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I. ADIF references, as Infrastructure
Raillways Manager in Spain




Background. Current Railways Scenario in Spain
" NEW LEGAL FRAMEWORK. RAILWAYS ACT (2003) AND ULTERIOR

» In 2005, the National Railways company, RENFE, splits into Adif (the
Infrastructure manager) and RENFE Operadora (railway undertaking in charge
of transport operation, both passengers and freight).

Both companies remain 100%b state-owned.
» Opening of rail freight (2007) and passengers (2013) traffics to competition

Railway policy, legislation and plans
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Adif + Adif AV. Global Figures

= Main investor in Spain, in last 25 years (around 57 bn $)

In 2007-2016 High Speed: 36,000 M€ (40 bn $)
Conventional Rail: 6,000 M€ (7 bn $)

" Staff: 13,041 employees

Managed Rail Network: 15,296 km (9,504mi)
High Speed UIC gauge 1,435 mm : 2,590 km (1,609mi)
100%0 electrified AC

Conventional Lines (Iberian gauge 1,668 mm): 11,483 km (7,135 mi)
Out of which 616 km (383 mi) with HS parameters

80 90 electrified DC

Mixed Gauge Network (UIC + Iberian gauge) 119 km (74 mi)
Out of which 22 km (13 mi) with HS parameters
100 %6 electrified DC

Metric gauge 1,000 mm: 1,207 km (750 mi)

" HS Lines under construction or project: 2,779 km (1,727 mi )

"Managed Traffic: 2.1 M trains /year 5,775 trains/day
198.3 M pass train-km/year 541,849 M pass trains-km/day 50,2% HSL
" Passengers: 468 million passengers/year (36 million HS)

D adif
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Lines. Landmarks
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[ The Spanish network, a continuous evolution from 1992 }
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Lleida-Tarragona: 95 km.

VI¢
Coérdoba-Antequera: 100 km.
Connection to Toledo : 21 km.

Madrid-Lleida: 468 km oy
(300 km/h from May 2007)

Madrid-Valladolid: 181 km.
Antequera-Malaga: 55 km.

Tarragona-Barcelona: 88 km.

¥
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Madrid-Cuenca: 183 km. ) SPANISH
HIGH SPEED 2016

Madrid-Albacete: 315 km.
Madrid-Valencia: 391 km

) , 3.228 km
Mollet — Girona: 75 km

Intern. Connection with France: 20 km Design up to 350 km/h
Ourense — A Corufia: 150 km : Operation 310 km/h
(Iberian gauge 1.668 mm)

New Connection Barcelona- 6// HS trains/day
French Border 131 km

35.2 M Passengers/year
Albacete — Alicante: 165 km

52% of total rail

passengers-km
(Iberian gauge 1.668 mm) ; travel on HS

Santiago C. — Vigo: 94 km

Sevilla — Cadiz : 71 km
(Iberian gauge 1.668 mm)

Valladolid — Le6n: 166 km
Olmedo — Zamora: 103 km



HS Lines. Overview 2015 - 2017 Current Works
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Stations

47 High Speed Train Stations + 1.900 Conventional Lines Stations

-

N

» Adif has great expertise in Stations commercial management and income-
generating activities.

> VIALIAs are a PPP system that provide funding for the design and construction
of Stations and ensure revenues for concession holders and for Adif

~
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Lines Upgrading / Improvement of performances over Conventional Lines

MEDITERRANEAN CORRIDOR
HSR +

= Mixed traffic. Speed 220 km/h between
Valencia and Tarragona
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® Link to the main ports: Barcelona,
Tarragona, Valencia, Alicante, Cartagena
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® Line UIC gauge between Barcelona and .
Tarragona (HSL) and interim link e ;
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Improvements actions on Conventional Lines

Improved lines Maximum speed 160 -> 200 -> 220 km/h

e Doubling of track (from single track case)
e Local new track sections to increase speed

e Track with UIC60 rail and monobloc concrete
sleepers

e Installation of new jointless turnouts:
Deviations: 100 km/h
Siding tracks: 100 km/h
e New Catenary suitable for 220 Km/h
e New Signaling Equipments
e Elimination of Level Crossings
e Fencing

e Elimination of steel bridges without ballast

PENDOLA DE

’
ATIRANTADO s’ ‘ d
-4 / D e '3
> J 3
'Q //_()—PENDOLAS
FEEDER DE
‘1 MENSULA ACOMPARAMIENTO
? =

atenary CR O

SUSTENTADOR

l AISLADOR DE TIRANTE
’
Pl

#
Pl
’
P

TUBO
BRAZOS DE ESTABILIZADOR
ATIRANTADO
R DE

AISLAD
MENSULA

HILO DE CONTACTO

Ll

Unified Turnouts



.|
Improving conventional lines: Mediterranean Corridor
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Interoperability. Gauge exchangers

Gijon

A Coruia Bilbao

Pontevedra , - k /

e Automatic axle gauge
exchangers for Standard and
Spanish gauge performed at
20 km/h

) Barcelona

e Technology of three rails
track for Spanish and
Standard gauge

¥, Valencia

High Speed Lines
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1. Relevant results on Energy and
Environment management
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ADIF, a clear and robust framework to support Politica de Medio Ambiente de Adif y
Adif Alta Velocidad

environmental and energy savings goals

Junio 2015
« BUSINESS PLAN 2012-2016 i it ey At ol ey o i, iy
* Protecting Environment Come mpactay o g dairart, s gt rpen bl d ot rc s g s ad
;mﬁtwi?mtﬂmqh_rmﬁéﬁnﬁuw“
« ENVIRONMENTAL POLICY (ADIF’s Chairman, June 2015) ettt e 5o s ity o, s
S b A
* PLAN FOR SOCIAL RESPONSIBILITY AND R "“*"’“‘f"‘ﬂ“"f‘“_‘f“""‘“"f‘“
SUSTAINABILITY 2013-2016 PR R e m—— mm——
* Good government * Economic Dimension I A ,_"Tmhqhm;__:’_ﬁh
* Social Dimension * Environmental Dimension T -
» Environmental intergration of infrastructures i =" o
» Contribution to the fight against climate change ey . S
and efficient management of resources I ok - “_1___
» Compliance with environmental legislation Ry o bt e e ot e e o e
» Biodiversity protection Rl i el kil ol
- ':T‘-“J”-H,nﬂ.lh'ﬁh:hl bisntal puesaly bapersti thencay i
« MASTER PLAN FOR SAVINGS AND ENERGY EFFICIENCY s Setapiniotok ses o reiuny cmurtns Floet o R e
2009-2014 & 2014-2020 Sl el g s oo by s by A
« CERTIFIED MANAGEMENT SYSTEMS ISO 14001: D odif D adif
OBJECTIVES AND GOALS FOR CONTINUOUS
IMPROVEMENT

D adif
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GLOBAL ENVIRONMENTAL RESULTS

PLAN FOR SOCIAL
RESPONSIBILITY AND
SUSTAINABILITY 2013-2016

RESULTS ON OUR OWN ACTIVITIES AS INFRASTRUCTUR MANAGER

Electric energy consumption
(Million kWh/year)

300 276,12 208,78

126,30
2012 2013

Il

8h2. Consumo de Energia Eléctrica en las actividades propias
(Mill. KWh, afio)

Total Savings on GWh equivalent

69,00

2014 2015 2018
‘ s Resul. -:l-—Dth

85, Ahorro total en GWh equivalentes

D adif

8,50

Fuel consumption
(Million I/year)

8.00
7,50
7,00
I i
6,00

2012 2013

8h3. Consumo de Gasoleo en las actividades propias
(Mill. 1/ ario)

Total Savings on CO, tons

160 149
140
1,20 -

1,00
0,80 -
0,60
0,40 -
0,20 -
0,00
2011

2014 2015 2016

| ms=Resul. =a=0bj. |

8h6. Ahorro total en toneladas de CO2

Water consumption (Million m?3)

2013 2014 2015

8hb1. Consumo de agua en las actividades propias de Adif
{Mill. de m3)

Energy efficiency. Total Saving

. (Million €)

10,00

8,00 - 5,85

6,00 -

400

200 - :

0,00 Il e —

2014 2015 2016
| m=Resul. —+—0b]. |

9h7. Eficiencia energeética. Ahormo total (Mill. de £)
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WORK SITES: KEY PERFORMANCE INDICATORS AND

ENVIRONMENTAL OBIJECTIVES
OBJECTIVE

1 MINIMIZE THE SURFACE OCCUPED
2 PRESERVE AREAS OF NATURAL INTEREST
3 PRESERVE CULTURAL HERITAGE
4 PRESERVE SOILS
5 PRESERVE FLUVIAL SYSTEM AND VEGETATION
6 PREVENT POLLUTION 2 =
7 PRESERVEFAUNE = o . .
8 RESTORATION OF NATURAL '
ENVIRONMENT WIHT ECOLOGICAL : w© g
AND LANDSCAPING APPROACH i w | G
Permeability of the = . o
infrastructure to the 0.z
passage of ungulate fauna
(n° CrOSSinQS/km) ’ 2005 2008 2007 2008 2008 2010 2011 oz 2013 2014 2015 ’
3000000
2447668
2500000 —— 131890 ,
2000000 . & 2k 1812154 1205693 1947325
e g e * 7’_ 1481722 1502626 4, cong
1500000 o o o6 pa - ) 3 — 1132027 1066840 gygqay
1000000 "o .. 3 R _ 3 o 75
500000 | et e -
1] —— S T ; T e = — A T L T - T 2" T 1

