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Executive Summary

In 2018, Mayor Tim Keller pledged the City of Albuquerque to uphold the goals of the Paris Climate
Accord. To meet this commitment the City must reduce its greenhouse gas emissions by 26 percent from
2005 levels by 2025. One strategy to help meet this ambitious goal is to promote increased use and
adoption of electric vehicles (EVs) by the City and its residents. Under the American Cities Climate
Challenge, Mayor Keller has also pledged to convert 63 percent of the City’s eligible light duty fleet to
electric vehicles or plug-in hybrids by 2025. Converting the fleet to electric vehicles will allow the City to
save money on fuel for its fleet and reduce greenhouse gas emissions.

As the City converts its fleet, opportunities to support the adoption of EV's by residents will also be
pursued. Charging infrastructure is required to support the adoption of electric vehicles by the City and
residents. Most charging needs can be met by installing charging infrastructure at the locations where
vehicles are parked when not in use, though a network of public charging stations throughout the city will
allow employees and residents to conveniently charge their EVs when needed. Range anxiety is a
significant factor in the adoption of EVs and the existence of stations, and knowledge that stations exist is
sufficient to increase EV use, even if those stations will not be used regularly. Providing public charging
infrastructure will reduce range anxiety for City employees and residents and increase use of electric
vehicles in the city, thereby reducing emissions and improving air quality.

Two analyses were performed and are documented in this report:

1. Light duty fleet conversion opportunities and associated emissions reductions were identified
using three fleet conversion scenarios. The vehicles that produce the most emissions annually are
recommended for conversion.

2. Potential emissions reductions attained through investments in public charging infrastructure at
City-owned facilities were estimated and high return-on-investment (ROI) sites were identified.
High ROI sites were screened to ensure equitable distribution of investment throughout the city.

Uncertainty about the funding available for City fleet conversion and the rate of EV adoption by residents
is mitigated in this analysis with scenarios capturing a range of plausible conversion and adoption rates.

The light duty fleet conversion analysis suggests that 25 percent of the City’s light duty fleet emissions
could be eliminated by replacing 24 vehicles with renewable-powered EV's (25.5 kg NOx per year, 137.5
MT CO; per year), and that 50 percent of the City’s light-duty fleet emissions could be eliminated by
replacing 62 vehicles with renewable-powered EVs (51.8 kg NOx per year, 278.9 MT CO; per year).
Because most of the fleet vehicles with the highest annual emissions are parked overnight in one location,
efficiencies in charging infrastructure investments may be attainable.

Investments in charging infrastructure at ten City facilities could reduce emissions between 83.4 - 396.2
metric tons for CO, and between 44.3 - 221.9 grams for NOx annually on trips to or from those facilities.
These trip-based emissions reductions do not account for the possibility that the new infrastructure would
inspire the increased adoption of EV's for all trips by that resident, not just the ones to or from the facility.
Assuming the new infrastructure does result in increased adoption of EVs, the net reduction in emissions
attributable to the new stations would be much higher. A single charging station can displace 3-7 metric
tons of CO; every year when built in areas with high demand (County of Santa Clara Office of
Sustainability 2018).



Over 130 City facilities were evaluated and ranked to identify the top ten to target for investment in new
public charging infrastructure. Daily EV charging demand, associated emissions reductions, and an equity
index were modeled for each facility. The ten facilities identified as the best locations for new
infrastructure are the most likely to generate the largest reduction in emissions and are equitably
distributed throughout the City.

Electric vehicle drivers can save a significant amount of money on fuel when they switch from
conventional gasoline-powered vehicles. On average, an EV driver can save over $700 annually, as
charging an electric vehicle costs 69 percent less than filling up a tank with gasoline (ChargePoint 2019,
U.S. Department of Energy 2018). The price of gasoline is projected to increase so the cost savings
associated with switching from gasoline to electricity are expected to persist (Erbas et al. 2018).

If investments in fleet conversion and public infrastructure are made by the City, optimizing those
investments based on the results of this analysis will maximize emissions reductions and EV adoption.
Reducing transportation emissions is a critical component of the City’s strategy to meet its climate goals.
Combined with financial incentives for EV ownership and ensuring new development in the City is
prepared for the rapid adoption of EVs, this critical emerging technology will significantly reduce the
City’s transportation emissions and save Burquefios money.

Introduction

It is estimated that, as of 2016, there are more than 500,000 electric vehicles on the road in the U.S. (Wood
et al. 2017, Erbas et al. 2018). Since the turn of the 21* century, electric vehicle ownership in the U.S. has
increased annually. Demand for EV charging infrastructure in Albuquerque is expected to increase
dramatically in the next ten years. Sixteen percent of Americans surveyed in April 2019 say they are likely
to purchase an EV the next time they are in the market for a new car (American Automobile Association
2019). Though less than one percent of vehicles sold in New Mexico in 2018 were electric vehicles
(0.81%), the growth rate has increased every year since 2015 (Alliance of Automobile Manufacturers
2019). Mass adoption of electric vehicles is expected in the United States by 2028 (McDonald 2019).

