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EMT Madrid

Main figures

EMT is the reference of surface mobility in the city of Madrid. It counts with 9.816 workers, 7 business lines and 5 Bus Depots that enable the company to
provide integrated and client-oriented services that foster a sustainable and efficient mobility.

Assets EMT 2021
Currently BUS CRANES
95,76% 2.068 buses | 19 bus lines | ! i ) @ 77 cranes | 4 bases | 5 depots
Green Fleet 10.574 bus stops | 3.861 km network | 5 bus depots 43.306 removed vehicles (2019) |

31,47 M€ (4,92%) (2019)
439,8M passengers (2019)) | 559,10 M€ (87,49%) (2019)

BiciMAD CABLE CAR
3.418 bikes | 454 BiciMAD Go |
258 bike stations | 15 districts
3,8Mrides (2019) | 9,42 M€ (1,47%) (2019)

80 cabins | 2 stations
353.667 passengers (2019) |

1,58 M€ (0,25%) (2019)
PARKING ADVERTISING
28 parking facilities | 1 Mobility hub | +4.000 bus shelters
12.451 parking lots 18,70 M€ (2,93%) (2019)

17,20 M€ (2,69%) (2019)

CONSULTING

8 technical assistances
6 EU funded projects

1,57 M€ (0,25%) (2019)

EMT
MAGRID 2P



Strategic Framework for EMT

International roadmap transferred to the local level

Sustainable Development Goals (SDG) MADRID 360 Sustainability Strategy EMT Madrid Strategic Plan 2021-2025

@PIA GOALS
PLAN

ESTRATEGICO
EMT MADRID
2021-2025

e) 75) ¥ MADRID

Sustainability Strategy Madrid 360 EMT. S;ctratei;:: PCIan 2021_2.025 aims
reflects Madrid's commitment to: O reinforce the Lompany as: .
» the SDGs and the decarbonisation : theb.l.treferfhnce.t of  sustainable
objectives of the European Green mOoDIiity i the city,
Deal, and * 100% free of diesel and with clear
« the reduction of carbon dioxide progress in the decarbonisation of
the fleet.

emissions in the city by 6.5% is
marked as a key objective.
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Strategic Plan EMT 2021-2025
Corporate Goals

The corporate objectives characterize the general purpose in transversal objectives for the entire company, focused on sustainability,
the client, economic profitability and digital transformation.

Move towards a green, decarbonised company that takes advantage of the
benefits of the circular economy

Strengthen customer orientation with an excellent service of general
interest

Guarantee financial sustainability and business growth through new
businesses and services

Promote the digital transformation of EMT and the improvement of
efficiency in the provision of mobility services




Strategic Framework for EMT Madrid

Strategic Axes

Business development,

Operations diversification and

artnerships
Infrastructures Technology and
; innovation
-
Client

EMT MADRID
People

Finance, investments and US!:ainability apq .Corporate
efficiency improvement Social Responsibility
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Main Strategic Projects

H—

4 .
Operations

gg 2030 Bus Development
= On-demand bus pilots and

(

«zﬁ(» autonomous driving

A Infrastructures

T Bus Depots of the future: La
rars Elipa and Las Tablas
I? Parking lots as mobility

infrastructures
-@- Photovoltaic panels installation

Design of the new bus model, with technological improvements deployed on board to
improve the quality, efficiency and safety of the service.

Prospecting and development of pilots to promote innovation and international
positioning of the company, offering new services to users.

Design and construction of the Bus Depots of the future to optimize the operation of
current services and enable the provision of new services.

Transformation of infrastructures to support the sustainable mobility of the future,
promoting EMT Madrid's role as a mobility agent.

Installation of more than 40,000 m? of photovoltaic panels to improve infrastructure
sustainability and facilitate the transition to a decarbonized and efficient EMT.