2005 2006 2007 2008 2002 2010 2011 2012 2013 2014 2015

Water consumption (m?3) Source:

Environmental Yearly Rapport

. 2015 Adif &Adif AV
D adif nEnd 1



GLOBAL ENVIRONMENTAL RESULTS

GREENHOUSE GAZ EMISSIONS BY OWN ACTIVITIES

100000 272 9388053 96474
90000 - | —1 futar a3 ey Unit:ton of
80000 | J : CO,-equivalent
70000 — -
€0000 - 4 -
30000 1 — j -
40000 : 111 —1 -
30000 - — — 11 o
20000 | . : ™| r
10000 ' ; B
0 Source:
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Environmental Yearly Rapport

Contribition from different sources to Greenhouse Gaz Effect (on %) 2015 Adit &Adif AV

Adif Adif AV
00 — 0.6%
00%
80%
7%
a0
60%
50% -
Indirect
40% - amiccinne
CIHSSIvIIS
0% | from __—>
20% | registered
- COnSumptlon
of electricity
[ T0%
2014 2015 2014 2015
mEmisiones directas procedentss de los vehiculos utilizados B Emisicnes directas procedentes de los vehiculos utilizades
L] EuﬂI'TIISIUI'lES directas procedentss de las operaciones de mantenimiento de via, maniobras y cperaciones w Emisicnes directas procedentes de las operaciones de mantenimiento de via, maniobras y operaciones
awdliares auxiliares
MEmisiones directas procedentes de instalaciones de combustion (calderas de gaséleo y de gas natural) B Emisiones dirzctas procedentes de instalacionas de combustion (calderas de gasdleo y de gas natural)

" Emisiones indirectas debidas al consume de energia elécirica registrado 1 Emisiones indirectas debidas al cansuma de energia eléctrica registrado 16



MASTER PLANS FOR SAVINGS AND ENERGY EFFICIENCY
2009-2014 2014-2020

ROLE & WEIGHT OF 67,40% 66,24%

LAN DIRECTOR DE AHORRO ELECTRICITY - —J [rornus ——
Y EFICIENCIA ENERGETIGA ;

ADIF 2
RENFE-OP. 66,24% )

> 67,40% | OTHER RAIL CO. | ©0,88%

EDEE DIESEL [ ADIF H.S. 0.16%

93,15% |,
>| ADIF 1,25%
25,75% RENFE-OP. 21,62%

- OTHER RAIL CO. 2,71%

93,15%0
[ ELECTRICITY [ 2.50%]
COMB.AUTOM. 06296
COMB.HEATI 0,02%
\ 0,27%
6,85% [ 3.18%
71 6:505%6
UDT: Uses Different 4,03% A COMB.HEATING 0,24%
to Traction - / GAS 0,11%
RU’s Railway Undertakings: - -
RENFE-OP & Other Railway Co 2,50% 3,18%

89% of total RENFE’s
rail transport is made
by electricity

Acting over three Axes

» MANAGEMENT MEASURES 34 actions

» TECHNICAL MEASURES _
> RENEWABLE ENERGY GENERATION SYSTEMS | 49 actions

until July 2014, we have got savings of 17%
for UDT energy consumption on

»Qdip ADIF & ADIF HS




MASTER PLAN FOR SAVINGS AND

ENERGY EFFICIENCY 2014-2020 OBJECTIVES MAP

£4_Plan Director de Ahomo y Efic. Energ. 2014-2020. Mapa de Objelivos

Ser referante a ahorm
¥ pastitn de la snergla

y anivel Naconal

GLOBALOBJECTIVE:
To be a reference in Energy management and
savings in the Rail Sector and at national level

SPECIFIC OBJECTIVES
v' To contribute to the achievement of national
objectives and commitments

5
ELONGMICEMmeETs socialmenta” 9

ciganimacion

CLEL R AL ELEL]

N

v To improve energy efficiency in all activities,
uses and assets through technical and
environmentally sustainable means.

CEERR LR S RE ] TEEET R

v To establish a savings and energy efficiency
culture, promotings the awareness of the
organisation.

4
kg

v To contribute to the enhancement of the
Brand through initiatives aligned with the
principle: “Socially Responsible Company”.

L]
o
L
El
L]
-
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L]
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L]
e
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RELATIONSHIP BETWEEN OBJECTIVES (4), ACTION LINES (12),
USES AND MANAGEMENT AREAS (15)

Objectives, lines of action, uses and management scope relation

Uses and
management areas

Objectives

Improve energy
efficiency in all ADIF
activities, uses and
assets by technically

Reduce energy losses

Use more efficient technology

=Administrative

and economically Implement control *Isolation
sustainable means mechanisms on consumption

—— =Quality
Establish a culture modify the uses of energy = Heating and
of energy saving
and efficiency in Take advantage of natural Air Conditioning
ADIF by promoting AL

awareness in the
organization

Give value to the Adif's
managers

=Fuel

=Communication

Saniliie i e Manage the regulatory El ici
i =Electricit
rough iniuatives Marca como "Empresa
i i =Encl r ejora de la Eficiencia Energética ultura Organizacional S —— ompromisos nacionales
slgneciwiihiihe FIEEHE A U6 CReEy o e
principle of “Socially saving and efficiency i — > BIEIE
Responsible Entity"
set in the Strategic Design tools for more efficient =Fiscal
Plan. energy management
=Tools
Contribute to the Involve suppliers in improving
achievement of R CHEEEY =Lighting .
National goals and g
commitments Create tools for management sInnovation 8
through the and monitoring of measures 2 ARl el
implementation of sTraction 2 T 1T SEE
activities to improve Develop an adequate external
energy efficiency communication sRenewable

proveedores

HERR-9

~
&
3
&
I

Herramientas [
para gestion de i3
la energia k4
Gestionar el | 5[
marco | %
normativo <

Comuni

~

3

o &
externa i
&
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MASTER PLANS: RESULTS

AND MEDIUM TERM OBJECTIVES

Master Plan appraisal includes an evaluation of cost and savings (energy, CO, emisions)
related to each one of the initiatives

Along the 2009-2016 period, we have got an accumulated saving of 427,14 Gwhgg,;, (with
an economical value of 30.13 Mill €) and 88,353 t CO,, for an estimated cost of 10,03 Million €

Current 2014-2020 Master Plan fixes an objective for 2020 of 163,69 Gwh,,;, (83% higher than
2014 result) for ADIF and ADIF AV together

- Accum.2009-2016 ADIF A.V + ADIF 2016

110

Cost Results on Savings 100 /
90
80 /
o 70 {4
C
10,03 Mill €] 427,14 GWhequiv. 30,13 Mill € 88.353 t CO2 3 60 /i
> _—
50
2 /
O 40 /
30 —— = J /
-— /
2014 2020 20
10
/
0
2009 2010 2011 2012 2013 2014 2015 2016
56,88 Gwh,,/afo Gestion 17,42 | 19,17 | 19,23 | 21,90 | 22552 | 22,33 | 22,82 | 2386
Medidas Téc. 3,00 7,92 9,39 10,85 12,43 21,90 22,77 24,25
Traccién 0,00 0,00 0,00 0,88 12,87 43,53 54,93 57,43
- Energia Renov. 0,01 0,34 1,24 1,33 1,35 1,35 1,36 1,36
Adif AV
5 TOTALES 20,43 27,44 29,86 34,76 49,17 89,12 | 101,88 | 106,90
63,78 106,81 Gwheq/ano - - — - Objetivos 23,60 | 24,70 | 28,80 | 30,90 | 32,90 | 8858 | 101,70 | 111,15

Gwh,,/afo

20



DESARROLLAR MECANISMOS PARA LA MEDICIGN Y FACTURACION DE

Sl SOME EXAMPLES OF FLYERS /7 ACTIONS

Mejorar la eficiencia energética en todas |as adividades, usos y activos de Adif por medios sostenibles témica

Objetivo del ¥ econémicamente.
Plan Director Contribuir a la consecucion de los objetivos y i i a través de |3 realizadon de acdones R E LA I E D W I I H I RA‘ I I O N

para la mejora de |a efidenda energética.

tinea delPIan o herramient i6n ms eficente de la energi 5 | macz |

Director SETIEE S T TG00 T e R S DESARROLLAR HERRAMIENTAS PARA FACILITAR LA CONDUCCION EFICIENTE .
GESTION

Medida Disefiar e implementar un sistema de medida directa de lo: = daalistoen itilinad = Majacacla ofic aadti tadacl v 4 Usos y activos de Adif por medios sostenibles técnica

uno de los vehiculos motores en a traceidn de cada uno de

M ETE R I N G AN D B I L L I N G Fompromisos Nadonales a través de la realizacion de acciones
| mwo- |

= PROYECTOS “FERROSMARTGRID™ y "MERLIN®
eaes " e e - TOOLS FOR TRACTION ENERGY  feresetc e | @ [ O |

Msjorar I efidencia energética en todas |as actividades, usos y adtivos de Adif por medios sostenibles téonica

CO N S U M PT I O N eniendo en cuenta criterios de eficiendia energética. Objetivo del ¥ econgmicamente.

