (2012).

Key message e Railway lines, in particular those with numerous tunnels, viaducts and bridges are
concrete and steel intensive.

% This is true for studies in various regions, for example (Chester and Horvath, 2010). According to TERI (2012), concrete and
steel production and their transport account for 70% of CO, emissions during the railway construction phase, and steel
production alone accounts for over 50% of infrastructure GHG emissions (UIC, 2016).
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High-speed rail

A case of two large cities considering a high-speed rail connection in order to mitigate GHG
emissions from passenger cars, buses and planes is portrayed in Table 1.2 and Figure 1.31. They
assume a 500 kilometre distance between the two cities and 20 million single trips made
annually by all means of transport (comparable to the passenger activity between Paris and
London [Behrens and Pels, 2012]).

In order illustrate the impact of different system characteristics on GHG emissions, three cases
are considered. The first case, “high potential” for rail to reduce emissions, considers a
high-speed rail line with few tunnels and bridges, using efficient electric trains powered by a
low-carbon electric system and with high occupancy rates, which is able to effect sizeable modal
shifts to rail while leading to only moderate incremental demand. The second case, “medium
potential”, assumes characteristics that fall between the high and low cases. The “low
potential” case assumes more pessimistic conditions for GHG emission reductions: numerous
tunnels and bridges, a carbon-intensive power grid, limited shifts from road and aviation,
significant induced demand and low train occupancy.

Table 1.2 Transport emissions mitigation with high-speed rail: selected variables in three cases

. . High Medium Low
Category Variable Unit potential potential potential
Share of tunnels Proportloln e Lotal LEZIES 2% 5% 10%
Rail infrastructure engt
construction ;
Share of elevated Proportion of total track 5% 10% 40%
length
Train efficiency and Well-to-wheel g COz-eq/passenger-
- S . : 3.2 13.5 23.5
power mix emission intensity kilometre
Formerly in aviation Share of all trips 20% 10% 5%
Formerly in cars Share of all trips 20% 10% 5%
Source of demand
Formerly on buses Share of all trips 5% 2% 1%
Newly generated Share of all trips 10% 15% 20%
Train occupancy Occupancy factor Passengers/train 850 750 650

Note: g CO,-eq = grammes of carbon-dioxide equivalent.

Sources: The choice of the share of tunnels and bridges on the rail line are based on various case studies examined in Akerman
(2011); Bueno, Hoyos and Capellan-Perez (2017); Chen and Whalley (2012); Chester and Horvath (2010); TERI (2012) and UIC (2016).
The values given here range between 1.6 and 4.4 thousand tonnes of CO,-eq per track-kilometre for high-speed lines at ground
level, 9.3 and 17.3 for high-speed lines in tunnels, and 6.2 and 18.4 for lines on bridges or viaducts. The intensity of vehicle
emissions is from IEA, 2018a. Assumptions as to the extent of modal shifts and train occupancy are made as a result of a comparison
of the methodologies of Westin and Kageson, 2012; Dalkic et al., 2017; Behrens and Pels, 2012; Chester and Horvath, 2010.

Key message ® The impact on CO,-eq emissions of a new high-speed rail line is dependent on numerous
parameters related to topography, passenger behaviour and operational practices.

Figure 1.31 compares emissions that occur over 60 years of use of the rail infrastructure against
the operational emissions from buses, cars and planes that would have occurred in the absence
of a high-speed rail line between the cities. It also shows the time needed for the rail connection
to offset the carbon footprint of the construction of the rail infrastructure and vehicles. The
results indicate that the payback time is as low as three years in the high potential case and nine
years in the medium potential case. In this analysis, a high-speed rail project with the
pessimistic assumptions of the low potential case lead to only very small net reductions in
emissions over a 50-year timeframe.

The GHG payback time for a high-speed rail line is higher where frequencies of use are low. In
the example, if the total yearly transport demand between both cities were to be changed from
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20 million to 10 million, the avoided emissions imputable to the saving of fuel use by other
transport modes shrinks by half, raising the comparative impact of the emissions from
infrastructure construction and increasing payback times significantly.

Figure 1.31  Annualised life-cycle GHG emissions, GHG savings and time needed to compensate Page | 59
upfront emissions for a new high-speed rail line
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Sources: IEA analysis based on sources and assumptions noted in Table 1.2.

Key message e If optimal conditions are met, a new high-speed rail line can produce almost immediate
net CO, benefits by reducing air and car journeys.

Urban rail

The GHG emissions reduction potential of metro systems can be illustrated by an example
similar to that shown for high-speed rail. Table 1.3 shows the assumptions made for high,
medium and low potential cases for a new metro line competing with buses and cars in a large
city. The assumptions are a metro line of 20 kilometres, an 8 kilometre average trip length and a
60-year project lifetime. Passenger activity along the 8 kilometre route is assumed to be
1 million passenger trips per day, by all modes of transport. If the share of the trips made by car
prior to the construction of the new metro infrastructure is 70% of all motorised trips (the rest
being on buses), the three cases detailed in Table 1.3 reflect situations in which the metro
manages to attract 300 000 to 600 000 of these trips. This is consistent with the proportion of
passengers transported in existing metro systems (RATP, 2018; UITP, 2018b). Other key
differences between the three cases include progressively more pessimistic assumptions about
emissions due to the type of infrastructure, WTW fuel efficiency, shift potential from other
modes and load factors.

Figure 1.32 shows that a metro line can effectively reduce GHG emissions only if it can meet
certain requirements, notably in terms of the extent of GHG emissions from train operations
and the capacity to shift passengers from more energy and carbon-intensive modes. The
primary influence is the carbon emissions per passenger-kilometre stemming from the
electricity used by metros and also on the level of emissions associated with the construction of
metro (the higher material requirements needed for the construction of elevated and
underground rail networks). Load factors also show a significant impact.

An important caveat is that this exercise does not account for emission savings from the
avoidance of bus and car manufacturing and recycling, or the emissions stemming from the
construction of infrastructure to accommodate passenger cars, such as parking spaces. The GHG
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emission savings from a new metro line would be larger if the potential reduction in car
ownership were fully factored into the calculations.

A second caveat is that no account is taken of the environmental and health benefits derived
from improved urban air quality, given that electrified rail networks reduce the concentration of
particulates and other polluting substances in high exposure areas such as urban roads.
Similarly, no value is placed on the potential of metro systems to alleviate road congestion,
allowing more rapid transportation and thereby delivering valuable time savings. Additional
benefits include reduced noise, lower accident rates and increased opportunities to reorganise
the urban environment in favour of pedestrians and cyclists.

Table 1.3 Transport emissions mitigation with a new metro line: selected variables in three cases

i . High Medium Low
Category Variable Unit K . i
potential potential potential
Rail mfrasfructure Total e_mt_>edded kt CO,-eq 89 162 231
construction emissions
Train efficiency and Well-to-wheel g CO,-eq/passenger-
- e . ) 6 45 110
power mix emission intensity kilometres
Formerly in cars Share of all trips 40% 25% 10%
Source of demand Formerly on buses Share of all trips 15% 10% 5%
Newly generated Share of all trips 5% 10% 15%
Train occupancy Occupancy factor Passengers/train 250 170 45

Note: kt = thousand tonnes; g CO,-eq = grammes of carbon-dioxide equivalent.

Sources: Values for embedded emissions from metro infrastructure construction and maintenance are based on ranges provided in
Chester and Cano (2016); Li et al., (2018) and TERI (2012). The range indicated by these sources is roughly from 5 to 11 tonnes
CO;-eq per kilometres of metro line, with the lower value for metro lines at surface level, and higher values for underground or
elevated lines. Emissions intensity is estimated based on historical values from France (low intensity), Germany (medium) and China
(high), and for occupancy rates in Japan (high occupancy), Germany (medium) and China (low).

Key message e The CO,-eq implications of metro construction and use vary significantly from region to
region, in particular emissions intensity per passenger-kilometre can vary by an order of magnitude.

Figure 1.32  Annualised life-cycle GHG emissions, GHG savings and time needed to compensate
upfront emissions for a new metro line
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Note: In the low potential case, the investment in CO,-eq mitigation never reaches breakeven, so no emissions compensation period
is shown.

Sources: IEA analysis based on sources and assumptions noted in Table 1.2.

Key message e Metros achieve higher GHG emissions savings if they can attract commuters who would
otherwise use a car. The emissions intensity of the metro operation also plays a decisive role.
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Freight rail

An example used to assess the capacity of freight rail transport to deliver GHG emission
reductions on a life-cycle basis involves the construction of a new double-track freight corridor
with an (arbitrary) length of 500 kilometres connecting two important freight nodes with an
annual freight demand of 50 million tonnes.*® Road transport is the only alternative mode
considered, since air shipping is appropriate only for very different types of goods, and maritime
transport does not compete directly with surface transport (except in coastal areas). The key
parameters considered in the three cases are given in Table 1.4. The GHG emissions savings are
assumed to come not only from truck operation, but also from the avoidance of the emissions
otherwise embedded in the vehicle itself, since a company replacing truck haulage by freight rail
will require a smaller trucking fleet.

Table 1.4 Transport emissions mitigation with a new 500 kilometre freight rail corridor: selected
variables in three cases

. . High Medium Low
Category Variable Unit potential potential potential
Rail infrastructure Total embedded
construction emissions AT (e A2 =il
Train effl_clency and Wel_l—to-lwheell g CQg—eq/tonne— 95 14.0 2392
power mix emission intensity kilometre
Modal share Train / truck shares % 50/50 30/70 10/90
Train occupancy Load carried tonnes/train 2900 1900 800

Note: kt = thousand tonnes; g CO,-eq = grammes of carbon-dioxide equivalent.

Sources: Embedded emissions for rail construction assume the same values as calculated for high-speed rail (see Table 1.2). Train
emissions intensity and loadings are based on country benchmarks, with high potential based on Russia, medium potential by the
weighted world average and low potential by emission factors in China and train loading in the European Union.

Key message ¢ A new freight rail corridor is estimated to have the capacity to replace 10-50% of road
freight. The intensity of train emissions varies proportionally to train size.

The analysis suggests that, in the best case, net emission benefits are achieved after slightly
more than one year after infrastructure construction (Figure 1.33). This is largely due to the fact
that the emissions intensity of freight rail is nearly ten-times lower than that of trucks. The
medium case offers net benefits in less than four years, while the most pessimistic scenario
achieves emissions neutrality after 24 years.

To summarise, the extent of the GHG value of building a new rail line depends on a combination
of topological considerations and infrastructural decisions, the level of operational efficiency of
the train, load factors and electricity mixes and, most of all, the total volume of passengers or
freight shifted to rail. Under favourable conditions, rail can deliver important GHG emission
savings by shifting traffic away from passenger cars, trucks and planes. Many other
considerations need to be taken into account, such as the impact on air quality (especially in
urban areas), the value of reduced road congestion, savings in travel time and noise. Another
caveat is that this analysis does not attempt to evaluate the potential for and value of efficiency
increases in electric vehicles in other transport modes or the impact of vehicle sharing.

%0 Estimation based on average national freight volumes by mode in (IEA, 2018a). This 50 million tonnes is about equivalent
to 5% of the total annual freight transported by rail in a large country such as India or Russia.
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Figure 1.33  Annualised life-cycle GHG emissions, GHG savings and time needed to compensate
upfront emissions for a new freight rail line
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Sources: IEA analysis based on sources and assumptions noted Table 1.4 The emissions intensity and load factor for trucks is the
world average value for heavy trucks in 2015 (IEA, 2018a). Emissions associated with the manufacture, maintenance and recycling of
train and truck rolling stock is based on TERI (2012).

Key message ® The improved energy efficiency of freight rail over transport by road leads to rapid net
benefits; even the low potential case achieves significant CO,-eq reductions after 24 years.

Conclusions

The information presented in this chapter underlines the importance of high passenger and/or
freight throughput to the success of rail operations. High throughput enables the high capital
cost of rail networks to be spread across many users thereby minimising unit costs, and
generates robust revenue streams from fares.

High throughput is also key to rail’s lower energy intensity per passenger- and tonne-kilometre
than other transport modes. It also favours electrification and, thus, energy diversification. The
life-cycle analysis shows that high throughput delivers significant environmental benefits
(relative to mobility via other modes), minimising the time required to offset the emissions
incurred in building new rail infrastructure (after which rail has a continuing advantage in this
respect, relative to other motorised modes of transport).

Conditions that can enable high throughput include:
e A favourable physical context for the rail links, such as high population density and
constraints on other forms of transport.

e Meticulous planning of rail network development, for example thorough analysis of the
character of freight consignments, their origins and destinations.

e High rates of utilisation of the rail networks, thanks to advanced signalling and
communication technologies.

Polices and technologies that support rail development include:

e Urban densification and integrated transport and urban planning. For example, changing
zoning laws to promote transit-oriented development.

e Regulations and corporate initiatives to standardise freight parcels.

e Use of information technologies to facilitate the integration of different transport modes.

e Fiscal instruments designed to ensure that the costs of all modes of transport reflect
infrastructure needs and externalities including societal and environmental impacts.
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How rail markets should be organised to deliver these benefits is a question to which there is no
single or simple answer. Liberalised markets have been shown to improve the competitiveness
and efficiency of rail in some circumstances (e.g. in North America), although the presence of a
dominant operator may be desirable in the early stages of rail development to avoid costly
duplication of infrastructure.

Building on this background, Chapters 2 and 3 explore the implications of two scenarios
depicting how rail travel may develop in the period to 2050.
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2. Outlook for Rail in the Base Scenario

Highlights

e Rail is an important pillar of passenger and freight transport today, though it faces increasing
competition from other modes. Historical trends show that as incomes rise so does demand for
individual mobility in cars and travel by planes; public transport tends to lose market share in
overall travel activity as a result. Presented here, our Base Scenario demonstrates how these
factors play out in the period to 2050. It assumes the transport and relevant policies that are in
place today and those that have been announced including national and regional targets for
expanding rail infrastructure.

e Demand for passenger mobility rises rapidly across all transport modes, including rail, in the
outlook to 2050. Global passenger rail activity more than doubles (+116%) from present levels,
reaching almost 9.4 trillion passenger-kilometres, yet retaining its share of rail in total passenger
activity at around 10%. People’s Republic of China (“China”) and India continue to account for
the largest part of passenger rail activity, owing to the vast size of their rail networks, high
occupancy levels and plans for infrastructure extension. The combined share of global rail
activity in China and India increases from about 60% today to 70% by 2050.

e Global freight activity in 2050 across all modes triples relative to 2017 levels, driven by economic
growth. Freight activity on rail grows, but the pace lags behind robust increases in maritime and
heavy truck freight activity. As a result, the share of rail in overall freight activity declines from
7% in 2017 to 5% in 2050. Rail’s share in surface freight transport (i.e. excluding shipping)
declines from 28% in 2017 to 23% in 2050, as rising demand for rapid delivery of high value and
lighter goods favours a continuing shift from rail to road in most regions. China, Russian
Federation (“Russia”) and the United States account for about 70% of the projected increase of
freight rail activity. In China, economic growth drives rapid freight rail growth, even though the
share of rail in surface freight transport as a whole falls substantially, from around a third in
2017 to about a quarter in 2050.

e Increasing transport demand and current capacity bottlenecks require rail networks to be
extended by more than 430 000 track-kilometres through to 2050, a 27% increase from 2016.
The length of metro track extends by nearly 45 000 kilometres (137% from 2017) and high-speed
rail tracks by 46 000 kilometres (65% more). As a result, combined metro and high-speed rail
activity almost triples. Global average annual investment needs in rail infrastructure are
USD 315 billion (United States dollars), about 50% higher than they were over the past decade.

e Energy demand for transport grows by over 40% by 2050 in the Base Scenario, led by road and
air travel. Rail energy use increases by 75% to 90 Mtoe, maintaining its current level of around
2% of total transport energy use. Electricity satisfies much of rail energy demand growth, up
140% to around 700 TWh in 2050. Diesel use for rail rises slightly to 0.58 mb/d. Increased
reliance on electricity is particularly strong in passenger rail transport because both urban and
high-speed rail expand and are entirely electric. Absent passenger and freight activity by rail, oil
demand in 2050 would be 9.5 mb/d higher, 16% higher than the total projected demand from
transport in that year.

e Closely mirroring energy trends, global well-to-wheel GHG emissions from the entire transport
sector in the Base Scenario reach 14 Gt CO,-eq in 2050. The share of rail in total transport
emissions remains below 3%. Rail transport keeps emissions lower than they would be
otherwise: without rail, global transport-related well-to-wheel GHG emissions in the Base
Scenario would be higher by 1.8 Gt CO,-eq, 13% higher in 2050. In addition, urban rail avoids the
emissions of 340 kt of PM, s.
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Introduction

Rail transport is an important part of passenger and freight activity today but, as competing
pressures arise from other major motorised modes of transport, there is no guarantee that it
will maintain its position in the future. In relation to passenger transport, rail is confronted by
increasing demand for individual, flexible and seamless mobility, readily available at any time of
day and for any possible destination. Personal cars offer such service and, with the advent of
electric cars, some of the main environmental shortcomings of individual motorisation, most
prominently local pollution and greenhouse gas (GHG) emissions, might be substantially
reduced in the future. Air travel is another significant competitor, often connecting people
faster and with more flexibility to their destination, generally with less reliance on the
construction of complex network infrastructure.

The challenges to freight rail are also formidable. The main competitors are road freight trucks,
which generally offer a more flexible option than freight rail: freight trucks rely less on
dedicated infrastructure and are much more modular in the scope of activity, meaning they
require lower delivery volumes than rail to make a business case. Yet, trucks are more energy
and emissions intensive per tonne-kilometre than rail, and cause considerable damage to the
road infrastructure (forces on roads reflect the cube of axle weight). Currently, they are rarely
charged for either their emissions or infrastructure damage.

This is the context for discussion of the Base Scenario in this chapter. The Base Scenario models
how rail transport might handle competitive pressures on the basis of existing policies and
those that have been announced as of December 2018. It considers rail transport in the context
of overall energy and transport trends, taking account of all policies that have been adopted in
other energy sectors, including power, industry and buildings." This includes the commitments
made in the Nationally Determined Contributions (NDCs) under the Paris Agreement.
Significantly, while these actions require substantial changes in investment and use patterns in
energy and elsewhere, they prove, in the analysis, to be insufficient to limit expected warming
to 2 degrees Celsius by the end of the century.

For transport, the policies taken into account include rising road vehicle fuel-economy
standards, as well as the International Civil Aviation Organization (ICAO) targets to improve the
energy efficiency of airlines by 2% annually and the International Maritime Organization’s (IMO)
Energy Efficiency Design Index, which mandates an annual average energy efficiency
improvement of the shipping fleet of 1% between 2015 and 2025. For rail, the scenario takes
account of all recent trends and, as stated, all declared policy intentions that could shape the
future development of rail transport.>

The future of rail relies in many ways on the roll-out of new infrastructure, the pace of which is
a key constraint on growth. The Base Scenario reflects declared intentions including: the pace of

! All non-transport projections in this scenario are drawn from the New Policies Scenario of the World Energy Outlook-2018
(IEA, 2018a).

2 The development of passenger activity in the Base Scenario is projected from 2018 to 2050 on the basis of a few key
assumptions. The key drivers of activity growth are developments in national gross domestic product (GDP) (World Bank,
2018), and urban and non-urban population developments (UN DESA, 2017). The projections account for structural
differences across countries, taking into account the influences of long-term levels of fuel taxation and geography on
population density, vehicle ownership and usage patterns, as well as modal shares. Developments in GDP per capita,
together with changes in the size and share of populations living in cities of various sizes, drive projections of passenger
activity. The projected modal split of passenger activity across two/three-wheelers, passenger cars, buses, rail and air travel
is based on literature informed estimates of the effects of policies, including pricing measures (e.g. on vehicle purchase and
fuel taxation) and urban “travel demand management” policies, such as congestion charging, low-emissions zones and
internal combustion engine and diesel circulation restrictions.
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development of rail transport infrastructure (including projects to develop new high-speed rail
lines or expand existing ones), targets for capacity utilisation, plans to electrify railway lines and
targets of modal shares for rail in transport activity. In addition to the specific targets
(Table 2.1), urban rail activity projections to 2025 are informed by planned “greenfield” metro
and light rail projects to 2023; beyond that the expansion of urban rail infrastructure is
projected on the basis of the perceived potential role for urban rail, in line with the known
investment criteria and broad assumptions about the opportunities open to rail in an era of
urbanisation. High-speed rail activity projections to 2050 are based on approved or planned
construction of high-speed rail lines.?

Table 2.1 Selected targets and rail development policies by region in the Base Scenario

Region Description Source
Investments to complete the core of the Trans-European Transport
Network and implementation of the European Rail Traffic Management European Commission

Europe System by 2030, supporting activity growth of 1.4% per year for non- (2016); European
urban passenger rail, 2.5% per year for high-speed rail and 1.2% per Commission (2017)
year for freight rail from 2010 to 2050.

People’s The 13th Five-Year Plan provides for the extension of high-speed rail

Republic of | lines by 30 000 kilometres by 2020, connecting more than 80% of all NDRC (2016)

China large cities.

Russian Russian Railways: achieve activity growth of 3.0% per year for

Federation passenger rail and 4.5% per year for freight rail from 2017 to 2025. bzt (200

Low Carbon Strategies for Inclusive Growth of the Indian Plan.mng lCommlss_lon.,

. , ) o . L (2014); National Institution

India Government’s Planning Commission provide for activity growth of for Transforming India
7.0% per year for both passenger and freight rail from 2017 to 2025. (2018) 9 ’

The pace of adoption of new technologies in the Base Scenario similarly reflects declared
intentions, and, where policy intentions are unclear, the pace of change that would be needed
in the transport sector to achieve the NDC pledges. In rail, this includes more electrification,
starting with the most used routes; increased adoption of automated train driving (which is
already in place in urban rail in some cities)* and increasing use of communication-based train
controls. The Base Scenario does project radical technological change, beyond current
expectations, in any transport mode.

The projections in the Base Scenario signal to policy makers and other stakeholders the
direction which today’s ambitions are likely to take the rail sector. This does not make this
scenario a forecast. Alongside other uncertainties, like the pace of economic growth and
technology change within the rail sector as well as beyond, adjustments will be made to policies
affecting the rail sector in the future, beyond those already announced, responding to new
circumstances or priorities. The Base Scenario is not a normative scenario: it does not depict a

% Key sources for this assessment include the European Commission (2016). Data on the growth of network extension and
activity (in passenger-kilometres) on high capacity urban rail developments come from the International Association of
Public Transport (UITP) (Union Internationale des Transports Publics) (UITP, 2018a; UITP, 2018b). Data on new metro and
light rail projects to be opened in the coming years are from the Institute for Transportation and Development Policy (ITDP,
2018). Information on prospects for new urban rail developments in China are from the Office of the State Council (2018a,
2018b) Announcements on high-speed rail lines planned are from the International Union of Railways (UIC) (Union
Internationale des Chemins de Fer) (UIC, 2018). The Base Scenario takes into account projects under construction or already
approved, as well as information shared with the IEA and the UIC in a joint workshop on rail and energy, and in particular,
indications from Ivanov (2018); Strohschneider (2018); Lee (2018); and in the case of India from Pillai (2018); Sinha (2018)
and Mishra (2018).

* Over the next five years, an additional 2 200 kilometres of fully automated metro lines are expected to be in operation
(representing over 40% of new length), led by growth in Asia-Pacific, Europe and the Middle East (UITP, 2016; UITP, 2018).
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future for rail that could be deemed desirable or one that policy makers or other stakeholders
should try to bring into being. It provides an analytical basis for expectations about the future
and thereby also serves as an invitation for policy improvement if the outcomes described are
sub-optimal.

Rail network developments

In the Base Scenario, between 2016 and 2050, the global rail network (urban, conventional and
high-speed rail) expands from 1.6 to 2.1 million track-kilometres, a 26% increase in 34 years. By
2050, metros account for 3% of the total of all rail track-kilometres and high-speed rail for 5%
(up from 2% and 3%, respectively, in 2016).

In line with recent progress in the utilisation of network capacity (as measured by the ratio of
train-kilometres per year to track-kilometres), activity grows at a faster rate than the
construction of new tracks. From 2016 to 2050, more than 430 000 track-kilometres for
conventional and freight rail are built (an increase of more than a quarter from 2016). In the
same period, due to higher track utilisation and increased occupancy on conventional rail, the
number of passenger-kilometres and tonne-kilometres on the global rail network both more
than double (Figure 2.1, left). By 2050, the global capacity utilisation rate of the conventional
rail network improves by about 60%, conventional and freight annual train-kilometres reach
12 400 per track-kilometre (up from 7 700 per track-kilometre in 2016). In 2050, North America
remains the region with the most extensive conventional rail network (over one-quarter of
global track-kilometres), mostly used for freight, followed by Europe, India, China and Russia.
India and Russia are the two countries that extend their conventional rail networks most
substantially in the period to 2050 (Figure 2.1, right).

Figure 2.1  Global conventional rail network extension and activity in the Base Scenario. Activity
(left), 2017-50 and regional distribution of conventional rail extension (right), 2050
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Key message ¢ Higher capacity utilisation means that activity increases faster than network
construction. By 2050, North America (prioritising freight) and Europe (prioritising passenger) have
extended their rail networks the most.

Metro and high-speed rail networks grow the fastest, their track-kilometres increasing by about
140% for metro and 65% for high-speed rail from 2016. The lengths achieved in 2050 are about
76 000 track-kilometres for metro and 113 000 track-kilometres for high-speed rail (Figure 2.2).
Metro and high-speed rail networks can achieve far higher rates of utilisation than conventional
rail as the intervals between trains are shorter; the average utilisation rate worldwide for metro
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is 85 000 annual train-kilometres per track-kilometre and 29 000 for high-speed rail. As a result,
the continued rapid expansion of metro and high-speed rail networks accommodates large
increases in passenger activity. The volume of passenger-kilometres on metros increases by
about 150% and on high-speed rail by 200% by 2050.

China maintains its recently attained standing as the country with the world’s largest metro
network: by 2050, the length of its metro network tracks increases more than threefold to over
30 000 kilometres, making up 40% of the world’s metro track length. Europe, North America,
India and other Asian countries also expand their metro and light rail systems.

Figure 2.2  Global metro and high-speed rail by track-kilometres and region in the Base Scenario,
2017 and 2050
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Notes: ASEAN = Association of Southeast Asian Nations. It includes Brunei Darussalam, Cambodia, Indonesia, Lao People’s
Democratic Republic, Malaysia, Myanmar, Philippines, Singapore, Thailand and Viet Nam.

Source: IEA (2018b).

Key message e China continues to maintain its place as the country with the most extensive metro and
high-speed rail networks globally in 2050. Europe maintains its status as the second-largest region in
high-speed rail, while metro rail networks expand rapidly in emerging economies.

Figure 2.3  Existing and planned high-speed rail track developments in the Base Scenario

High-speed rail tracks, 2050
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Note: Under the conventions of this scenario, the category planned applies only to projects that have been officially approved.
Source: IEA analysis based on UIC (2018).