EMT
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Main Strategic Projects

Financing, investments and efficiency improvement

4
e e . EMT Madrid positioning as a gas supplier, in a vertical integration of energy supplies to
O<Z Gas commercialization improve economic and financial efficiency.
Attracting and managing European Next Gen funds and other instruments (e.g. ERDF) to
@ European Funds accelerate the company's transformation.
b Sustainability and Corporate Social Responsibility
(=i epr e Transition to a sustainable bus fleet, moving from 179 electric buses in 2021 to 729
Fleet Electrification electric buses in 2027.
Construction of a hydrogen station producing up to 440 kg/day of green hydrogen for a
@ Hydrogen Station supply capacity of up to 20 buses, as part of a circular economy strategy.

EMT
MAGRID 2P
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Main Strategic Projects

H—

Client

Transforming the customer
experience

10

(o] o)

Identifying and analyzing customer needs and improving their experience in all services,
developing new digital relationship models

4 Technology and innovation

ﬁ EMT Labs

Business development, diversification and partnerships

o New mobility services prospection

BiciMAD expansion

Madrid Mobility 360 development as a
business line

Lab creation to practically and directly foster both internal and open innovation in the
field of mobility

Prospecting and deployment of initiatives that develop new transportation and mobility
businesses, such as motosharing or electric scooters

Technological transformation of the current BiciMAD system through an expansion to
new areas, customers and sectors

Establishment of a Madrid Mobility 360 business line to provide new integrated digital
mobility services for customers and enhance EMT's leadership

EMT
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Strategic Framework for EMT
Strategic Plan EMT 2025

Investment planned: € 1.000M for the next 5 years i

534M € ﬂ 131IM € 158M € 177M €
Buses Acquisition Construction Installations Other investments
€ 2021 2022 2023 2024 2025 TOTAL
Buses acquisition 112.132.900 108.584.200 81.403.900 116.284.200 116.284.200 534.689.400
Constructions 200.000 17.692.900 45.155.800 52.655.800 16.050.000  131.754.500
Installations 4.124.744  29.523.188 50.675.800  55.255.800 18.650.000  158.229.532
Other investments 25.362.310 59.719.861 45.038.420  23.000.495 24.064.208  177.185.292

TOTAL INVESTMENT 141.819.954 215.520.148 222.273.920 247.196.295 175.048.408 1.001.858.724

EMT
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Strategic Framework for EMT

Main Reference Indicators
Sustainability and city structuring
. EEP
% Electric Fleet Reduction in tons of NOx emitted El m2 of solar panels installed
(o) V4 (o) N\ /
8.5% 4] 25.2% 200 [p 40 1,430 ] 42,220
Buses (2021) Buses (2025) Tn NOx (2021) Tn NOx (2025) m2 (2021) m2 (2025)
Which represents an increase of 477% Which represents a reduction of 80% A0 IR (SIS G petel sy @EpIEl e e

1,000 single-family homes*

@ Millions of travellers @ Total investment

+1,000 M€
440M 4l 463M (20212025

(2019) (2025, optimistic o
scenario) 534M € Buses Acquisition
. . 290M € Constructions and installations
Which represents an increase of 2.7% 177M € Other investments

Note: Assuming an average contracted power of 6.6KW, IDAE.
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« Strategic Framework 2021-2025
v" Bus Service Transformation

v' Digital Transformation

* Infrastructure Transformation

EMT MADH
1947 - 2022

Carlos Sierra Martin-Serrano
Transport Director
EMT Madrid
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Bus Service Transformation

Fleet Transformation
EMT Madrid was the first

public transport company
using CNG (1994)

From CNG... ...to electrification

* Fleet evolution:
v" One of the most important fleets using CNG.
v"Acquisition of hybrid CNG buses.

+ 2010:
v" First 100% CNG Bus Depot: located in Sanchinarro.

* Main Characteristics:
v" Reductions in air pollution emissions + Increase in CO2

emissions
v" However, it results in local air quality improvement
benefits.
» Helping the City Council to achieve air quality targets. Currently,

« 2020: Last CNG buses tendered. 95,76% Green Fleet




Bus Service Transformation

e_
Electrification Strategy
LINEAS CERO
City Strategies
° Sustainable Mobility Ordinance of the City of Madrid : SR @ |

 Moeasure: Establishment of 3 Low Emission Zones.

a Madrid 360 - Environmental Sustainability Strategy:
 Meets EU air quality objectives.