Drgan_lzaunnes firea de Adtividad de icaciones  Energfa. fidad Plan Director ;ngls‘;lnIilsfjntlrlaal:slgrr:‘t‘e%n:‘;aﬁegﬂ::;(:I Eﬁlaﬁl‘;{t;gnﬂaﬁws alineadas con el princpio de “Empresa
de Adif Analizar el impacto de |as limitaciones de veloddad actuales. D 2o

El consumo de energia de traccidn es el mds importante en volumen, tanto eléctrico como combustible, por Emplear tecnologias mas eficentes.

I’:ﬁz‘?;:" de lo que el desarrollo de herramientas de gestidn encaminadas a la mejora de | efidencia en su uso habrd de I;P“;gf' Plan Jllmplanl:rm‘e[amsn;us UEIEU"‘"D‘ sobre Jos consumos.
resultar en ahorros significativos. iz Lo TG BT B el
Poner en valor los activos de Adif_
Medidas de Adif
Mlgm(lun de un sistema eléctrico fermoviario convendonal a una red elédrica inteligente, permitiendo
Poner en marcha el calculo de los consumas AL el uso de Ia energia cinética y potendial de los trenes en el supuesto de |a existenda de todos los
ferroviario, a los que se aplican algoritmos para I bdimientos y dispositivos que permiten aprovecharla, tendiendo a crear dicha red inteligente
Incl na rutina de cilculo de energfa tedrica p TOO LS FO R EFF I C I E NT uccién efidente, interconexion de redes, acumuladores en tierra, generadores propios, consumaos
Apl recomendaciones de veloddad y tiempa ef mitentes y subestaciones reversibles que conectan con redes pliblicas inteligentes). Ademds se potenda
Estudiar el reparto del margen de regularidad co plantadidn de fuentes de energia renovables en diferentes puntos de | infraestructura, y que también
Medida Desarrollar modelos que fengan por objetivo el} D R I V I N G arte activa de esta red inteligente.
deberdn tener en cuenta criterios enerpéticas
de tiempo que seil ala marcl

Desamollar modelos y herramientas basadas en simuladon capaces de determinar |a conducdn econdmica Justificacién de Analizar y ensayar Ia aplicabilidad del concepto de Red Fléctrica Inteligente sobre la red eléctrica fermoviaria

mds adecuada para cada trayecto, considerando las restricdones de via, material mévil y horario comerdal 3 la medida de traccidn.
cumplir.

Justificacion de Redudr al maximo el consumo de los trenes por optimizacion de las marchas y ajuste a los horarios
la medida comerdales_

CUANTIFICACION ESTIMADA

Energia eléctrica: 2.392 GWhiaio Anorro respecto

ética 2014-2020

Energia elédrica- 1%

) m PERACION DE ENERGIA DE FRENADO REGENERATIVO EN LA RED CONVENCIONAL
DISERO Y CONSTRUCCIGN DE SUBESTACIONES EVOLUTIVAS n-
Mejorar Ia eficiencia energética en todas las adividades, usos y activos de Adif por medios sostenibles témica

Iel y econémicamente._

- N!e]qrar & eﬁgier_ma energética en todas las actividades, usos y activos de Adif por medios sostenibles tor (ontribuir a la consecucién de los objefivas y compromisas Nadionales a través de la realizaddn de acciones
Objetivo del Plan  técnica y econdmicamente. para la mejora de Ia eficiendia energética.

Director Contribuir a la consecuddn de los objetivos y compromisos Macionales a través de Ia realizaciin de acciones
para la mejora de la efidencia energética. Modificar los usos de Ia energia.
Plan Reducir pérdidas energéticas.
= Redudir pérdidas energéticas. Gestionar el marco nomativo.
Linea del Plan = - i
Director Modificar los usos de I3 energfa. Poner en valor los activos de Adif-
Gestionar el marco nomativo.
Los trenes al utilizar el freno regenerative transforman la energia anética en eléctrica.
De_sde 13 puesta en [undonamiento de una subestaddn hasta su ExDImaﬂdn aplenaca e por aumentos de De esta energia generada, el excedente que no pueda ser utilizado por otros trenes se disipar en las resistencias de
tréfico 0 incorporadidn de distinto material rodante, 1a demanda de potenda es muy variable. freno deltren que la generd.
Previendo que puedan darse estas situaciones de ampliacién ylo refuerzo de potenda en subestadiones, en Esta energia disipada en las resistendias de freno podria devolverse a la red elédrica (Real Decreto 1011/2009),
el disefio y posterior mns[rumcm de éstas pueden plantearse tres alternativas: convirtiendo las subestaciones de tracddn actuales para las que el trasiego de energia sGlo puede realizarse desde
1 Dissfiarias ara atender el trdfico nidal no previendo ampliacones futuras. La la red ekictrica hada la calenaria, en reversibles. Basiamente esta conversion consistird en la instalacn de un AP P L | CAT | O N O F
3ala por lo que el T de las equipe convertidor (CICA conectado en paralelo, y del equipamiento de medida que permita el neteo de la energia
P - entrante y la devuelta a la red.
D ES I G N AN D inversion inicial y los costes de explotadidn y mantenimiento son
stalaciones de menor dimension, no obstante Ia necesidad de un La energia que puede ser devuelta a la red eléctrica en una subestaddn reversible depende de muchas variables: I NTE LL I G E NT ELECTR I C

e e T tipa de trenes, densidad de trfico, perfl de la linea, condiciones dimaicas, esquema ekéctico de la inea, etc. De

CONSTRUCTION OF  Friisimuirin: ome o memeons  Jibaniie ety st i e . i e NETWORK CONCEPT TO

tro previendo ampliaciones futuras. Ya en el disefio original han de
405, equipos, instaladones, etc), que fadliten futuras ampliacdiones La energia que se wenaa Ia red deb:rayermnlurme a lo exigido la norma EN 50160, «(araderisticas de la tensién
EVO LU | I VE Esta opddn difiere de la anterior en su mayor inversion original, al porlas . para ello serd necesario realizar medidones en subestadones I QA I L ELEC I I 2 I CAL
= e o o S para evaluar: Lasa de d:stumunarmnmm flickers, desequilibrio de tensiones, etc.
-~ A rias en la etapa inidial, y en su menor inversidn para la ampliacién R

b U bb I i OI‘ ' S Logicamente los [m‘!.ei de explotadon por facturadén de energia g:thg::-ualmrse las actuaciones pertinentes para que la ensizia devuelta al sitema eléctrico sea reconodida y N ETWO R KS
3

Istados a los necesarios.

D\s'eﬁar Ias subestaciones para atender el tréfico futuro, no el inidial. Los costes de la factura 5e ha realizado una experiencia de éxita en la red convencional, comespondiente a la subestaciin de la Comba, =

eléctrica en |3 etapa inidal de explotacion de la subestaddn son mucho mayores, debido al que ha permitido recuperar y devolver a la red elédrica un 12,76% de la energia demandada en la linea Mlaga- =

desajuste entre |a potencia demandada y |a instalada, la inversicn inicial es mayor, los costes Fuengirola

de explotacidn y mantenimiento son mayores debido a la mayor dimension de las Para futuras subestaciones es conveniente que, en el proyedo, sea C O O
instalaciones, pero, en el futuro no se requerird inversién para costear actuaciones de reversibilidad. RE U PERATI N F

ampliacidn ylo refuerzo de potendia.

la Orden FOM/3317/2010 establece: “los estudios de dimensionamianto ememgéfico se realizardn  onde La explotacion en el sistema ferroviario genera energia por la frenada en R EG E N ERAT I VE B RAK I N G

considerando el trdfico real previsto en los diferentes escenarios de explotadon. Se disenaran las red elétrica, como queda evidenciado en el caso de éxito de Ia subestacic
subestadiones elcticas de AcOon ¥ SUS centros de autotranstormacidn, en su 5o, Pam que sean EN ERGY ON
evolutivas, y deders proyedarse infdalmente o que se aya de efequtar para a primers ase”. f frea de actividad de Red Convencional

Area de actividad de Innovacion Temoldgica )
Para cada subestacion concreta, habrd de realizarse un estudio coste - beneficio que determiner cudl de las O T R S T CO NVENT I ONAL DC

AR i tres opciones de disefio es la dptima considerando la inversion inidal, los costes de explotaddn y

TETE mantenimiento y la inversion para realizar Ia ampliacién de potencia. N ETWO R K
Energia eléctrica de
R N - tracoon en red ‘Ahorio respecto N SERUT eSIuTe
Organizadones fArea de actividad de Red Acance de T —— comengional: consumo segiin estudio. Periodo de partiulsrizsdo para cada 21
de Adif Convencional. aplicaddn- 1.432 GWhiafo incurrida: Retomo - instalacin.
(datos ane 2013)

in Director de

| Plan Director de Ahorro y Eficiencia Energética 2014-2020



A main program

Recuperation of Braking Energy on HIGH SPEED LINES

and Neting to High Voltage public grid (TRAC-5).