Key message ¢ Most of the high-speed rail network length in the Base Scenario in 2050 has already
been built or is under construction. By 2050, the number of countries with high-speed rail tracks
doubles.
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High investment costs mean that the expansion of high-speed rail networks is viable only where
a combination is found of relatively high activity and densely populated urban areas to ensure
adequate funding and high passenger utilisation rates (Nash, 2015). Despite these strict
prerequisites, the number of countries with at least one high-speed rail line more than doubles
in the Base Scenario, from 14 today to 29 by 2050.> Most of this network expansion takes place
in Asia, although China’s share of high-speed rail track length is expected to decrease from 70%
in 2017 to 57% in 2050. Europe, North America, India and other Asian countries also expand
high-speed rail networks in the Base Scenario (Figure 2.3).

Rail transport activity

Passenger rail

Demand for passenger mobility by all means of transport continues to rise in the Base Scenario.
As the global economy nearly triples in size by 2050 and the world population grows by around
30%, passenger transport activity increases to over 100 trillion passenger-kilometres, more than
twice as high as in 2017. Increasing demand for mobility in emerging economies is the main
factor, arising as a consequence of rising incomes and a growing middle class (Figure 2.4).
Non-rail modes of passenger transport experience significant growth alongside rail: world
passenger car ownership reaches 240 per 1 000 people by 2050, roughly twice as high as today;
the number of two/three-wheelers on the world’s roads increases to 1.4 billion in 2050, up from
less than 1 billion today; and air travel grows strongly bringing revenue passenger-kilometres (a
measure of air travel activity) up to 21 trillion in 2050 (from 6 trillion today).

Figure 2.4  Passenger transport activity by all motorised means by region (left) and mode (right) in
the Base Scenario, 2017, 2030 and 2050
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Key message ® Emerging economies significantly increase their share of total passenger travel in 2050.
Rail accounts consistently for roughly one-tenth of all passenger activity through 2050.

Rail transport is no exception. In the Base Scenario, global passenger rail activity more than
doubles (+116%) from present levels, reaching 9.4 trillion passenger-kilometres in 2050. The
result is that rail broadly maintains its present modal share of global passenger activity
throughout the projection period, at close to one-tenth of all activity. In the Base Scenario,

® Denmark, Morocco, Saudi Arabia and the United States have high-speed rail lines under construction. Canada, India,
Indonesia, Islamic Republic of Iran (“Iran”), Israel, Malaysia, Singapore, Thailand, Poland and Russia plan to build their first
high-speed rail lines in the period to 2050.
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urban rail in 2050 covers 2% of activity in cities, its share ranging from less than 1% in North
America and India to 15% in Japan.® Outside cities, rail accounts for a share of total motorised
passenger-kilometres ranging between less than 1% in North America to half in Japan. The
global average is 14% (IEA, 2018b).’

Within rail, non-urban rail dominates, simply because shorter travel distances on urban rail
result in lower volumes of aggregate activity (passenger-kilometres) when compared with non-
urban rail.

The rate of growth in passenger rail activity is by no means uniform across the world in the Base
Scenario; it depends on the rate of growth in demand and the emphasis put on achieving
further extension of rail use. In Europe and Japan, per capita demand for passenger mobility is
already largely stable (apart from demand for aviation, which continues to grow). Even so, in
Europe, passenger rail activity increases to 840 billion passenger-kilometres by 2050, 60% above
current levels, supported in the European Union by the plans of various member states to
increase the network length of high-speed rail by 80% by mid-century, and by the European
Commission’s promotion and co-funding of high-speed rail projects (see Table 2.1).2 Rail growth
in Europe is further evidenced by near-term plans in cities to extend metro and light rail
networks by more than 10% over current levels in the coming five years. In Japan, passenger rail
activity decreases by 14% by 2050, in the context of overall decreases in all passenger transport
activity (of more than 5%), due to declining population. Rail activity in Korea is set to increase by
approximately 70%, driven by high-speed rail. Passenger rail activity in North America continues
to play a minor role, mostly in cities.

Most of the growth of passenger rail activity in the Base Scenario is attributable to expanding
rail use in emerging economies, most notably in India (where passenger rail activity triples
between 2017 and 2050, mostly on the conventional rail network) and China (where passenger
rail doubles, mostly on its extensive high-speed rail network). The situation in India, (discussed
in detail in Chapter 4) is that, despite the marked increase in the provision of urban rail (plans
over the coming decade are to more than double the current metro system length) and in urban
rail activity, rail does no more than maintain its relative importance (in terms of modal share),
as road transport and aviation similarly experience strong growth. In China, the share of
passenger rail in overall transport activity increases as a result of the construction of urban and
high-speed rail networks that is already underway. The growth slows after 2030 though,
pending confirmation of further infrastructure projects (Figure 2.5).

China and India remain the countries with far and away the highest levels of passenger rail
activity over the outlook period. With their vast size and generally high train occupancy, China
and India increase their combined share of global passenger rail activity (in passenger-
kilometres) to over 70% by 2050 (from slightly more than 60% today). However, train activity
(measured in train-kilometres) remains higher in Europe, and by 2050 the European Union
accounts for one-quarter of all train-kilometres globally, closely followed by China (23%) and
India (16%). The discrepancy between passenger rail activity and train activity is explained by
the fact that that train occupancy in the European Union is far lower than in China and India.

® Other modes taken into account include two/three-wheelers, cars and buses.
7 In the case of non-urban transport, rail shares are assessed accounting for aviation, and intercity trips by car and buses.

8 The activity projections in the Base Scenario are in line with the projections for non-urban rail of the European Commission
(2016).
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Figure 2.5  Passenger rail activity by region in passenger-kilometres (left) and train-kilometres (right)
in the Base Scenario, 2017, 2030 and 2050
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Key message e India and China dominate world rail passenger activity and expand their share to 70% by
2050. Train-kilometres travelled remain highest in Europe, where occupancy is lower.

Urban rail

Today, 54% of the world’s population lives in urban areas, but only one-tenth of that population
lives in large cities with access to urban rail systems, most of which are in Europe and Asia.’
Partly as a consequence of this fact, metro and urban light rail account for less than 1% of
motorised passenger-kilometres travelled worldwide. Additionally, the metric of
passenger-kilometres alone does not convey the value of high throughput, space efficient,
affordable mobility that metro and light rail systems provide to billions of residents in the
world’s largest cities.

By 2050, the number of people living in cities is expected to grow by 2.5 billion people, reaching
two-thirds of the global population. Total urban transport demand is projected to rise, in
consequence, by 1.7% per year on average through 2050. Most of the urbanisation occurs in
developing and emerging countries: between 2017 and 2050, urban transport activity across all
modes grows by a factor of 1.7 in China, 2.2 in India and 3.7 in Africa.

Urban rail systems can be expected to be developed in those regions where the number and
size of densely populated megacities increases. In the Base Scenario, global urban rail activity is
projected to grow from 420 billion passenger-kilometres in 2017 (1% of all urban transport
activity), to one trillion in 2050 (2% of urban transport activity), a rise of more than 2% per year
on average (Figure 2.6). In the Base Scenario, 200 new metro lines are opened in the next five
years, including the first in sub-Saharan Africa. These will add nearly 7 000 kilometres of new
metro lines to the global network (UITP, 2018a). Around 900 kilometres of new light rail lines
are also planned in the next four years, mostly in Europe, but also in Asia and the Americas
(UITP, 2018b).

China is projected to achieve the biggest increase in urban rail activity through 2050, despite a
slowdown after 2030 to reflect recent announcements of the government.'® India experiences a

® However, about 30% of the global population lives in cities with sufficient density and size to justify infrastructure
investment in metro and light rail networks (IEA analysis based on CIESIN, 2005).

19 Between 2018 and 2022, 4 800 kilometres of new metro lines are expected to be opened in China, more than doubling the
length of its system in 2017 (UITP, 2018a; UITP, 2018d). In the Base Scenario, the increase slows from 2030 to 2050,
following the recent decision by the government to reduce the pace of construction of urban rail in light of the need to
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higher rate of growth than China, at 6% per year, partly achieved because of starting at a lower
baseline.!! The Base Scenario also projects several new urban rail networks in Africa. Starting
from a low activity level in 2017 of 4.5 billion passenger-kilometres, the total volume of urban
rail activity in Africa reaches 17 billion passenger-kilometres in 2050. This matches the level of
urban rail activity of the United States and is one-third that of India.

Figure 2.6 Urban rail activity by region in the Base Scenario, 2017, 2030 and 2050
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Key message ¢ Urban transport activity growth is highest in China and mainly takes place before 2030.
In the next five years, China is expected to double its current metro network length.

Conventional and high-speed rail

In the Base Scenario, activity on conventional and high-speed rail lines, taken together,
increases by 45% over today’s level in 2030, and by almost 120% by 2050 (Figure 2.7) (IEA,
2018b). About 80% of this growth occurs in China and India, although Africa is expected to
increase the fastest (albeit from a low starting point).

Conventional rail activity in the Base Scenario almost doubles between 2017 and 2050, to
6.2 trillion passenger-kilometres. As other transport modes outside of cities experience
significant activity growth, rail continues to represent around 15% of total non-urban activity
(although large regional differences exist). Rail passenger activity over India’s conventional rail
network is expected to almost triple by 2050, accounting for more than 80% of global growth in
conventional rail’s passenger traffic.'

Japan and North America experience a decline in the number of passenger-kilometres travelled
by conventional rail, as a result of the gradual shift towards high-speed rail, lower travel

ensure financial sustainability for metro projects (Poon, 2018; Office of the State Council, 2018a; Office of the State Council,
2018b).

" The government of India has announced that it intends to mitigate the negative impacts of rapid urbanisation (particularly
air pollution and congestion) by building mass transit systems. The Metro Rail Policy 2017 states that cities with a population
of at least two million may start planning mass transit systems, including urban rail and bus rapid transit systems (MoHUA,
2017).

12 |ndia’s expansion is based on plans to invest in upgrades to the conventional rail network. These mostly involve doubling
tracks on over-utilised existing routes and creating dedicated freight corridors to accommodate more activity and improve
service quality. This could increase track length by 30-35% (Indian Railways, 2018).
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demand per capita and competition from other transport modes. In Europe, activity on
conventional railways increases by more than 40%, while it stagnates in China (even as activity
on high-speed rail grows more than fourfold).

High-speed rail projects that are already under construction or approved lead to a threefold rise
in high-speed rail passenger activity in 2050 relative to 2017. High-speed rail activity is then
equivalent to more than 60% of all conventional and high-speed rail activity, taken together, in
2017 (but it is still less than 30% of all non-urban rail activity in 2050) (Figure 2.7). Nonetheless,
the share of high-speed rail within these two categories grows by nearly 50% over today’s level
(19%) by 2030 to 28%. Given the absence of certainty on continuing investments in future
high-speed rail projects, within the constraints of the assumptions of this scenario, growth in
this category slows and its share remains constant from 2030 to 2050. Despite the ambition of
the existing plans for expansion of the high-speed rail network (see Figure 2.2), the global share
of high-speed rail tracks within the total length of the non-urban rail network grows only from
4% to 5% between 2017 and 2050."

Figure 2.7  Conventional (left) and high-speed rail (right) activity in the Base Scenario, 2017, 2030
and 2050
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Key message e Conventional rail activity grows in emerging economies, led by India; it declines in
developed economies, as it is replaced by high-speed rail. High-speed rail grows threefold, mostly
driven by China.

Freight rail

Freight transport activity by all modes is projected to triple in the Base Scenario, reaching more
than 400 trillion tonne-kilometres in 2050, closely tracking the growth of global GDP. Freight
activity growth is primarily on ships and heavy-duty road vehicles (primarily maritime) and on
heavy-duty road vehicles (Figure 2.8). These two modes combined covered 81% of all freight
transport activity in 2017 and are projected to cover 83% in 2050 (IEA, 2018b)."* The
prominence of road freight in the projections of freight activity growth reflects the diversity of
the road transport service needs of very diverse economic actors and the flexibility of road
transport.

3 High-speed rail achieves higher network utilisation rates (in both passenger-kilometres and in train-kilometres per
track-kilometre) compared with conventional rail, and hence contributes to higher activity growth per additional kilometre
of track than conventional rail.

% With almost 100 trillion tonne-kilometres, shipping accounted for more than 73% of the total freight activity (in
tonne-kilometres) worldwide in 2015, while heavy freight trucks accounted for 12% (IEA, 2018b).
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Figure 2.8  Global freight activity by transport mode in the Base Scenario, 2017, 2030 and 2050
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Key message e Rail accounted for 7% of global freight activity in 2017 and 5% is projected in 2050 (rail
growing less than shipping and road freight transport). The modal share of rail in surface freight (i.e.
excluding shipping) falls even more notably, from 28% 2017 to 23% in 2050.

Despite the fact that freight rail transport (like all other freight movements) has in the past been
positively coupled with economic growth, the degree of correlation varies widely and it will not
necessarily continue in the future. The various influences at work include geography, policies
and investment climate (as well as the relative priority given to freight movements by rail to
passengers). Increasing demand for flexibility means that successfully integrating freight rail
services into the overall freight transport system will be a criterion for success of freight rail in
the future. In the Base Scenario, freight rail is assumed to expand at rates closely coupled with
economic growth in those countries in which it already has a large share of freight movements,
such as Russia, China, United States and India.™ Overall, despite the fact that freight rail activity
doubles to more than 20 trillion tonne-kilometres by 2050, activity growth in other modes (road
and shipping) outpaces rail, so that rail’s share in overall freight activity falls from 7% of all
tonne-kilometres in 2017 to 5% in 2050.

China, Russia and the United States account for most of the absolute growth of freight rail
activity in the Base Scenario, contributing 33%, 23% and 14% of the projected increase,
respectively (Figure 2.9). India’s freight rail activity, though smaller in magnitude, more than
doubles by 2050, with India experiencing the highest growth rate of all major freight rail
regions. In China, economic growth drives up freight rail activity, although the share of rail in all
surface freight transport®® falls from about 40% in 2017 to one-third in 2050, losing ground to
road. In Russia, freight rail correlates closest with economic growth in the Base Scenario,
meaning that activity doubles by 2050, compared to today’s level. The United States also sees a
significant expansion of freight rail, the level rising by about 60% over today’s figure. In India,
road freight transport activity gains strongly, compared with freight rail, meaning that, despite
expansion of rail freight, the share of rail falls to 15% of all surface freight transport (from
one-third in 2017)." European rail freight activity reaches more than 550 billion
tonne-kilometres in 2050 (43% up from 2017), but the rate of growth is lower than in all other
main freight regions. By 2050, China, India, Russia and the United States continue to account for
about 80% of global freight rail activity.

'3 In Russia, rail carried more than 70% of all surface transport tonne-kilometres in 2015. This share was 40% in China, 33%
in the United States and 32% in India (IEA, 2018b).

'8 |n this paragraph, shares of surface transport take into account only road and rail modes, and exclude inland waterways.

7 The competition from road is strongest for goods where rail is already sharing the market with road transport, and it takes
place despite opportunities for increased container traffic.
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Figure 2.9  Global freight rail activity by region in the Base Scenario, 2017, 2030 and 2050
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Key message ® Freight rail activity doubles to 21 trillion tonne-kilometres in 2050, with China, Russia
and the United States accounting for most of the growth.

Implications for energy demand

In the Base Scenario, global energy demand from transport steadily rises from around
2.7 gigatonnes of oil equivalent (Gtoe) in 2017 to 3.9 Gtoe in 2050, an overall increase of more
than 40% (Figure 2.10). The largest share of the growth in transport energy demand (both in
absolute and relative terms) is in road freight vehicles (including light commercial vehicles and
trucks) which, in 2050, consume 600 million tonnes of oil equivalent (Mtoe) more than today.
The next fastest growing transport modes, in terms of energy demand, are shipping and
aviation, which in 2050 consume 200 Mtoe and 170 Mtoe more than in 2017, respectively
(Figure 2.10). Rail transport energy use (both passenger and freight) increases from around
53 Mtoe in 2017 to almost 90 Mtoe in 2050, an increase of 72%. Rail continues to account for
some 2% of energy demand in the transport sector.

Figure 2.10 Global energy demand from transport by mode in the Base Scenario, 2017 and 2050
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Key message ¢ Transport energy demand increases by 43% through 2050, driven, in particular, by road
freight transport, shipping and aviation.

Relative to today, energy demand from all forms of transport combined is lower in 2050 in the
Base Scenario in many industrialised countries, such as North America, Europe and Japan
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(Figure 2.11). Besides the slow growth (and, in certain countries, decline) in transport activity
that is projected in these regions, declining energy demand is achieved primarily through
progress in energy efficiency due to the adoption of fuel-economy standards for passenger cars
and trucks. In emerging economies, transport energy use increases strongly, reflecting
significant growth in transport activity, particularly in road use and aviation, only partially offset
by energy efficiency improvements in each transport mode. India is an important contributor to
growth, with its transport energy demand almost quadrupling between 2017 and 2050.

Figure 2.11 Global energy demand from transport by region and mode in the Base Scenario, 2017,
2030 and 2050
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Key message e Energy demand for transport strongly increases to 2030 in China, while it remains stable
in Europe and North America. The strongest growth to 2050 occurs in India and other developing
economies.

Measured per unit of transport activity, rail remains the least energy-intensive mode in
passenger transport and the second-least energy-intensive mode in freight (after waterborne
transport). The share of rail energy absorbed by passenger transport, as a proportion of total
rail energy demand, rises from 33% in 2017 to 37% in 2050. Consistent with growth in passenger
and freight rail activity in both China and India, these countries account for most of the increase
in energy use in both categories of rail service (Figure 2.12).

Figure 2.12 Global energy demand for passenger (left) and freight (right) rail in the Base Scenario,
2017, 2030 and 2050
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Key message ¢ Energy demand from rail grows in both the passenger and freight sectors (with
passenger rail at a faster pace), totalling 90 Mtoe in 2050.
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The majority of rail energy demand growth is met in the form of electricity in the Base Scenario,
consumption increasing from close to 300 terawatt-hours (TWh) in 2017 to nearly 700 TWh in
2050. Diesel use in rail increases only slightly, from 0.56 million barrels of oil per day (mb/d) in
2017 to 0.58 mb/d in 2050. Passenger rail transport experiences the strongest degree of
electrification, influenced by the deployment of urban rail and high-speed rail, both of which are
entirely electric (Figure 2.13). North America is the only region that does not experience
significant electrification, since most rail transport in North America is for freight purposes and
uses diesel. By 2050, more than half of the global rail diesel demand is consumed by freight
trains in North America.

As a much more energy-efficient transport mode than road and air, rail delivers important
energy savings, in particular by reducing oil demand. If the projected activity served by
passenger and freight rail in the Base Scenario were shifted entirely to road transport and
aviation, oil product demand in 2050 would be higher by 9.5 mb/d.*® By 2050, despite
maintaining a roughly constant share (2%) of final energy consumption in transport, rail makes
up 9% (up one percentage point) of motorised passenger activity and a significant (if lower)
share of freight (5% of all freight movements and 23% of surface freight).

Figure 2.13 Energy demand from rail by region and technology in the Base Scenario, 2017, 2030 and
2050
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Source: IEA (2018b).

Key message ¢ Rail transport becomes almost completely electrified in all major rail countries and
regions, except North America.

8 This result is obtained on the assumptions that non-urban rail would be replaced by aviation, passenger light-duty vehicles
(PLDVs) and buses, while urban rail would be replaced by two/three-wheelers, PLDVs and buses. In 2050, the world average
fuel economy of aviation is 21.2 tonnes of oil equivalent (toe)/passenger-kilometre, road passenger transport is
18.4 toe/passenger-kilometre and road freight transport is 21.1 toe/tonne-kilometre (IEA, 2018b).
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Box 2.1 Technologies to enable further electrification and zero-emissions rail services

Rail is already the most electrified mode of transport (IEA, 2018b). Although the share of electrified
tracks is still expanding in most countries, further electrification of rail networks will give rise to
diminishing returns on investment, given that highly utilised lines are the first to be electrified. Rising
electricity use by rail in most regions, except North America, can be met by various technologies
including, but not limited to overhead line electrification (OLE), and can offer cost-effective means
for reducing GHG and local pollutant emissions.

As an intermediate step towards electrification, train manufacturers in recent decades have started
producing bi-modal diesel-electric and electric locomotives (OLE). This helps to improve regional
conventional passenger rail coverage in areas without electrified tracks (New Jersey Real-Time
News, 2011; Bombardier, 2018; Railway Technology, 2018).

Beyond bi-modal diesel-electric options, several technologies offer zero tailpipe emissions on non-
electrified tracks and will move towards zero well-to-wheel (WTW) emissions in the coming
decades, as electricity supply continues to be decarbonised in most regions (IEA, 2018a). The most
innovative zero WTW emission technologies are battery-electric trains and hydrogen fuel cell trains.

Battery-electric trains have been designed to enable switching between OLE electric and all-
battery19 phases of operation. Bombardier's Talent 3 and Siemen’s Cityjet eco battery-electric
hybrids20 are pre-commercial prototypes suitable for passenger rail transport (Frintert, 2018;
International Railway Journal, 2018). The Talent 3 currently has an all-battery range of
40 kilometres and the manufacturer’s target distance is 100 kilometres. Several manufacturers have
also introduced hybrid diesel-electric battery technologies for freight rail.*’

Hydrogen trains have been deployed experimentally and are under further development. In 2015,
French train manufacturer, Alstom, and the Canadian producer of hydrogen generation, fuel cells
and other similar technologies, Hydrogenics, established a partnership to develop a hydrogen train
(Hydrogenics, 2015). In 2018, successful testing of the hydrogen fuel cell concept concluded and
two hydrogen trains entered operation along an approximately 100 kilometre regional conventional
passenger train track in Lower Saxony, Germany (Alstom, 2018). The plan is to expand to 14 trains
by 2021 (Alstom, 2018). Independently, Toyota recently announced a partnership with the Japan
Rail-East to develop a hydrogen train in Japan (Kyodo, 2018).

In order to evaluate their economic viability, these innovative technologies have been assessed
against diesel-electric, diesel-electric hybrid and OLE trains (Figure 2.14 andFigure 2.15), using a
range of options to reflect differences between passenger and freight rail operations, typical train
sizes, and uncertainties with respect to system costs. The cost estimates cover:

e Two train configurations: a regional conventional passenger train for a typical European case
and a heavy-duty freight train for movements in North America, each coupled with a
representative frequency of network utilisation (a key determinant of unit costs of OLE
infrastructure).

e Two sets of cost assumptions for batteries, fuel cell systems and hydrogen production,
representing a conservative case and a more optimistic case.

1% The battery would be charged by OLE power when the train is running or, if OLE is not deployed, at the end of the line or
in a depot.

% peutsche Bahn has partnered with CRRC Corporation Limited (CRRC) on an electric-battery hybrid switcher locomotive
pilot (Barrow, 2018). Vossloh, a global manufacturer of rail technologies, including locomotives, aims to adapt its DE-18
locomotive design in order to create a battery-electric hybrid locomotive (Vossloh, 2018). Aselsan, a Turkey-based company,
has recently released an electric-battery hybrid switch locomotive (Railway Gazette, 2018).

% Hybridisation can be an enabler of regenerative braking. With the necessary battery improvements, hybridisation can
recover energy that would otherwise be released through transistors. The energy saving potential of train hybridisation has
been estimated to range from 17% to 32% (Evans, 2010; Hoffrichter, Hillmansen and Roberts,2015), depending on route
characteristics, including frequency of acceleration, deceleration and other factors. Relying more on stored regenerative
braking energy, a vehicle’s prime propulsion system could be reduced in size, which would save money or, at least, offset
some of the higher cost of battery storage technologies.
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The results for the regional passenger train configuration using fuel prices that are representative of
a European case (i.e. accounting for significant taxation on diesel fuel) show that network
electrification is viable in competition with diesel and diesel hybrid trains if the average frequency of
use is six or more trains per hour, while battery-electric trains (which are capable of running in
battery-powered mode for up to 200 kilometres) are cost competitive with diesel-fuelled options or
OLE electricity, even with battery costs of USD 600 per kilowatt-hour (kWh) (Figure 2.14). Hydrogen
trains can compete with battery-electric options, given an optimistic outlook on cost reductions.

Figure 2.14 Comparative cost analysis of regional passenger train technologies with zero-tailpipe
emissions

Conservative cost reductions forinnovative technologies Forward-looking cost reductions forinnovative technologies

USD per train km
(=3 N
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Diesel Diesel  Electric Battery Battery Hydrogen Diesel  Diesel Electric Battery Battery Hydrogen
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(100 km) (200km) hybrid (100 km) (200 km) hybrid

Powertrain (includes batteries) ™ Vehicle O& M ™ Energy costs Infrastructure costs (including O&M)

Notes: O&M = operation and maintenance. The energy consumption used for this train configuration is 19 kWh/train-kilometre
for diesel, 15 kWh/train-kilometre for diesel hybrid, 5.8 kWh/train-kilometre for all-electric train, 5.9-6 kWh/train-kilometre for
battery-electric train and 9.1 kWh/ train-kilometre for fuel cell hybrid train. The power rating of the trains is 1 200 kilowatts (kW)
(four railcars of 300 kW each). Battery-electric trains are run for 100 or 200 kilometres solely on battery, and are assumed to use
OLE (also to recharge batteries) for the rest of their travel. This leads to battery requirements of 700 kWh for the 100 kilometres
train and 1.5 megawatt-hours (MWh) for the 200 kilometre train versions. Depreciation of all equipment is assumed at a rate of
10% per year, and costs are evaluated over a ten-year lifetime, using a 10% discount rate to account for future costs. The diesel
fuel price is USD 1.4 per litre (L). The electricity price is USD 0.17/kWh. The hydrogen fuel cost is USD 56 per gigajoule (GJ) in the
conservative case and USD 33/GJ in the more optimistic one (costs reflect hydrogen production via onsite electrolysis). O&M
costs are equal to USD 0.92/train-kilometre for the diesel and diesel hybrid, USD 0.65/train-kilometre for all-electric trains and
USD 0.83/train-kilometre for the fuel cell hybrid. The OLE cost is USD 1.1 million per track-kilometre and is assumed to have a
lifetime of 35 years with a discount rate of 10%. The frequency of use of the service is six trains per hour on each track-kilometre.
Battery costs are USD 600/kWh for the conservative case and USD 250/kWh for the optimistic one. Fuel cell stack costs range
from USD 1 000/kW in the conservative case to USD 50/kW in the optimistic one. The average annual mileage of all trains is
115 000 kilometres/year. Base vehicle costs are assumed to be the same for all trains and are therefore excluded.

Sources: Hoffrichter, Hillmansen and Roberts (2015); Argonne National Laboratory (2018); Evans (2010); OBB (2003); OBB
(2004); IEA (2018c); IEA (2015); IEA (2017); Downer-Electro Motive (2012); Ernst and Young, GmbH (2016); Barrow (2018);
International Railway Journal (2018); Brady (2017); Aquino et al. (2017); Fuel Cell Technologies Office (2018); Boer (2013).

Key message e Electric (OLE) regional trains are cost competitive with diesel-electric trains with
frequencies of use above six trains per hour per track-kilometre. Battery-electric trains are already
cost competitive with conservative battery costs. Hydrogen trains can also compete given an
optimistic outlook on cost reductions.