The largest barrier to widespread adoption of EVs is range anxiety, including the perception that there are
not enough places to charge (American Automobile Association 2019). The purchase price of EVs has
decreased to the point that charging infrastructure is the limiting factor in EV adoption (Wood et al.
2017).

There are numerous benefits of EV adoption. Electric vehicle drivers save a significant amount of money
on fuel when they switch from conventional gasoline-powered vehicles. On average, an EV driver can save
upwards of $700 annually, as charging an electric vehicle costs 69 percent less than filling up a tank with
gasoline (ChargePoint Inc 2019, U.S. Department of Energy 2018). The price of gasoline is projected to
increase, and it will become even more expensive to drive a gasoline powered vehicle relative to an electric
vehicle (Erbas et al. 2018). With as much as 90 percent of gasoline consumption in the U.S. currently
coming from light duty vehicles (Dong et al. 2014), conversion to EVs will decrease emissions from the
transportation sector.

The transportation sector is the third largest source of greenhouse gas emissions in New Mexico behind
electricity generation and the fossil fuel industry (NMED 2016). As recent legislation and administrative



changes decrease emissions in these other sectors, the transportation sector is expected to become the
largest source of emissions in New Mexico.

Reducing these emissions is a key component of efforts to combat climate change. In 2018, Mayor Tim
Keller pledged that the City of Albuquerque will uphold the goals of the Paris Climate Accord, requiring
the City to reduce its greenhouse gas emissions 26 percent from 2005 levels by 2025. Under the American
Cities Climate Challenge, Mayor Keller has also pledged to convert 63 percent of the eligible light duty
fleet to electric vehicles or plug-in hybrids by 2025.

Currently, the City’s light duty fleet is 94 percent gasoline powered and 6 percent hybrid electric vehicles,
with 95 percent of the vehicles travelling less than 50 miles on an average workday. The City intends to
construct electric vehicle charging stations to support its newly electric fleet as well as provide
opportunities for residents to charge their EVs at City facilities. This analysis identifies optimal locations
for investments in charging infrastructure to meet both the needs of the City’s fleet and electric vehicle
owners throughout Albuquerque.

Methodology

Data describing the City’s light-duty fleet and City facilities were acquired from the City of Albuquerque.
Optimal fleet electrification scenarios and associated charging infrastructure were generated from the fleet
data. Optimal locations for investments in publicly accessible charging infrastructure were generated from
the facility data.

Fleet Charging Stations

Fleet vehicle parking locations and mileage data was received from the City. Average annual and daily
mileage was calculated for each fleet vehicle. Average annual emissions for each vehicle was calculated
using a standard emission factor of 404 grams per mile for carbon dioxide (CO,) emissions and 0.075
grams per mile for Nitrous Oxide (NOx) emissions (Salisbury 2014, US Environmental Protection Agency
2018). The location where each vehicle is parked when not in use was georeferenced from addresses. Fleet
vehicle parking locations were mapped and converted to electric vehicle demand using a fleet conversion
model. Because a minority of vehicles produce the majority of the emissions, this fleet conversion model
assumes the vehicles with the highest annual emissions are converted first. Fleet conversion scenarios
representing replacement of the vehicles responsible for 25, 50, and 75 percent of annual emissions were
evaluated. Because the highest emission fleet vehicles are parked overnight at a small number of parking
lots, infrastructure demand is summarized by the parking lot. One charging station per two EVs is
assumed in this analysis though multi-vehicle and fleet charging systems would increase the ratio of
vehicles to chargers.

Publicly Accessible and Employee Charging Stations

Facility location data and parking meter location and use data were provided by the City of Albuquerque
from existing enterprise datasets. Data characterizing facility visitation rates, operating hours, average
visit duration and other pertinent information was collected through a survey of the City’s Facility
Managers (Appendix A). Other required data were collected from aerial imagery and published data.



To fill in gaps in the facilities data from the Facility Managers Survey, facilities without survey response
data were compared to similar facilities with completed survey responses. Data was then estimated using
the average value of similar buildings. Facility hours and parking lot data were validated with data from
the City of Albuquerque’s website and using aerial photographs.

To estimate electric vehicle charging station demand at City facilities, an equation modeling electric
vehicle charging demand was created for three EV adoption rate scenarios (one, two and five percent,
hereafter referred to as Scenario 1, Scenario 2, and Scenario 3 respectively). Average vehicle occupancies
for each facility type were used to estimate the number of vehicles expected at each facility on a daily basis
(U.S. Department of Transportation 2009). Estimated daily electric vehicle usage was calculated for both
employees and visitors, and then summed to estimate total electric vehicle usage for each facility assuming
one, two and five percent EV adoption rates (Equation 1). Both Level 2 (slow charging) and Direct
Current Fast Charging (DCFC, or Level 3) station types were considered when making recommendations
for City facilities. Charger type recommendations were given based on the number of daily projected
electric vehicles at each City facility and verified by the average residence time. Any facility with greater
than 10 projected daily EVs in any of the three adoption rate scenarios was recommended at least one
DCEFC station.