HSL Madrid-Levante: 9 substations with an stimated energy saving of 11 GWh/year

2016: 19,123 trains/year 7.2M tr-km/year Income Energy: 159.2 GWh/year Recovered: 5.55%

HSL Madrid-Barcelona-Frontera Francesa: 11 substations with an stimated energy saving of 33 GWh/year
2016: 66,828 trains/year 18.2M tr-km/year Income Energy: 381.3 GWh/year Recovered: 8.87%

TOTAL 2013-2016

SHARING:

INCOME ENERGY 1,334 GWh

COST 87.1 Million €

COMPENSATED ENERGY

105 GWh  7.86%

SAVED MONEY 7.2 Million €

7.89%0
50%ADIF S0%RENFE

POTENTIAL YEARLY SAVINGS ON THE WHOLE HS NETWORK
2,590km 677 trains/day 1,056 GWh  SAVINGS 73.56 GWh 6.9% 4.5 Million €

D Qdif




THE ESSENTIAL ROLE OF RAILWAY UNDERTAKINGS
ADIFea= RENFE COLLABORATION IN SPAIN

UNDP Project on Energy Efficiency in Railways

MAIN ACTIONS, PROGRAMS AND PROJECTS ON ENERGY EFFICIENCY m) BY RENFE

» Increasing load factor in the latest period linked to new HS services

» New rolling stock with energy efficiency criteria

» Eco-driving included in training programs

» Energy recovery actions: billing in AC substations since 2013 and extending
reversibility to DC substations

> Project for efficiency with integrated approach: Metering + Efficient ATO +
Switch off of parked trains

» Pilot trains powered by Liquefied natural gas and Hydrogen cells (Innovation projects)

RENFE Serie 730 trains
Electric AC DC — Diesel
Double gauge 1668-1435 mm
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» Increasing load factor

HS generates Growth and employment HS Madrid - Sevilla: Success from
1992, the first explotation

year

34% new demand induced by Hig Speed
= empleo

New Demand

) ) 100%
B Conventional Train

. Car BO%
B Plane
B0%
B Bus
4%
: 20%
\.‘-"w""/. % : = ottt
X HS transfer passengers from other transport modes &8 é“' eﬂ‘" & a‘;" é‘* G e g g g g A
less respectful with environment &
Madrid - Sevilla Madrid-Barcelona | »FROM 1992 (25 YEARS) HS SERVICES IN SPAIN HAVE
" TRAIN ' PLANE ETRAIN - PLANE TRANSPORTED 358 MILLION PASSENGERS (90 M OF THEM ON

VARIABLE GAUGE TRAINS) SAVING:
12,9 MILLION TONNES OF CO,
2,6 MILLION TON EQUIVAL. FUEL
4,29 Billion EUR (total investments 51,76 B EUR)
62.44% 37.56

% » HS TRAINS IN SPAIN HAVE 29%0 LESS ENERGY CONSUMPTION
/ BY PASSENGER THAN CONVENTIONAL TRAINS

» HS TRAINS IN SPAIN AVOID 3kg CO, EMISSIONS FOR EACH
PASSENGER COMING FROM CONVENTIONAL TRAINS AND 31kg

90.18%

2014: 72.17% Occupation 86.29% CO, FROM CAR AND PLANE AS A MEAN VALUE
K h » RENFE’'S CARBON FOOTPATH 24.2gr CO, / Unit Transport
Market share (56% less than 1990 figure)

Madrid-Sevilla
HS 90,2% in 2015

Source: FFE / Transportation Research Record Review 2010




Evolution of High Speed traffic

Double Gauge trains add Growth
7.4 Millions passengers in 2015 higher than 23%0 in 2015
26.000
24.000
s TOTAL HS PASSENGERS 2015
—
8 25,000 HS LD + HS REG + HS DG
S 33,5 Millions
]
5 18.000
o
é 16.000 Larga Distancia ws— ' Servicio Comercial
| renfe 23 ¢l
ﬂ 14.000 om e Distance
- 12.000 + —
g ' | Media Distancia ms— > - Servicio Publico I\ HS LD + HS REG
L 10.000 - mnfeA Una clase
n vant -
] S A : 6.70 Millions
s 8.000 - Larga Distancia #—. - Servicio Comercial
[+ Doble ancho gepp, 20l /
6.000 - Nivio clases
4.000 HS Regional
2.000
0 ="
1992 | 1993 | 1994 § 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 § 2005 | 2006 | 2007 | 2008 EDIJ'EIIZD'IIJ ZD1'1IZEI12 2013'2014 2015
s HS L. Distance | 1.176 | 1.875 | 1.936 | 2.087 § 2.207 | 2.369 | 2.563 | 2.805 | 3.036 | 3.236 | 3.394 | 3.479 | 3.783 | 4.120 | 4.878 | 5.559 |11.461)11.250010.851812.536812.101§14.616017.968)19.428
wmeeHS Regional 135 903 977 §1.088 | 1.189 § 1.270 | 1.306 | 1.342 | 1.412 | 1.504 | 1.504 | 1.534 | 1.480 | 2.063 | 3.289 | 3.576 | 4.841 | 5.652 | 5.902 | 6.070 § 6.044 § 6.564 | 6.245 | 6.699
e TOTAL 1311 | 2778 | 2913 | 3475 | 3.396 | 3.639 | 3.874 | 4147 | 4,448 | 4.740 | 4,898 | 5.013 | 5,263 | 6.183 | 8167 | 9.135 |16.202§16.902816.753018.60608158.145821.180024.216)26.127 SOURCE:
Increase M11,9% _4,9%_ _EI,EI“."'u__T,EI“.-"u__T,Z“.-"u__E,E“;‘u__?,ﬂ“a"u__?,il".-"u__B,B"&_-S,E".’-‘-__LT.&_ _5,5‘?&_ 17,5%132,1% 11.9%. ?8.5%‘_3.?% -5,9%111.1% -2.5%. 13,8% 33,5%. 23,4%- RENFE
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HS Lines. Environmental effects - The Monetary Value: an Spanish example

The Madrid-Zaragoza- Barcelona corridor, with more than 7.2M passengers,
saved 135,1 M € of external costs in 2011

Fuentz: REMFE And 152 M€ on travel times

reduction by year

Distribution of time reduction because of
Shift from other modes (Total traffic)
Total hours saved: 8.412 M hours/year

26.58 M EUR
= 04,71 MEUR
62.3%

E nfemo: B Fionos Redionales

Internal External ! Reaional

»odil:F 2



Regenerative Braking

v Available for 95% of RENFE vehicles
v ADIF — RENFE have signed a contract to bill the

electricity recovered during braking process in some
High-Speed lines with AC (around 6-9% of the
total traction usage).

New project aims to extend the reversible procedure
to DC in commuting metropolitan services
where figures might rise up to 30%o.

Inside EU-MERLIN project the DC reversible
substation in La Comba (Malaga) was tested in 2015
and continues

2015- August 2017

TOTAL SAVINGS
7.13 GWh 1.95 GWh 27,3%
0.457 Million € 0.134 M€ 29,3%

merl n:

e —
SEVENTH FRAMEWORK
PROGRAMME

D adif

UNDP Project on Energy Efficiency in Railways

100% ¥ Y 12.7%
_ 9.9% ;
—
- e Infrastructure Other Loads
Ei ; enteri Energy regenerated s &
n:.és;:ﬂ)ﬂﬂg (Retuned 1o the public ged) A St shhop)
2,363.2 GWh/ain 62.6 GWh/aiio 235 gxuve 300 anviee
| Regeneratcd | 643 GWh/asio | | Used by orher seuins | 163 Gwh/ano |
‘ ®55%
L
g e P 228 GWh/ao | Regenerated encrgy
— 83.3%, ‘
=

HS Services

ELECTRICITY RECOVERED INTO THE

PUBLIC GRID
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UNDP Project on Energy Efficiency in Railways

» New rolling stock with energy efficiency criteria + Metering +
Efficient ATO + Switch off of parked trains

Renfe is implementing an energy efficiency integrated Project to reduce overall
consumption of traction uses

The Project includes the following actions:

- Efficient Metering System to replace in partnership with ADIF the current billing
scheme based on Gross TKm by billing based on real consumptions

- Efficient ATO aiming fostering energy reductions of Eco-driving (average range 11-
19%, maximum 31%6) of total energy consumption in some services and corridors

- Switch off auxiliary consumptions of parked trains (Eco-mode)

ADAPTED R.STOCK New MSAV25K-46 Sensors - GPS - Central Unit - 3GTransmission
100 HS Trainsets Automatic Economy driving system (Efficient ATO): BEDS
100 Freight Locomotives Automatic Switch off for hotel load

NEW ROLLING STOCK

22,5 M€ / train

Act 1 Aan~ Hnd\

+2 15t/ 416 27%)
200 m / 12 cars (3+8+1)

-43% operation cost per pax
13.83 kWh energy consumption
30,8 kW / ton Traction power
350 km/h




» BUT, FROM A GENERAL AND FULLY INCLUSIVE POINT OF VIEW,
IS HIGH SPEED A PROFITABLE DECISION?
a very recent reflection by RENFE’s General Director

? ' :
But, What about costs!? AV operating costs are lower

Speed not only doesn't increase operating costs, but reduces them H'Igh Speed System financial results

Attention, the costs necessary to move the train (operating c.) Concept
must be separated from the costs not related to movement.