In the case of heavy freight train configuration, applying OLE electricity to freight rail networks could
be cost competitive, despite low diesel fuel costs, where the level of traffic rises above two trains per
hour (Figure 2.15).22 Should costs come down significantly for the newer technologies, hydrogen

2 The frequency of operations of freight trains along a given stretch of track varies substantially on different routes. Within
the United States, these variations are both regional, and between rural and urbanised areas. Since the freight industry
operates mostly over long distances, the decision to electrify would consider this constraint, so an average of two trains per
hour for a broad portion of the network would be a minimum prerequisite. The level of rail traffic needed to make
electrification cost-effective also depends on passenger rail activity along a given freight route. In fact, on routes with low
frequency freight rail, an increase in passenger traffic could facilitate the cost effectiveness of installing OLE along the
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fuel cell locomotives could also become competitive. Battery-electric only demonstrates
competitiveness on the basis of optimistic battery price improvements for distances of less than 400
kilometres.

Figure 2.15 Variable costs of ownership for zero tailpipe emissions freight rail over ten years

Conservative cost reductions forinnovative technologies Forward-looking cost reductions forinnovative technologies

Page | 85
35 35
£ 30 . E30
f = f=s
s 25 3 25
o o
g b R — g 20
o
§ 15 . ....................................... 2 15
if) e e e eremwn e 10 -
5 o= l .............. l ............... . ..................................................... 5
0
Diesel  Diesel Electric Battery Battery Hydrogen Diesel  Diesel Electric Battery Battery Hydrogen
hybrid catenary electric electric fuel cell hybrid catenary electric electric fuel cell
(400 km) (750km) hybrid (400km) (750km) hybrid
Powertrain (includes batteries and tender car) M Vehicle O&M M Energy costs Infrastructure costs (including O&M)

Notes: O&M = operation and maintenance. The energy consumption used for this train configuration is 174 kWh/train-kilometre
for diesel, 162 kWh/train-kilometre for diesel hybrid, 52 kWh/train-kilometre for all-electric train, 56-60 kWh/train-kilometre for
battery-electric trains and 79 kWh/ train-kilometre for fuel cell hybrid train. The power rating of the trains is 9.9 MW (three
locomotives). Battery-electric trains are run for 400 or 750 kilometres solely on batteries and are assumed to use OLE (also to
recharge batteries) for the rest of the travel. Corresponding battery requirements are 27 MWh for the 400 kilometres and
54 MWh for the 750 kilometres versions. The hydrogen train and the battery train require an extra tender car® to transport the
required fuel costing USD 135 000. Depreciation of all equipment is assumed to be 10% per year; costs are evaluated over a ten-
year lifetime, using a 10% discount rate to account for future costs. The diesel fuel price is USD 0.9/L. The electricity price is
USD 0.17/kWh. The hydrogen fuel cost is USD 56/GJ in the conservative case and USD 33/GJ in the optimistic one (costs reflect
hydrogen production via onsite electrolysis). O&M costs are equal to USD 0.71/train-kilometre for the diesel and diesel hybrid,
USD 0.50/train-kilometre for all-electric train and USD 0.64/train-kilometre for fuel cell hybrid. The OLE cost is USD 1.1 million per
track-kilometre and is assumed to have a lifetime of 35 years with a discount rate of 10%. The frequency of use of the service is
two trains per hour on each track-kilometre. Battery costs are USD 600/kWh for the conservative case and USD 250/kWh for the
forward-looking one. Fuel cell stack costs range from USD 1 000/kW in the conservative case and USD 50/kW in the forward-
looking one. The average mileage of all trains is 120 000 kilometres/year. Base vehicle costs are assumed to be the same for all
trains and therefore are excluded.

Sources: AAR (2018); Argonne National Laboratory (2018); Evans (2010); Hoffrichter (2015); Tita (2015), IEA (2018c); (Surface
Transportation Board (2018); Ernst & Young (2016); IEA (2015); IEA (2017); Barrow (2018); International Railway Journal (2018);
Brady (2017); Aquino et al (2017); Fuel Cell Technologies Office (2018); Boer (2013).

Key message ® Rail network electrification is viable with traffic levels above two trains per hour per
track-kilometre. Hydrogen fuel cell and battery-electric locomotives become competitive with lower
technology costs.

corridor, despite trade-offs due to the quality of passenger services on networks prioritising freight transport (see Drivers of
rail transport section).

2 The hydrogen train that recently began operation in Germany uses compressed hydrogen, as do several bus systems in
the United States that use fuel cells. Where very large amounts of fuel are required to move the train, liquid hydrogen
on-board storage may be required, as it has a higher volumetric energy density than its gaseous counterpart. Based on
typical volumetric battery densities, the volume needed for a 400-750 kilometre battery would occupy 25-50% of a
locomotive, excluding cooling. This means that an additional tender train would be needed to store the battery (Johnson
Matthey, 2015).
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Implications for GHG emissions and local pollutants

Direct CO, emissions

In the Base Scenario, looking at all forms of transport, direct carbon dioxide (CO,) emissions at
the tailpipe resulting from the combustion of fossil fuels increase by 32% in 2050 relative to
2015 (Figure 2.16). The majority of this increase in emissions, about 1.2 gigatonnes (Gt) of CO,,
comes from heavy-duty vehicles (buses and trucks). Tailpipe emissions from fossil fuel
combustion by light-duty road vehicles increase in absolute terms by less than half as much
(0.5 Gt CO,), followed by increases in shipping (0.43 Gt CO,) and aviation (0.32 Gt CO,). Direct
combustion emissions from rail are roughly constant between 2015 and 2050, even with
increased rail activity, as the sector continues to electrify.

Figure 2.16 Direct CO, emissions from fuel combustion in the Base Scenario, 2017-50
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Key message e The majority of the increase in direct CO, emissions is attributable to growing activity by
heavy-duty vehicles, road freight in particular. Increasing emissions from heavy-duty vehicles are nearly
as large in magnitude as those from light-duty vehicles, aviation and waterborne transport combined.

Well-to-wheel GHG emissions

Well-to-wheel (WTW) GHG emissions®* from transport increase about 50% between 2017 and
2050 in the Base Scenario, from 9.6 to 14 Gt carbon-dioxide equivalent (CO,-eq), closely tracking
energy demand trends (Figure 2.17). The share of tank-to-wheel (TTW) emissions in total WTW
GHG emissions decreases from 83% in 2017 to 76% in 2050, primarily as a consequence of
increased electrification of the transport sector.

Within the rail sector, global WTW GHG emissions grow by 24% from 0.25 Gt CO,-eq in 2017 to
0.32 Gt CO,-eq in 2050. The combined result of electrification and the gradual reduction in the
carbon intensity of power generation leads to lower growth of rail sector GHG emissions (24%)
relative to increases in energy demand (66%).

2% See the glossary for definitions of well-to-wheel (WTW) GHG emissions, which are the sum of well-to-tank (WTT) and tank-
to-wheel (TTW) emissions.
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Figure 2.17 Well-to-wheel GHG emissions in the Base Scenario, 2017, 2030 and 2050
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Key message ¢ Emissions growth closely tracks energy demand, even though electrification, in both
road and rail modes, contributes to a reduction in well-to-wheel GHG emissions, as well as to a growing
share of wheel-to-tank emissions in the total.

WTW GHG emissions from passenger rail reach around 0.1 Gt CO,-equivalent by 2050 in the
Base Scenario (Figure 2.18). This is a 20% increase with respect to 2017, but is much lower than
the doubling of passenger rail energy demand, reflecting the benefits of electrification of
passenger railways. The same decoupling occurs, though to a lesser extent, in freight rail. As a
result, GHG emissions growth is contained. In the Base Scenario, transport-related
well-to-wheel GHG emissions would be 13% higher by 2050 if the passenger and freight activity
of rail were covered by other transport modes.”

Figure 2.18 Well-to-wheel GHG emissions from passenger (left) and freight (right) rail in the Base
Scenario, 2017, 2030 and 2050
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Key message e Well-to-wheel GHG emissions from passenger rail stabilise at around 110 Mt CO,-eq;
emissions from freight rail steadily increase and remain about twice as high as emissions from
passenger rail.

% This result is obtained assuming that high-speed rail would be replaced by aviation, and that conventional and urban rail
would be replaced by passenger cars. The world average WTW GHG emission factor in 2050 for aviation is 0.08 Mt CO,-eq
per billion passenger-kilometres. For road passenger transport the number is 0.09 Mt CO,-eq per billion
passenger-kilometres and for road freight transport 0.08 Mt CO,-eq per billion tonne-kilometres (IEA, 2018b).
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Levels of GHG emissions from freight rail remain nearly twice as high as those from passenger
rail throughout the outlook period, rising by 27% by 2050 to reach 0.2 Gt CO,-eq. Again, this
compares favourably with the almost 60% growth of freight rail energy demand.

As in the case of energy demand, GHG emissions from passenger rail decline in Japan
(down about two-thirds between 2017 and 2050), Europe (-54%) and North America
(about -30%). The trend is reversed in emerging economies, because of their much stronger
growth in rail activity. In China, GHG emissions from passenger rail peak in 2030 and then
decouple from increasing energy demand as a result of electrification and decreasing carbon
intensity of electricity production.

Annual freight rail emissions fall in Japan (-66%) and Europe (about -50%) by 2050. In all
remaining regions, emissions increase, although at slower rates than the growth in energy
consumption, due to growing share of electric traction and decarbonising of power generation.
In North America, freight rail remains reliant on diesel traction, as long distances with low
utilisation do not support installation of OLE given the costs and logistical challenges.

Emissions of local pollutants

As discussed, growing demand for personal travel will lead to more activity in cars and trucks in
the Base Scenario. Across all modes, passenger transport activity in 2050 more than doubles
from 2017 levels and freight activity triples. At the same time, the adoption of emission control
technologies in cars and trucks and broad application of emissions standards, reduces specific
(per kilometre) fine particulate (PM,s) emissions from cars and trucks. However, non-
combustion PM, s emissions, which come from the abrasion and corrosion of vehicle parts (e.g.
tyres, brakes) and road surfaces, are still relevant. By 2050, the average PM, s combustion
emissions per vehicle-kilometre of a passenger car are one-third the current level, and those of
the average heavy freight truck are 40% the current level (IEA, 2016). By 2050, declining
combustion emissions intensity more than offsets growing activity and the net effect is 10%
decrease in PM, s emissions from road transport modes.

Despite these improvements, air quality continues to be a pressing challenge, particularly in
cities, affecting the health and life expectancy of billions of urban inhabitants. Rail makes a
positive contribution to the reduction of atmospheric pollutant emissions, with a resulting
positive impact on air quality in urban areas. In the Base Scenario, urban rail activity is expected
to increase in all regions, though with a limited increase in developed economies and Russia,
and a strong increase in emerging economies. Air quality is an issue in all countries, but the
cities with the heaviest pollution problems are in Asia. The growth in urban rail transport in the
Base Scenario alleviates some of the problem: China has the strongest growth in urban
transport activity in absolute volumes, and India experiences the fastest growth in urban rail
infrastructure deployment. In the Base Scenario, by 2050, urban rail avoids 0.7 million tonnes of
PM, s emissions in urban environments compared with a situation in which rail activity was
covered by road vehicles.?

% This result is obtained considering that the activity of urban rail in 2050 is replaced by passenger light-duty vehicles,
two/three-wheelers and buses maintaining their relative modal shares and considering pollutant emission factors for the
different modes (IEA, 2018a).
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Investment requirements

Transport infrastructure in general, and rail infrastructure in particular, is extremely capital
intensive to build. Over the period 2010-15, average annual investment in road infrastructure in
the group of major countries listed below?’ totalled USD 540 billion (2015 USD on purchasing
power parity [PPP] basis), 2.7-times higher than the USD 200 billion investment in the same
group of countries in rail infrastructure (OECD, 2017). Combined investments in airports and
seaports over the same period and in the same countries were USD 43 billion, about one-fifth of
those in rail (OECD, 2017).%®

In total, average annual investment in road and rail infrastructure worldwide in the Base
Scenario amounts to about USD 1.9 trillion. At USD 315 billion, annual investment in rail
infrastructure to mid-century is estimated at around one-fifth of investment in road
infrastructure. Moreover, where rail is able to provide competitive mobility services,
(particularly in high throughput corridors), investment in rail can offset investment in other
transport modes, such as airports, roads and parking spaces for cars, and, importantly,
consumer expenditures on personal vehicles and fuel. Other benefits include reduced air
pollution in urban areas and lower GHG emissions, though these are difficult to monetise.

Rail construction costs depend on a number of factors, including the costs of land acquisition,
labour and materials, the number of tracks per line, track electrification, the need for tunnels or
bridges and the intended operating speed. These and other factors give rise to large differences
in costs which, per line-kilometre for conventional rail, can range from USD 0.5 to 20 million
(Gattuso and Restuccia, 2014; Von Brown, 2011). For urban light rail the costs range from
USD 10 to 25 million (Rode et al., 2014). High-speed rail lines are even more expensive, with
costs of USD 20 - 80 million per line-kilometre, with elevated or tunnelled track raising costs
further (Campos and de Rus, 2009; Wu, Nash and Wang, 2014; ETSAP, 2011; UIC, 2018). Metro
is more expensive still: costs typically range USD 50 - 350 million per line-kilometre (Lepeska,
2011; Pedestrian Observations, 2013; Davies, 2012) and tend to be higher for underground
metro construction in densely populated urban centres.

Besides investment in rail infrastructure, there are numerous other investment requirements in
the rail sector, first and foremost for the rolling stock. Comprehensive global annualised average
investment needs in the Base Scenario amount to around USD 475 billion (2015 USD PPP), of
which expenditure on infrastructure — building the networks, including electrifying new and
existing conventional rail networks — amounts to USD 315 billion. This figure is no surprise, given
the high capital costs of rail infrastructure (Figure 3.23). The remaining third of the investment
in rail goes to renewing and expanding train fleets. Most investment in trains over the coming
decades involves renewing and updating the fleet of conventional, freight and high-speed
trains, and a very small share goes to the metro and light rail train stock.

* These include Australia, Canada, China, most European Union member states, India, Japan, Korea, Mexico, Russia, Turkey
and United States.

8 Global rail investments over the 2010-15 period as estimated in the IEA Mobility Model are slightly higher than those
reported for the 42 major countries by the OECD and total around 230 billion (IEA, 2018b). Country estimates are similar to
those reported in the OECD database and the higher estimate is consistent with the global scope of the IEA modelling.
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Figure 2.19 Annual average investment costs in the Base Scenario, 2018 to 2050

USD 152 bi||i9n USD 122 billion
_ Non—urban tralnS_ Metro and lightrail
(freight, conventional and high-speed) infrastructure

32% 25%
USD 10 billion
Metros and trams
(urbantrains)
2%
USD 41 billion USD 152 billion
High-speed rail onventional rail
infrastructure infrastructure
9% 32%

Source: IEA (2018b).

Key message ¢ Roughly USD 475 billion needs to be spent annually on building, operating and
maintaining rail. Nearly two-thirds of this is required to build and maintain rail lines, and the remainder
to renewing and expanding the rolling stock.

Average annual investment of USD 315 billion in rail infrastructure means that future
infrastructure investments will run at roughly 50% above recent levels to meet the rail
deployment policy targets in the Base Scenario. This underscores the extent of the commitment
necessary to realise the ambitious passenger and freight movement targets in certain regions.

Conclusions

On the basis of declared intentions on the pace of development of rail transport infrastructure,
plans to electrify railway lines and targets for modal shares of rail in overall transport activity,
rail activity is set to grow strongly in the Base Scenario. And yet, despite the emergence of
urban and high-speed rail systems in regions of the world where these systems do not currently
exist, the modal shares of passenger rail in overall transport activity stay roughly constant in the
period to 2050. The share of freight activity on rail in surface freight transport falls, from 28%
today to 23% in 2050.

For rail to maintain current shares of passenger transport and to continue to play a role in
freight supply chains will require substantial investment. Annualised average investment in rail
infrastructure worldwide would need to increase by about 50% more than levels in recent years.
This will require financing at a level that will necessitate the ingenuity of many of the countries
where rail can provide the most benefits.

Beyond the developments of the Base Scenario, there remains considerable additional potential
for rail to reduce the dependence of transport on oil and to contain the rise in CO, and local
pollutant emissions. This is true above all in cities, where urban rail systems can contribute
more to the vitality of growing metropolises by reducing road congestion and making trips
faster, more reliable and more convenient. It is also the case among cities, where demand for
alternatives to short- to medium-distance flights could provide a niche for high-speed rail to
diversify transport energy sources and reduce emissions.
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Chapter 3 explores the implications for transport energy use and emissions of investment and
policies that promote greater reliance on rail in the period to 2050. It summarises the key
policies that might help to achieve a High Rail Scenario, and discusses other benefits that could
be realised by taking advantage of the full potential of rail.
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3. High Rail Scenario: Unlocking the Benefits of Rail

Highlights

 Increasing the rail sector’s share in global transport offers major benefits. Rail is much more  p,.c | 97
energy efficient than any other mode of transport and it relies to a significant extent on
electricity, offering a distinct opportunity to reduce energy use, CO, emissions and air pollution.
In an urban environment, rail has significant advantages as it moves large flows of passengers,
can mitigate congestion and realise economic benefits through agglomeration effects.
High-speed rail is the only established alternative to aviation on short-distance flights and freight
rail the only alternative to long-distance inland road freight transport, two sectors that account
for large and rapidly growing shares of transport-related energy demand and emissions and, so
far, where alternative technology options are limited.

e The High Rail Scenario explores the extent to which rail can replace less efficient transport
modes including cars, two/three-wheelers, aviation and trucks. Compared with the Base
Scenario, policies to promote rail and encourage operational efficiency across all modes in the
High Rail Scenario reduce and shift 11.5 trillion passenger-kilometres from airplanes, cars and
two/three-wheelers, and 7.4 trillion tonne-kilometres from trucks in 2050. Despite a limited
increase in electricity demand (620 TWh higher than in the Base Scenario in 2050), transport
energy demand overall is much reduced (by 15%) in 2050. Some 90% of this net reduction is in
oil use, which is 10 mb/d lower than in the Base Scenario in 2050.

e The High Rail Scenario delivers significant environmental benefits: by 2050, transport-related
well-to-wheel GHG emissions are 2.1 Gt CO,-eq (or 16%) lower than in the Base Scenario, and
rail makes it possible to avoid an additional 220kt (35%) of PM,s emissions. Direct
energy-related CO, emissions from transport peak before 2040 in this outlook and then decline
to 2015 levels by 2050. The High Rail Scenario alone does not achieve the targets of the Paris
Agreement, but the substantial emissions reduction achieved make rail an essential component
of a more comprehensive energy and transport strategy.

e  Minimising costs, maximising potential revenues and ensuring that all transport modes pay not
only for the use of the infrastructure but also for the adverse impacts they generate (e.g.
through road pricing and congestion charges) are crucial strategies to unlock the significant
benefits to sustainable transport that rail can offer. Achieving the modal shifts outlined in this
scenario requires both increased policy effort and substantial investment. Average annual
investment in rail infrastructure is USD 640 billion between 2018 and 2050, 90% higher than in
the Base Scenario. Capture of the added land value attributable to rail investment is central to
the economic viability of rail infrastructure projects. To improve the competitiveness of rail with
other modes, transport pricing policies that embody the principles of “user pays” and “polluter
pays”, together with digital technologies to optimise rail operations and improve the integration
of rail in overall mobility services, are required.

e Additional investment would be required in rail infrastructure, but expenditure on vehicles in
the High Rail Scenario is reduced compared with the Base Scenario, and so are investments in
road and parking infrastructure, and expenditure on transport fuels (15% lower than in the Base
Scenario in 2050). The savings are achieved through increased reliance on more efficient
transport modes and reduced use of private passenger and road freight transport, reducing the
need for expenditure on roads, the number of vehicles to be acquired and overall fuel demand.
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Introduction

This chapter explores the extent road transport demand can be fully satisfied with lower
reliance on cars, two/three-wheelers, planes and trucks through increased reliance on rail. It
briefly illustrates potential motivations for shifting transport activity to rail modes, building on
observed examples and elaborating on the often unparalleled benefits that rail offers compared
with other modes from an energy and transport perspective. This chapter focuses on the High
Rail Scenario — a plausible future in which rail plays an enhanced role in the transport sector
through modal shifts. As in the previous chapters, it illustrates key parameters characterising
network extension, passenger and freight activity, energy demand and environmental
implications, as well as investment needs. The concluding section highlights the policy actions
required to enable a transition from the Base Scenario to the High Rail Scenario.

Motivations for increasing the role of rail transport

Urban rail

In the urban context, rail transport systems outperform road-based transport in all respects:
efficiency of transport, lower energy requirements and fewer toxic emissions. Urban rail has
unmatched capacity to transport large volumes of passengers (passenger throughput), and
generally a relatively low energy use per passenger-kilometre travelled (Figure 3.1). Where
reliant on electricity as a fuel, urban rail does not give rise to tailpipe emissions of greenhouse
gas (GHG) or local pollutants, avoiding the associated environmental and health issues. Urban
rail can also contribute to enhanced road safety and lower accident mortality.

Figure 3.1  Energy intensity and passenger throughput of different urban transport systems
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Sources : IEA (2018) and Rode et al. (2014).

Key message ® Metros, commuter rail and light rail all have high throughput capacity, higher than most
alternative urban transport options and are important where traffic volumes are high.

In terms of transport policy, the high passenger throughput capacity of urban rail creates
opportunities to mitigate congestion while providing access to and travel within cities.® There
are associated indirect economic benefits: reduced time-loss in traffic and cost savings arising

! Congestion reduction is achieved by successfully drawing activity to high throughput and generally more space-efficient
modes, which reduces overall (lower-throughput) private car and taxi shares. Shifting people that were using personal
vehicles onto metro lines both reduces the number of personal vehicles on the road and enables the reallocation of road
space for other uses.
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from the easy proximity of economic actors. There are concrete examples of congestion
improvements. For example, in Beijing, where car registrations far surpass designed road
capacity, each new metro opening has significantly decreased congestion, reducing delay times
by an average of 15% (Yang et al., 2018). Similar congestion reduction was observed in the city
of Guangzhou with the opening of its metro system and the trend accelerated when the metro
system was expanded (Yang, Zhang and Ni, 2014). It is possible to evaluate time lost in traffic.
For example, in the case of New York City, it is estimated that USD 13 billion per year is lost as a
direct result of traffic congestion (PFNYC, 2006).

Conventional and high-speed rail

Shifting long-distance trips from aviation (primarily short-distance flights) and cars to
conventional and high-speed rail is generally energy efficient and can deliver significant
environmental gains. High-speed rail offers the only established low-carbon alternative to
aviation, a sector that is one of the most challenging to decarbonise, for the transport of large
volumes of passengers over distances of up to about 1 000 kilometres. About 60-80% of present
high-speed rail activity can be shown to derive from shifts away from conventional rail and
planes, with the remainder from avoided road traffic (10-20%) and induced demand (10-20%)
(Givoni, 2013). There is some evidence of substantial (even nearly total) high-speed rail
substitution for air traffic (Figure 3.2). More broadly, Figure 3.3 shows that countries with
existing high-speed rail lines tend to have proportionately fewer short-haul flights than
countries without high-speed rail. This is consistent with the observation that high-speed rail is
most competitive with competing modes for trips with travel times ranging from 1 hour up to
3.5 hours (Givoni, 2013; UIC, 2018).

Figure 3.2  Average change in passenger activity on selected air routes after high-speed rail
implementation
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Sources: Xia (2016); Borjesson (2014); Givoni (2013); Chen (2017); Commissariat Général au Développement Durable (2016).

Note: The periods of time vary from line to line in this figure, which needs to be taken into account when comparing these
elements.

Key message ¢ High-speed rail lines can reduce aviation activity on the same corridors by as much as
80% within a short timeframe of becoming operational.
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Figure 3.3  Percentage of flights for various route distances for selected countries of departure with
and without significant high-speed rail networks, 2017
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Key message e Flights of less than 500 kilometres are fewer relative to those of 1000 to
1 500 kilometres in countries with established high-speed rail.

Freight rail

Increased efficiency and fewer emissions are also the main benefits from a shift of freight
transport activity from road to rail. This stems from the lower amount of energy per
tonne-kilometre needed to move goods on rail (Figure 3.4). Rail is the most established
sustainable alternative to trucks, also one of the sectors that is more challenging to decarbonise
for the transport of large volumes of freight over long distances. The energy and environmental
case is not as compelling as in the case of a shift from maritime transport to rail, since the two
modes have similar energy intensity per tonne-kilometre; but rail can rely more readily than
shipping on a diverse mix of fuels and energy carriers. In addition to energy efficiency,
diversification and environmental gains, shifting road transport to rail can deliver positive
impacts on congestion, particularly that arising from long-distance truck movements.

Figure 3.4  Global fleet average freight energy intensity and relative size of transport activity, 2015

4.0

Energyintensity (Lde/100tonne-km)

30 40 50 60 70 80 90 100 110 120 130
Activity (trillion tonne-km)

B Trucks M Rail B Shipping

Notes: Lde = litres of diesel equivalent. In this figure, total transport activity in 2015 by billion tonne-kilometres is 26 for trucks,
10 for rail and 99 for shipping.

Source: Analysis based on IEA (2018).

Key message e Rail uses around 10% of the energy required to transport a unit of freight by trucks, and
is the only transport mode offering serious competition with trucks for land-based freight.
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Trends in the High Rail Scenario

Main assumptions

As illustrated in Chapter 2, transport energy demand and associated environmental impacts in
the Base Scenario are set to grow significantly to 2050 on the basis of existing and planned
policies, despite an impressive growth of rail transport. Further enhancing the role of rail can be
a possible means to contain the projected rise transport energy demand as well as carbon
dioxide (CO,) and local air pollutant emissions. That is why this chapter develops an alternative
scenario — the High Rail Scenario — which shows the energy and environmental benefits that
could be achieved through stronger action to enhance the role of rail. Reinforcing the role of rail
does not entirely eliminate the environmental impact of transport. But it does offer a pragmatic
agenda for change, all the more so since enhancing the role of rail does not depend on any
technological breakthroughs or radical innovations on the policy side.

The High Rail Scenario presents a plausible future in which rail plays an enhanced role in the
transport sector by replacing much transport demand from cars, two/three-wheelers and road
freight transport, relative to the Base Scenario. Given that rail transport is very capital intensive,
unlocking an enhanced role for rail requires action to increase its economic attractiveness. For
this reason, the High Rail Scenario rests on three main pillars:

e Minimising costs per passenger-kilometre or tonne-kilometre moved, in order to ensure
that the preconditions for maximum rail network usage are in place (e.g. through urban
planning measures that provide integration of other modes of transport with the rail
transport network); that technical barriers are removed (e.g. through the adoption of
international standards that facilitate inter-operability); and adoption of digital technologies
to facilitate the integration of rail services into the range of mobility options available for
passengers and goods (to facilitate higher throughput).

e Maximising revenues from rail systems, capitalising on the “aggregation” capacity of railway
stations (land value capture), a model which has already made several rail systems
profitable.

e Ensuring that all forms of transport pay not only for the use of the infrastructure they
need, but also for the adverse impacts they generate. Traditionally, this has been done
through fuel taxation, but road pricing and especially congestion charging are likely to be
more effective means for regulating the infrastructure and congestion impacts of road
vehicles. The case can be strengthened by increased transport electrification and a transition
towards road vehicle automation, both of which are likely to require price signals to
modulate demand.?