* Measure: Zero Lines: zero cost, no emissions, only electric
vehicles.
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Fleet Transformation

Evolution of the EMT Madrid fleet: Forecast by fuel type

Fuel 2020 2021 2022 2023 2024 2025 2026 2027
Diesel 388 196
NGC 1552 1.678 1.829 1.744 1.661 1561 1451 1351
Hybrid 47 47 17 17
Hydrogen 10 10 10 20 20
Electric 81 179 254 329 429 529 629 729
Total 2068 2100 2100 2100 2100 2100 2.100 2.100

% Electric fleet 39% 85% 12,1% 157% 204% 252% 30,0% 34,7%

Evolution of the composition of the EMT bus fleet at the end of the year
(units).

EMT
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Bus Service Transformation

Challenges

Autonomy
Charging systems
Associated facilities
Costs

Workforce




Bus Service Transformation
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SITUACION ADICIONAL PREVISTA
LNEA DOTACIAON

:
Operation Parameters ———

Parameters to be considered for line electrification:

+ Kilometers of the line
. Commercial speed 100% electric EMT lines

* Distance Headers - Depot
* Line programming 2022 forecast

Parameters to be considered for the choice of rolling stock:

* Line timetable

* Length: 6m, 10m, 12m, 18m.... e |
01/01/2021a01/31/2021 [0 33,305,667 112,22

* Autonomy 02/01/2021a 02/28/2021 [0 49.661,195 108,38
e Demand of each line. 03/01/2021 a 03/31/2021 BYD 52.251,964 107,57

° Estimated maximum Consumption in the most Example ’nﬂuence Of Consumption according to period.
unfavorable period (air conditioning and end
of battery life).

‘. — SITUACISH AZIISRAL PREVIETA
2

e e > . = v |

il
LINEAS CON AUTOBUSES ELfCTRlBOS

EMT 2
emtmadrid.es MADRID -—)




Bus Service Transformation
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Exploring Renewable Alternatives

Blogas Project Hydrogen Project

INTERCAMBIADOR DE CALOR

L
CARGADOR DE BATERIAS

AUtObl'IS l ‘T‘ /,;*J\\\ ;,_m._up

' %" 0 propulsado l

por biogds

= - S Rl
P[A)ROUE TECNOLOGICO
EVALDEmNGOMEz ‘ BATERIAS

.

MOTOR ELECTRICO
BATERIA

GENERADOR FUEL CELI

» Circular Economy Project: biogas produced by food waste from

Madrld City (Agreement EMT - Valdemingémez Technology Park) v" Acquisition and commissioning of 10 Fuell Cell buses in the
EMT Madrid acquires renewable gas (biomethane) EMT operation
« 6 GWh of biomethane per year for EMT's CNG fleet. v €7,74 million Investment (Next Gen funding of €2,7 million
«  Supply equivalent to the consumption of line C1 (20 buses under evaluation)
/ 1 million kilometers traveled / 4.43 million passengers v' Tender in process, planned acquisition: December 2023

transported in 2021).
> Initial term: until December 31, 2023 (annual extensions)

EMT 2
MADRID ')



Bus Service Transformation

1_0: ) Conclusions

Electrification according to the network characteristics.
Choice of optimal charging model.

Bus depots design and adaptation to guarantee energy
availability.

Bus charging must be guaranteed in an efficient and reliable
manner: A very high electrical power is required, but by
planning the recharging, the electrification of the fleet can be
assumed.

Public-private collaboration: Operator, Administration and
energy suppliers.

S —e

Electrification is the best solution
for sustainable public
transportation
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Digital Transformation

Digital Transformation

Technology and Innovation in EMT Madrid

* | S -
, * Dr% i
Payment Systems ~ Information Systems \=¥rY Multimodal System X Sustainability

«  EMV/QR Payment * loT, IA, BigData «  Calculation of multimodal *  Ecodriving

*  Payment Platform *  Opendata routes for public and private «  MM360

«  POSTPAYMENT or flat rate e Multimedia Screens operators -> MM360 e Electric Vehicle

*  Access integration/ldentities *  BusonDemand . Dissuasive Parking lots *  Electric Bicycle

Payment . Occupancy rate

EMT
MAGRID 2P



Digital Transformation
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Transformation Framework - Commitment to the city

Madrid’s Low-Emission Zone

* Madrid 360 includes the creation of Low Emission Zones (LEZ) to improve Sustainability
environmental protection in Madrid’s 21 districts.

