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Centro Mario Molina Chile

Research + Development + Innovation

Air quality and Climate change Energy and Transports

We include advanced research on the formation of aerosols and their Also, we include research on efficient technology in transportation and its
distribution of sources, as well as external and internal air pollution ramifications, in addition to heavy machinery. Furthermore we work on
processes. energy efficiency.

Topics Urban aerosol characterisation / Atmospheric emissions and Topics Base line / Emissions inventeries / Electromobility / Public

toxicity / New atmospheric monitoring systems, transport,
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Our work Is focused on Latin America and the Caribbean
but developed in-conjunction with global partners
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CONTEXT
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Chile has had a historical focus on improving vehicle
technology by focusing on public transportation

Year Diesel Sulfur Emission Standard
Content (PPM) (Norm D.S.130/94 MTT)
1990 5000 N/A

1994 3000 N/A

1000 N/A

300 Euro III/EPA 98
50 Euro Ill Advanced / EPA 98
50 Euro Il Advanced + DPF /

EPA 98 + DPF

15 Euro V / EPA 2004 + DPF
15 Euro V / EPA 2007 + DPF
15 Euro VI/ EPA 2010
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ELECTRIC BUS PILOTS



Electric bus pilots began in 2013 and have swiftly expanded —
Santiago has become an entry point for e-buses to the region

% O R
CM & desarrollo RS



Innovative financing models have allowed electric bus
pilots to quickly scale to 100+ bus operations
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Innovative financing models have allowed electric bus
pilots to quickly scale to 100+ bus operations
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Including the first “electric corridor” operated

exclusively with BEBs In Latin America (10/2019)

CAPEX has
dropped from
$450k to $295k
USD from 2014
to 2019

Buses
achieving 76%
reduction in
energy costs
40% reduction
IN maintenance
costs
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By end of 2019, 411 BEBSs in regular operation — hoping to reach
800 by mid 2020 - full electrification by 2035 (6,650+ buses)

Investigacion
& desarrallo
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Current electric vehicle targets by the Ministry of Energy
iInclude full electrification of public transport by 2040

Y CMM [iezcin



SCALING BEBs THROUGH

COMPETITIVE PUBLIC TENDERS



Fleet renewal tender will change public transit model
for the city and also include incentives for BEBs
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Terminales
y v
— SScC —
QQD ] 10+ afios o a] (
HRE- T w = =
~1.000 buses Operadores Relacién Contractual de | Suministradores
Operadores de Buses Certificacién de de Buses
Opera y mantiene Mantenimiento Entrega plan
y 3 buses y terminales y certifica mantenimiento
5 + hasta 5 afios (<50% FOB eléctrica) 10 afios 14 afios
7 + hasta 7 afios (>50% FOB eléctrica) combustién  Eléctrico

interna

Terminales 350 buses en promedio
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Upcoming competitive public tenders for fleet
renewal in Santiago de Chile (2020 - 2024)

PROCESOS DE LICITACION  Fleet renewal
will likely be
2018 - 2019 : 2020 - 2022 y
NUSE - : o more
Actual Proceso de Licitacion : Proximos Procesos

concentrated in

Q Q the first phase

(70-80% by

4 unidades actuales 3 unidades actuales 2022)
~50% del Sistema ~“50% de! sistema ¢ FiI’St pUb“C
3.200 buses 5 3.500 buses tender will look
——  oincldea
; \ least 30%
Servicios Complementarios | ¥ 5 ! BEBs

% O R
CM & desarrollo — 16



EXAMPLES OF REDUCING

BARRIERS TO SCALE BEBS
OPERATIONS
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Chile has focused on improving public
transportation performance and energy efficiency

TS- STGO Urban Bus Drive Cycle

Energy Consumption (Euro VI, MJ/km) Energy Consumption (MJ/km)
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« TS-STGO simulates representative (+ stringent) conditions for urban buses in Santlago
 BEBs still outperform (x4) conventional buses in more stringent test cycle

» City specific drive cycles give regulators insight into vehicle performance and allow
OEMs to adapt performance

» Despite caveats, this provides a comparable measure to distinguish performance

based on energy consumption in fleet renewal processes o
* Implemented in 2018 - Resolucién MTT No 2.243 (Junio 2018) é 5__
T\
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Determining the potential for route electrification
helps reduce operational and financial risks

Desarrollo de un ciclo de conduccion (3CV/CMM), medicion en laboratorio

3CVIVTT
Desarrollo de (

) 25
modelos de Desarrollo de modelos de buses en herramientas de simulacion (CMM/ITBA) ol o2 4
operacion de rutas F

g
electricas Validacién de los modelos en Laboratorio (3CV/CMMA/TT) (S gttt

Identificacion de rutas (CMM)

Identificacion de
recorridos con
potencial a ser
electrificados

DTP

Metropolitano
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CGlobal Goals 2050
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Average range for different scenarios (by route)
allow for planning BEB deployment potential

Scenarios (km/charge)
Bus 1 (277 kWh) Bus 2 (324 kWh)
30% passenger load without AC 211 233
50% passenger load without AC 195 219
30% passenger load with AC 154 175
100% passenger load without AC 161 185

100% passenger load with AC 132 152

* Range scenarios vary by as much as + 36%

« Auxiliary systems (AC/Heating) can reduce range in up to 19%

* Most favorable performance meet 200km per charge in 85% of routes

* Most stringent performance meet 160km per charge in 85% of routes

* Implications for BEB deployment, route priorities, charging strategies,
vehicle technology et al




CONCLUSIONS



BEBsS have great potential in emerging cities but
require strong planning and enabling environments

‘ Policy Innovation: Well designed policies can reduce technological, operational and financial risks

' Improve Performance: Meet operational requirements improve environmental performance
‘ Business Model Innovation: New business ecosystem require multi-stakeholder cooperation
‘ Data & Compliance: Data is key to reduce asymmetries of information between stakeholders
‘ Focus on Public Transportation: Increases positive externalities that can lead to replication

‘ Enabling Environment: Goals have to be accompanied by strong planning and enabling environment

CMM s




Thank You!

Sebastian Galarza

Transport & Energy Sector Lead
sgalarza@cmmolina.cl