A broader range of policy tools includes measures influencing urban structures, forms and
densities, and instruments that increase the implicit cost (time and money) of driving personal
vehicles. They are elaborated in the policy section at the end of the chapter.

2 In the case of electrification, negative external impacts of cars and trucks would be limited to impacts on road
infrastructure and congestion, and so taxation schemes would need to be designed to address these impacts, as opposed to
those (like local pollution and GHG emissions) associated with vehicles running on internal combustion engines. In the case
of self-driving cars, congestion pricing or similar schemes would be needed to prevent likely increases in congestion coming
from the lower costs and higher convenience of vehicle travel.
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Rail network developments in the High Rail Scenario

In the High Rail Scenario, the total (including conventional, high-speed and urban) rail network
length reaches 2.65 million track-kilometres by 2050, which is 0.4 million more than in the Base
Scenario. This difference is largely due to the significant additional investment assumed to take
place in metro and high-speed rail networks in the High Rail Scenario and a sizeable increase in
the conventional rail network (Figure 3.5). Metro and high-speed rail networks expand faster
than conventional rail; relative to 2017, the global high-speed rail network length more than
triples by 2050 in the High Rail Scenario, while the metro network length increases more than
fourfold. Passenger-kilometres increase fivefold on metros and more than fourfold on
high-speed rail over the period. The concentration in Asia of the extra investment in metro and
high-speed rail transport (where train capacities are larger) contributes to an overall increase in
the capacity utilisation rates of metro and high-speed rail at the global level.

Figure 3.5 Rail network additions in the High Rail and the Base Scenario relative to 2017
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Key message ¢ Expansion of the metro and high-speed rail networks in the High Rail Scenario
significantly exceeds that in the Base Scenario. The rate of growth of these parts of the rail network
exceeds that of conventional rail.

While the conventional rail network grows relatively slowly (36% between 2017 and 2050), the
sheer size of the existing network means that it is the dominant growth area in absolute terms
(close to 600 000 kilometres by 2050). By comparison, metro and high-speed rail additions
reach almost 300 000 kilometres by the same year.

The metro rail network increases its length by 325% between 2017 and 2050, to reach over
150 000 kilometres (Figure 3.6). People’s Republic of China (“China”) adds the most track length
in absolute terms between 2017 and 2050 (about 43 000 kilometres), although the growth rate
is higher in India (reaching close to 13 000 kilometres by 2050, up from roughly 1 000 kilometres
in 2017). The balance of the global metro rail network shifts strongly towards Asia, where over
two-thirds of all metro track-kilometres are to be found by 2050. Other regions where the
length of metro systems is relatively low, including Africa, South America, North America and
Russian Federation (“Russia”), more than triple or quadruple their metro network in the same
timeframe. Europe and Japan, which already have large metro network coverage in their main
cities, add almost 8 000 kilometres and 1700 kilometres of tracks, respectively, providing
almost 240 billion additional passenger-kilometres of transport per year, compared to 2017. In
all world regions, the rate of train activity growth is faster than the track build-out: in the High
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Rail Scenario, the capacity utilisation rate of the metro network is improved by 40% (in terms of
train-kilometre/track-kilometre) by 2050, with shorter intervals between trains enabled by
digitalisation.?

Figure 3.6 Metro rail network build-out by region in the High Rail Scenario, 2017 and 2050
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Source: IEA (2018).
Key message e The length of the metro rail network increases by 325% between 2017 and 2050, at
which point over two-thirds of metro rail tracks are located in Asia.

Figure 3.7  Network build of high-speed rail by country in the Base Scenario and High Rail Scenario,
2017 and 2050
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Key message e High-speed rail construction in the High Rail Scenario goes well beyond that of the Base
Scenario and includes development of high-speed rail in regions where it is not yet planned.

Asian countries (above all China) and Europe remain the dominant high-speed rail regions in
2050, together accounting for almost 60% of global high-speed track-kilometre growth in the
High Rail Scenario (Figure 3.7). The additional high-speed rail construction goes well beyond

3 Given the high occupancy and network utilisation rates, metro and light rail services are not significantly subject to changes
in track-kilometre per passenger-kilometre. The key determinants of the ratio between metro and light rail passenger
activity and networks extension are structural effects associated with the adaptation of metro capacities to passenger flows
(metros in densely populated megacities of emerging economies that need to guarantee higher throughput per track-
kilometre compared with Europe) and network utilisation levels that are 7% higher in the High Rail Scenario than in the Base
Scenario by 2050 due to a higher reliance on digital technologies. Improvements in track utilisation (vehicle activity per
track-kilometre) alleviate the upward pressure on track growth.
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that in the Base Scenario, which takes into account only projects under construction and
planned. In the High Rail Scenario, the network will also be used more intensively, the growth
rate of high-speed rail activity exceeding the rate of network growth, enabled by digital
technologies.”

Rail transport activity

Passenger rail in the High Rail Scenario

Passenger rail activity increases in the High Rail Scenario to 15 trillion passenger-kilometres in
2050, exceeding by about 6 trillion passenger-kilometres the level of the Base Scenario
(Figure 3.8). Other public transport activities (namely travel by bus) also increase, induced, in
particular, by the adoption of integrated urban transport concepts that allow for better
integration of rail services with other public transport options. Overall passenger activity in the
High Rail Scenario declines relative to the Base Scenario, as routes are optimised and some
travel is avoided by measures influencing urban design and density and pricing and travel
demand management policies which have an impact on the frequency and length of trips.

Figure 3.8  Change in passenger activity in the High Rail Scenario relative to the Base Scenario,
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Key message ® The High Rail Scenario results in a shift from transport in cars, two/three-wheelers and
planes to public transport relative to the Base Scenario.

The shift of activity to rail is greatest in urban transport, where a growing proportion of short
trips improve the viability of shared mobility solutions and non-motorised modes of transport
that feed rail needs. Most of the reduction in passenger activity in the High Rail Scenario occurs
in passenger cars, because of the relatively high use of personal vehicles in urban mobility in the
Base Scenario and the opportunities available in cities to reduce trip distances and drive modal
shifts with urban densification and improved design. Another area in which rail activity rises
significantly is high-speed rail, which out competes short-haul flights in the High Rail Scenario.

* In the High Rail Scenario, the increase in capacity utilisation of high-speed rail is maximised thanks to better schedule
planning and digital solutions, which allow for shorter intervals between trains. Capacity utilisation in the High Rail Scenario
is 10% higher than in the Base Scenario. The same 10% improvement in capacity utilisation has been assumed for
conventional rail in the High Rail Scenario.



IEA 2019. All rights reserved. The Future of Rail
Opportunities for energy and the environment

Urban rail

The share of rail in urban passenger transport activity increases from almost 2% in 2017 to 3% in
2025 in the High Rail Scenario, compatible with the UITP target of doubling the market share of
public transport between 2005 and 2025 (UITP, 2014), if the share of travel is calculated by
reference to large and densely populated cities and by reference to rail in isolation.” By 2050,
the share of rail in total urban passenger-kilometres exceeds 6%, three-times the share in the
Base Scenario. Meanwhile, total urban transport activity grows from 26 trillion
passenger-kilometres in 2017 to 42 trillion passenger-kilometres in 2050. These shifts are largely
driven by strong urbanisation in the emerging economies.

As urban rail activity increases in the High Rail Scenario, by 2050 cars account for 37% of the
total urban passenger-kilometres compared to 47% in the Base Scenario (Figure 3.9). China
experiences the strongest absolute increase in urban rail activity in the High Rail Scenario,
followed by India where passenger activity on metros is growing fastest. However, China and
India’s share of rail in all urban passenger-kilometres (7% and 4% respectively) remains below
the level of Japan (26%) and Europe (10%). The urban rail market share in the North America
remains lower than elsewhere (1%). Increased reliance on rail for urban passenger movements
is stronger in cities characterised with highly concentrated urban structures, thanks to the
higher likelihood in those circumstances of sufficient throughput to make an economic and
environmentally sound case for rail investments.®

Figure 3.9 Urban motorised transport activity shifts in the High Rail Scenario relative to the Base
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Note: Urban rail includes both metro and light rail.
Source: IEA (2018).

Key message ® In the High Rail Scenario, the share of rail in urban passenger activity exceeds 6% by
2050, almost three-times its share in the Base Scenario.

® It is assumed that the UITP targets are for ridership across all modes of urban transport. According to these criteria, in
cities with high densities (of at least 750 people per square kilometres) and with populations of more than
600 000 residents, and assuming that trip lengths in 2005 and 2025 for urban driving (on cars and buses) and for other
modes (e.g. two-wheelers, minibuses, and buses) vary according to the relative speeds of these modes in such cities, the
ridership on rail doubles from around 2% in 2005 to 4% in 2025, hence meeting the UITP target. Note further that the
market share of overall urban public transit (including both buses and rail) does not meet the UITP goals.

€ In the Base Scenario, the urban rail projections are based on the extension to metro and light rail planned for the coming
five years (UITP, 2018a; UITP, 2018b). The share of rail in urban activity thereafter is determined by the share of populations
living in cities of sufficient size and density to metro travel, and by modal shares commensurate with these constraints. In
the High Rail Scenario, these constraints and considerations still apply, but the share of urban travel allocated to rail grows
at a faster pace, driven by policy initiatives and investment.
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Conventional and high-speed rail

In the High Rail Scenario, conventional and high-speed rail activity more than triples, from
almost 4 trillion passenger-kilometres in 2017 to 12.4 trillion passenger-kilometres in 2050
(nearly 50% more than in the Base Scenario). This higher non-urban rail activity results from a
shift from other more energy-intensive non-urban modes, i.e. cars, buses and planes, to
conventional and high-speed rail (Figure 3.10).

Figure 3.10  Global non-urban passenger transport activity by mode in the High Rail Scenario relative
to the Base Scenario, 2050
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Key message ¢ In the High Rail Scenario, shifts from aviation and road transport feed increases in
activity on conventional and high-speed rail services, without significant change in the overall level of
non-urban passenger movements.

In the High Rail Scenario, conventional rail accounts in 2050 for two-thirds of all non-urban rail,
down from about 80% today. High-speed rail exploits its full potential for competitive
high-speed transit by rail to divert passengers away from airports with more than 1 million
passengers per year (see Box 3.1 for more details on the methodology employed). By 2050, this
means that 6% of all aviation passenger-kilometres in the Base Scenario are shifted to
high-speed rail. By 2050, 4.1 trillion passenger-kilometres are carried on high-speed rail,
representing one-third of all non-urban rail travel. This market share is higher than in the Base
Scenario (where it is roughly a quarter). China accounts for half of global high-speed rail activity
by 2050, followed by Europe (12%), India (8%), the Association of Southeast Asian Nations
(ASEAN) region (5%) and Japan (4%).

Box 3.1 Assessment of global modal shift potential between air and high-speed rail travel

For this report, we have analysed the potential for a shift from short-haul air travel to high-speed rail.
The analysis builds on the empirical observation that high-speed rail systems can induce modal
shifts from air travel, using information on aviation demand patterns.

Here the potential for flights to be competitively shifted to high-speed rail is determined taking into
account three main factors:

e High-speed rail routes avoid water bodies and tunnelling through elevated terrain, so
prioritising railway links that entail lower construction costs.
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e The jour7ney duration between pairs of cities by rail must offer time savings compared to
aviation.

e The centres of demand are sufficiently large, to ensure the economic viability of the
investments required for high-speed rail connection.

In 2015, with an average high-speed rail speed of 215 kilometres per hour, 14% of flights could be
displaced by high-speed rail. Close to 95% of displaceable flights are over distances of less than
800 kilometres, and close to 40% of displaceable seat-kilometres on flights of less than
600 kilometres could be competitively shifted to rail under the factors considered.

Table 3.1 Number of flights and seat-kilometres displaceable by high-speed rail in various cases
Central case .
Displacement potential i d 215 kmih With tunnels 250 km/hr
of global total I B m/hr, no (relative to central case) (relative to central case)
tunnels)
Flights 14% +1 percentage point +4 percentage points
Aviation seat-kilometres 3%° +1 percentage point +2 percentage points

Source: IEA analysis based on OAG (2018).

Key message ¢ 14% of global flights could be competitively shifted to high-speed rail under current
typical flight and high-speed rail conditions, without the need for costly bridge or tunnelling
infrastructure.

The sensitivity cases in Table 3.1 show that as the average speed of high-speed rail increases with
technological progress, more shift potential can be reaped. On the other hand, engaging in costly
tunnelling in challenging terrain does not significantly enhance aviation to rail shift potential. The
potential for high-speed rail to be time-competitive with existing flight routes varies according to
various geographical features such as distance between large cities and topography (Figure 3.11).
Additionally, in countries where high-speed rail is already established, short-distance flights have
already partly been displaced, creating a lower potential for additional shifting. The case of Japan, a
country with challenging terrain, illustrates that other elements, such as high passenger throughput
and high network utilisation, can explain successful deployment of high-speed rail, despite the
significantly higher costs of many tunnels.

By 2050, the potential for time-competitive shifts between aviation and rail, in terms of the
percentage of seat-kilometres captured, is estimated to be 0.5% greater than in 2017, as the
number of eligible airports grows10 and the average speed of high-speed rail lines increases to
250 kilometres per hour.

” The time competitiveness assessed here accounts for flight travel time from OAG (2018), and high-speed train travel time
(assumed at 250 kilometres per hour in 2050), plus "penalty" time, defined as: the air route penalty time accounts for 1 hour
travel between original departure point and airport, 1.5 hours for airport check-in, controls, boarding and luggage pick-up,
and 1 hour from the airport to the final destination. The rail route penalty time accounts for 30 minutes travel between
original departure point and train station, 20 minutes waiting time at train station and 30 minutes from the train station to
the final destination.

& Routes are screened based on a minimum airport passenger throughput of 1 million passengers annually (both for origin
and destination airports) in order to exclude low volume routes, where the commercial case for high-speed rail would be too
limited. Their identification is based on passenger activity in 2017 from OAG (2018).

® The share of seat-kilometres that could potentially be shifted (3%) is significantly lower than the share of flights that could
be shifted (14%), as high-speed rail and aviation compete over relatively short distances, operated by relatively small
airplanes.

1% The number of eligible airports in 2050 is assessed adjusting the 2017 throughput figures to accord with the growth in
passenger-kilometres projected for aviation in the Base Scenario for each region. The increase in passenger throughput is
assumed equal for all airports in a given region.
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Figure 3.11 Share of flights and available seat-kilometres that high-speed rail could displace based
on competitive travel times by departure country
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Source: IEA analysis based on OAG (2018).

Key message  The potential for high-speed rail to be time-competitive with flights depends mainly
on geographical considerations, e.g. distance between large cities, and topography.

Freight rail in the High Rail Scenario

Freight rail in the High Rail Scenario increases by 3 trillion tonne-kilometres in 2050, relative to
the Base Scenario, despite a 5% decline in freight activity overall, due to structural changes in
the supply chain and overall improvements in logistics (Figure 3.12). This change, effected by
pricing policies, investments in intermodal terminals and better integration of rail into supply
chains, occurs primarily through shifts from heavy-duty road freight to rail. Increased rail
capacity allows rail to retain its market share of bulk commodity transport, enlarge the range of
commodities carried (e.g. by larger shares of fertilisers, agricultural products and intermediate
manufactured commodities) and intercept part of the surface transport of containers. China,
North America, Russia and India account for most of the net increase — regions that have
significant inland freight transport movements, major shares of freight rail transport, and in
which road freight movements on heavy-duty vehicles are large enough to justify modal shifts.

In the High Rail Scenario, the contribution of rail freight transport to overall freight transport
(excluding shipping) remains stable at around 27% in 2050, while in the Base Scenario this share
decreases from 28% in 2017 to 23% in 2050. In principle, freight rail could gain additional
market share against long-distance maritime transport, but such a development is not
considered in the High Rail Scenario.
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Figure 3.12 Change in surface freight transport activity (left) and freight rail activity (right) in the High
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Key message ® In the High Rail Scenario, rail increases its market share of freight transport mainly at
the expense of heavy trucks. The largest freight activity gains are in China, North America, Russia and
India.

Box 3.2 Relationship between the High Rail Scenario and the UIC activity targets

In 2014, the International Union of Railways (UIC) set two aspirational targets for increased rail
activity: passenger transport to increase market share by 50% in 2030 and 100% in 2050, compared
to 2010 levels; and freight transport to match the activity level of road transport by 2030 and to
exceed road freight volumes by 2050 (UIC, 2014). With a 75% increase in market share compared
to 2010, the High Rail Scenario approaches the UIC’s activity target in the passenger sector by
2050, though it does not meet it; nor does it meet the lower target in 2030. Fully meeting the UIC
target for 2050, as well as the 2030 goal would probably require incremental shifts, and in particular
a higher reliance on high-speed rail, in comparison with the results projected in the High Rail
Scenario.

Freight achieves a surface modal share slightly below one-third both in 2030 and 2050. Achieving
the UIC’s activity targets for the freight sector is unlikely to be feasible without shifting part of
long-distance maritime freight transport to rail. If the UIC freight target were to be met by shifting
activity from ships to rail, the required shift would amount to 37 and 90 trillion tonne-kilometres in
2030 and 2050, respectively, which corresponds to 23% and 30% of the total shipping activity
projected for those years.

Implications for energy demand

Total transport energy demand in the High Rail Scenario reaches 3 100 million tonnes of oil
equivalent (Mtoe) in 2030 and 3 300 Mtoe in 2050 (Figure 3.13). Compared to the Base
Scenario, this is a reduction of 565 Mtoe in energy demand by 2050, of which 510 Mtoe
(approximately 10 million barrels per day [mb/d]) is oil. The High Rail Scenario does not take
into account changes in market shares of different powertrain technologies, compared with the
Base Scenario, assuming the same energy intensity for each technology option. Therefore, the
differences in energy demand are imputable only to structural shifts across modes, differences
in the modal energy mixes and net reductions in travel activity due to reduced trip distances.
Shifts from cars, two/three-wheelers, trucks and planes are responsible for most of the energy
demand reductions, although these are mitigated somewhat by an increase in electricity
demand from rail by almost 320 terawatt-hours (TWh) (27 Mtoe) by 2050, relative to the Base
Scenario.
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Total energy demand for the rail sector in 2050 is around 125 Mtoe in the High Rail Scenario,
42% more than in the Base Scenario. Despite increases in activity, rail transport accounts for
only 4% of total transport energy demand in 2050. In both of the scenarios the rail sector
experiences strong electrification (Figure 3.14). The share of electricity in fuel demand in the rail
sector rises from 47% in 2017 to 73% in 2050 in the High Rail Scenario. Overall, annual
electricity consumption by rail in the High Rail Scenario increases almost fourfold, to about
1 060 TWh per year (91 Mtoe) by 2050, while diesel consumption increases by 19% to 0.7 mb/d
(34 Mtoe per year).

Figure 3.13 Transport energy demand in the High Rail Scenario by mode (left) and change in energy
demand relative to the Base Scenario (right), in 2017, 2030 and 2050
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Key message e Compared with the Base Scenario, the High Rail Scenario sees a reduction in oil demand
for transport of 10 mb/d in 2050.

Figure 3.14 Energy demand in rail by activity and fuel type in the Base and High Rail scenarios, 2017
and 2050
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Note: The chart area is proportional to total rail energy use: 53 Mtoe in 2017, 88 Mtoe in 2050 in the Base Scenario and 125 Mtoe in
2050 in the High Rail Scenario.

Source: IEA (2018).

Key message ¢ Both scenarios project increased rail electrification, converting almost half of freight
energy use from diesel to electricity.
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By 2050, China and India are projected to have the highest increase in rail energy use in the High
Rail Scenario, relative to the Base Scenario (Figure 3.15). Rail energy demand remains highest in
volumetric terms in China, where rail by 2050 accounts for 6% of total transport energy use, up
from 4% in the Base Scenario. Rail energy demand in North America also grows strongly,
predominantly in freight.

Figure 3.15 Projected rail energy demand growth by region
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Key message ¢ The High Rail Scenario would entail on average one-third higher energy consumption for
rail relative to the Base Scenario.

Implications for GHG emissions and local pollutants

Direct CO, emissions in the High Rail Scenario

Figure 3.16 Direct CO, emissions from fuel combustion in the High Rail Scenario, 2017-50
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Key message ® Due to the effects of modal shift, direct energy-related CO, emissions from transport in
the High Rail Scenario peak between 2030 and 2050, after which they start to decline; by 2050, CO,
emissions drop to the level of 2017.

In the High Rail Scenario, direct CO, emissions at the tailpipe resulting from the combustion of
fossil fuels are higher in 2050 than in 2017 (Figure 3.16). However, while CO, emissions in the
Base Scenario grow continuously through 2050, in the High Rail Scenario CO, emissions peak
between 2035 and 2040, after which they start to decline. Most of the savings in direct CO,
emissions observed in the High Rail Scenario, compared with the Base Scenario, results from

Page | 111



Page | 112

IEA 2019. All rights reserved.

The Future of Rail IEA 2019. All rights reserved.
Opportunities for energy and the environment

lower emissions from light-duty road vehicles (1.3 gigatonnes of carbon dioxide [Gt CO,] less in
2050) and heavy-duty vehicles (0.5 Gt CO, in 2050) as a result of lower levels of activity in these
modes. Direct combustion emissions from rail are roughly constant between 2017 and 2050,
despite greater activity on rail, as the sector continues to electrify.

Well-to-wheel GHG emissions

The activity shifts between passenger and freight modes lead to a reduction in annual
transport-related well-to-wheel (WTW) GHG emissions of 2.1 Gt CO, equivalent (CO,-eq)
emissions per year, a 17% reduction from the Base Scenario (Figure 3.17). This is achieved as a
result of the much lower energy intensity of rail modes, compared with road-based modes or
aviation.™

In passenger transport, GHG emission reductions are achieved by reducing and shifting activity
from cars, two/three-wheelers and from aviation to urban, conventional and high-speed rail.
Shifting 11.2 trillion passenger-kilometres from road transport'® and aviation results in a
reduction of roughly 1 Gt CO,-eq WTW GHG emissions, while the additional volume of
passenger-kilometres on rail accounts for only 110 million tonnes (Mt) CO,-eq. Shifting and
reducing freight activity reduces road freight emissions by nearly 1 Gt CO,-eq, offset from
increased freight rail by 33 Mt CO,-eq emissions from increased activity.

Figure 3.17 Well-to-wheel GHG emissions from transport in the Base and High Rail scenarios
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Key message e In the High Rail Scenario, shifting transport modes cuts by half the increase in emissions
(2015-50) projected in the Base Scenario. Emissions increases due to shifting passenger and freight
activity to rail are more than an order of magnitude lower than those displaced from other modes.

™ The High Rail Scenario maintains the same assumptions regarding vehicle technology improvement and fuel technology
mix as the Base Scenario. Estimated future energy use per passenger-kilometre of high-speed rail activity remains around
90% lower than in aviation throughout the projection period. This is achieved despite improvements in aviation that enable
the sector to meet the International Civil Aviation Organization (ICAO) goal of reducing the energy intensity of aviation by
2% per year (ICAO, 2013).

12 Note that this includes GHG emission reductions occurring due to lower activity in cars, two/three-wheelers (1 Gt CO,-eq),
as well as aircraft (0.1 Gt CO,-eq), partly offset by GHG emission increases for buses (0.1 Gt CO,-eq).
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The GHG emission reductions achieved in the High Rail Scenario, relative to the Base Scenario,
are fairly evenly distributed across countries (Figure 3.18). By 2050, shifts to rail and other
public transport enable most countries to reduce GHG emissions from transport by 13-18%,
compared to the Base Scenario.

In addition to reducing overall transport sector GHG emissions, the High Rail Scenario also
delivers air quality benefits, particularly in urban areas. By 2050, the shift to rail in the High Rail
Scenario makes it possible to avoid an additional 220 thousand tonnes (kt) of fine particulate
(PM,5) emissions from transport (nearly 35% higher savings) compared with the Base Scenario.

Figure 3.18 WTW GHG emissions savings from transport by region in the High Rail Scenario relative to
the Base Scenario, 2050
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Key message e Transport-related GHG emissions reductions in the High Rail Scenario, relative to the
Base Scenario, are between 11% and 16% in 2050, depending on the country. In North America, China
and India savings are greater than 300 Mt of CO,-eq per year.

While the environmental benefits of the High Rail Scenario are substantial, far greater
sustainability gains can be realised by coupling increased activity on rail with other changes in
the broad energy system (including more rapid deployment of low-carbon electricity
generation) and by accelerating the adoption of more efficient vehicles across all modes of
transport, i.e. in light- and heavy-duty road vehicles, shipping, and aviation (Box 3.3).

Box 3.3 Contribution of the High Rail Scenario to achieving the Paris Agreement targets

Taken in isolation, the High Rail Scenario does not meet the Paris Agreement targets. In order to
reduce GHG emissions in line with those targets, shifting road-based transport modes and aviation
to rail (as illustrated in the High Rail Scenario) needs to be complemented by energy efficiency and
fuel switching measures to reduce the carbon intensity of the service provided. The effects of this
full suite of measures are presented in Figure 3.19: they reduce transport energy use by 39% and
cut well-to-wheel GHG emissions by 67% by 2050, compared with the Base Scenario.

The key technological solutions assumed in the High Rail Scenario include:

e Strong improvements in the energy efficiency of combustion engines in all transport modes.

e Enhanced electrification of the transport sector, mainly in short- and- medium-distance road
modes and rail.

e Decarbonisation of electricity generation.

e Increased adoption of other low-carbon fuels, such as advanced biofuels, electro-fuels and
hydrogen, mainly for long-distance road-based modes, aviation and shipping.
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Figure 3.19 illustrates that the relative contribution to reducing oil demand and GHG emissions of
vehicle efficiency technologies (“+ improve vehicles wedge”) and the transition to alternative fuels
and decarbonisation of the power supply (“+ improve fuels wedge”) is substantial. Yet, the
contribution of modal shift in transport is crucial to meeting the Paris Agreement targets.

The small difference between the blue wedge in the figure (showing the contribution of modal shifts
of the High Rail Scenario, once it becomes part of a broader strategy) and the dashed line (which
shows energy and GHG emission levels achieved in the High Rail Scenario) indicates that the GHG
fem:ssilonmreductions obtained from modal shifts to rail are robust to changes in the technology and
uel mix.

Figure 3.19 Transport energy demand (left) and WTW GHG emissions (right) by scenario
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Key message ® Reducing oil demand and GHG emissions from the transport sector in line with the
Paris Agreement targets requires a combination of measures including modal shifts, improved vehicle
efficiency, low-carbon fuels and power sector decarbonisation.

Figure 3.19 also sheds light on what is required to meet the specific energy and CO, emission
targets for the rail sector set out by the International Union of Railways (UIC). The UIC aim is for the
rail sector to achieve a 50% reduction in specific final energy consumption from train operations by
2030 and a 60% reduction by 2050, relative to a 1990 baseline (UIC, 2014). In addition, the sector is
to reduce specific CO, emissions from train operations by 50% by 2030 and 75% by 2050, relative
to a 1990 baseline (UIC, 2014). Achieving these targets requires the rail sector to adopt aggressive
strategies to improve energy efficiency, to make a transition to low-carbon fuels and to reduce the
carbon intensity of electricity supply. The rail sector would need to draw upon the unique potentials it
has to adopt zero-emissions train technologies and to optimise utilisation of its assets and
infrastructure.

