ELECTRIC VEHICLE TOOLKIT

Technical Evaluation of Battery Electric Bus
Potential in Mexico City and Leon, Mexico
Clean, advanced vehicle technologies,
such as battery electric buses (BEBs),
can contribute to fewer traffic emissions,
improved air quality and public health,
economic development opportunities, and
a better quality of life for city inhabitants.
Globally, the BEB is the fastest growing
form of electrified transportation, as
public transit in dense cities is key to
traffic congestion reduction and air
quality improvements, with significant
BEB deployment in China (IEA 2020).
Projected technology cost declines are
expected to drive BEB sales to 84% of all
transit bus sales by 2030 (BNEF 2018).
Several factors contribute to BEB market
growth. For one, BEBs are 3-4 times
more efficient on an energy basis (i.e.,
joule of energy) than their conventional
counterparts (Eudy et al. 2016). Moreover,
they typically have lower fuel and
maintenance costs than conventional
vehicles. In fact, the total cost of
ownership of BEBs can be competitive
with conventional buses when purchase
subsidies are included to offset high
capital costs (BNEF 2020). Third, BEBs
produce fewer (or displace) emissions
that contribute to local air pollution
harmful to human health and greenhouse
gas emissions that contribute to climate
change. Despite these advantages, barriers
such as high upfront costs, reduced range
and charging convenience, less vehicle
variety, and general unfamiliarity in
the field can hinder BEB deployment.
The exact benefits and barriers to BEB
deployment depend on their application
and implementation; it is not as simple
as buying BEBs to replace conventional
municipal buses. As with other advanced

Figure 1. Proterra fast-charge electric bus charging station photo by: Leslie Eudy, NREL

energy technologies, BEB deployment
requires addressing technological,
financial, and institutional barriers.
Mexico is one of many countries weighing
the benefits of BEBs and how they can
contribute to transportation, energy, and
climate goals. In 2013, Mexico’s transport
sector produced 26.2% of national
greenhouse gas emissions, according to
Mexico’s Biennial Update Report to the
United Nations Framework Convention
on Climate Change (UNFCCC) submitted
in 2015 (Gobierno de la República de
México 2015). As such, transportation is a
key sector included in Mexico’s Intended
Nationally Determined Contribution
(2015), which commits Mexico to a
22% reduction in greenhouse gases and
short-lived pollutants by 2030. Mexico’s
Ministry of Environment (SEMARNAT)
has highlighted clean energy use and
adoption in the transport sector as a
priority in its National Air Quality
Strategy (Secretaría de Medio Ambiente
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y Recursos Naturales de México 2017).
Moreover, municipalities in Mexico
are also recognizing the importance of
adopting clean energy technologies in
the transport sector to improve local air
quality and reduce carbon emissions. In
2017, Mexico City’s Mayor (at the time)
José Ramón Amieva joined eleven other
mayors from global cities in a pledge to
purchase only zero-emission buses as of
2025 (C40 Cities). Bus electrification can
serve as a critical tool in accomplishing
Mexico’s low emissions development
goals, particularly in urban areas.
Against this backdrop, the National
Renewable Energy Laboratory (NREL),
in partnership with USAID Mexico’s
Low Emissions Development (MLED)
II program and Mexican transportation
stakeholders, set out to explore the
technical feasibility of transit bus
electrification in CDMX (i.e., Mexico
City) and León, Mexico, detailed below.
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Using the Future Automotive Systems
Technology Simulator (FASTSim) model
and vehicle information from the data
loggers and bus depot records, NREL
analyzed the energy consumption and fuel
economy (i.e., efficiency) of conventional
diesel buses and battery electric alternatives
given the conditions (e.g., speed, distance,
number of stops) of the specific routes in
CDMX and León. Energy consumption
informed the battery size needed to
complete these specific routes if BEBs were
used instead of diesel. To address interest in
air quality and emissions, NREL compared
fuel and electricity production emissions
of battery electric and diesel buses using
Argonne National Lab’s Greenhouse Gases,
Regulated Emissions, and Energy Use
in Transportation (GREET) model.

Figure 2. Example of a data logger placed
on a bus. Photo credit: NREL

Technical Analysis
Overview
Research Question
What is the potential for transit bus
electrification (via BEBs) in Mexico City
and León, Mexico?
Data Collection and Methods
NREL and USAID engaged CDMX
and León transit agencies to understand
bus routes of interest for electrification
and characteristics of existing fleets.
Using specialized data loggers and GPS,
NREL tracked key vehicle information
of operating diesel buses such as speed,
distance traveled, and frequency of stops
along one bus route in CDMX and two
routes in León over a 2-4 week period in
September and October 2017 (Table 1).
Additionally, NREL worked with bus depot
managers to collect information on bus
fueling, age, emissions, wheel design for
rolling resistance, and capacity (i.e., weight
or number of passengers).