Financial result (of the infra system+operation):

Cost per unit bid Cost per traffic unit + Revenue (from transport)—
(c€/place. km) (c€/v.kmort) : : : : :
T Canon por encima del PPy e - Variable operating costs (energy, material maintenance, train staff,
inal (c&/p.k E— ' i . . L .
6.00 urcngltg%anginimii?e}lsly oo g on-board and track-side service, distribution costs,...)
| generales (c€pkm) | | 10,00 : . . . 5 H
5.00 B gy Splotacion - Fixed capital costs of the operation (repayment and financial
4,00 ~ 8001 depreciation of rolling stock and the sales system)
3,00 B.00 1 -Variable costs of exploiting the infra. (spreading, contact wire wear,
2,00 - 00 etc.)
1,00 200 -Fixed operating costs of the infrastructure (line surveillance,
0,00 - : : instantaneous safety monitoring, fixed part of the track, etc.)
Sistema 2l Sistema Skema 0.00 — ) ) . . . . .
velocdadydealo  convenconal  convenonal y de o A -Fixed capital costs of the infrastructure (amortization and
valor afiadido mejorado y de bajo valor afadido altovdor  mejoradoyde  de bajo valor - - -
[LAV-AVA) valor zfiadido (LCe-EVA) afiadido (LAV-  valor sfadido  afadido (LCe financial costs of the ||ne).
medio (LCM-MVA) AMAY F“Edhll‘c\’.'::AL:lc,.‘- BVA)

Alberto Garcia Alvarez / Ciudad real/Sevilla, october 5, 2017
There is no clear relationship between the maintenance

costs of a high-speed and a conventional line.
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g

Adif Revenues. In 2013

Total Sources of Financing

PPP Assetssales

Governme
Capital
Investment
34%

Financial
Debt

Repaid with
path fees &

other commercial

revenues

44%

EU Funds
19%

ADIF’s total sources of
financing for
Construction of HS Lines

Incomes, Costs and
Results of Spanish Rail
Network

(by Spanish National

Commision on Market
and Concurrence, 2014)

D adif

ADIF’s yearly
Revenues

u Access charges (Track, satlons, etc..)
mGovernment Grants (subsidies)

Commercial Revenue: tRmiI lplQI for |ease in stations, fiber optic network
commercialisation, p arking etc.)

High-speed lines have a positive Ebitda

Thousand
Euros

Incomes from
Infra Charges

Other
Incomes

Total
Incomes

Explotation
expenses

EBITDA

Amortization

Financing
costs

Results

Tabla 4. Ingresos, costes y resultado de la RFIG (2014)
| High | Int_ercity ! Commu- | Other
o N B R B
| ! 1 ¥
432.133 | 21.214  48.419 4780 506.546
' < !. i - .
| 8.641 14.318 1 14.588 ' 7.494 ‘ 45.041
440.774 35.533 1 63 007 12.273 551 587
| |
- 273.300 - 260.256 I| - 287.555 I - 963.748
167474 ) 2% 723l ‘2245‘18' s 'i”_zf"?_
-1 g -12935| -17608' -12405'-200936
- | 2 |
B ! et ! 0 0 198.279
- 188.133 -238.318 -242.155 -142.770 -811.377
Informe sobre Canones 2015

Fuente: CNMC.

e f——

Alberto Garcia Alvarez / Ciudad real/Sevilla, october 5, 2017
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111. Energy Management technologies
for High Speed



ENERGY MANAGEMENT TECHNOLOGIES FOR HIGH SPEED
Traction Power System (TPS) used in Spanish High Speed network

Energy consumption of High Speed trains. Case of Spain

Eco Driving
Smart Grid

New AC substation concept

Conclusions

NN /N
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Traction Power System (TPS) used In

Spanish High Speed network



Traction Power System (TPS) used in Spanish High Speed network

Four general characteristics:

1. High power demanded = Grid with high short-circuit
power (In Spain: Grid = Transport Line).

2. AC system (single-phase): 25 kV, 50 Hz.

3. Very efficient system (infrastructure & rolling stock):
e.g. Electric power regenerated.

4. Source of disturbances.
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Traction Power System (TPS) used in Spanish High Speed network

Spanish scheme

TRACTION
SUBSTATION i
(HSL)

DISTRIBUTION
LINE
132720 KV

ENERGY /A
RETURN /A

[
‘wmy -,

R
|

&&=~ HS TRAIN
= ol 25 KV

(SINGLE PHASE)
TRACTION SUBSTATION

» QdiF (CONVENTIONAL)



Traction Power System (TPS) used in Spanish High Speed network
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Traction Power System (TPS) used in Spanish High Speed network

TRANSMISSION
SUBSTATION

~__ Overview TPS

/*2..  TRACTION jfﬁ“f




Traction Power System (TPS) used in Spanish High Speed network

GRID CONNECTION: pure single-phase connection

TRANSPORT LINE

Phase 0

Phase 4

Phase 8

\ AN
YYY)

Neutral section

Substation A

3
3t

Substation C

3t

Neutral section

Cor—— 71T T 771 [ T 77— T [ TV T | TrT1T | T 7114 ’I\ﬁ—.—rﬂ/lTﬁ—.-—r—Kl“r—u—r—r—r‘T‘r—.—ﬁ T T —T7T 71T [ T 77171771 ]
N Llmy T i 7 [ y—
< Sector B > 1>
HSL
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Traction Power System (TPS) used in Spanish High Speed network

-~

GRID CONNECTION: pure single-phase C‘Egnhection

v )

.f_'éNot used)




Traction Power System (TPS) used in Spanish High Speed network

CATENARY CONNECTION: 1x25 kV & 2x25 kV

- A
. ~ 70/80 km

,’ Grid scenario 2: AT (2 x 25
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Traction Power System (TPS) used in Spanish High Speed network
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Traction Power System (TPS) used in Spanish High Speed network

CATENARY CONNECTION: 1x25 kV &
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Traction Power System (TPS) used in Spanish High Speed network

Our approach: A sustainable TPS must optimize
mainly the following three variables:

1. Energy consumption.
2. Grid imbalance.

3. Catenary voltage.

corporation of technologies

lf'\f\\l\'\ ; A ﬁ;h

=va
1Y ainag 11T VV ) IS Aone anan i Ig

these three variables
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Traction Power System (TPS) used in Spanish High Speed network

Adif i1s developing different lines of work and
technologies oriented to the efficiency of the TPS:

Catenary
voltage

Energy

e Eco Driving e New AC e New AC
e Smart Grid substation substation
e New AC concept concept
substation
concept
< energy management & energy efficiency >
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Energy consumption
of High Speed trains.

Case of Spain



Energy consumption of High Speed trains. Case of Spain

Total consumption of trains of

electric traction in Spain 3 ) 500 GWh

(average per year)

Total consumption of electric

traction trains in the Adif
network 2-800 GWh

(average per year)

1.600 GWh (DC network)
1.200 GWh (AC network)

0,9%0 of total demand in Spain
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Energy consumption of High Speed trains. Case of Spain

Two conclusions:

= The energy consumption of HS trains (per passenger) could
be similar to than in slower trains running between the
same stations, as a consequence of acceleration/braking
processes. Main factor will be the degree of occupation of
different trains, that in Spain is much higher for HS (around
90%) that for conventional trains (we will simulate for Thane-
Nasik section, on Chapter 4, adapted to Indian conditions, with
an high degree of occupation of Conventional Trains)

= The energy consumption in HS trains is also the lowest of
all the means of transport. With the increase of their
speed, passengers prefer HS trains to, for example, planes. The
energy consumption and carbon emissions are lower with the

HS trains (of course, with a big density of traffic) (we also wili
apply to Indian case on Chapter 4)

47
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Energy consumption of High Speed trains. Case of Spain
Comparative between different types of trains

140

120 A
93,04

82,25
I ?3,39
.D _ | | | E

Commuter (53,29 km/lI Regional (71,21 km/h) Long Distance 89,29 ., HS service
km/h) (159,99 km/h)

100 -

co
o
|

S

Wh / passenger.km
o
o
|

20 -
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Energy consumption of High Speed trains. Case of Spain

Comparative between different modes/different cities/different degrees of occupation

400,0 H Utilization (0,5 to 0.2)

350,0 W Utilization (1 to 0.5)

300,0

2
o
o
o

ro
o
-
o

1

—

n

-

o
|

1

kgCO2/passenger

CONVENTIONAL/ HS TRAIN / 49
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Energy consumption of High Speed trains. Case of Spain

Some of the reasons of the efficiency:

= More homogeneous speed profile (less speed variation).
= Less distance (-23%).
= Lower ancillary services consumption (less travel time).
= Less mass per seat and smoother trains.
= More efficient aerodynamic profile.
= Bigger trains.
= Better load factor.
ficient T

m More efficient TPS.
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Energy consumption of High Speed trains. Case of Spain

Some of the reasons of the efficiency:

More efficient TPS

Substation and
30 .Catenar
Yy
25 B Grid (before Substation)
0 20
0
o 15
|
> 10
= B
0 . || 1 ] || I I
XY XY s K\ 3 Q
N N+ & ¢ = C Q
“ & X A 4 Q N
a v 3 \ 2
v (Jz‘*db > A A
(.-b
Q 51
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Eco Driving



Eco Driving

o In the case of a HSL is the initial action to be used.

= Consists of consuming the minimum possible energy respecting
the commercial time of the train.

= Putting it into practice, the energy consumed can be
reduced by around 20%06 (our experience).

= |t does not mean in principle a great economic investment.

= Pre-simulation process and subsequent application in service
(1: Optimum manual driving; 2: ATO integration).
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Eco Driving

Madrid-Seville HSL (example)

By applying a Eco Driving, it is possible, respecting the commercial
timetable of the train, to travel approximately to 60% of the
Madrid-Seville route in drift, and 50% in the return (since in this
case the ramp proportion is greater, having to climb from the
valley of the Guadalquivir River to the Plateau of Castilla)

= 23%0 less energy.
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Smart Grid



Smart Grid

= A Smart Grid network is one that can efficiently integrate the
behavior and actions of all users connected to it, so as to
ensure a sustainable and efficient energy system with low
losses and high levels of quality and security of supply, making
Intensive use of information technologies and
telecommunications.