Investment requirements in the High Rail Scenario

In the High Rail Scenario, travel demand management and measures to promote modal shifts
result in changes in both investment and consumer expenditure. With declining passenger
vehicle activity and increasing mobility by rail (and bus), public and private investments are
shifted from road to rail infrastructure (for a summary of the range of costs for different types

3 There is a small gap observable between the blue wedge and the dotted line in Figure 3.19. This is attributable to the
effect where combining mode-shifting with “improve” measures diminishes somewhat the energy and GHG reduction effect
from mode-shifting. This is because improvements in the “inefficient” modes to be replaced by rail are stronger with
improve measures, reducing the gap between the average energy- and carbon intensity of services on rail versus the
inefficient modes it displaces by mode-shifting.
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of rail infrastructures, see the Investment section in Chapter 2).* The two scenarios also imply
different outlays for vehicles. In the High Rail Scenario, greater use of public transit and cycling
and walking allows people to reduce reliance on personal vehicles and the associated spending
on vehicles and fuel. These savings are partially offset by increased expenditure on buses and
trains.

Global average annualised outlays for road transport infrastructure are lower in the High Rail
Scenario than the Base Scenario by around USD 300 billion (United States dollars) (USD year-
2015 purchasing power parity [PPP] basis), a reduction of about 20% (Figure 3.20). Annual
savings from reduced expenditures on vehicles (primarily road vehicles, though trains, planes
and ships are also included) are even larger in absolute terms (about USD 670 billion, compared
with the Base Scenario), though the decline is smaller in percentage terms (8%).

Global average annualised outlays on trains and rail infrastructure are higher in the High Rail
Scenario than in the Base Scenario by USD 290 billion (USD year-2015 PPP), or 60% more (Figure
3.20). Nearly all of the additional investment is directed to urban rail infrastructure (nearly
USD 190 billion) and high-speed rail infrastructure (USD 70 billion). The additional cost of the
trains themselves is small in comparison, due to the improved operations and efficiency realised
in the High Rail Scenario.

Figure 3.20 Average annualised outlays on transport vehicles and infrastructure across all modes
(left) and on trains (right) in the Base and High Rail scenarios, 2018-50

900

Trains

10,000

£ " m Vehicles 800
9,000 "
. [/ / 4 Non-urban rail
T 8,000 \ 4 T 70 i
a
5 7,000 \ aships and aircraft i, 600 . « Metro & light-rail
2
o o
& 6,000 \ S 500
3 % | Infrastructure
2 5000 &' Road vehicles 2 400 /
a o
a
3 4,000 \ \ 2 300 ® High-speed rail
c =4
S 3,000 \ Infrastructure 2
@ 2,000 k \ @ 200 u Conventional rail
[ ™
1,000 Roads 100
o B Metro & light-rail
Base Scenario High Rail Scenario Base Scenario High Rail Scenario

Notes: PPP = purchasing power parity. Estimates of the costs of road and rail infrastructure construction, reconstruction and
operation and maintenance are based on literature estimates per lane-kilometre and per track-kilometre from various sources, and
are validated against investment data from the OECD (2017). Paved lane-kilometres are estimated based on data from the
International Road Federation (2012). Infrastructure costs are estimated, based on the projected extensions of road and rail
infrastructure, which, in turn, are based on utilisation rates (in vehicle-kilometres per lane-kilometre or track-kilometre) of these
elements. Vehicle costs are benchmarked to evaluations of the current cost, and their development is estimated based on energy
efficiency component cost curves and total production volumes.

Source: IEA (2018).

Key message ® Annual average savings on road infrastructure total USD 270 billion and savings on
vehicles (including cars, trucks, and aircraft) are around USD 670 billion. To achieve these savings, the
High Rail Scenario requires additional annual average investments on the order of USD 290 billion,
most of which are for urban and high-speed rail infrastructure.

% Changes in energy consumption patterns and urban form, of course, would also result in more widespread, second-order
changes. Examples include shifting investments in energy supply (e.g. from oil production and refining to electricity
generation), and city infrastructure (e.g. from single family households to apartment complexes and mixed-use
developments). No attempt has been made to capture these implications of the High Rail Scenario.
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Fuel expenditure

Increased reliance on rail can bring about a reduction in expenditure on road transport fuels,
mostly oil. By 2050, worldwide expenditure on fuel is around USD 450 billion lower in the High
Rail Scenario than in the Base Scenario. India stands to save USD 65 billion (22% of fuel
expenditure). The global average reduction of fuel expenditure is 15% (Figure 3.21).

Figure 3.21 Fuel expenditure savings in the High Rail Scenario, 2050
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Key message ® Global fuel expenditure is reduced by 17% in 2050, with disproportionately large savings
for India.

Policy opportunities to promote rail

The three pillars that underpin the High Rail Scenario — minimising service costs, maximising
revenues and ensuring that the costs of all modes of transport reflect infrastructure needs and
societal and environmental impacts — all improve the economic competitiveness of rail. Ensuring
high passenger and freight throughput is also instrumental to achieve this condition. As outlined
in Chapter 1, high throughput is also key to ensure that rail transport comes with lower energy
and carbon intensity per passenger- and tonne-kilometre than other transport modes.

Green bonds are a financial instrument that can facilitate the availability of funding and reduce
the cost of financing capital-intensive rail projects by lowering interest rates (Box 3.4). Market
liberalisation, can improve rail’s economic competitiveness by increasing network utilisation.™
Railways have been liberalised in some advanced economies with developed railway networks,
with varying degrees of success in terms of improving railway utilisation. In early stages of
planning and constructing a rail network though, development under a dominant operator can
avoid costly duplication of infrastructure.

Policy opportunities to promote rail and make it more competitive with other transport modes
are highlighted in the next sections. They focus on specific opportunities in rail services in
passenger (urban, conventional and high-speed) and freight transport.

1> Market liberalisation gives new market entrants access to networks that in many cases have been previously controlled
and operated by a single operator. It can promote vertical separation: the separation of the network manager from its
users. In the railway sector, market liberalisation can split the ownership and/or operation of infrastructure functions
(network managers) and train operators (network users).
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Box 3.4 The use of environmentally friendly bonds to finance rail infrastructure

The bond market is increasingly being used byJJoIicy makers and financiers as a source of low cost
financing or refinancing for “green” projects.1 Such financing instruments earmark proceeds to
finance projects and activities related to renewable energy, energy efficiency, sustainable waste
management, sustainable land use (forestry and agriculture), biodiversity, clean transportation and
clean water.

The Climate Bonds Initiative tracks environmentally friendly bonds in three categories: (1)
“fully-aligned” issuers that derive 95% or more of revenues from green business lines; (2) bonds
from “strongly-aligned” issuers that derive 75-95% of revenue from green business lines; (3) labelled
and certified green bonds, for which certification generally follows the guidelines outlined in the
Green Bond Principles (GBP) developed by the International Capital Market Association R

The market of fully- and strongly-aligned issuers points to significant potential for the green bond
market to scale up. Labelling a bond as green provides benefits to issuers: it allows them to reach a
wider investor basis and to fund environmentally beneficial projects, while signalling the company’s
sustainability credentials. For investors, the green bond label facilitates the identification of green
debt products and ensures a higher degree of project transparency.18

Figure 3.22 Breakdown of environmentally friendly bonds by year and type
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Source: IEA analysis based on Climate Bonds Initiative (2018).

Key message ® Environmentally friendly bond issuance has grown substantially in recent years and
the value of green bonds issued has grown particularly rapidly.

Since the first green bond was issued in 2007, the market has grown rapidly. Overall,
environmentally friendly bond issuance has more than doubled within the past decade, from
USD 600 million in 2007 to USD 1.4 trillion in 2018 (Figure 3.22, left). By 2018, green bonds
accounted for roughly one-third of all environmentally friendly bond issuances.

!® The main benefits are lower interest rates than those that could typically be obtained from a bank, the potential to raise
more capital (e.g. through co-financing) and increased flexibility in the use of capital. In addition, while returns from
environmentally friendly bonds have so far proven similar to standard bonds, changes in policy due to climate concerns may
influence investor portfolio decisions may be adding to the attractiveness of green bonds.

7 The GBP are voluntary process guidelines that recommend transparency and disclosure, and promote integrity in the
development of the green bond market by clarifying the approach for issuance of a green bond (International Capital Market
Association, 2018).

18 |ssuers of green bonds can also go a step further and seek to certify their bonds or loans under the Climate Bonds
Standard to demonstrate that the financed assets are aligned with Paris Agreement targets (Climate Bonds Initiative, 2017).
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Of the environmentally friendly bonds issued to date worldwide, 44% are for projects in the transport
sector accounting for USD 532 billion of outstanding bonds. The share of transport-related bond
issuances in the overall amount of environmentally friendly bonds has declined in recent years, due
to overall market diversification leading to more low-carbon projects in other sectors (in particular in
the buildings sector). Nevertheless, transport-related bonds represent the largest single sectoral
market share. Asia-Pacific countries (led by China) are the leaders in transport issuance, accounting
for 45% of the market, followed by Europe (39%) and North America (16%).

Qualifying bonds in transport are issued by companies whose activities relate to vehicle
technologies, transport infrastructure or transport system improvements. Railway companies make
up 90% of the sector’s outstanding climate-aligned issuance volume (Figure 3.22, right).

Passenger rail

Urban rail

Increasing the share of urban rail in transport to unlock the associated social, environmental
and energy security benefits requires dedicated policy action. Without such action, it will be
difficult to realise the vast increase of urban rail activity illustrated in the High Rail Scenario,
because of the significant investment and long-lead times (often around ten years per project)
associated with new urban rail infrastructure. Measures are available to encourage higher use
of urban rail systems, innovative financing mechanisms are available to help lower obstacles to
the expansion of urban rail, and project cost efficiency can lower fares and thereby increase the
appeal of urban rail to passengers.

The capital costs of various forms of urban transport infrastructure and measures to increase
passenger throughput capacity can differ by orders of magnitude (Figure 3.23). Urban rail
systems, especially metro and commuter rail systems are expensive, but their throughput
capacity is unparalleled, and can result in a competitive cost per unit of transport capacity
compared with cars. High passenger throughput is crucial not only to ensure the economic
viability of the construction and operation of urban rail services but also to realise fully their
potential advantages.”

Metro, light rail and commuter rail therefore are generally best suited to cities that need to
handle large volumes of passenger traffic within a dense urban area: cities with large
populations and high urban densities have the best opportunity to ensure that high shares of
trips take place on well-developed, high capacity public transport networks. Examples of
successful developments of this kind are in Hong Kong (China), Shanghai, Singapore, Taipei and
Tokyo (LTA, 2011; TLS, 2015). With high capacity and utilisation, these cities generate revenue
from fares that cover costs and no operational subsidies are needed (Figure 3.24).

% The analysis of the life-cycle performance of rail services presented at the end of Chapter 1, for example, indicates that
urban rail projects require high capacity and high frequency of utilisation in order to offset the emissions produced in the
construction phase.
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Figure 3.23  Costs and throughput capacities of urban transport infrastructure
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Key message ¢ Urban rail is uniquely positioned to provide high passenger throughput and while its
capital costs per kilometre are high, capital costs per throughput capacity are lower than for urban road
infrastructure.

Figure 3.24 Contribution of fares to cover costs in public transport systems in various cities
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Note: The recovery ratio indicated here is the ratio of revenues generated by public transport systems, including rail and bus
systems, relative to costs. If the ratio is less than 1 the system operates at a loss; if it is above 1, the system is profitable. The
reference to Tokyo refers to the entire metropolitan region, while Tokyo metro and Tokyo Toei refer to the two rapid transit
systems serving the Tokyo metropolitan region.

Sources: LTA (2011) and (2015).

Key message ¢ The ratio of public transit fare revenues to costs tends to be high in densely populated
Asian cities and lowest in low-density cities in North America. Density is a significant determinant of
the financial viability of public transport.
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Financing the development of an urban rail network does not need to rely on taxation and
subsidies alone: there are additional potential sources of revenue. In particular in the case of
rail, capturing land value benefits in financing plans can offset the high cost of capital
investment. “Land value capture” describes action to benefit from the increase in residential
and commercial property value that occurs in proximity to nodes and stations. This value can be
captured in several ways (OECD, 2000): for example, network developers can be allowed to
undertake high-profit commercial projects (such as building retail space, restaurants and hotels
inside or annexed to stations), providing an opportunity for the developer to share in the
increase in land value to help finance the high capacity transport network. Tax increment
financing is another approach, which involves the use of property taxes to draw on the
increased land value in the proximity of high capacity transport nodes in order to finance the
public transport development.

The Mass Transit Railway (MTR) Corporation in Hong Kong, China offers a concrete example of
successful public transport financing through land value capture (Sharma and Newman, 2017,
Padukone, 2013). The MTR signs contracts with businesses operating along transport corridors
that compensate the MTR through partial ownership, a portion of property development fees
and/or a fraction of the profits generated by those businesses. This approach, in the
circumstances of the constrained geography of Hong Kong, China (i.e. high population density)
has helped the MTR to achieve the world’s highest recovery cost ratio (Figure 3.24), with 60% of
total revenues coming from non-transport sources. Japan Rail-East also has taken a similar
approach and around 30% of its revenues come from non-transport sources.

Transport taxation offers another option for financing urban rail systems: vehicle purchase or
registration taxes can be allocated to metro or light rail network extensions and improvements.
Taxes on motor fuels can also fund urban rail; in the United States, around one-quarter of
gasoline tax revenues are allocated to funding public transport (Agarwal, 2018). Pricing policies,
such as road pricing, congestion charging, tolls on specific sections of the road network and
parking fees can also be earmarked for investment in high capacity public transport
infrastructure.”® Pricing measures can also be coupled with access restrictions for personal
vehicles in urban areas (i.e. during rush hour) to encourage high public transport throughput.
Such cross-modal subsidisation models also make public transport more attractive by increasing
the operational costs of private modes, so reducing its appeal. Subsidies for operations can be
economically justified, provided that they do not exceed the direct and indirect economic, social
and environmental benefits not captured in commercial pricing. In several European cities,
subsidies meet around half the operational expenses of public transport operators (Durkan,
Durkan and Reynolds, 2000; EMTA, 2010).

High passenger throughput is more readily achieved in large, dense urban areas, which means
that urban rail infrastructure is most effectively developed in conjunction with policies that
promote high-density living and integrate transport and urban development planning.
Commuting times can be minimised when cities adopt an integrated approach that incorporates
mass transit with walking, cycling and other last-mile solutions.?* Large and rapidly developing

% Only a handful of cities apply congestion charging and cordon pricing to manage transport demand, primarily in Europe
(London, Milan, Stockholm and several cities in Norway) and Asia (Singapore). San Francisco’s dynamic parking pricing
programme, SFpark, acts as a sort of congestion pricing, extracting public revenue from parking rather than moving cars,
adjusting parking prices at different times of the day and in different urban areas (Verhoef, Nijkamp and Rietveld, 1995).

% In Guangzhou, China, for example, the integration of bus rapid transit with the metro system and cycling infrastructure
has resulted in reduced vehicle congestion and an estimated reduction of 86 000 tonnes of CO, emissions (Yang, Zhang and
Ni, 2014). The success of this system is attributed to the holistic and forward-thinking planning that characterised its
conception and implementation.
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cities in emerging economies are well positioned in this respect, but they are also those which
often face considerable difficulty in mobilising the required investment from public finance. 2%

Conventional and high-speed rail

As with urban rail, developing conventional and high-speed rail projects involves high
investment costs and long-lead times, therefore requiring high throughput prospects. Another
challenge, especially in the case of high-speed rail, is the need to compete with aviation. Some
of the financing solutions identified for urban rail can be applied to conventional rail (commuter
trips) and high-speed rail services. For instance, instruments related to land value capture
similarly apply, given the attractiveness of rail stations for commercial development. Similarly,
there is an economic case for the use of fiscal instruments reflecting the environmental and
social benefits of the project.

Conventional rail projects generally bear a high risk of relatively low rates of network utilisation.
This important limiting factor requires acute business attention to the minimisation of losses
and maximisation of revenues and may justify policy intervention to ensure the benefits of the
network are fully realised. Promoting the adoption of digital technologies can help. Data,
analytics and connectivity can improve understanding of consumer needs and preferences,
providing insights into potential demand which can be used to improve the service quality and
competitiveness of conventional rail services. Examples include responding to anticipated
changes in demand by altering the frequency and/or the volume of operations, segmenting user
groups to provide differentiated services and pricing, and providing real-time updates to
travellers, for example on connections.

Adequate investment in physical assets is another requirement for successful conventional
commuter and intercity rail. Fleet renewal improves both the efficiency of an operator’s stock,
and the customer experience. Using digital technologies to optimise asset utilisation, adopting
modular units that are appropriately sized to demand increases cost efficiency. Voluntary
agreements, incentives and even regulatory requirements may be justified to foster the
adoption of other digital technologies, such as communication-based train controls. System
extensions, upgrades and even retirements can serve to concentrate operations in crucial
corridors. This is not to say that conventional rail operations should be restricted to operations
in profitable corridors, but rather that clarity about the advantages of conventional rail and its
role within total passenger movements should inform investment decisions.

Like conventional rail projects, high-speed rail projects require close analysis of passenger flows
to inform planning. The analysis begins from study of the demand for high-speed travel evident
in existing aviation and personal vehicle activity, then taking into account the additional
demand that may be generated by agglomeration effects. There may be a case for government
targets to generate interest in high-speed rail investment. Such targets are contained in the
European Union’s white paper advocating the transfer of medium-distance air traffic to rail
(European Commission, 2011). Improving the integration of high-speed rail with airports can
strengthen the shift in demand towards rail for high-speed domestic/short distance

2 The long-lead and construction times needed to realise urban rail projects, which contrast with the short incumbency of
elected officials in many countries, are a further barrier to city governments considering new urban rail projects.

3 Cities facing tight budgetary constraints may find that the lower costs and shorter timelines from project conception to
realisation make bus rapid transit (BRT) an attractive alternative to urban rail (IEA, 2002). However, BRT risks becoming a
victim of its own success; if the capacity of BRT corridors and networks is insufficient to meet demand (as can happen in a
rapidly growing city), the quality of service may decline (e.g. slower operational speeds, crowded buses), making it difficult
to retain or recover dissatisfied customers. In cases where very high throughput is envisaged, there is a need to find viable
mechanisms for financing urban rail.
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movements. Examples of high-speed rail and airport integration already exist in Europe, in the
form of co-operative agreements between airlines and rail transport operators.*

Freight rail

As in the case of passenger transport, using rail to transport freight can usually be justified in
economic terms only in areas and directions where freight volumes are high. A prerequisite for
freight rail infrastructure investment is, therefore, an understanding of existing freight flows,
and the specific characteristics and customer needs of various market segments (Box 3.5).

For freight rail, a key opportunity is to closely connect with other transport modes and to well
integrate within the logistics supply chain (i.e. intermodal integration). Containerisation, or the
standardisation of the size of freight transport units, is essential to facilitate door-to-door
(intermodal) solutions in conjunction with road. Rail can also benefit significantly from the
presence of third-partly logistic operators which offer integrated and seamless solutions for
goods transport.”

In North America, large intermodal companies, logistics service providers and railways have
created large freight terminals (super-hubs). From 2000 to 2017, the number of domestic
containers transported in the United States tripled, while international container traffic grew
60% (a 50% faster growth than the US economy). Domestic container transport even continued
growing even during the recession of 2008-09 (Figure 3.26).

In Europe many rail freight terminals were developed by local municipalities (or were supported
by them) acting together with intermodal companies, and often driven by sustainability
concerns. In emerging economies, this market is completely underdeveloped, as neither the
private sector nor regional governments have had much success with central planning for
railways. The reason is that the economies of scale of freight rail usually favour long distances
that cross municipal, district and provincial boundaries. Overcoming the resulting barriers
requires planning driven by regional entities and national governments (and involving
inter-ministerial collaboration).?® One obstacle in emerging economies is that the type of
intervention required (such as logistics hubs) usually depends upon private sector inputs, but
many countries are not well-disposed or geared towards public-private partnerships. Pro-active
policy development in finance ministries on how to structure public-private partnerships is
recommended.

2 For example, the AlRail Service provided by Lufthansa and Deutsche Bahn has connected Frankfurt airport with Stuttgart
since 2001, and with Cologne since 2003. In France, Air France and SNCF launched TGV AIR in 1994, under which the
intermodal passenger transportation between Paris’ Charles de Gaulle airport (CDG) and Lille is exclusively operated by TGV.
Similarly, Thalys International has co-operated with several airlines (Air France, KLM, American Airlines, Lufthansa and SN
Brussels) to provide intermodal services to passengers on three Thalys links, namely, Brussels-CDG, Anvers-Schiphol, and
Paris (Nord)-Brussels National Airport (Jiang and Zhang, 2014).

% Relevant businesses are classified as first- and second-party logistics service providers, providing basic transport and
warehousing services, typically including railway companies and third party logistics contractors, who integrate services to
provide a seamless solution, acting as intermediaries between clients and first and second class service providers. The
presence of these intermediaries can lead to effective exploitation of the advantages of railways over other modes of
transport. To seize these opportunities, freight rail needs to be an integrated component of freight logistics solutions. This is
likely to be facilitated by progressive evolution towards an open, shared and modular system wherein physical goods are
moved on multiple transport modes using standardised containers, a common protocol and tools, and shared transport and
technological assets (IEA, 2017).

% Joint planning between rail and road interests, based on total freight-flow analysis (Table 3.2), can strengthen the
utilisation of freight rail infrastructure by fostering intermodality, and favouring investment in intermodal facilities, terminals
and logistics. This can improve rail’s position in the supply chain by stimulating infrastructure development close to supply
and demand, and decreasing last-mile distances. These actions can also deliver improvements in road freight logistics,
shortening distances, improving the chance that road vehicles will keep appointments and eliminating road freight waste.
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Box 3.5

Better understanding of freight flows and market segmentation for freight rail transport

Knowledge of freight routes and volumes can typically be gained through commodity flow
surveys, freight movement analysis, gravity models and econometric estimation methods. The
objective should always be complete knowledge of all freight flows per commodity between all
regions on all modes within a country, an understanding of the relative cost involved for each
flow, and a long-term forecast of shifts in freight flows. The regions and commodities should be
disaggregated to the finest possible level to allow the accurate identification and sizing of
freight market segments, so as to identify rail friendly freight. Such detailed analysis in major
emerging economies has enabled the identification of five main freight-flow segments. These
five segments are shown in Table 3.2, as well as the identification of their corresponding
infrastructure characteristics, economic potential and status of rail availability in emerging

regions.
Table 3.2  Freight-flow segments and corresponding rail requirements, potential and development
status
Market Bulk mineral Mineral Movement of Movement of Rural freight
segment exports or distribution intermediate manufactured and
imports industries manufactured fast-moving
commodities consumer goods
between distribution
centres
Typical Coal, iron ore, Coal, iron ore, Steel coils, Palletised Mixed
commodities manganese manganese bulk cement commodities that can
easily be
containerised
Network Dense Purpose-built Connecting Dense corridors Low-density
purpose-built lines (often industries flows
lines through rural through
areas) sidings
Terminals A few Connection Siding-to- Intermodal facilities Rural
densified and between siding traffic linked with sidings distribution and
purpose-built purpose-built collection
loading points loading points centres
and sidings
Rail solution Heavy-haul or Unit trains Groups of Heavy intermodal Wagon loads
unit trains between coupled unit trains between with facilities for
between mines and wagons logistics hubs connecting and
industries and industries between disconnecting
ports sidings wagons
Road No road Limited road Some road Seamless interface Typically more
interface redistribution redistribution redistribution between road and road-friendly
rail, will always
require last-mile
distribution
Modal shift High - often High - 60-80% Medium — Medium - often 40- Low potential
potential to 100% of all freight often 40-60% 60% of all long-
rail of all freight distance unitised
fast-moving
consumer goods
movements close to
densified corridors
Status of rail Medium: High Medium: Low: service, no Medium
offering in heavy-haul is service designed rail/road
emerging often not levels, often interface or managed
economies installed heavily supply chain
contested

Notes: Sidings are a side-track that is distinct from the running track. Sidings are constructed to be able to connect a
manufacturing site to the running track, or to let a faster train pass a slower one on a given track.

Source: Based on Havenga (2012).

Key message e The potential to shift freight transport activity to rail is highest for bulk minerals for
export. For intermediate manufactured commodities, intermodal developments are crucial.
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Better understanding freight flows at the national level and understanding spatial and sectoral
quantification of market segments is important. With an accurate model, the ideal rail markets
can be accurately identified and rail infrastructure investments and delivery services
appropriately targeted. An example of such quantified freight flows in two emerging market
economies (India and South Africa) is provided in Figure 3.25. For both countries, domestic
intermodal flows of manufactured and fast-moving consumer goods (column 4 in Table 3.2) are
highlighted to showcase rail potential.
Page | 124
Figure 3.25 Examples of freight-flow modelling to inform rail potential and infrastructure
investments

All domestic intermodal

All freight All rail freight potential

India

South Africa

@ Export coal (rail-only) @ Export coal (rail-only)
Y Exportironore (rail-only) Y Exportiron ore (rail-only)

(not to scale)

Source: Simpson, Havenga and Aritua (2016).

Key message e Corridors with high density of goods movements and relevant market segmentation
have the greatest relevance for investments in freight rail infrastructure.
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Figure 3.26  Number of containers used in intermodal transport relative to GDP in the United States,
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Source: Intermodal Association of North America (2018).

Key message ® The number of domestic containers and international containers has grown faster than

GDP since 2000; domestic intermodal movement increased much faster than international traffic.

Fiscal measures, in particular congestion charges and emission taxes based on use of the
transport network and externalities, are the most direct policies to increase the competitiveness
of freight rail. They make freight rail more cost competitive against road freight, especially over
longer distances, and may support the development of concentrated freight corridors. Fiscal
measures can also alter the trade-off between long transport requirements and local production
(some emerging economies enjoy low production costs and economies of scale), and may
favour domestic and regional freight over maritime freight movements, supporting production

closer to the centre of demand, and ultimately reduce total freight activity demand.

Box

3.6 Case of the Alpine initiative in Switzerland

In 1994, comprehensive action to support a shift to rail in freight transport was approved by voters
in Switzerland, the Swiss Alpine initiative (Federal Office of Transport, 2016a). The principle
adopted was that the capacity of transalpine roads should not be increased, and that additional
transalpine freight traffic was to be carried by rail.?” The goal was to limit the number of trucks
crossing the Alps on an annual basis.

The measures adopted included road charges on freight vehicles, introduced in 2001, investments
in new rail infrastructure and rail reform. The road charges apply to all road freight vehicles over
3.5 tonnes, which pay between USD 0.023 and USD 0.031 per tonne-kilometre (depending on the
pollutant emissions performance) (Federal Customs Administration, 2018). The result has been a
doubling of the tonnage transported per truck (i.e. higher utilisation), compared to 1999, faster fleet
renewal and a significant decline in the number of transalpine heavy-duty truck crossings (Figure
3.27) (Sperlich, 2018).