Depot

Average
Speed
(kph)

León Route 1
León Route 2
Mexico City

15.5
17.9
9.1

Average
Daily
Distance
(km)
166.5
182.4
138.8

Figures 3-4. The bus routes modeled in
Mexico City (yellow) and León (pink and
blue) ©2020 Google Earth

Average
Time
Moving
(hrs)
7.34
7.09
7.25

Average
Temp.
(C)
20.6
19.9
18.8

Average
Idle
Time
(hrs)
3.4
3.1
7.2

Table 1. CDMX and León Bus Route Tracking. Adapted from MLED and NREL
presentation, 2018

Average
Stops per
km
3.4
2.9
5.9

Results
Frequent stops and slow travel speeds
make Mexico City and León transit bus
routes conducive for electrification. In
fact, bus routes in these Mexican cities are
more aggressive (as measured by vehicle
kinetic intensity) than U.S. observed
routes (Figure 5). Kinetic intensity is the
ratio of power-for-acceleration to powerfor-drag and is derived from speed and
acceleration. This is an important metric
used to evaluate the degree of stop-and-go
driving. Regenerative breaking in BEBs
will convert the loss of kinetic energy
during deceleration back into the vehicle’s
battery as stored energy for acceleration
instead of using its own energy reserves;
thus, higher kinetic intensity indicates
more stop-and-go driving and, therefore,
greater opportunity for electrification.
The analysis also demonstrated that BEBs
were found to be between 2.5 and 5 times
more efficient (in terms of km/L) than
their diesel counterparts along the routes
modeled and produced significantly lower
total greenhouse gas emissions (both from
the tailpipe and accounting for electricity
production) (Figures 6 and 7). Higher
efficiencies were observed in Mexico City
as a result of the slower speeds and traffic
that caused the conventional buses to have
low fuel economy.
Modeling demonstrated that León’s
routes would require a larger battery
than the Mexico City routes due to the
longer daily distances and higher driving
speed. Nonetheless, vehicle and battery
technologies required to serve both
Mexico City and León routes are currently
commercially available.

Implementation
Considerations
BEBs are sensitive to extreme
temperatures, aggressive driving, high
speeds, and passenger loads. Transit
agencies typically implement electric
buses in a pilot phase to understand how
real-world conditions affect performance.
Transit agencies and other stakeholders in
CDMX and León must consider key factors
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Key Results of BEB Technical Evaluation for Mexico City and León, Mexico

Figure 5. Kinetic intensity of evaluated
bus routes in Mexico City and León
compared to three U.S.-based routes (West
Covina, California (Foothills), Minneapolis,
Minnesota, and Zion National Park, Utah)

such as stakeholders’ involvement during
planning, driver training, and maintenance
to optimally implement BEBs in their
communities. Table 2 presents key topic
areas and questions to consider when
deploying BEBs.

Figure 6. Modeled daily fuel economy
(km/L) of diesel and electric buses
in evaluated routes in Mexico City
and León

Table 2. Key Topic Areas and Considerations for Deploying BEBs

Considerations

Key Questions

Operations

• Which routes are most suitable for BEBs?
• When will the buses charge (e.g., day, night)? Are
additional buses needed to maintain operations?
• How will operators learn to drive BEBs? Will they need
continual training?

Conclusion
NREL’s analysis indicates that BEBs
currently exists to fulfill the selected route
requirements in CDMX and León while
also producing fewer CO2 emissions
than conventional diesel buses and using
energy more efficiently. The slow speeds
and frequent stops that characterize these
three routes—which are quite common in
other dense, congested cities worldwide—
make them particularly conducive to
electrification. While detailed analyses,
such as those conducted for CDMX and
León, are essential for understanding
the technical feasibility of transit bus
electrification, successful deployment
of BEBs across Mexico and globally
depends on evaluating other economic and
institutional considerations that span the
transportation and electricity sectors.

Figure 7. Estimated CO2 emissions from
tailpipe and fuel/electricity production of
diesel and electric buses in evaluated
routes in Mexico City and León

• Will backup generators be necessary to maintain
operability during power outages?
Charging Infrastructure

• Which charging strategy would work best? Plug-in at
depot? On-route fast charge? Or a combination of both?
• Can the current utility grid meet the additional demand
required by BEBs? How much power will the buses need?
Are grid upgrades needed to accommodate electric bus
fleets or can charging infrastructure provide grid benefits?
• Where are the best places to install chargers? Are there
any space limitations? Should there be one charger for
each bus, or one for multiple buses? Are on-route
chargers needed?

Maintenance

• How will bus maintenance staff learn to handle repairs?
• Will special tools be needed for trouble shooting and
diagnosing issues?
• What type of maintenance is required and how much
does it cost?

Economic

• How do electricity rates (including demand charges)
affect the charging costs? Is there an electric vehiclespecific rate? Can managed charging reduce charging
costs and grid strain?
• Are there available incentives that reduce the costs of
BEBs?
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