= Measure of application in High Speed TPS.

= Introduction of new concepts: e.g. distributed generation
(e.g. renewable energy), Smart Metering, Storage, etc.

= |Important issue: Vehicle-infrastructure interaction from
an energy consumption point of view.

» Reductions in energy consumption of around 10%o.

»odiF "



Smart Grid

Possible scheme:
Grid

Consumo doméstico

Consumo industrial

Subestacion de

transporte
<132 kV
% % % . 50Hz Subestacion d'e @
- T distrit uadn

Lineas de distribucion

;ﬁgﬁn Liness de transpaorte @:}mmo .r’ermwanq e Consumo ferroviario de
LOOy 220 kV fineas de Alta Velocidad | o y220kV Ifeas convencionales
Comunicacion Comunicacion 135"
I P S Bidireccional _Bidireccional \ £
1
! ) )
Subestacion de traccign/ 1 Fﬂbﬁ::;m;';;jmm
. Alta Velocidad | - &I RY e
Red de Alta Velocidad \i’
| Catenaria
|
G Nodo Subestacion (Reversible) i Nodo Microgenerador (Almacenamiento)
. Nodo Tren . Nodo Central . Herramientas de planificacion/control trafico



Smart Grid

Some internal tests:

Cordoba-Malaga HSL

Regulatory node i - '
(inside). Storage




Smart Grid

Merlin Vision:

Electricity Market

|

Control Center
DAO Optimisation

N

Energy Flow
| i
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New AC substation concept

= A new concept of traction substation for High Speed lines is being
developed. Although the reduction of energy consumption is an
objective (around 82%0), this substation has other advantages directly
related to the efficiency of the TPS.

I Specifically, the new substation will optimize the imbalance problems
in those lines connected to moderate short-circuit power networks
(considering a high traffic density). It is also planned to regulate the
voltage of the catenary according to the operational needs, always
optimizing the losses.

i It is not a viable solution for new High Speed lines (already in
operation) because problems do not occur.

i On the other hand, Adif wants to develop this solution for old HSL
where power requirements are important and operating problems can
occur if traffic increases. It is also an applicable solution for the
transformation of a DC line to an AC line (connection to distribution
network with low short-circuit power).
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New AC substation concept

Power Electronics as countermeasure
(active methods)

Converter Neutral

Power Rating |Sections
(Per-Unit Load)

Catenary
Voltage and
Frequency
Regulation

Harmonic
Compensation

Catenary
Short Circuit
Protection

SVC 0.58 Compulsory No No Passive
STATCOM 0.58 Compulsory No Yes Passive
FULL-POWER [1.0 Can be omitted |Yes Yes Active
CONVERTER

COPHASE 0.5 Can be omitted |No Yes Passive
SUPPLY
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New AC substation concept

Madrid-Seville HSL: New analyses

= Future scenario: Greater power demanded (e.g. increased traffic
(more trains) and trains in double composition).

= Use of the existing grid and TPS (equipment and configuration).

= In this situation, the operation of this future scenario would
become impracticable (greater grid imbalance, excessive voltage
drop in catenary, etc.), mainly in a degraded operating situation.

=  Need to use a new technical solution: full-power converter.
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New AC substation concept

Madrid-Seville HSL: New analyses

full-power converter

TRANSPORT LINE 1 3 2/2 2 O kV

Phase 0
Phase 4
Phase 8

Substation B Substation A Substation C

1AC|| 1AC|| 1X25kv 1AC||

Sector B . Sector A

Madrid-Seville
HSL

T
e
&. siemens B m SVCF]

poic N2Rail :




New AC substation concept
Madrid-Seville HSL: Some results (degraded operating situation)

without full-power converter
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Conclusions



.
Conclusions

. If we consider the energy efficiency of the HS system, we do not just have to
take into account the direct energy consumption. An efficient line is also one that
does not produce affections about the environment. It is also that line that safely and
optimally supplies the energy demanded by the train.

. Three variables for analysis: Energy consumption, imbalance and voltage in
catenary (drop voltage).

. The incorporation of technologies (existing and new ones) is done analyzing these
three variables. Eco Driving, Smart Grid and New AC substation are the main
technologies in which Adif works now.

. In any case in Spain the energy consumption of HS trains (per passenger) is
usually lower than in slower trains running between the same stations. The
energy consumption in HS trains is also the lowest of all the means of transport.

. Some of the reasons of the efficiency: More homogeneous speed profile, less
e | o i ~ o
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1011 airtb 11107 CiiiCiciid

c rNNc Nt
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Conclusions (2)

Eco Driving: In the case of a HSL is the initial action to be used. Putting it into
practice, the energy consumed can be reduced by around 20%b6 (our experience).

Smart Grid: Measure of application in HSL. Reductions in energy consumption of
around 10%b. Introduction of new concepts: e.g. distributed generation (e.g.
renewable energy), Smart Metering, Storage, etc.

Smart Grid: Vehicle-infrastructure interaction from an energy consumption point
of view.

New AC substation (with full-power converters): Although the reduction of
energy consumption is an objective (around 8%0), this substation has other
advantages directly related to the efficiency of the TPS. Specifically, the new
substation will optimize the imbalance problems in those lines connected to
moderate short-circuit power networks (considering a high traffic density). It is
also planned to regulate the tension of the catenary according to the operational
needs, always optimizing the losses.
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1VV.Sharing Spanish experience with
Indian HS projects:
Simulation of Energy savings

over Thane-Nasik strecht
(feasibility study of New HSL Mumbal-
Kolkata / phase 1: Mumbai-Nagpur)
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— 4 A RELEVANT COOPERATION WITH HSRC OF INDIA
HSRC

Railway Network Map  Feasibility Study for a future High Speed Rail (HSR) between

Ol T SNERENS MUMBAI and KOLKATA (PHASE | Mumbai - Nagpur).

Its main objective is to evaluate if the project is feasible, minimizing
all technological risks link to a HSR project, reaching the best cost
effectiveness and studying all the financing requirements.

X As main reference for this Feasibility Study it has been considered
: . the Spanish proven technology on High Speed Lines, adapted to
T T India’s specific conditions
AT A N
LA ‘. --_-T ﬁ_— =]

» Collaboration Agreement
signed by HSRC and ADIF

» ToR agreed by HSRC with ADIF
» G2G support by Spanish

Ministery Of Economy and = I ¥ : “ I’ iy TELANGANA .
Competitiveness s e

P2 B odif llineco
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SELECTED ALTERNATIVE: 769.67 km of New Line  3h 34 min from Mumbai BKC

Thane of 160+821
HS Aurangabad

ThaneHS NaS|k Aurangabad Akola Badnera/Amravatl Nagpur

BHUSAWAI.

[
5

nmvm

R
= BADNERA -

BOISARY o o R, ol B EneTH LAND OWNERSHIP
] ' 4 = (m) Existing ROW To be acquired
i ; : : (m) (m)
P R . Y A 160,652 608,575
ALVIRARES 5 | 769,227 00 50
CALYAN:DOMBIVILI ! ;. . 86 03
AR B N e Il N .1
Elevated (viaducts) 11,884 90,103
101,987
—- 11.65% 88.35%
*| Underground (tunnels) 0 | 27,539
27,539
o« 0.00% 100.00%

(*) Jouney Time from Mumbai BKC
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HSRC-‘y

Mumbai - Nasik Conventional Train
Mumbal BKC - Thane HS — Nasik High Speed Serwces

Niphad
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A SECTION OF HSRL SELECTED TO ANALYSE ENERGY AND ENVIRONMENTAL EFFECTS

THANE HS TO NASIK ROAD : A FIRST STRECH WITH MAXIMUM BENEFITS

3h 35m
47m
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g
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-
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Shir di“ [ =Yt
war

¥ e o Gangapur

I
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Lol X7y,

41 units )/ ¢

11 units Takalibhan

4 Sangamner i
. 35.92 km 24.47km |
u-:m.f' ’
Initial Total |
nitia otal length Track
chainage (m)
) / 30.1 58+086.000 Meonotube double track
ar s ik
- “‘"a{“:;;;:’““’ 30.2 59+597.000 202 85 Monotube double track
naife
% Sanctuory 30.3 60+953.000 724 110 Meonotube double track
> 304 68+746.000 3,474 85 Meonotube double track
------------- memm (Sreen Field 30.5 724546.000 3,817 35 Monotube double track
Mumbai -
e : l 30.6 76+752.000 341 31,945 20 Moanotube double track
=== Current ROW Nasik
30.7 82+977.000 1,234 95 Meonotube double track
=3 Tunnel o 30.8 844607.000 7,468 52 Twin tube single track
ﬂ.‘,
309 94+940.000 1,705 85 Monotube double track
—3 Viaduct Junnar
, 30.10 98+440.990 3,734 85 Monotube double track
'J 30.11 105+311.725 1,516 90 Monotube double track
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THREE TYPE OF HIGH SPEED TRAINS AND SERVICES

_5 AN SCHEMA OF EXPLOITATION ATTRACTING A WIDE RANGE OF PASSENGERS
HSRC

Exploitation Possibility of extending service typology to increase high speed line use
= Apart from the trainsets to be used in the core
service, other trains could use the line...
= Offering low cost travel to attract new passengers

= Extending their journey through conventional network
to reach new destinations

= Variable Gauge trains HS EMUs (TALGO or CAF)to be
used to set exploitation plan.