Two-thirds of the revenues from the road charges are used to finance improvements in the rail
infrastructure, including network expansion, higher efficiency and lower travel times. The Gotthard
Base tunnel will be the longest railway tunnel in the world at 57 kilometres when completed in
2020.

? Transalpine traffic refers to international freight moving from Switzerland, France and Austria to Italy, and vice-versa.
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Combined with the Ceneri Base tunnel (15 kilometres), which will also be completed in 2020, time
savings of 45 minutes per crossing will be achieved, while the consumed energy will decline
(Federal Office of Transport, 2016b).

Figure 3.27 Number of transalpine crossings by heavy-duty road vehicles in Switzerland, 1994-2016
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Source: Federal Department of the Environment, Transport, Energy and Communications (2017).

Key message e The Swiss Alpine Initiative has succeeded in significantly reducing the number of
heavy-duty truck transalpine crossings since 2001.

Conclusions

The High Rail Scenario shows how relying on three pillars — minimising cost, maximising
revenues and ensuring that all transport modes pay the full costs of the infrastructure they use
and their societal and environmental impacts — can help to diversify transport energy sources,
reduce oil dependence and curb rising emissions.

The benefits of the increased investments needed to realise the full potential of rail in urban
and non-urban rail extend beyond the immediate energy and emissions savings. By mid-century,
two-thirds of the global population will live in cities, many of which have yet to be built and will
be conurbations with high population density. In these circumstances, metro and light rail are
uniquely able to offer reliable networks with high passenger throughput. Using urban rail along
the most highly congested corridors can reduce congestion as well as air and noise pollution. It
can also augment economic activity and property values. Commuter and high-speed rail
networks can bring similar benefits over longer distances, connecting major population centres
to one another.

However, in addition to benefits that extend beyond energy and the environment, there are
other considerations that must be weighed carefully in crafting and implementing transport
policies. In cases where essential prerequisites that give advantages to rail are fulfilled, an
increased reliance on rail can promote broader accessibility, improved safety and lower costs.
But in other cases, such as for suburban or rural residents, rail investments must be weighed
against more flexible and less frequent forms of motorised transport. One key to exploiting the
advantages of rail will therefore be to recognise its limitations and the trade-offs between
investments in rail versus other alternative forms of mobility.
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4. Focus on India

Highlights

e India’s railway system is the fourth-largest in the world in terms of rail track length and carries Page | 131
the world’s second-highest volume of passenger traffic (in terms of passenger-kilometres).
Rail activity is growing, although at a slower pace than activity on other transport modes;
since 2000, rail passenger traffic in India has increased by almost 200% and freight traffic by
150%, but the share of rail in overall transport activity has fallen. Latent demand for mobility
in India is huge. For example, on average, each Indian travels about 3 kilometres per day by
privately owned road vehicle, compared to 17.5 kilometres in Europe.

e In the Base Scenario, India’s rail transport activity grows strongly by 2050; passenger rail by
200%, to 3.7 trillion passenger-kilometres and freight rail by 160%, to 1.9 trillion
tonne-kilometres. These increases stem primarily from efforts to increase the attractiveness
of passenger rail services, investment to address infrastructure bottlenecks for conventional
rail, as well as for urban and intercity high-speed rail, e.g. the completion of the Ahmedabad-
Mumbai corridor. The share of rail in overall passenger transport activity stays broadly at
today’s levels through 2050, but that of freight falls.

e The energy and emissions intensity of rail in India is low, meaning that rail services always
save energy and emissions, compared with other transport modes. Today, rail in India uses
0.04 mb/d of oil and 22 TWh of electricity, but it simultaneously avoids 0.6 mb/d of oil use. It
emits 29 Mt CO,-eq, while avoiding 98 Mt CO,-eq and 60 kt of PM, s emissions. In the Base
Scenario, these benefits compound as rail-related electricity use climbs to almost 100 TWh
and oil use falls to 0.003 mb/d in 2050, rail avoids 1.6 mb/d of oil use, 270 Mt CO,-eq and
8 kt of PM, 5 emissions.

e The High Rail Scenario reflects the results of strategic commitment to further enhance the role
of rail in India. In this scenario, the competitiveness of rail services is improved by containing
operational costs, increasing non-tariff revenues from rail stations and neighbouring areas,
and offering additional and improved passenger services. Investment in urban and intercity
rail infrastructure helps to overcome infrastructure bottlenecks and staged completion of
additional high-speed rail projects helps high-speed rail compete with aviation along the
“Golden Quadrilateral” and its two diagonals. The result is a significant rise in rail activity: by
2050, passenger rail activity and freight rail activity are respectively about 40% and 25% higher
than in the Base Scenario, saving an additional 1.5 mb/d of oil, 315 Mt CO,-eq and
6 kt of PM, 5 emissions.

e Rail, the lifeline of the nation, is facing competitive pressures from both road transport and
aviation, which will increase further as road and aviation infrastructure expand and improve.
Tapping into opportunities to generate additional revenue will strengthen the competitive
edge of rail and reduce the reliance of passenger fares on cross-subsidies from bulk
commodity transport by freight rail.
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Introduction

Following India’s independence in 1947, 42 different railway systems were merged, forming a
national railway network of 55 000 kilometres (Indian Railways, 2018a). Initial government
efforts focused on extending and re-routing to improve connectivity among large cities, as well
as electrification. By the 1950s, when travel demand started increasingly to be satisfied by road
transport in many parts of the world, roads carried only 26% of India’s passenger movements
and 14% of freight (MoRTH, 2009).

Map 4.1 Railway network map of India, 2017
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Source: IEA elaboration based on Department of Science and Technology of Government of India (2018).

Key message ® The railway network in India is widespread and connects the entire country.

India’s railway system has played a fundamental role in the country’s development, transporting
people and goods throughout its vast territory, integrating markets and connecting
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communities (NTDPC, 2014). Railway infrastructure serves to bind the country together
(Harrington, 2007). Today, the conventional rail system in India comprises a total route length of
67 368 kilometres (Map 4.1), shared between passenger and freight transport (Indian Railways,
2018b). This makes India’s railway system the fourth-largest in the world in terms of track
length, after the United States, People’s Republic of China (“China”) and Russian Federation
(“Russia”), though the Indian system also carries the second-highest volume of passenger traffic
(as measured by passenger-kilometres), in the world (UIC, 2017). About half of India’s
conventional rail tracks are electrified, making it the third-largest electrified railway system in
the world, after Russia and China. There are also metro railway systems in ten large cities
(Sinha, 2018a). Two dedicated freight corridors (DFCs) and one high-speed rail line are under
construction. Moreover, several additional metro railways systems are planned and additional
high-speed rail projects are under evaluation.

Box 4.1 Governance and organisation of rail transport in India

Most conventional rail transport in India is administrated by Indian Railways (IR), a mostly
publicly owned entity, dating back 165 years, which operates under the aegis of the Indian
Ministry of Railways (MoR) (Indian Railways, 2018b). Indian Railways is managed by the
Railway Board, which is headed by a chairman and includes six functional members
(responsible in in the areas of traffic, staff, engineering, traction, rolling stock and finance) and
four director generals (Figure 4.1). For administrative purposes, IR is split into 17 zones
responsible for railway operation, each one managed by a general manager (Indian Railways,
2018c). The Railway Board co-ordinates the Zonal Railways. The zonal railway systems are
quasi-independent business entities, which are further divided into 68 smaller operating units,
called divisions, which are the lowest co-ordinating and managing units of the conventional
railways in India. In addition, there are production units, training establishments and other
subordinate entities under the control of the Railway Board.

Figure 4.1  Structure of governance of rail transport in India

| f [ |
Ministry of Railways Ministry of
] | S — Housing and Urban
Railway Board Affairs
Zonal Railways DEC National HSR State Departments
S | Corporation of Corporation Urban Administrations,
Divisiona India Limited* Limited* .
Railways | Privately managed

*Special purpose vehicle (SPV) under the administrative control of the Ministry of Railways

Notes: DFC = dedicated freight corridor; HSR = high-speed rail.

Source: IEA elaboration based on Indian Railways (2018c).

Key message ® MoR directly controls conventional rail and it administers DFCs and high-speed rail
projects through special purpose vehicles. MoHUA controls metro systems.

DFCs in India are managed by the Dedicated Freight Corridor Corporation of India (DFCCIL), a
“special purpose vehicle” (SPV) formed in 2006 under the administrative control of the MoR.
DFCCIL is responsible for the planning, development, construction and operation of DFCs in
India. It answers to the Railways Board and, through the Board, to the MoR.

High-speed rail is managed by the National High Speed Rail Corporation Limited (NHSRCL),
jointly owned and administrated by the MoR and the state governments currently involved in the
creation of the high-speed rail corridor, namely Maharashtra and Gujarat.
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In India, urban transport is regulated at the state level, with states and union territories in
charge of planning and developing urban transport systems. For urban metro systems, the
Ministry of Housing and Urban Affairs (MoHUA) is in charge of central regulation and planning,
while states, cities or private entities (in some cases jointly) are in charge of operations and
business development. MoR is in charge of safety and standards issues.

The National Transport Development Policy Committee (NTDPC) of India has suggested
organisational reforms in IR in the interest of sustaining economic growth in India (NTDPC,
2014). It has recommended an institutional separation of the policy, regulatory and
management roles that are currently performed by the Railway Board. The recommended
structure would give competence on policy development to the MoR, while a new authority
would be responsible for technical regulations and a corporation would be in charge of
operation and management (MoR, 2015).

Status of rail transport

Between 2000 and 2016, passenger activity (measured in passenger-kilometres) on India’s
railways increased by 200% and freight activity (in tonne-kilometres) by 150% (Figure 4.2).
Despite growing more slowly than rail activity growth, track length has increased and tracks
have been upgraded to permit higher speeds and heavier axle load operation. As of 2017,
approximately 22 million passengers and 3 million tonnes (Mt) of goods were moved by
conventional rail every day (Indian Railways, 2018b), using a fleet of nearly 11 500 locomotives
(over 6 000 diesel and nearly 5 400 electric locomotives, the remainder being steam-powered),
nearly 55 500 conventional passenger coaches and 278 000 freight wagons.

Although growth in recent years has been impressive, road passenger and freight activity has
increased at a faster pace and, as is occurring in many other countries, competition from
aviation has been intensifying (NTDPC, 2014). The result has been a gradual decrease in the
share of rail in passenger and freight activity (Figure 4.2).

Figure 4.2  Evolution of passenger and freight rail transport activity and share in transport sector in
India, 2000-17
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Source: IEA based on Indian Railways (2018b) and MoRTH (2017).

Key message ¢ Passenger and freight railway activity in India has steadily increased over time, but at a
slower rate than transport by other modes, decreasing the rail modal share.

One reason for the decline in modal share is that the rail network in India has undergone limited
expansion over the last 60 years (Planning Commission, 2013). Whereas the total length of
national road highways increased by 75% between 2000 and 2015 (MoRTH, 2017), while rail
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track length extended by just above 5% (Indian Railways, 2018b). The share of rail in total
transport infrastructure investment has been declining, while that of road has increased
(NTDPC, 2014). As a result, there are infrastructure capacity constraints on Indian Railways, with
many high-density routes saturated (Indian Railways, 2015). The government is taking measures
to modernise the railway sector and augment capacity, such as establishing the DFCCIL to
accelerate the deployment of DFCs, constructing several metro systems in large cities and
building the nation’s first high-speed rail line.

Passenger rail

Urban rail

The construction of metro systems in India started late in comparison to many other countries,
but, in recent years, development across the country has been rapid. Kolkata was the first city in
India to build a metro rail system, in 1984, followed by New Delhi, in 2002. The success of the
New Delhi metro in terms of offering a high quality service throughout the National Capital
Region has inspired other Indian cities to develop their own metro systems (UITP, 2018a).
Currently, ten Indian cities have an operating metro system (Kolkata, Delhi, Bengaluru, Gurgaon,
Mumbai, Jaipur, Chennai, Kochi, Lucknow and Hyderabad) and two more cities (Pune and
Nagpur) are constructing systems (Sinha, 2018a) (Map 4.2).*

Overall in India, about 500 kilometres of metro lines are operational, 620 kilometres are under
construction (both to expand existing systems and to create new ones), and 600 kilometres are
being planned (Sinha, 2018a). As is common practice in building metro systems, construction in
India tends to take place in phases, the network being progressively expanded to cover a larger
area of the city. In the early stages of metro development, a relatively small proportion of the
urban population has access, especially in larger cities.’

In 2015, the national government approved a proposal to build metro systems in 50 cities.
These new systems would be realised through SPVs, with state and central government jointly
financing the projects (most are being planned as 50:50 joint ventures between the two levels
of government) (Railway Pro, 2018) and, in 2016, the government earmarked USD 1.5 billion
(United States dollars) (Indian Rupee [INR] 100 billion) for metro projects (UITP, 2018a). In 2017,
the government published a Metro Rail Policy, which encourages cities with more than two
million inhabitants to plan mass transit systems, including metro railways (MoHUA, 2017).
Significantly, it was stated that private sector participation will form an essential requirement
for all metro rail project proposals seeking central government financial assistance.’

! Besides metro, more than 200 kilometres of bus rapid transit (BRT) systems are operational and an additional
282 kilometres are under construction, nationwide (UITP, 2018a). The Ministry of Urban Development has provided financial
assistance to 11 cities for the construction of 504 kilometres of additional BRT lanes (UITP, 2018a).

2 For instance, in New Delhi the number of annual metro trips grew from 703 million in 2013 to 1.8 billion in 2017, while
population size remained stable (UITP, 2018b). Ridership grew in tandem with system expansion over these five years (ITDP,
2018).

% The ownership and operation of urban rail and metro systems in India is characterised by a mix of public and private
models (Sinha, 2018a).
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Map 4.2 Existing and under construction metro systems in India
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Key message ¢ Metro systems are expanding rapidly; operating in ten urban areas and under

construction in six ¢

ities.

Conventional passenger rail

Conventional railways in India have higher passenger traffic activity than any other rail system in
the world, measured in passenger-kilometres, and the second-largest number of passenger trips
after Japan (UIC, 2017). In 2016-17, more than eight billion passenger journeys were made on
Indian railways, achieving a total passenger transport activity of more than 1 100 billion
passenger-kilometres (Indian Railways, 2018b). Train speeds are modest, however. In 2017, the

average speed of
per hour for expre

ordinary passenger trains was 33.9 kilometres per hour and 50.9 kilometres
ss trains (Indian Railways, 2018b).
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Conventional passenger rail services help to meet both suburban commuter and intercity
passenger mobility needs. Suburban services account for just over half the total passengers
carried by conventional passenger rail services, but for less than one-eighth of total activity as
measured by passenger-kilometres. The remaining passenger traffic is intercity and long
distance (Table 4.1) (Indian Railways, 2018b).

Table 4.1 Proportion of suburban and intercity service in total passenger rail activity, 2017

Type of service Number of passengers Traffic in passenger-kilometres
Suburban/commuter 56.3% 12.6%
Intercity 43.7% 87.4%

Source: IEA based on Indian Railways (2018b).

Key message ¢ Despite serving more than half of total passengers, suburban/commuter rail transport
accounts for only about one-eighth, in terms of passenger-kilometres.

In 2017, Indian Railways revenues from passenger traffic were USD 5.79 billion
(INR 46 280 crore), 4.5% higher than the previous year (Indian Railways, 2018b).
Suburban/commuter traffic contributed 5.8% of passenger earnings and intercity contributed
94.2%. Overall, the passenger railway sector in India has been losing money for several years
(Indian Railways, 2018b). The losses generated by the passenger sector have grown from
approximately USD 2.7 billion (INR 200 billion) in 2010 to USD 5.5 billion (INR 400 billion) in
2017.

To fulfil the vision of railways connecting the country, revenues from the freight sector are
currently used to cross-subsidise loss-making passenger transport (Indian Railways, 2015). This
has resulted in charges for freight rail transport that are significantly higher than in other
countries,* especially over the past five years.’

High-speed rail

At present, India does not have high-speed rail.® In 2015, India and Japan signed an agreement
to develop a high-speed rail line, called MAHSR, to connect the cities of Ahmedabad and
Mumbai.” This high-speed rail line, which is expected to become operational in 2023, will have a
total length of 508 kilometres and ten intermediate stops. It will be served by Shinkansen type
trains of Japanese design, which can achieve maximum operating speed of 320 kilometres per
hour (NHSRCL, 2017). The MAHSR will reduce travel time between the terminal stations from
approximately nine hours (by bus) or six hours (by conventional rail) to two hours. MAHSR is
expected to have a competitive advantage over air travel for three reasons: considering door-
to-door travel time, high-speed rail is faster; it provides a fast connection between multiple city
pairs not currently served by air; and it can operate more reliably in all weather conditions
(Mishra, 2018). The commercial competitiveness of MAHSR with aircraft operating on the same
route will depend on whether MAHSR successfully contains costs so as to offer fares in the same
range as air travel (USD 18 to 65).

* The fare-to-freight ratio (defined as the ratio between revenue per passenger-kilometres and revenue per tonne-
kilometres) in India is about 0.24, well below the 0.7 to 1.9 range observed elsewhere (Kamboj and Tongia, 2018).

® To maintain total revenues as coal shipments declined, between 2012 and 2017, IR increased coal freight charges at a rate
four-times higher than inflation (Kamboj and Tongia, 2018).

® Despite not having a high-speed corridor, in 2016 the semi-high speed Gatimaan Express came into operation between
Delhi and Jahansi (NDTV, 2016), with a maximum speed of 160 kilometres per hour.

” Approximately 80% of the funding for the project is provided by Japan’s International Cooperation Agency (JICA), which will
provide a low interest loan repayable over 50 years, with an initial 15 year moratorium (Mishra, 2018).
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High-speed rail can play an important role in India. As salaries rise, the value of time spent in
transit is set to increase, making it important to provide fast options on medium and
long-distance trips. Due to the lack of high-speed rail and the availability of low cost airlines, the
number of passengers travelling by air in India, in recent years, has increased at one of the
highest rates in the world (Business today, 2018; ICAO, 2018). The realisation of MAHSR will
support a limited shift of journey from aviation to high-speed rail and there is the potential for
more.

Freight rail

In 2017, Indian Railways carried approximately 1.1 billion tonnes of goods and realised an
overall level of freight activity of 620 billion tonne-kilometres (Indian Railways, 2018b). Coal
haulage accounts for about 40% of the freight transported today, on a tonne-kilometre basis
(Indian Railways, 2018b). In addition to coal, iron ore and cement are key commodities carried
by the railways. These three commodities combined account for about 70% of total freight
carried (Figure 4.3).

Figure 4.3  Transport of bulk commodities by Indian Railways, 2017
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Key message ¢ Coal is the dominant good transported by the freight rail system.

Most coal carried by railways in India is to supply power plants: 340 Mt of the total 574 Mt of
coal transported by rail in 2016 (Kamboj and Tongia, 2018). In recent years, while the total
volume of coal moved by rail has continued to grow (albeit at a slower rate than in the past),
the average distances that this coal is moved have declined.? Given the important role of coal in
the commodity basket carried by Indian Railways, this has led to a decline in total rail freight
activity (in terms of tonne-kilometres). While there are a large number of reasons for this
reduction in rail freight traffic, two stand out:

e The coal linkage rationalisation realised by the Ministry of Coal, Ministry of Power and the
Ministry of Railways to make the coal supply chain more efficient and to cut costs (Ministry
of Coal, 2017).

e The construction of new coal-fired power plants close to the eastern region (where coal is
produced) and near coastal areas (where import centres are located). In the past, coal was

8 The slower rate of growth of coal is due to the overcapacity of coal power plants and an increasing penetration of
renewables for power generation.
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transported long distances, mostly from the east to the north of the country, where the
majority of coal-fired power plants are located. However, as renewable power capacity has
expanded and the price of coal increased (partially due to increasing tariffs of freight rail
transport), the coal power plants located far from coal mines have been dispatched less
often. They are not likely to be retrofitted (Kamboj and Tongia, 2018).

In India, in contrast to most other countries (other than the United States), rail remains a
significant mode of freight transport, accounting for approximately 30% of total surface freight
movements in 2017 (i.e. excluding maritime transport) (IEA, 2018a). Though this share has
decreased from about 41% in 2000, as road-based transport has captured a larger share of
growth in the freight market. Indian Railways has become largely a bulk commodity carrier,
although even this traffic has increasingly shifted to road in recent years (Planning Commission,
2014; Indian Railways, 2018b).

Several concurrent factors have contributed to the reduction of rail’s share in freight transport:

e Capacity constraints in the railway network (NTDPC, 2014).

e Insufficient integration of other services into the rail supply chains: namely, first-mile and
last-mile linkages. This highlights the need for logistical hubs and intermodal service
providers (NTDPC, 2014).

e Expansion of the road infrastructure and adoption of multi-axle trucks (which carry higher
loads and thus achieve lower costs per weight unit and offer more flexibility and
convenience) (Planning Commission, 2014).

e Increasing freight rail tariffs (Kamboj and Tongia, 2018).

Indian Railways attempted to offset the reduction of revenues from decreasing freight traffic by
increasing freight tariffs, especially those for moving coal.

Dedicated freight corridors

To increase the competitiveness and improve the prospects for increasing the modal share of
rail in freight transport, Indian Railways is building two DFCs: one (the Eastern Corridor)
connects Dankuni (in West Bengal) and Ludhiana (in Punjab), and the other (the Western
Corridor) links JNPT (the port near Mumbai) with Delhi. Such DFCs are particularly important
considering the high level of congestion on these routes (DFCCIL, 2018). Moreover, given that
the highways along these corridors carry 40% of total national road freight movements
(Planning Commission, 2014), the potential for shifting traffic from road to rail is significant. The
mean traffic through the Eastern DFC is expected to be coal going to the coal-fired power plants
located in the north of the country from coal fields located in the east.” The Western DFC is
mainly intended to carry containers from the ports on the west coast to the north and to carry
coal, cement and iron and steel in the other direction. Both DFC projects are expected to be
completed by the end of 2020 (DFCCIL, 2018). Once completed, the DFCs will provide two main
benefits to the Indian Railways network:

e They will be able to carry longer freight trains, with higher loads and higher speeds (Pillai,
2018).%°

°The Easter DFC ends at Dankuni, which is far from Kolkata port and from the city centre where most freight originates or is
off-loaded. The authorities concerned are well aware of the need to pay attention to the integration of the Eastern DFC into
the logistics of West Bengal and Kolkata.

% 1n 2016, the average speed of diesel and electric broad gauge freight trains was approximately 23 kilometres per hour
(Indian Railways, 2018b). The Planning Commission estimates that on DFCs, freight trains could reduce transit times and
achieve maximum speeds of 100 kilometres per hour (Planning Commission, 2014).
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e They will reduce freight traffic on existing lines, making way for more passenger train traffic,
improving passenger train reliability and allowing passenger trains to attain higher speeds.

The government has a longer term vision to build DFCs along the quadrilateral linking the four
cities of Delhi, Mumbai, Chennai and Kolkata (the so called “Golden Quadrilateral”) and its two
diagonals (Planning Commission, 2014). Improving freight transport on these lines is a strategic
priority, given that 58% of Indian Railways freight traffic occurs on these routes, which, in recent
years, have become heavily congested (DFCCIL, 2018).

Rail transport energy demand and emissions

Energy demand from rail transport

As in other countries, rail transport in India is characterised by lower energy intensity than other
modes of transport (Figure 4.4). Although passenger light-duty vehicles in India are normally
much smaller than in other countries and hence use less fuel, on average, per kilometre driven,
the energy intensity of passenger rail transport is still 93% lower than that of passenger
light-duty vehicles (IEA, 2018a). In the freight sector, for each tonne-kilometre, railways
consume about 84% less energy than a medium-sized freight truck.

Figure 4.4 Energy intensity by transportation mode in India, 2017
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Source: IEA (2018a).

Key message e In 2017, rail transport in India consumed 18 toe less per million passenger-kilometre
than small and medium cars, and 17 toe less per million tonne-kilometre than medium freight trucks.

In 2017, rail’s share of total transport energy use was 4%, significantly lower than rail’s share in
passenger and freight transport activity (IEA, 2018a).™ India’s rail sector in 2017 consumed
approximately 4.1 million tonnes of oil equivalent (Mtoe) of energy to meet its traction
requirements. At 0.04 million barrels of oil equivalent per day (mb/d), diesel was the primary

™ The share of rail is calculated accounting for all passenger and freight transport modes, except for waterborne transport
(due to data availability limitations).
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fuel, accounting for more than half of the total. While this level of consumption is significant,
account also needs to be taken of the oil savings attributable to rail travel: if all the passenger
and freight traffic that is currently on rail instead was carried by road, oil product demand
would be 0.6 mb/d.*

At around 22 terawatt-hours (TWh), the electricity used by Indian trains accounted for less than
2% of total Indian electricity demand in 2017 (IEA, 2018b). Electricity is used both for passenger
and freight services. Within the category of passenger services, all metros are electrified, while
54% of conventional rail activity (in passenger-kilometres) uses electricity. A higher percentage
of freight traffic is hauled by electric traction. In 2017, electricity provided about 65% of total
freight energy use, in terms of tonne-kilometres (Indian Railways, 2018b) (Figure 4.5).

Figure 4.5 Conventional train traffic by type of traction in India, 1995-2017
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Key message e Freight rail traffic is dominated by electric trains.

Rail electrification has been an important objective of Indian policy since 1960. The electrified
share of the rail network (in terms of route length, including conventional rail and metros) has
increased from 24% in 2000 to 38% in 2017 (Figure 4.6). In parallel, a doubling and tripling of
the capacity of the most utilised lines have been achieved and much accomplished in terms of
conversion from narrow gauge and metre gauge to broad gauge (Indian Railways, 2018b). By
2017, the share of broad gauge reached 92%." For conventional rail, almost all double and
multiple track sections and electrified routes are broad gauge, while narrow and metre gauge
routes are largely single track, non-electrified routes.

12 This result is obtained on the assumption that passenger rail would be replaced by aviation, cars, buses and two/three-
wheelers, that freight rail would be replaced by heavy freight trucks and that all the energy demand is oil. The weighted
average fuel economy of passenger transport in India in 2017 is 10 toe/million passenger-kilometre and that for freight
trucks is 30 toe/million tonne-kilometre (IEA, 2018a).

13 The share of traffic on narrow and medium gauge tracks is very low compared to the share on broad gauge tracks (Indian
Railways, 2018b). The size of broad gauge tracks in India is 1.676 metres.
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Figure 4.6  Electrification of the Indian railway network and the share of broad gauge, 1995-2017
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Key message ¢ The overall extension of route length in India has been limited. Projects have mainly
involved doubling or tripling the capacity of selected lines, gauge conversion and electrification.

Electric locomotives and electric multiple units (EMUs) are normally equipped with regenerative
braking, a technology that converts the kinetic energy of the train (during braking) into power
that is injected back into the overhead lines and can be used by other trains circulating on the
same route, thus reducing overall electricity demand.