Economic

Growth

* Madrid 360 includes the transition to efficient air conditioning systems, fleet
renewal, promotion of public transport, integration of all modes of transport,
reinforcement of road safety and innovation.

* EMT Madrid is prioritizing the electrification of lines in low-emission zones.

emtmadrid.es
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Concept Bus - Commitment with the citizens

* The Concept Bus is an open competition of ideas that seeks to design the bus of the future.
« ltis a design-driven initiative, launched on September 27th 2022.

« A full-scale prototype will be placed in Madrid’s streets in order to gather inputs and
engagement from the citizens and serve as a test-bed of innovation and matureness of the
solution.

Autonomous Bus

New-generation buses

Deadline: December 2022 .
Public transport as an

image-booster for cities

We encourage you
to participate!

CONCEPT

BUS

EMT
MAGRID 2P




Digital Transformation

Holistic Transformation

Digital Platform
Services integration: Mobility as a Service (Maa$)

LINEA DESTINO
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v Infrastructure Transformation

Gonzalo Fernandez Sanchez
Infrastructure's Director
EMT Madrid
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Infrastructure’s Transformation
EMT Bus Depots
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Infrastructure’s Transformation
EMT Bus Depots

Sanchinarro Bus Depot

R A T ey

EMT-C.0. SANCHINARRO

A \Vista atrea genenal del Centro de Operacines de stobuses whmos e EMT s
f Ccupation de cutiertas porinstalaciones Solwes Fotovokaicas

I ey IV

| : . | « Newest Depot (2010)

* Fra PiyMagal . Neeo Acda Zamea |

 1st Depot 100% CNG

* Transition from Diesel to CNG started in
1994 and is ending 2022!
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EMT Bus Depots
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EMT Bus Depots

Fuencarral Bus Depot

 eBuses:
o 2018 (15 buses)
o 2019 (35 buses)

- » Charging infrastructure: 50 buses

i
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Infrastructure’s Transformation
EMT Bus Depots

La Elipa NEW Bus Depot

318 buses parking area

100% electric fleet

Covered Depot, with photovoltaic installations
Bus e-charging system through inverted
pantographs.

Execution in 2 years

€127 million investment

Gestion de carga: 100% Eléctrico

DN NN

ANIAN

Estimacion de diferentes perfiles de consumo de Ia ins‘rulacién final.

/1. Mo control

S



17-079-3_EMT_NUEVO CENTRO DE OPERACIONES_LA ELIPA.mp4

Infrastructure’s Transformation
EMT Bus Depots

e—
La Elipa NEW Bus Depot
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EMT Bus Depots
La Elipa NEW Bus Depot

EMT
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EMT Bus Depots
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Infrastructure’s Transformation

Carabanchel Bus Depot

Carabanchel Bus Depot Electrification 2021-2023

Ty

* Phase O: 5 Pilot pantograph chargers

T * Phase O: 25 chargers for electric minibuses

- “ {
“
| M: Il
iz B
( s PP
] > b

Son =iy ANR NSNS

* Phase 1: 63 standard chargers + 15 MW of new

")\,;)/\\'\ ‘&}/\ - service connection (FEDER)

Calle Ventura Dia
-_ =
1 - .4

\ \ A\ W

B Nt N N - i NN N W ) | » Phases 2 & 3: 172 chargers for inverted pantograph
MBI ISR S 2 (NextGen)

RrIEE O

|rase 1 ecutavo) | LTSRN o

=1 Igen del C.O. Car.a't.)énchel. Descripcion de fases

EMT
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Infrastructure’s Transformation