= Trailed high speed rolling stock could offer new
(and attractive) possibilities

= Locomotives would remain inside the line and only
the less-expensive part of the train would continue
beyond

= As much as 1400 quality standard class seats per train
(although beds are also possible)

Talgo Avril awarded by Renfe
22,5 M€/ train
(additional -10% if order extends)

521 seats (103+2 15t/ 416 2)
200 m/ 12 cars (3+8+1)
-43% operation cost per pax
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HS RAILWAY OFFER ADAPTED TO DEMAND

=~

B MAIN PEAKS AT EARLY MORNING AND AFTERNOON
HSRC

Exploitation

— ‘Extended’ pattern
(initial approach)

10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 0.00 1.00 2.00

VAAANNANAMNANANANANAN A AT

\\\\| From 20.000 pass/day

W\| both ways in 2025

to 60. OOO pass/day in 2050

AKOLA

1810

BADNERA
TS 1

T812

NAGPUR | t
5.00 6.00 7.00 8.00

HS 350 trains

9.00

HS 250 Regional trains

10.00 11.00 12.00 13.00 14.00 15.00 16.00

HS 230 LD trailed trains
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HSRC-v Demand forecast for the Mumbai-NagpurHSRLE™
R—— Thane HS — Nasik as priority for a progressive operational timing
2035 Scenary as base for the Energy and Environmental effects simulation

Time horizon Load chart (Daily passengers, two ways) Origin of demand for HSRL

0% 0%

50,000

40,000
16,194
20,000 2405
0 _

Mumbai BKC/Thane - Nasik Masik - Beyond Masik

50,000
40,000 24,393
> I — o
]
mbai BKC/Thane - Masik - Aurangabad Aurangabad - Beyond
Aurangabad m BUS
0,000
40,000 18,954 19,049 18,669 m CAR
@ 20,000 1,330
0
Aurangabad - Akola - Amravati - Magpur -
Aurangabad Akola Amravati Magpur Beyond = PLANE
MNagpur

60,000 34,426 35,195 35,601

S0, 000
@ 20,000 1,748
0

Mum bai Masik - Aurangabad - Akola - Amravati - Magpur -
BKC/Thane - Aurangabad Akola Amravati Magpur Beyond
Masik Magpur
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LINK LENGTH
m)

LINKTO

E N E RGY S U P P I_Y 304—000 POWER SUBSTATION PADGHE

44+000
57+000
72+400
84+900
96+800
107+000 POWER SUBSTATION
120+000
2. "000
145+500

HSRC.*,

° ° ° ° °
Traction Substation Distribution
AT,
AT,
ATy,
SE4 POWER SUBSTATION BABLESHWAR  53.179,00
AT,
AT,g
AT,
AT,
SE5 POWER SUBSTATION PADEGAON 3.637,00
AT,
ATy
AT,
AT,
SE6 POWER SUBSTATION JALNA Il 11.744,00
ATy,
AT,
ATy,
ATy
SE7 ACOMETIDA PARALELA
AT,
ATy
AT,
ATy,
SE8 PARAS THERMAL POWER STATION  12.122,00
ATy,
AT,
AT;;
AT,
SE9 POWER SUBSTATION AKOLA 25.025,00
AT,
ATyg
AT,
SE10 POWER SUBSTATION BADNERA 13.156,00
ATy,
ATy
ATy
. SE11 POWER SUBSTATION WARDHA 13.895,00
b AT,
AT,
AT,
AT,
12 BUTIBORI THERMAL POWER 6.257,00
STATION

760+000 ATys

i
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HS TRAIN RUNNING SIMULATION to calculate Power Demand on Substations

Typical Section Power Calculation

Thane HS — Nasik
2 Substations
Pk 30 Pk 107

Altitud (m), Vel (km/h)

=) ) [

32000 1 om0

a
4 - " o ~ - O
= -] w = = = L=, = w = = L
AL 5 < = = w < < 60
24000 hl UH k Wllfl o L'W - 700

F 600
20000

L 500
16000

2 x 30/60 MVA each F _—-
Al |||o+ A far thno winret .
s al 1 1 Ll 1oL

F 400

- 300

F 200

aiCuiaied 10or ine wo “””:II = _
degradated situation of 0 - v il
traInS run 0 20 40 &0 30 100 120 14;]'(

—[V)  =—S[kVA) =—perfil —— V{km/h)
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THANE — NASIK ROAD INFRASTRUCTURE

Average share by vehicle type in
Maharashtra count locations

National Highway 160 147 km ,
38.000 veh/daily
22.000 car & motorcycles

4.000 buses & other type of vehicles

Daily traffic (no. vehicle:

12.000 trucks

Travel time & average speed from Greater Mumbai h km/h
to Thane 1.5 494
to Nasik 2.9 58.1

Buses operated by Maharastra State Road Transport Corporation MSRTC
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to Nasik round services / daily
from Mumbai 33 4 —-5h
from Thane 35 3—4h

RAILWAY INFRASTRUCTURE
Mumbai Suburban Rail Network (Central)
Mumbai CST — Thane km 33.02 — Kasara km 120.83 (293 m over sea level)
Indian Railways 154 km
Mumbai CST — Kasara - Igatpuri km 136,76 (589 m o.s.l.) —
- Nasik Road km 187,08 (564 m o.s.l.)
Travel time Mumbai CST — Nasik Road 3h 30 min

A severe ramp concentrated

= 600 7 5n 52 km lenght -
—400\‘&,\\ Q\G’Q\vo «\y A"’o ?,S(o & @ S 04\,

(0 3
(
3
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ENERGY CONSUMPTION: A “MICRO” APPROACH based on train running simulation

THANE HS — NASIK HS

HIGH SPEED TRAINS 133 km

Velocidad (km/h)
8
E

Simulation of Energy
Consumption show us
that for HS Train is
0,0361 kWh/pass-km,
just double that those for
Conventional Trains

This coincides with Unitary
Values used on Macro

approach
1(2(0—. il T T 1 1 |
" 1L ' L' | U L]
= L f [ - [
R / |
g 20 J
= ' 1
THANE — NASIK ROAD CONVENTIONAL TRAINS 154 km N
NET NET  \
INCOME OF NET
Passengers
) i Max. .g ENERGY FROM [CONSUMPTION ORERII AT Lol Sl eI RAVEL TIME
Train Line / train OF ENERGY OF ENERGY
Speed ELECTRICITY | OF ENERGY hh:mm:ss)
(aprox.) NET (kwh) (kWh) BY KM BY PASS-KM
(kWh/km) | [(kWh / pass-km)
e L 1.440 4.014,0 4.014,00 26,10 \ 0,0181 2:23:44
18 Coaches Road
. Thane-Nasik /
Talgo Avril AV 300 1.042 5.466,8 5.002,80 37,60 0,0361 / 0:31:23
v

FEASIBILITY STUDY MUMBAI-KOLKATA OF DIAMOND QUADRILATERAL NETWORK OF HIGH SPEED RAIL CORRIDORS

&= = ) adif llineco
79



100.000 ~

80.000 -

60.000 -

40.000 -

20.000 -+

0 -

100.000 -+

80.000 -

60.000 -

40.000 -

20.000 -

0 -

Pass/day
both ways

JISEN — [eqUINIA 4D

V=
HSRC >

ENERGY AND ENVIRONMENT: A “MACRO” APPROACH

FROM CURRENT SITUATION TO SCENARIO 2035

Main traffics from Great Mumbai, Thane, Pune towards Nasik, Jalgaon & Nagpur

Scenario 2035 without Project

1%

B -
.

7%
 Air Total: 180.403
Bus
m Car 1%
M Rail
M HS

2%

uoe3|er — lequinip “J9

Total:190.903

yISeN - aung F

3ISeN — auey

JndSeN — lequin|z 4D -|

Scenario 2035 with Project

Total Passengers/day 180.403
Railway 106.366

Origin of HS passengers. Year 2035

4%

Inducidos
M Rail

Bus
m Car

| Air

Total Passengers/day 190.903
Railway 132.266
Conv. Railway 86.766

HSR 45.500
From Rail and other modes 35.000
Induced HS passengers 10.500

From GM, Thane, Pune
_[to Nasik 34.494 76%
to Nagpuré&Jalgaon 11.006 24%
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RESULTS OF PROJECT OVER PASSENGER-KM SCENARIO 2035

Pass-km Thane-Nasik

THE IMPORTANCE OF INCLUDING TRAFFEICS “BEYOND” 2035 daily with Project

88.690

6.045.585

28.795.811 pass-km / day

Pass-km Only Thane - Nasik stretch  without Project  With Project

CAR

Total pass-km Main relations

Without Project

Road Car 8.728.454 8.008.154
Road Bus 1.789.126 1.286.250
Rail 16.386.708 | 13.367.132
HS 0 6.045.585
Air 298.690 88.690
TOTAL 27.202.978 | ( 28.795.811

With Project

Road Car 11.535.724 10.583.759
Road Bus 2.671.632 1.534.299
Rail 27.380.741 22.335.296
HS 0 10.913.501
Air 1.891.704 561.704
TOTAL 43.479.800 | (45.928.559
S ———
DISTANCES
HS Rail Road Air
Thane — Nasik 133 154 147 120
Nasik — Nagpur 637 649 687 760 (from Mumbai)
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( x1,67)