Indian Railways is making serious efforts to electrify the railway system and improve the
efficiency of electric traction, but it is also making operational and technological improvements
to its diesel train fleet (Financial Express, 2018). For passenger trains on short routes, the first
set of measures includes replacing diesel locomotives by diesel-electric multiple units (DEMU),
providing fuel savings of approximately 10%. Future plans include installing auxiliary power
units on all new diesel locomotives, introducing Common Rail Electronic Direct Injection on the
fleet of diesel locomotives, and applying other fuel efficiency measures (Indian Railways,
2018a). Moreover, in 2015, Indian Railways started blending bio-diesel at a 5% share and, since
then, such blending has been progressively introduced across a number of locations (Indian
Railways, 2018b). Indian Railways also has plans to change the system used to provide power to
coaches from the End-on-Generation to the Head-on-Generation scheme, which allows power
for air conditioning and lighting in the coaches to be drawn from the locomotive, instead of
from diesel generators installed at both ends of the train. This is a means of reducing diesel
consumption (Indian Railways, 2018a).

GHG emissions and local pollutants

As elsewhere, the performance of rail with respect to road transport in terms of well-to-wheel
(WTW) greenhouse gas (GHG) emissions largely depends on the carbon intensity of the power
grid, particularly because electricity already accounts for a large share of energy use in rail in
India. Despite the generally high carbon intensity of the power mix, rail in India currently avoids,
on average, emissions of nearly 60 grammes of carbon-dioxide equivalent (g CO,-eq) per
passenger-kilometre, compared with a small and medium-size car, and around 50 g CO,-eq per
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tonne-kilometre compared with a medium freight truck (IEA, 2018a)."* In 2017, the
tank-to-wheel CO, emissions (i.e. those associated with diesel combustion) from rail in India
accounted for approximately 7 Mt CO,-eq. Additional well-to-tank CO, emissions (i.e. those
associated with upstream power generation and oil recovery) accounted for about
22 Mt CO,-eq, a total of about 29 Mt COz-eq.15

In India, local air pollution is a major issue. According to the World Health Organization, in 2016
ten Indian cities were among the twenty most polluted cities in the world (WHO, 2018). Sources
of air pollutant emissions in India are varied and transport is not always the major contributor.
Indeed, at the national level, the contribution of transport to the total emissions of fine
particulate matter (PM,;) is limited to 4% (IEA, 2018c), though in Delhi the share is closer to
about 9% (IIASA, 2018). With increasing levels of motorisation, road transport’s contribution to
air pollution is expected to increase. The progressive tightening of vehicle emission standards in
India is an important means of tracking the increasingly life-threatening levels of local air
pollution, as are the Environmental Protection Amendment Rules for the power sector.’® Thanks
to the lower emissions intensity of rail, relative to road, and its high rate of rail electrification,
rail-based transport in India offers an important way to mitigate local air pollution. In 2015, rail
in India avoided the emission of 60 kilotonnes (kt) of fine particulate matter (PM,s)."

Outlook for rail to 2050

As in other countries, there is no certainty as to the long-term outlook for rail in India. Given the
large investment required, an increased role for rail will depend on government resolution and
intervention. As outlined, rail infrastructure development has not kept pace with the demand
for passenger travel and freight activity, leading to infrastructure bottlenecks. Safety is a vital
and pressing consideration (Box 4.2). And the competitive pressures from other modes of
transport means that rail will need to continue to invest and innovate to maintain and enhance
its role as the lifeline of the nation.

In the following sections, we explore the future of rail in India in two scenarios. The Base
Scenario projects developments solely on the basis of existing policy announcements and the
announced targets of the Indian government, analysing their implications for rail. In the High
Rail Scenario, opportunities are seized to boost the role of rail in India. The challenges and
potential benefits are examined. Both scenarios are positioned in the context of wider
transport, economic and social policies in India.*®

% These results are obtained by comparing the WTW GHG intensity of rail (averaging across metro and conventional rail)
with that of small and medium-size cars in India in 2017. The carbon intensity of rail in India (considering the Indian-specific
load factor of 1511 passenger-kilometres per train-kilometre for intercity rail and of 262 passenger-kilometres per
train-kilometre for metro rail) was estimated at 9 g CO,-eq per passenger-kilometre in 2017 (IEA, 2018a).

3 |ndian Railways also plans to reduce the carbon intensity of the power it consumes. It has already installed
36.5 megawatts (MW) of wind generation capacity and 14 MW of solar photovoltaic (PV) capacity and plans to install
1 gigawatt of solar PV and 500 MW of wind power (Indian Railways, 2016).

18 Bharat Standard (BS) IV, based on EURO 4, has been enforced for all new vehicles since April 2017. BS VI, based on EURO
6, will apply to all new vehicles registered from April 2020. With such tightening of the emissions standard regulations, the
Ministry of Road Transport and Highways (MoRTH) is leapfrogging directly from EUR 4 equivalent to EUR 6 equivalent
(Transportpolicy.net, 2018).

7 This result is obtained by assessing the implication if rail passenger activity in India in 2015 had been replaced by
passenger light-duty vehicles, two/three-wheelers and buses maintaining the relative modal shares, and freight rail activity
replaced by heavy freight trucks, using appropriate pollutant emission factors for the different modes (IEA, 2016).

'8 For more detailed discussions of the other energy sector trends in India in the Base Scenario, which set the context for the
railway projections, see World Energy Outlook-2018 (IEA, 2018c).
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Box 4.2 Safety on Indian Railways

Safety is a vital concern for Indian Railways, which operates a system that is both in need of
modernisation and heavily congested, with 40% of rail sections carrying more than 100% of design
capacity (MoR, 2016).

Derailments, accidents at level crossings and collisions have been the principal type of accident.

Page | 144 Inadequate funding for expansion and modernisation of assets, coupled with the difficulty of
providing for maintenance on a saturated network has made safety a particular challenge. As shown
in Figure 4.7, significant progress has been made in reducing the number of such (and other)
accidents. From nearly 500 accidents in 2000, the number of rail accidents has steadily decreased
and was 73 in 2017. This improved railway safety was achieved during a period of significant traffic
growth, meaning that accidents per million train-kilometres have fallen sharply and are now less
than 0.10 (Indian Railways, 2017). The direction of the trend is similar for rail passenger casualty
statistics, from a high of 315 in 2005-06 to 40 in 2015-16."°

About 60% of the accidents in India involve a derailment, so a thorough examination of track and
coach conditions is required if such accidents are to be further reduced. A review suggested that
about 5 000 kilometres of track required repairs and upgrading (MoR, 2016), of which less than half
was being undertaken annually. There is a need to adopt more efficient technologies for track
maintenance and to upgrade the rolling stock that carries passengers. Where possible, Indian
Railways is addressing such needs, for example by switching to Linke Hofmann Busch (LHB)
coaches from 2018-19, renewing tracks and adopting completely mechanised track maintenance.

Figure 4.7  Trend of train incidents on Indian Railways, 2000-2015
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Key message e Significant progress has been made in reducing the number of accidents.

Level crossings are also a needed area for attention regarding safety. Trains have the right-of-way
at level crossings, but they have been the site of a large number of accidents. Accidents at level
crossings, including unmanned crossings (crossings without barriers or signalling) were reduced
from 30 350 in 2014 to 28 600 in 2016 by creating bridges and developing manned crossings
(Indian Railways, 2017). But clearly more needs to be done. 0

Collisions remain the most serious form of rail accidents and have been given close attention. The
situation should improve as the transition to advanced signalling and collision avoidance systems
progresses. Given that a large percentage of accidents are due to human error (or misjudgement), a

¥ The total number of deaths on railway tracks, however, is significantly higher with 49 790 deaths reported in the two years
between 2015-17 (Indian Express, 2018). These figures include trespassing incidents.

% During 2018, unmanned level crossings have been completely removed on broad gauge networks.
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complete move to multi-aspect signalling systems, coupled with Train Protection Warning Systems
(TPWS) and Train Collision Avoidance Systems (TCAS) would significantly reduce accidents
resulting from human error or speeding.

Almost all studies and reviews undertaken in the last couple of decades have highlighted
under-investment as one of the prime reasons for accidents. Indian Railways has increased the
safety component in its budget (USD 1 billion in its 2017 budget, up from USD 27 million in 2016).
This prioritisation needs to be sustained to make the system more reliable and safer.

Outlook for rail in the Base Scenario

Context

Passenger and freight mobility needs are on the rise in India, and the latent demand for both is
immense. For example, passenger car ownership in 2017 was 26 vehicles per 1 000 inhabitants
in India, compared with about 130 in China, 360 in Europe and 660 in the United States (IEA,
2018a). Much individual travel demand is currently satisfied by two/three-wheelers, where
ownership levels are well above the world average. The room for further growth in demand is
huge: the average per capita distance travelled by privately owned cars or two/three-wheelers
in India is about 3 kilometres per day, compared to 17.5 kilometres per day in Europe.

The government of India has launched a number of initiatives in recent years to foster the
development of rail (Table 4.2). These target the expansion of railway infrastructure and the
rationalisation of existing routes, with a particular focus on coal haulage. The overall context is a
strong focus on enhancing overall mobility across all modes of transport, through improved
infrastructure. For example, the Ministry of Road Transport and Highways (MoRTH) recently
announced an initiative to address the bottlenecks within road transport in order to facilitate
growth, fostering enhanced regional and intermodal connectivity, entailing projects that will
create an additional 8 300 kilometres of highways, making the process for land acquisition and
compensation easier and introducing electronic toll collection (MoRTH, 2018). For aviation, the
UDAN Regional Connectivity Scheme, released in 2016, was designed to promote affordable
flying by regulating maximum fares (per hour of travel and per distance) and by simplifying the
regulations for companies that wish to operate international routes (Ministry of Civil Aviation,
2018; The TIMES of India, 2018).

Table 4.2 Key targets and announced rail development policies in India

Policy/target name

Description

Source

Network expansion

Advanced rail signalling
system

Rail share in freight

Coal linkage
rationalisation

Scheme for harnessing
and allocating koyala
(coal) transparently in
India (SHAKTI)

Liberalised rail haulage
of containers

DFC completion

Doubling or tripling of existing over-utilised lines.

Progressive adoption of advanced signalling to increase
efficiency and enhance safety.

Goal set: 45% rail share in inter-regional freight transport
by 2032.

One-time effort promoted by the Ministry of Coal and
Ministry of Power, together with the Ministry of Railways,
to rationalise existing coal linkages.

Optimise utilisation of railway lines for coal linkages to
the power sector.

The market for containers shipped by rail is open to the
private sector, in order to foster competition and increase
container traffic by rail.

Eastern and Western DFCs operative in 2020.

NTDPC, (2014)

Indian Railways (2018b)

NTDPC (2014)
Ministry of Coal (2014 and

2018), (Ministry of Coal,
2018)

Ministry of Coal (2017)

Planning Commission
(2013)

DFCCIL (2018)
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Policy/target name Description Source

Announced in 2017, this policy aims to double the
average speed of freight trains and to increase the
speed of intercity trains by 25 kilometres per hour in the
next five years.

Mission Raftaar MoR (2018)

Examples are the Automobile Freight Train Operator
Scheme, Special Freight Train Operator Scheme, Smart Indian Railways (2018b)
Freight Operation Optimisation & Real Time Information.

Schemes to improve the
financing of rail freight

Cities with a population larger than two million are

Metro Rail Policy 2017 .
encouraged to plan mass transit systems.

MoHUA (2017)

In addition to the existing 515 kilometres of metro lines,

Metro systems complete the construction of an additional 620 kilometres Sinha (2018a)
development of lines. Progress the planning of a further 600
kilometres.

The high-speed rail corridor between Mumbai and
MAHSR completion Ahmedabad is under construction, with a target date for NHSRCL (2017)
first operation in 2023.

IR’s electrification target is to have 90% of broad gauge
Electrification rail electrified by 2021 and a proposal to electrify 100%
of the broad gauge network by 2022 has been approved.

Indian Railways (2016);
Singh (2018)

Trends in the Base Scenario

In the Base Scenario,” total passenger transport activity increases by about 210% through 2050,
reaching around 19 trillion passenger-kilometres (from 6.2 trillion in 2017). This growth is
mainly satisfied by cars; as in other rapidly growing countries, rising incomes and demand for
individual motorisation mean that passenger car ownership grows fast in India, to just above
200 cars per 1 000 inhabitants by 2050. Rail passenger transport reaches about 3.7 trillion
passenger-kilometres in 2050 (a 200% increase over 2017), broadly maintaining today’s level of
rail share in passenger transport (Figure 4.8).

Figure 4.8  Passenger and freight transport activity by mode in India in the Base Scenario, 2017-50
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Note: Passenger rail activity includes conventional rail, metro and high-speed rail.
Source: IEA (2018a).

Key message e In the Base Scenario, passenger transport activity exceeds 19 trillion
passenger-kilometres and freight transport activity attains 12 trillion tonne-kilometres in 2050. Rail
passenger activity increases by 200% and freight by 160% in the period to 2050.

% See Chapter 2 for details of the Base Scenario.
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India’s freight activity across all modes expands even more than passenger transport in the Base
Scenario. Between 2017 and 2050, total tonne-kilometres increase almost fourfold, reaching
about 12 trillion tonne-kilometres by 2050 (excluding shipping). Freight rail activity increases by
around 160%, a lower rate than other modes, such as heavy trucks, in particular. Rail retains its
predominant role as a carrier of bulk materials. But strong growth of non-bulk materials, usually
carried by road freight trucks, means that the overall share of rail freight in delivery of goods
and materials is under pressure from other modes. Overall, both passenger and freight rail
activity in India grows much more quickly than in other countries.

Passenger rail

Passenger rail in India is under competitive pressure from other modes of transport, road
transport in particular, but also aviation. In the Base Scenario, the existing policy emphasis on
improving the road network alleviates some of the most pressing problems of quality and
congestion, improving the attractiveness of road transport and rapidly pushing up car
ownership. Similarly, air travel is boosted and passenger-kilometres travelled by air increase
eightfold over today’s level, to about 1.5 trillion passenger-kilometre by 2050. While the other
transport modes grow faster than rail, the growth of passenger rail in the Base Scenario is
nonetheless impressive (Figure 4.9), building on several key projects currently underway.

For wurban rail, the completion of metro projects currently under construction adds
620 kilometres and planned projects add 600 kilometres by 2030 to the current network of
about 500 kilometres of urban rail (Map 4.2). In addition, the Metro Rail Policy approved in
2017 promotes the further deployment of metro systems in other large and densely inhabited
cities, achieving a total aggregated track length of 3 600 kilometres by 2050. This boosts urban
rail transport and increases related passenger-kilometres by a factor of seven to 2050, from
about 8 billion passenger-kilometres in 2017 to about 55 billion by 2050. Despite this dramatic
increase, in 2050 urban rail in India provides only a minor share (about 1%) of total urban
transport activity in the Base Scenario.

Figure 4.9  Transport activity by railway mode in the Base Scenario, 2017-50
Conventional rail Metro High-speed rail Freight rail
4000 60 c 16 1600
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Note: The high-speed rail corridor between Mumbai and Ahmedabad comes into operation in 2023 in the Base Scenario.
Source: IEA (2018a).

Key message e Activity on all railway modes grows strongly.

Conventional rail between cities also expands significantly, to about 3.7 trillion
passenger-kilometres in 2050, an increase of about 190% over today’s level. This growth is
attributable to the completion of the Western and Eastern DFCs, the deployment of advanced
signalling systems and incremental capacity expansion in general. Together, these measures
relieve the congestion on the existing network, facilitating the increase of traffic volumes of
intercity trains on the more heavily utilised routes, at higher speeds and with improved time-
keeping.
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Map 4.3 High-speed rail corridors being built and those with a feasibility study underway, and

where a feasibility study is under consideration

Ahmedabad

Mumbai

New Delhi

Chennai

Kolkata

HSR corridor approved
— Feasibility study underway
= Feasibility study under planning

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area.

Source: IEA based on Mishra (2018).

Key message ® In the Base Scenario, only the MAHSR line is assumed to be realised.

High-speed rail services are also available to passengers in India in the Base Scenario. Currently,
the MAHSR (Mumbai-Ahmedabad high-speed rail) corridor is under construction and another
nine high-speed rail corridors along the Golden Quadrilateral and its two diagonals are being
evaluated (Map 4.3). Six high-speed rail corridors are undergoing feasibility studies and
feasibility studies are planned for three additional high-speed rail corridors (Mishra, 2018).% In
the Base Scenario, it is assumed that, alone among high-speed rail projects, the MAHSR corridor

2 While accounting for only 16% of the network, passenger traffic along the Golden Quadrilateral and its diagonals accounts

for about 50% the national total (DFCCIL, 2018).
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is completed and becomes operational in 2023. On the other hand, the high-speed rail lines
along the Golden Quadrilateral and its two diagonals, currently under evaluation, are not
realised, against the backdrop of difficulty in acquiring land, struggle to gain public acceptance
for high-speed rail projects and increasing competition from aviation.”® In the Base Scenario,
developing the MAHSR corridor alone adds 15 billion passenger-kilometres in 2050.

Freight rail

Freight rail transport activity increases rapidly in the Base Scenario, up about 160% from today’s
level to about 1.9 trillion tonne-kilometres in 2050. This mainly reflects the completion of the
Western and Eastern DFCs, but also the wider trends in the Base Scenario, which suggest
continued growth of coal demand and container transport. The growth of coal use is particularly
important, as it is the most significant commodity for freight rail transport in India. Despite a
strong policy emphasis on accelerating the use of renewable energies (and solar photovoltaics
in particular), rising electricity demand means that coal use for power generation grows by
115% through the end of the projection period, more than doubling overall, relative to the level
today (IEA, 2018c). As a result, activity associated with the transport of coal by rail increases
from 250 billion tonne-kilometres in 2015 to 580 billion tonne-kilometres in 2050. This steep
increase is moderated only by the reduction in the average distance over which coal is
transported (as a result of the coal linkage rationalisation and of the SHAKTI policy framework)
and by changes in the siting of coal-fired power plants, which are sited closer to the extraction
and import areas (Kamboj and Tongia, 2018).>* The share of coal in overall freight rail activity
slightly decreases, from around 40% in 2015 to 30% in 2050, as the need for carrying other
commodities (iron and steel in particular, but also stone and mineral oil) increases at faster pace
and as the development of the Western DFCs fosters the growth of container transport via rail.
The share of freight rail in total freight activity varies across commodities. For commodities that
currently rely heavily on rail (e.g. coal, iron and steel, iron ore, cement and stone), rail’s share
remains constant or even rises; on the other hand, commodities which currently have a low rail
share (e.g. food grains and fertilisers) increase road share. Overall, freight rail transport grows
significantly in the Base Scenario, as part of overall growth of freight transport to fuel India’s
rapid economic growth. Freight rail retains its share in carrying bulk materials, but struggles to
enter additional markets such as those carrying non-bulk materials. The observed trends place a
qguestion mark over the feasibility of continuing the current practice of using revenues from
freight rail traffic to subsidise conventional passenger rail movements. Comparing the 2017-50
increase of total freight rail activity (160%) and the rise in activity of intercity trains (200%)
indicates that the existing debate about the relative level of freight and passenger fares
discussed previously will intensify. Assuming that the sum of revenues from passenger and
freight rail, plus the losses from passenger operations in 2015, serves as an indication of
revenue needs per passenger-kilometre, the losses incurred by passenger rail operations would
grow, amounting to approximately 30% of total revenues by 2050. A further increase of freight
fares for coal (or other commodities) could not be counted upon to increase subsidies to
passenger rail, as further rail freight tariff increases would reduce the competitiveness of freight
rail transport. Moreover, further reduction of the average distance over which coal is carried to
power plants (beyond the levels assumed in the Base Scenario) would further cut revenues from
freight operations.

% The domestic aviation sector in India grew at a compound annual growth rate of 9.9% between 2007 and 2016 (ICAO,
2018).

* The average distance over which coal is transported in the Base Scenario is assumed to decrease by 10% in 2030 relative
to the 2017 level and then to remain constant.
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Implications for energy demand

In the Base Scenario, energy demand from rail in India in 2050 is about 110% higher than in
2017. A significant increase is no surprise, given the large growth in rail activity during this
period (Figure 4.9). However, the growth in energy demand from rail lags appreciably behind
the rate of rail activity growth: the combination of the improved energy efficiency of the trains,
network improvements and strong electrification leads to a decrease in the energy intensity of
passenger rail. Efforts to increase the electrification of railway lines bear fruit in the Base
Scenario, meaning that nearly all rail is electrified by 2050 (Figure 4.10). The share of electricity
in the rail fuel mix rises to 95% in 2030 and 98% in 2050 (Box 4.3).” By 2050, the railways use
almost 100 TWh of electricity, up from 22 TWh today. Oil remains part of the rail fuel mix, but
consumption declines from 0.04 million barrels per day (mb/d) in 2017 to 0.003 mb/d in 2050.
Actual oil use by rail pales in comparison with the oil product demand that is avoided by the
omission of road transport, by 2050 rail transport avoids 1.6 mb/d of oil use, compared with a
hypothetical case in which all passenger and freight activity that is transported by rail in the
Base Scenario is covered by road transport.*®

Figure 4.10 Energy demand from passenger and freight rail transport in India in the Base Scenario,
2017, 2030 and 2050
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1 10%
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Note: Mtoe = million tonnes of oil equivalent.
Sources: IEA (2018a); Indian Railways (2018b).

Key message e Total energy demand from railways grows by 110%, and by 2050 electricity accounts for
98% of that energy demand.

% This result is in line with the electrification target described in Table 4.2. The lower share of electricity in energy demand
than in rail activity is explained by the higher specific energy consumption of diesel trains compared with electric trains.

% This result is obtained on the assumption that passenger rail would be replaced by aviation, cars, buses and two/three-
wheelers, that freight rail would be replaced by heavy freight trucks and that all the energy demand is oil. The weighted
average fuel economy of passenger transport in India in 2050 is about 11 tonnes of oil equivalent (toe) per million
passenger-kilometres and that for freight trucks is 21 toe/million tonne-kilometre (IEA, 2018a).
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Box 4.3 Plans for the continued electrification of the conventional rail network in India

In the wake of investments in network electrification over the past decades, India is aiming at
fulfilling the “Mission Electrification” programme. To meet its ambitious electrification targets, Indian
Railways set a plan to accelerate the pace of electrification from 2 000 kilometres per year in 2016 to
4 000 kilometres g)er year in 2017 and increasing to 6 200 kilometres per year in 2019 (Indian
Railways, 2016).2 So far Indian Railways has met these targets, with a commensurate increase in
the budget outlay towards traction electrification (Ramji, Nagbhushan and Bharadwaj, 2017). The
goal of achieving nearly 100% electrification will require resolute budgetary support over the next
decade.

Implications for GHG and local pollutant emissions

The rapid growth in transport activity and energy use means that well-to-wheel GHG emissions
attributable to the entire transport sector in India grow rapidly in the Base Scenario
(Figure 4.11). Emissions increase to 1 750 Mt CO,-eqby 2050, approximately a 350% increase
over 2017. The largest contributions to GHG emissions growth (both in relative and absolute
terms) comes from cars and aviation for passenger transport and from heavy-duty trucks for
freight transport.

Figure 4.11 Well-to-wheel GHG emissions from India’s transport sector in the Base Scenario, 2017,
2030 and 2050
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Notes: Emissions related to shipping activities are not included. Emissions from rail include emissions from conventional rail (both
passenger and freight), metro and high-speed rail.

Sources: IEA (2018).

Key message ® Transport-related GHG emissions increase by 350% in period to 2050.

Well-to-wheel GHG emissions from rail, in the Base Scenario steadily increase to reach
57 Mt CO,-eq in 2050 (Figure 4.12). The well-to-wheel GHG emissions from rail are primarily
indirect arising from the power sector — as electrification of the railways increases, so does the
weight of power sector emissions in overall rail emissions. Nonetheless, the contribution of
railways to transport-related GHG emissions remains low, even on a well-to-wheel basis; by
2050 rail transport contributes to only 2% of overall transport-related GHG emissions, a much
smaller than its contribution to overall transport activity. The emissions intensity of rail
transport remains lower than for all other motorised modes, saving about 270 Mt of CO,-eq

% The 90% electrification target aims at cutting Indian Railway’s fuel bill by 40%, from USD 3.6 to 2.2 billion (INR 265 billion
to INR 160 billion) per year (Indian Railways, 2016).
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emissions in 2050 as compared to a situation in which all rail activity was transferred to road
transport.28 In 2050, rail also avoids 8 kt of PM, s emissions as compared to a situation in which
all rail transport were by road transport.”

Figure 4.12 Well-to-wheel GHG emissions from India’s rail sector in the Base Scenario, 2017, 2030 and
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Source: IEA (2018a).

Key message ¢ Annual well-to-wheel GHG emissions from rail are projected at more than 57 Mt CO,-eq
in 2050.

Outlook for rail in the High Rail Scenario

India’s strong economic growth and rising energy demand in the Base Scenario present a
number of wider energy challenges. Total oil demand more than doubles over the next decades
as incomes grow and demand for passenger and freight activity rises; transport contributes
around 60% to the overall increase in oil demand (IEA, 2018c). These figures have important
energy policy implications: India’s oil imports almost triple over the period, despite strong
growth in the uptake of electric cars (which account for over 20% of the passenger car stock by
2050 in the Base Scenario) and regulatory efforts to reduce the average fuel consumption of
cars and trucks. The environmental toll of transport activity also rises. Besides the growth in
GHG emissions, transport also remains an important source of PM, s, nitrogen oxide (NOy) and
sulphur dioxide (SO, emissions through 2050, even with the successful implementation of
Bharat VI standards, which alleviate much of the pollutant emissions in the Base Scenario. These
challenges can be addressed by strengthening rail transport. In the following section, the High
Rail Scenario (detailed in Chapter 3) is used to explore the potential benefits of such a transition
to an increased reliance on rail in India. It considers what kind of changes would need to occur

% This result is obtained on the assumption that passenger rail would be replaced by aviation, cars, buses and
two/three-wheelers, that freight rail would be replaced by heavy freight trucks. The weighted average WTW GHG emission
factor of road transport in India in 2050 is 0.05 Mt CO,-equivalent/billion passenger-kilometre. The WTW GHG emission
factor of heavy freight trucks in India in 2050 is 0.09 Mt CO,-equivalent/billion tonne-kilometre (IEA, 2018a).

% This result is obtained on the hypothesis that the activity of passenger rail in 2050 is replaced by passenger light-duty
vehicles, two/three-wheelers and buses, each maintaining its modal share, that the activity of freight rail is replaced by
heavy freight trucks and using calculated pollutant emission factors for the different modes (IEA, 2016).
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in each rail sector and illustrates what impact these could have on key indicators. In addition, it
discusses the kinds of policy measures that would be necessary to take the country along this
path.

Key assumptions

For India, the High Rail Scenario involves a significant shift of passenger and freight transport
from road and aviation to rail. This shift is facilitated by action conducive to rail infrastructure
investment across all types of rail, improvements in the attractiveness of passenger rail services,
in particular, and action to increase the competitiveness of rail passenger and freight transport.