Carabanchel Bus Depot

Pantégrafo movil de
oportunidad Stemmann 600A

SIS III SIS
77
7

v" Acquisition and Infrastructure for 172

pantographs

Infrastructure and acquisition for cable
charging points

v" Smart charging system

v

v Total investment > €20.5 million
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Carabanchel Depot electrification
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Infrastructure’s Transformation

energies MbPy

Article

Different Approaches for a Goal: The Electrical Bus-EMT
Madrid as a Successful Case Study

Ivan Lopez !, Pedro Luis Calvo !, Gonzalo Fernandez-Sanchez '*, Carlos Sierra !, Roberto Corchero !,
Cesar Omar Chacon !, Carlos de Juan 2, Daniel Rosas 2 and Francisco Burgos 2

1 EMT de Madrid Infrastructures & Transport Areas, 28007 Madrid, Spain
Z IDOM, Mobility and Transport Department, 28049 Madrid, Spain
*  Correspondence: gonzalo.fernandez@emtmadrid.es

Abstract: A deep review of the state of the electromobility in urban public transport by bus was
conducted from all different charging strategies, types of chargers, and e-buses with a general
overview and SWOT analysis. A review of five case studies worldwide was also conducted and a real
case study with real data was shown in depth: EMT Madrid, where all chargers and charging systems
were developed in a single operation center. Total Cost of Ownership (TCO) from the literature and
from the case study for e-buses were shown as compared with different bus technologies.

Keywords: TCO; e-buses; electromobility; electrical infrastructures; bus public transport

Energies 2022, 15, 6107. https://doi.org/10.3390/en15176107
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EMT Bus Depots
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Infrastructure’s Transformation
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Entrevias Bus Depot

Hydrogen station Photovoltaic installations

v" Hydrogen station for 10 buses in the Entrevias Depot : 2':;?::;‘2;’?22233 2
v" Photovoltaic panels on roofs for the production of 2 MW v Savings of 6 1'35 :chousand Wh/year
v" Hydrogen production equipment by electrolysis with the capacity to . T
produce up to 18 kg of H2/h (73 ton H2/year) v" Avoids the emission of 1,533 tons of CO2/year
v' Maximum storage system of 1,013 kg of H2 v Totalinvestment €8.6 million
v" Date for operation: December/2023
v Total investment €17.2 million (including buses) ¥' In Entrevias up to 2MW for generating Green H2
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Infrastructure’s Transformation
EMT Bus Depots
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Nuwo Contro co
Operaciores on Las Tabbs
Parcels de 80765
Repostada de 9 Calles

Design of a 9,200 m2 Depot with a “H” shaped building

100% low emission fleet (electric and CNG)

513 buses parking area

E-charging system by inverted pantograph and photovoltaic cover
The use of photocatalytic materials for the roof of the garage building,
to reduce greenhouse gas emissions

€150 million investment
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Consulting Services
Sharing knowledge

H—

Il Oportunidades o propuestas comerciales

Il Proyectos de Consultoria

Il Colaboraciones institucionales
Madrid, Espana

- Asistencia técnica en materia de Movilidad
al Ayuntamiento de Madrid.

- Informe de diagndstico inicial y estudio de
soluciones para la electrificacion de la flota
de autobuses de ARRIVA MADRID2022-2024.

Zaragoza, Espana

- Redefinicion de la red de lineas de autobuses tras la
puesta en marcha del sistema de transporte en tren ligero.

Valencia, Espana

Pamplona, Espana

- Asesoramiento en el disefio del Sistema de
Ayuda a la Explotacién.

- Estudio de alternativas para el nuevo Centro
de Operaciones de la Mancomunidad de |la comarca
de Pamplona.

Ciudad de México, México

- Intercambio de conocimiento en
electro-movilidad.

Tenerife, Espaiia

- Planificacion de servicios y analisis
de herramientas de planeamiento en

- - Servicio de Asistencia Técnica para la Gestion del
Suadalatara. Méxi ¢l mercado para TITSA. aparcamiento municipal “Plaza de Brujas” en la ciudad
uadalajara, México San José, Costa Rica de Valencia.
- Elaboraci6n de estudio técnico y desarrollo =) =
de capacidades para la implementacién de - Colaboracién en una mision de expertos . . . =)
corredores eléctricos de transporte piblico en la de la Comisién europea para asesorar Riad, Arabia Saudi
ciudad de Guadalajara (México). sobre transporte COVID-19. - Proyecto de Consultoria a corto y medio plazo para Planificacién

- EMOV Electromovilidad. y Programacion del Servicio.