8.008.154
BUS
1.286.250 B RAIL CONVENTIONAL

m HIGH SPEED

13.367.132 B AR

Pass-km Total Main relations

561.704 . . A
2035 daily with Project

(x1,81) ( x1,32)

10.583.759

1.534.299

(x1,59)

45.928.559 pass-km / day
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DIFFERENTIAL EFFECTS ON ENERGY AND ENVIRONMENT FROM DIFFERENT MODES

=~

UNITARY VALUES OF GAZ EMISSION, ENERGY CONSUMPTION AND OTHER EFFECTS

HSRC =

PASSENGERS EMISSION & CONSUMPTION Even having h|gher
emission and consumption
Gr co2 / petl'rglg'o s | 1eq. oil s o HSR figures in relation with
pass-km [ 7505\ _km | 1000 pass-km Conventional Rail
B Conventional Rail | HSR stands out its
Air 200 72 [ Car relevant advantages over
other transport modes in
s > 10 Gr o, / FBus terms of re%luction of
Car 125 pass-km

W Air accidents and total

59
Conv. Rail 42 ﬂl . . | environmental effects
17

HSR ¢ 50 0 100 200 300
Source: So ic Effects of Railwa == 2004

ACCIDENTS & ENVIRONMENTAL EFFECTS
Passenger transport (Rupees/1.000 passengers-km) / i
Aviation Rupees . Accidents
i . Environm. -
Cost Category Road Passenger | Rail Passenger Passenger 1000 Accidents +Environm.
Transport Transport Total
Transport k Total
Accidents 2352 42 35 pass-Km
Air Pollution 399 182 63 Air 35 3.962 3.997
Climate change Road 2.352 2.205 4.557
High Scenario 1141 105 3283 - @

Low Scenario 196 21 560 Rail 42 1.029 1.071
Noise 140 84 70 | |
Up and downstream processes Accidents |

High Scenario 378 567 497 M Rail

Low Scenario 224 273 273 Environmental
Nature & urban effects 105 56 42 Total [ Road
Biodiversity losses 14 o .
ol & A ot 8 u Total Accidents B Air

Of & water pollution 2 32 2 +Environmental
TOTAL HIGH SCENARIO 2205 1029 3962 I 1 f f 1
TOTAL LOW SCENARIO 1106 651 1015 0 1.000 2.000 3.000 4.000 5.000
Source: INECO based on the studv “External Costs of Transport in Furope — 2011” with an exchanae rate of 70 Rupees/€. Rupees /1000 pass_km
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RESULTS

YEARLY SAVINGS ON 2035
SCENARY

Thousands
Ton CO3

Million I.
equiv. Fuel

ESTIMATED YEARLY SAVINGS | Savings with 179 s
MAIN TRAFFICS o ' ’
Induc. traff.)
(Mumbai/Pune/Thane - Nasik) | savings with 26 57
HS Induced ’ ’
YEARLY SAVING FROMMAIN | . .
Savings with
TRAFFICS OVER LINES Hs (without 61,9 18,3
BEYOND NASIK Induc. traff.)
(Jalgaon, Nagpur) Savings with 450 12,5
HS Induced
ESTIMATED YEARLY SAVINGS Sa"i"g_sa”“h 98 51
TOTAL MAIN TRAFFICS | HS (without ’ ’
Induc. traff.)
Savings with \/
HS Induced 37,4 6,8
YEARLY SAVINGS 2035 SCENARY
Thousand Tons CO,
100,0 o8 30,0
80,0 ’
60,0 20,0
’ 37,4
40,0 10,0
20,0 i
0,0
0,0
20,0 -10,0

Only with transfered
passengers to HS

Including induced
HS passengers

ESTIMATED EFFECTS OF HSR PROJECT OWING TO TRANSFERED/INDUCED TRAFFIC

SAVINGS ON CO, EMISSION AND ENERGY CONSUMPTION

®

We have considered two categories of main traffics:
e Main traffics to/from Nasik
* Main traffics to/from beyond Nasik

Only in one year, we have estimated:
savings of 79,8 thousand Ton CO2 and
21,2 Million liter equivalent of Fuel,

in both cases with a high relevance of savings from
traffics beyond Nasik (by conventional trains, more
economic in terms of this two characteristics).

Negative savings originated by induced HS passengers
are well recuperated by effects from passengers
beyond Nasik, with a final result of 21,2 thousand
Ton CO, and 6,8 Million liter equiv of Fuel saved

YEARLY SAVINGS 2035 SCENARY
Million liter equiv. oil

21,2

@ Main Traffics Nasik
A Q

O Traffics beyond Nasik

@ Total Savings

Only with transfered
passengers to HS

Including induced
HS passengers
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ESTIMATED EFFECTS OF HSR PROJECT OWING TO TRANSFERED/INDUCED TRAFFIC

SAVINGS ON ACCIDENT COST AND ENVIRONMENTAL ITEMS

SAVINGS ON 2035 SCENARY

Accidents Climate Change

Environment

TOTAL

Reduction of Accidents cost owing
to introduction of HSR will reach 172,1

(Crores) LLESVN IN[eSl  Crores on year 2035, with a minor
Savings with impact from induced traffic (as the
ESTIMATED YEARLY SAVINGS HS (without 102,8 69,9 67,6 170,3 very low accident index of HSR).
MAIN TRAFFICS q P
. - HlekG e, Among Savings related with
(Mumbai/Pune/Thane - Nasik) S:g/iln%s witdh 100,6 64,5 15,2 115,8 Environmental items, highest value
nouce belongs to Climate Change
YEARLY SAVING FROM MAIN ST, (Greenhouse Gases emissions into the
TRAFFICS OVER LINES HS (without 72,9 162,9 159,8 232,6 atmosphere through fuel combustion
BEYOND NASIK Induc. traff.) directly or indirectly), with 223,9
- . Crores/year.
(Ja|ga0n, Nagpur) SaVIngS with 71’4 159'4 124'9 196,4 - - y
HS Induced Taking into account the whole set of
Savings with Environmental items, this saving is
ESTIMATED YEARLY SAVINGS ’
TOTAL MAIN TRAEFICS HS (without [ 175,6 232,8 227,3 403,0 reduced to 140,1 Crores, but Total
Induc. traff.) Savings for all concepts reach 403
Savings with 672’1\ 223,9 640’%12'b Crores Witho_ut consideration of _
HS Induced / Induced traffic and 312,2 Crores if we
include it
YEARLY SAVINGS 2035 SCENARY YEARLY SAVINGS 2035 SCENARY
Accidents (Crores) Accidents + Environmental Impact (Crores)
200,0 175 1 500,0
150,0 1000 312 2  BMain Traffics Nasik
300,0
100,0 O Traffics beyond Nasik
200,0
[ Total Savings
>0,0 100,0 8
0,0

Only with transfered
passengers to HS

Including induced
HS passengers

’

Only with transfered
passengers to HS

Including induced

HS passengers
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EXPECTED RESULTS FROM TECHNOLOGICAL ACTIONS

OVER CONVENTIONAL LINES

Application on Conventional Line CL / section Nasik-Bushaval

Spreading High Speed Rail Benefits
through actions on Conventional Lines

in Indian Railways network

A MAIN CONCLUSION

The relevant importance that HSR
reaches in terms of Energy and
Environmental savings, around 400
Crores/year over the section Thane HS
— Nasik, but also the weight that
traffic coming from connected
conventional lines reaches, so the
Importance of acting over them to get
the full benefit HSR can obtain

KEY STRATEGY

Current state of Infrastructure
* Good alignements and Track quality
* Good quality of Electrificaction / Energy
* Maximum Speed 110 km/h
* Degree of use of capacity around 130%

Our performance proposals (PILOT OPERATION):
#: Enhance safety

#: Increase capacity

#: Increase speed

acting on
Signalling,
Optimized Traffic Control Operations
Train Protection ERTMS
Level Crossings Protection

FEASIBILITY STUDY MUMBAI-KOLKATA OF DIAMOND QUADRILATERAL NETWORK OF HIGH SPEED RAIL CORRIDORS

&= = ) adif llineco
85



EXPECTED RESULTS FROM TECHNOLOGICAL ACTIONS

&~

S 4 OVER CONVENTIONAL LINES
HSRC

Spreading High Speed Rail Benefits through actions
on Conventional Line Nasik — Bhusaval

Updates in Signalling, Train Protection, Level Crossing, Communications & Track Access

Automatic Train € INDIAN RAILWAYS o
Protection 2

OCcC — Train
Communication
System

New Track Sections
Fencing

.
Automatic Level ra— T "
Crossing Protection

Electronic
Interlocking

Centralized Traffic
Control Center

GOBIERNO MINISTERIO
DE ESPANA DE FOMENTO




p EXPECTED RESULTS FROM TECHNOLOGICAL ACTIONS

5= 4 OVER CONVENTIONAL LINES
HSRC

Application on conventional line CL / section Nasik-Bushaval

Total length of CL to be improved 255,04 km
Travel time
Mumbai BKC — Nasik Road CL 3h 25 min 58 4 /L
HS 47 min 205,3 km/h
Nasik Road — Bushaval CL 3h05min 82,72 km/h Bushaval from Mumbai BKC
For Max Speed 160 2h .t 2h 50 min 146,8 km/h
Max Speed 200 1h 30 min 170 km/h 2h 20 min 178,2 km/h
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