For urban rail, the High Rail Scenario assumes that India completes all the metro projects
currently under construction and being planned (as in the Base Scenario), and it also fulfils the
Union Internationale de Transports Publics (UITP) target of doubling the modal share of urban
rail at the expense of private modes of transport (UITP, 2014). The attractiveness of metro
travel and, hence, utilisation is increased by generating additional non-tariff revenues in order
to keep travel fares low. Capturing land value around the metro stations and developing and
taxing commercial activities in the stations are key features (Sharma and Newman, 2017).
Beyond the realm of the railway authorities (but of the utmost importance), road vehicle
charges and taxes on private vehicles levied based on their environmental performance
strengthen the economic competitiveness of rail services.

For conventional rail, limited network capacity is a significant limiting factor on the expansion of
the rail business in the Base Scenario (Planning Commission, 2014), so facilitating further
network extension is a key assumption in the High Rail Scenario. Action to generate additional
sources of revenues, while increasing the attractiveness of passenger services, is another key
assumption, making it possible to reduce the dependency of passenger rail services on
cross-subsidisation from freight rail. The main pillars of action in the High Rail Scenario are:

e Improving the balance of operational costs and revenues by diversifying the offer of intercity
rail services (such as offering overnight connections), through increased utilisation and
thereby increasing the competitiveness of rail against car travel and aviation for
long-distance trips as a result of achieving higher utilisation rates.

o Differentiated tariffs and services, accounting for the prices of competing modes at different
times of the day and for the origin and the destination of trips.

e The increase of non-tariff revenue from rail stations and neighbouring areas through real
estate development and land value capture, both for new stations (which should be large
enough to be able to host commercial activities) and existing stations (through
refurbishment/ renovation).*

As in the case of metros, road vehicle charges and taxes levied on private vehicles, based on
their environmental performance, also strengthen the economic viability of rail investments.

For high-speed rail, this scenario assumes that the success of the MAHSR project (which is also
assumed in the Base Scenario) is followed by development of the other high-speed rail lines
currently under evaluation, which are the linkages along the Golden Quadrilateral and its two
diagonals (Map 4.3). In the High Rail Scenario, policy measures, such as integrating planning of

30 Capturing non-tariff revenue from rail stations is a well-established practice in Japan and other countries. It requires
developing commercial and tertiary real estate, taking advantages of the high volumes of people traffic around train stations
that raise land value. Although a Rail Land Development Authority in India is tasked to develop land commercially, this
aspect of non-tariff revenue earning is currently largely untapped.
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high-speed rail with conventional and urban rail, real estate developments and land value
capture, help to facilitate the realisation of this high-speed rail infrastructure. The introduction
of carbon taxes for jet fuel also support cross-modal subsidisation and improve the
competitiveness of high-speed rail vis-g-vis aviation.

For freight rail, the High Rail Scenario includes three measures to support the further growth of
rail-based freight transport. First, measures are taken to improve track utilisation and reduce
freight fares. All the DFCs along the Golden Quadrilateral are developed to increase the share of
rail transport in bulk commodity transport (e.g. iron and steel, iron ore, cement). Second, the
commodity basket moved by rail is enlarged and the non-bulk commodity market is accessed
(e.g. fertilisers, oil and lubricants, and agro-products), in line with the recommendation by the
Planning Commission (Planning Commission, 2014). Third, rail captures a larger share of
containers and other fixed, medium-sized (i.e. pallet) shipments. This is achieved by increasing
the flexibility of rail through the provision of end-to-end logistics solutions to customers,
facilitated by the development of logistic centres in strategic areas close to consumption
centres, by digitalisation (e.g. traceability of parcels) and by treating the supply chain (and rail’s
part in it) holistically, exploiting co-modality opportunities.*

Trends in the High Rail Scenario

Passenger and freight rail activity

Figure 4.13 Change in transport activity by mode in the High Rail Scenario relative to the Base
Scenario in India, 2020-50
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Notes: A positive number indicates that the activity in the High Rail Scenario increases relative to the Base Scenario, a negative
number indicates that the activity decreases. Passenger rail activity includes conventional, metro and high-speed rail.

Source: IEA (2018a).

Key message ¢ In the High Rail Scenario, a modal shift to rail occurs in passenger transport, mainly
away from cars, and in freight transport away from heavy trucks.

In the High Rail Scenario, rail passenger activity climbs to about 5.1 trillion passenger-kilometres
in 2050, an almost 310% increase with respect to 2017 and about 40% above the level of the
Base Scenario. The improved competitiveness and attractiveness of passenger rail mainly comes
at the expense of passenger activity from cars, but also from aviation and two/ three-wheelers

31 Currently, for small size shipments (even if travelling for long distances) transport by truck is often the only practicable
option, due to minimum size of required wagon loads to make use of Indian Railway’s freight service. This results in long
waiting times to aggregate several small parcels into a minimum size load.
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(Figure 4.13). In the freight sector, rail activity reaches approximately 2.4 trillion
tonne-kilometres in 2050, increasing about 220% with respect to 2017 and 25% compared with
the Base Scenario in 2050.

Figure 4.14 Change in transport activity by rail sector in the High Rail Scenario relative to the Base
Scenario, 2020-50
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Source: IEA (2018a).

Key message e Transport activity in India increases in every rail sector in the High Rail Scenario.

Rail activity in the High Rail Scenario increases for every rail sector (Figure 4.14).

Urban rail grows to around 270 billion passenger-kilometres in 2050, more than 33-times higher
than in 2017 and almost four-times as much as in the Base Scenario. Urban rail track utilisation
(in terms of vehicles per track-kilometre) increases thanks to the deployment of digital
technologies that improve the management of the metro system and through improved
interconnections between metro lines.

Conventional rail activity in the High Rail Scenario increases at a faster rate than in the Base
Scenario, to reach around 4.6 trillion passenger-kilometres in 2050, approximately 265% over
the level of 2017 and an increase of 25% over the level in the Base Scenario. The growth reflects
Indian Railways’ improved ability to respond to the expanding transport demand, offering
improved service quality. Increased investment enables additional tracks to be built along
high-density routes as well as the development of new lines. The realisation of the DFCs and the
deployment of modern signalling systems further increase capacity, as they make possible
higher frequencies and operational speeds, thereby reducing travel time. Investment in new
rolling stock also expands train capacity. To accommodate the increased flow of passengers, the
capacity of stations also increases in the High Rail Scenario.

Developing the corridors along the Golden Quadrilateral and its two diagonals brings high-speed
rail activity in India in the High Rail Scenario to 310 billion passenger-kilometres in 2050,
20-times higher than in the Base Scenario.** Global analysis of the viability of shifts from
aviation to high-speed rail (discussed in the high-speed rail section of Chapter 3) suggests that,
in the High Rail Scenario, the high-speed rail corridors between the four cities of the Golden
Quadrilateral will be built, even where a direct high-speed rail connection between the cities
does not reduce travel time, compared to travel by airplane. This is the situation in the
high-speed rail corridors between Chennai and Kolkata, Delhi and Kolkata and Chennai and
Mumbai. However, the majority of high-speed rail corridors currently under assessment also
benefit from deploying intermediate stations. For instance, the cumulative time savings of the
high-speed rail corridor between Chennai and Mumbai are higher with the intermediate cities of

32 The realisation of the high-speed rail corridors envisioned in the High Rail Scenario could induce additional mobility
demand, possibly leading to higher growth of transport activity. However, such induced demand has not been included in
the analysis.
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Bengaluru and Pune also connected. Similarly, the high-speed rail corridor connecting Delhi and
Kolkata benefits from a stop in Lucknow. A high-speed rail connection between these cities
provides a fast alternative to air travel and generates significant passenger volumes, as the
airports serving these cities currently have high passenger flows.*

Map 4.4 High-speed rail network in India in the High Rail Scenario
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This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area.

Note: HSR = high-speed rail.
Source: IEA based on OAG (2018).

Key message e All high-speed rail corridors envisioned by the government are progressively realised in
this scenario.

*n 2017, the airports of Chennai, Mumbai, Delhi, Kolkata, Bengaluru and Pune each had a passenger count above 6 million
per year and Lucknow above 3 million per year.
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Other potential high-speed rail corridors currently have too low a passenger flow to justify a
high-speed rail line, although the economic case is likely to improve as passenger flows between
end and intermediate cities increase with rising incomes. The result is that the high-speed rail
network in the High Rail Scenario is developed in multiple stages (Map 4.4). For example, the
direct connection in the high-speed rail corridor between Chennai and Kolkata currently does
not generate time savings, compared with aviation, and the possible intermediate stations,
Bhubaneswar and Visakhatpnam, do not have sufficient passenger flows yet to justify the
project.>* However, thanks to population and income growth, such intermediate stations see an
increase in passenger volumes by 2050 of an order of magnitude (about 25 million passengers
per year), thus making the high-speed rail projects feasible. This is also the case for the high-
speed rail lines along the diagonals of the Golden Quadrilateral. While in 2017 the passenger
flows through Nagpur were lower than 2 million, the 20 million expected in 2050 makes all
these four corridors economically feasible.

Freight rail activity in the High Rail Scenario increases 220% over 2017 levels, to reach
approximately 2.4 trillion tonne-kilometres in 2050. This level of activity is about 25% higher
than in the Base Scenario. In the High Rail Scenario, reductions in freight rail tariffs limit the
income from the 220% increase in freight rail activity over 2017 levels, and so the scope to
cross-subsidise intercity rail. Enhancing the role of passenger and freight rail further thereby
reinforces the need, already evident in the Base Scenario, for structural solutions to raise
additional revenues from passenger rail.

Implications for energy demand

The aggregated impact of all the changes in the High Rail Scenario is that energy demand from
the transport sector as a whole is reduced in 2050 by about 91 Mtoe (or 20%), relative to the
Base Scenario (Figure 4.15). The reduction is mainly a result of the shift from private motorised
transport and aviation to less energy-intensive railways.

Figure 4.15 Total transport energy demand in India by mode by scenario, 2017 and 2050

2017 2050 Base Scenario 2050 High Rail Scenario
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m Cars
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I m Buses and minibuses

m Trucks and LCVs

% H Rail
m Aviation

® Shipping
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Notes: LCV = light commercial vehicle. Energy demand from rail includes conventional rail (both passenger and freight), metro and
high-speed rail.

Source: IEA (2018a).

Key message ¢ Total energy demand from the transport sector in the High Rail Scenario grows less than
in the Base Scenario; the share of energy demand from rail is higher.

3 The flow of passengers through the airports of Bhubaneswar and Visakhatpnam is currently below 2 million.

Page | 157



Page | 158

IEA 2019. All rights reserved.

The Future of Rail IEA 2019. All rights reserved.
Opportunities for energy and the environment

Figure 4.16 Change in energy demand in transport by fuel in the High Rail Scenario relative to the
Base Scenario, 2030 and 2050

Change in energy use (Mtoe)
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Note: A positive number indicates that energy demand in the High Rail Scenario increases relative to the Base Scenario, a negative
number indicates that energy demand decreases.

Source: IEA (2018a).

Key message ¢ The High Rail Scenario reduces oil demand, relative to the Base Scenario, by switching
traffic to less energy intensive modes.

The majority of the net decline in energy use in the High Rail Scenario consists of lower fossil
fuel use (primarily diesel), which is only partly offset by growth in electricity use (Figure 4.16).
By 2050, the total decline in the demand for oil products in India is about 1.5 mb/d, relative to
the Base Scenario. The increase in electricity use is around 55 TWh.

The share of energy demand from rail in overall transport energy demand in the High Rail
Scenario is higher than in the Base Scenario, reflecting the modal shift to rail. In 2050, energy
demand from rail in the High Rail Scenario is about 60% higher than in the Base Scenario
(Figure 4.17). This is the result of faster activity growth, but also success in efforts to electrify
railways to which the traffic is directed. In the High Rail Scenario, the share of electricity in total
fuel demand reaches 98% in 2050.

Figure 4.17 Energy demand from railways in India by scenario, 2017, 2030 and 2050
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Note: The figure illustrates energy demand from conventional rail (both passenger and freight), metro and high-speed rail.
Source: IEA (2018a).

Key message ® Energy demand from rail is higher in the High Rail Scenario.
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Implications for GHG and local pollutant emissions

Following the significant increase in transport activity, total well-to-wheel GHG emissions from
India’s transport sector as a whole increase steadily in the High Rail Scenario, reaching about
1.4 Gt CO,-eq in 2050, which marks approximately a 270% increase over 2017. Despite this, GHG
emissions are 18% lower (or 315 Mt CO,-eq) in 2050 than in the Base Scenario. This takes place
because the additional emissions from rail more than offset the decline in emissions from the
other modes. In 2050, the increase in GHG emissions from rail is 34 Mt CO,-eq. This is more
than offset by reductions in light-duty vehicles (130 Mt CO,-eq) and trucks (180 Mt CO,-eq)
(Figure 4.18). Action to cut emissions yet further is available across all transport modes,
including increasing energy efficiency, scaling up low-emission technologies and measures to
reduce road activity, but detailed analysis of such measure is beyond the scope of this report.

On the assumptions adopted about the pace of power sector decarbonisation, well-to-wheel
GHG emissions from rail transport in the High Rail Scenario increase at a rate proportional to
the increase of rail activity, from about 29 Mt CO,-eq in 2017 to 91 Mt CO,-eq in 2050,
34 Mt CO,-eq higher than in the Base Scenario (Figure 4.19). This level could be reduced. If the
power sector were fully decarbonised by 2050, then switching to rail would be a zero-carbon
transport option. The High Rail Scenario also achieves a further reduction of 6 kt, in PM,5
emissions compared with the Base Scenario.

Figure 4.18 Well-to-wheel GHG emissions savings in India’s transport sector in the High Rail Scenario
relative to the Base Scenario, 2030 and 2050

Change of WTW GHG emissions (Mt CO,-equivalent)
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Notes: Emissions related to shipping activities are not included. Emissions from rail include emissions from conventional rail (both
passenger and freight), metro and high-speed rail. A positive number indicates that the WTW GHG emissions in the High Rail
Scenario increase with respect to the Base Scenario, a negative number indicates that the emissions decrease.

Source: IEA (2018a).

Key message ¢ GHG emissions from transport are 315 Mt CO,-eq lower in the High Rail Scenario by
2050.
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Figure 4.19 Increase in well-to-wheel GHG emissions from India’s railways by mode in the High Rail
Scenario relative to the Base Scenario, 2015-2050

Change of WTW GHG emissions (Mt CO,-equivalent)
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Notes: Emissions from rail include emissions from conventional rail (both passenger and freight), metro and high-speed rail. A
positive number indicates that the WTW GHG emissions in the High Rail Scenario increase with respect to the Base Scenario, a
negative number indicates that the emissions decrease.

Source: IEA (2018a).

Key message e With the increase in rail activity in the High Rail Scenario, well-to-wheel GHG emissions
from rail rise, particularly for metro rail.

Conclusions

Rail has a long history in India, and it is as important as ever as a lifeline of the nation. The latent
demand for mobility in India is huge: in a country where the average per capita provision of
travel by motorised modes of transport is, on average, only around one-sixth the rate in Europe,
demand for mobility will boom and satisfying it in an affordable, secure and sustainable manner
is essential. Similarly, strong economic growth of India will further increase freight activity,
imposing similar challenges.

India’s government has measures in hand to address these issues, ranging from efficiency and
air pollution standards for cars and trucks to measures to promote road vehicle electrification
and important infrastructure development projects. Rail has an important role to play in this
effort, satisfying both transport and energy policy objectives. It is efficient and thereby
enhances energy security; and it is cleaner than other transport alternatives, even in a power
mix that is currently dominated by coal, so shifts in mobility lead to reductions in both local air
pollutant and GHG emissions.

But there is no guarantee that rail will play the role in the long-run that our scenarios suggest.
The challenges that need to be overcome are numerous and varied. They include, but are not
limited to:

e Mobilising investment.

e Overcoming infrastructure bottlenecks.

e Maintaining the affordability of passenger rail while modernising and improving passenger
rail services and safety.

e Enhancing the competitiveness of freight rail.
e Integrating rail into the overall transport strategy.
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Generating revenue from innovative sources to improve rail services while boosting the
competitiveness of freight rail and maintaining the affordability of passenger rail is a critical
element for the future of rail in India. However, there are numerous opportunities that span
well beyond tariff-pricing, and the more rail transport can be thought of as providing a unique
service within the wider context of multi-modal passenger and freight mobility, the more
opportunities there are. High-speed rail can play an important role in India; our analysis
suggests many of the routes under consideration can be competitive, depending, in some cases,
on the availability of intermediate stops. Realising the case for high-speed rail will, however,
require careful communication with all the relevant stakeholders. Overall, the opportunity for
rail to increase its role in transport in India is large. Making use of it is a long, but promising,
journey.
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Acronyms, abbreviations and units of measure

Acronyms and abbreviations

ASEAN
BRT
DB

co
DFC
DFCCIL
DEMU
EMU
ERTMS
ERS

EU

FS

GDP
GHG
GoA
HS

HSR
ICAO
ICE

IEA
[IASA
IMO
INR
ITDP
JICA
LCA
Maa$S
MAHSR

Association of Southeast Asian Nations Page | 165
Bus rapid transit systems

Deutsche Bahn

Carbon monoxide

Dedicated freight corridor

Dedicated Freight Corridor Corporation of India Limited
Diesel-electric multiple unit

Electric multiple unit

European Railway Traffic Management System
High Rail Scenario

European Union

Ferrovie dello Stato

Gross domestic product

Greenhouse gases

Grades of automation

High speed

High-speed rail

International Civil Aviation Organization

Internal combustion engine

International Energy Agency

International Institute for Applied Systems Analysis
International Maritime Organization

Indian rupee

Institute of Transportation and Development Policy
Japan International Cooperation Agency

Life-cycle assessment

Mobility as a service

Mumbai-Ahmedabad High Speed Rail
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MoHUA Ministry of Housing and Urban Affairs (India)
MoRTH Ministry of Road Transport and Highways (India)
MoMo Mobility model (IEA)

MoR Ministry of Railways (India)

NDC Nationally Determined Contributions

NHSRCL National High Speed Rail Corporation Limited (India)
NO, Nitrogen oxides

O&M Operation and maintenance

OECD Organisation for Economic Co-operation and Development
PM Particulate matter

PPP Purchasing power parity

PV Photovoltaic

REC Renewable energy certificates

SHAKTI Scheme for Harnessing and Allocating Koyala
SNCF Société Nationale des Chemins de Fer Francais
SPV Special purpose vehicles

TERI The Energy and Resource Institute

TTW Tank-to-wheel

TPWS Train Protection Warning Systems

TCAS Train Collision Avoidance Systems

TGV Train Grand Vitesse

uIC International Union of Railways

UITP International Union of Public Transport

usb United States Dollar

WHO World Health Organization

WTT Well-to-tank

WTW Well-to-wheel
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Units of measure

g CO, grammes of carbon dioxide

g CO,-equivalent grammes of carbon-dioxide equivalent

g CO,/km grammes of carbon dioxide per kilometre Page | 167
Gt gigatonne

GW gigawatt

GWh gigawatt-hour

kt kilotonnes

kW kilowatt

kWh kilowatt-hour

Lde Litre diesel equivalent

Lge Litre gasoline equivalent

mb/d million barrels of oil per day

Mt million tonnes

Mt CO,-eq million tonnes of CO, equivalent
Mtoe million tonnes of oil equivalent
MW megawatt

t CO,-eq tonnes of CO, equivalent

toe tonne of oil equivalent

TWh terawatt-hour
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Glossary

The glossary provides definitions for terms that are used in the report. Its primary focus is on
terminology that is commonly used within the rail and broader transport sectors, but which may
be unfamiliar to non-specialists.

Agglomeration effects: Refers to the phenomenon whereby industries and people cluster around
a certain area, permitting an increase in productivity across firms.

Asset-based carrier: Refers to a freight carrier that owns the equipment that it uses to ship
freight.

Average lead: The average distance that either a passenger or one tonne of freight is
transported. In the freight context, it is equivalent to tonne-kilometres divided by tonnes
transported.

Communications-based train control: Train and infrastructure communication systems, such as
those that exist in the European Union (ERTMS), the United States (PTC) and Japan, designed and
operated to prevent train collisions from occurring and which, in the process, allow increased
traffic to operate on a given railway network.

Conventional rail: Refers to a rail service over medium to long distance, with a maximum speed
of less than 250 kilometres per hour. It includes both intercity and suburban train journeys that
connect urban centres with the surrounding areas.

Corridor: A broad route of no predefined size that connects major sources and destinations of
journeys. It is composed of a nominally linear transportation service area that may contain a
number of streets, highways and/or transit route alignments. In the case of rail, it can be, but is
not necessarily, synonymous with a railway line.

Densified: In the context of this report, it refers to measures taken to permit rail lines to be used
at high intensity with high utilisation, e.g. dense freight traffic flows are high annual freight
movements along a specific railway line.

Diesel-electric: This very common rail propulsion method relies on a diesel engine that drives an
electric generator, with the electricity produced then distributed across either the locomotive or
the rail car (in the case of a multiple unit vehicle) to traction motors to drive axles (and eventually
the wheels). Among other advantages, this powertrain design avoids the need for a complex
gearing system.

Diesel-electric multiple unit (DEMU)/electric multiple unit (EMU): A multiple unit vehicle, often
referred to as a DMU (diesel), DEMU (diesel-electric) or EMU (electric), which is an alternative to
locomotive-hauled railcars. Frequently used for passenger services, each unit (which consists of
either one or two railcars) contains its own propulsion system and space for passengers on the
same vehicle(s), so a full train may consists of any number of multiple units, depending on the
needs of a specific route. Thanks to its large number of powered axles and a higher power-to-
weight ratio than its locomotive equivalent, a multiple unit train can usually accelerate more
quickly than a diesel-electric locomotive-powered train.

Dedicated freight corridor: A corridor that is designed to service only freight railway traffic.

Digitalisation: Refers to the application of digital technologies (i.e. information and
communications technology) across the economy (including in transport) to achieve desired
outcomes, such as improved safety, efficiency and productivity. The “Internet of Things”, big data
analytics, artificial intelligence and blockchain all rely on digitalisation.
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Freight activity: Refers to the aggregate volume of freight movement in a given region, on a given
mode, or on a specific route. It is measured in tonne-kilometres.

Freight wagon (wagon): A railway vehicle designed and used for the transport of goods.

Gauge (track gauge): Width between the inner faces of the two rails of a track. This can differ
across countries, according to a few common gauge specifications.

Golden Quadrilateral: Refers to the physical linkages, both actual and hypothetical, between the
four major Indian cities of Delhi, Mumbai, Chennai and Kolkata, which form a geometric
qguadrilateral.

Gravity model: A statistical model used to estimate freight and passenger flows across an array
of potential terminal location pairs.

Headway: The time that elapses between the arrivals at a given location of two consecutive
vehicles on the same track. This term is generally used to refer to scheduled time intervals.

High-speed rail: Rail services that operate over long distances, operating at a maximum speed
exceeding 250 kilometres per hour.

Intermodal: Designates the movement of goods or passengers in one journey via more than one
mode of transport (e.g. a passenger taking the bus to the train station and taking the train from
there, or a freight container first carried by ship then by rail and lastly by truck).

Land value capture: The increase in land value that arises based on greater connectivity and
activity, and hence desirability, of property around railway stations.

Linke Hofmann Busch (LHB) coach: The passenger coaches of Indian Railways. They were
originally developed by Linke Hofmann Busch, a German company, and in recent decades have
been manufactured in India directly by Indian Railways.

Locomotive: A locomotive is a rail vehicle with a power of at least 110 kilowatts at the draw
hook, and equipped with either a prime mover and motor or with a motor only. It is used for
hauling railway vehicles.

Light rail: Tramways and other urban transport systems that operate usually at street level and at
lower capacity and speed than metro rail.

Metro rail: Refers to a high-frequency rail service within cities, designed for high capacity
transport (serving standing passengers and equipped with many wide doors for rapid boarding
and exit). Metro rail is fully separated from other traffic and often operates on infrastructure that
is primarily underground or elevated.

Mobility as a Service (MaaS): Refers to passenger and freight transport solutions that are
consumed as a service, enabled by digital platforms that integrate numerous mobility options in a
unified planning and payment platform.

Overhead line electrification (OLE): A system of support structures, wires (i.e. electric catenary
wires), and other equipment (e.g. pantograph, which lies atop the roof of an electric locomotive
or coach) that collectively transmit electric power from the grid to a railway vehicle in order to
provide propulsion power to the vehicle and to supply other power needs.

Passenger activity: The aggregate volume of passenger movements in a given region, on a given
mode, or on a specific route. These movements are measured in passenger-kilometres.

Passenger-kilometre: A unit of measurement designating the transport of one passenger over a
distance of one kilometre.
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Occupancy: The number of passengers on a train. The average occupancy is obtained by dividing
the total number of passenger-kilometres by the total number of train-kilometres.

Physical internet: The physical internet is an open, shared and modular system wherein all
physical assets used in goods delivery are moved on multiple transport modes using standardised
containers, a common protocol and common tools, shared transport and technological assets. In
the case of rail movements, the standardisation of the loading units, in particular, is crucial to
minimising the barriers posed by goods handling for intermodal transfers.

Railway line: One or more adjacent tracks connecting two locations. When lines connecting
different locations converge onto parallel networks (e.g. where a line from city A to B joins with a
line from city C to B), the adjacent lines are not double-counted, unless both lines have their own
track.

Railway network: All railways (of a given type, e.g. metro, light rail, conventional, high-speed rail)
in a given area.

Ridership: The amount of people passing through a given system. In the case of rail use, this
refers to the quantity of passengers being transported over a network or networks (e.g. within a
given country) over a certain period of time.

Special purpose vehicle (SPV): An organisation/institution set up, often by a government, for a
very specific purpose, with adequate operational independence so as to encourage private
participation and ease decision making.

Tank-to-wheel (TTW) greenhouse gas (GHG) emissions: Emissions that are generated by a fuel
while in a tank (in some cases, known as “boil-off” emissions) as well as emissions generated by
fuel combustion. In the well-to-wheel framework, combustion emissions of biofuels are counted,
though they may be offset or augmented by the well-to-tank emissions associated with
producing and delivering the biofuel to the vehicle.

Tonne-kilometre: A unit of measurement in freight transport designating the transport of one
tonne of goods over a distance of one kilometre.

Throughput: The amount of people or materials passing through a given corridor or system. In
the case of rail use, this refers to the quantity of passengers or freight being transported over a
specific corridor or network over a certain period of time. In the case of passenger traffic,
throughput is nearly synonymous with ridership, though ridership typically refers to system or
aggregate (country-level) volumes.

Urban rail: In this report, it refers to an aggregation of metro rail and light rail (i.e. rail within city
limits) services. Regional and suburban trains are excluded from this category.

Well-to-wheel (WTW) greenhouse gas (GHG) emissions: Total emissions generated throughout
the entire life cycle of a fuel, covering production, transformation, distribution and final use in a
vehicle to power movement and other operations. These emissions are usually calculated as two
components: well-to-tank (WTT) emissions and tank-to-wheel (TTW) emissions.

Well-to-tank (WTT) greenhouse gas (GHG) emissions: Refers to emissions generated during the
process of resource extraction, transportation of the resource to a processing facility or power
plant, fuel refinement/conversion/power generation, and delivery or transmission of the final
fuel product to the point of use or vehicle tank, but excluding emissions during the conversion of
the fuel to motive power.
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