Bogota, Colombia

- Proyecto Consultoria Operadora Publica.

- Proyecto transmilenio.

- Impl ion de Int biadores de Transporte.

- Intercambio de conocimientos y experiencias en la construccién
de mejores ciudades y comunidades, a través de la convocatoria
de proyecto Piloto Metrdpolis (2021-2023).

Quito, Ecuador

- Asistencia técnica en el Sistema de Transporte Publico
de la ciudad de Quito y Guayaquil para la definicion e
implantacion del sistema integrado de recaudo, sistema
d;a ayuda en la explotacion de datos y sistema de informacién
al usuario.

~ La Paz, Bolivia / El Alto, Bolivia
=7 _ Consolidacién de Sistemas de Transporte.

—:')\ Montevideo, Uruguay

- Gestion de la ocupacion de los autobuses mediante
sensores esterenscopicos y App para la Intendencia
Municipal de Montevideo.

Lima, Peri

- Consultoria a través de Transvial para la gestion de la operacion
del BRT de Lima, dentro del sistema Corredor.

- Segregado de Transporte de Alta Capacidad (COSAC) ejerciend
la gerencia técnica de la explotacion. a)

- Elaboracién de documento de requisitos técnicos para la creacién
del Centro de Control y Camara de Compensacion para la red de
metro de Lima y Callao.

=
Mendoza, Argentina
a\) - Capacitacidn de personal técnico y alta gerencia

Catamarca, Argentina

- Asistencia técnica para reorganizar
la estructura de gestion del transporte
en toda el Area Metropolitana.

de la empresa de Transporte Piblico "El C48".

Buenos Aires, Argentina
- Consultoria Electrificacién de Buenos Aires.

emtmadrid.es

Kyzylorda, Kazakhstan
- Disefio de depdsitos, talleres, estaci

de repostado

a y definicién de caracteristicas técnicas de autobuses
=)

para el cambio a flota de Gas Natural Comprimido.

=), Hanoi, Vietnam
- Disefio de taller y de modelo de autobis.

a)\- Da Nang, Vietnam

- Disefio de taller, de depésito y de modelo
de autobis.

EMT
MADRID e)
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Conclusions

Future vision of the urban bus at EMT Madrid

At EMT we are committed to the transformation of BUS service, which is essential to
achieve the connected, electric, shared, safe and sustainable mobility set out in the
roadmaps.

* Fleet transformation: the electrification of the BUS will be the solution in the
medium term, but renewable alternatives (H2, biogas) must be explored.

 Transformation of associated infrastructure.

* IT transformation for smart energy & mobility systems

» But this transformation needs financing: in Europe the Next Generation Funds are
driving- &-accelerating-it.



Conclusions

Future vision of the urban bus at EMT Madrid

Energy transition is not just buying a bus with new technology: it requires a change in the
chain (operations, infrastructure, processes, procurement, etc.).

» Transitions are long:
1994 to 2022 Transition Diesel to CNG 100%!
« 2007 to 2035 Transition from CNG to Electric. Today at 10%: 2027 at 34%.

Electric infrastructures are 10% (approx.) of the rolling stock investment (excluding
operating and energy costs).




Conclusions

Future vision of the urban bus at EMT Madrid

Electric bus operating costs are lower than other technologies (CNG already was
compared with Diesel).

ZERO emissions!
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Conclusions

Future vision of the urban bus at EMT Madrid

The future of public transport...

What is certain is that it
will be by bus,

Will it be autonomous?

o N
Will it be flying: the only transport mean that

*  Willit be electric / H2 / biogas? is flexible, massive and
«  Will it be shared? adaptable to any city

*  Will it be dynamic and flexible?




emtmadrid.es

[ =

anos
N 4

EMT MADRID
1947 - 2022

Thank you

@ gerencia@emtmadrid.es

B n @EMTMadrid


mailto:gerencia@emtmadrid.es