Equation 1. The expected number of electric vehicles to visit each facility is a function of the number of visitors, number of employees, proportion of
staff and visitors that arrive in light duty vehicles, average occupancy of light duty vehicles, and the proportion of light duty vehicles that are electric.
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Where:

'O wis the average daily number of electric vehicles expected to visit the facility
® is the annual number of visitors to the facility

is the annual number of days that the facility is open to visitors

is the proportion of visitors that arrive in light duty vehicles

is the average number of visitors per light duty vehicle

is the number of part-time employees at the facility

is the number of full-time employees at the facility

(et O' C)' C: C2 C=

is the proportion of employees that arrive in light duty vehicles
0 is the average number of employees per light duty vehicle
'O wis the proportion of light duty vehicles that are electric

Emissions reductions from the conversion of conventional fuel vehicles to electric vehicles was calculated
for Nitrous Oxide (NOx) and carbon dioxide (CO,) using per-mile emissions factors (0.075 grams per
mile of NOx from Salisbury 2014 and 404 grams per mile of CO, from US Environmental Protection
Agency 2018). These emissions reductions were then multiplied by the average trip length by trip type:
12.2 miles for employee commutes, 11.2 miles for visitors making trips for social-related purposes, 7.1
miles for visitors making trips related to errands, and 9.7 miles for visitors to medical-related facilities
(U.S. Department of Transportation 2011). Trip types were assigned based on the facility type. Expected
per trip emissions reductions were then multiplied by the number of daily projected EVs at each facility
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Figure 1. This map depicts the current location of publicly available electric vehicle charging stations in Albuquerque by charging station type [Level
2 (L2), Direct Current Fast Charging (DCFC)]. Private DCFC stations are Tesla Supercharger stations. The socioeconomic status category is displayed
by census block-group, with lighter shades indicating areas with lower income and educational attainment.

Results

The City’s light duty fleet vehicles are primarily concentrated in three places: the Daytona/Yale facility,
the Pino Yards, and the Civic Plaza Parking Garage. Significant emissions reductions can be achieved by
converting the fleet vehicles that produce 25 percent of the fleet’s emissions. For the public charging
station analysis, the most simulated daily electric vehicles in all adoption rate scenarios occur at the
Albuquerque BioPark, City Hall, and Isotopes Stadium. By converting the top ten recommended facilities,
the City has the opportunity to reduce CO, emissions by as much as 421 metric tons annually.

Fleet Charging Stations

The City of Albuquerque has a fleet of 255 light duty vehicles housed at 36 different facilities across the
metropolitan area. The majority of these vehicles (n=240) are driven less than 50 miles on an average
workday. Of the 15 vehicles that are driven more than 50 miles on an average workday, ten are parked at
the Daytona/Yale Facility, two are parked at the Civic Plaza Parking Garage, one is parked at the Senior
Affairs facility, and one is parked at the Heading Home Shelter. The locations housing the largest number















Recommendation for Investment in Publicly Accessible Charging Stations

Charging station recommendations for public and employee use were largely influenced by visitation rate
and residence time at the facility in addition to simulated EV presence in the three adoption rate
scenarios. By far, the facilities with the most simulated EV's in each scenario were the Albuquerque
BioPark, City Hall, and Isotopes Stadium. The BioPark is expected to have the greatest demand for DCFC
stations in each scenario due to the magnitude of visitation it receives, and fewer DCFC stations were
recommended for City Hall and Isotopes Stadium, as they are expected to receive around half the daily
EVs comparatively. While the Sunport was just outside the top 10 facilities for new charging station
infrastructure, it is expected to have high demand for Level 2 charging stations. In addition to the Level 2
chargers for Sunport passengers, we recommend placing a few DCFC stations at the Sunport’s Cell Phone
Lot to meet the expected demand from residents who wait in the lot for friends and family to arrive and
for rideshare drivers that transport paying customers to and from the Sunport.

Electric vehicle use is known to help reduce emissions of common greenhouse gases, such as carbon
dioxide and methane, as well as criteria pollutants such as Nitrous Oxides (NOx), volatile organic
compounds (VOCs) and particulate matter (PM). In an analysis of Bernalillo County, widespread EV
adoption led to significant reductions in VOCs and carbon monoxide, as well as NOx (Salisbury 2014).
Reductions in these criteria pollutants and greenhouse gases will help Albuquerque to address air quality
issues and can help improve public health. Light duty vehicles in Bernalillo County contribute 60 percent
of the county’s carbon monoxide emissions, 39 percent of the county’s NOx emissions, and 31 percent of
the county’s VOC emissions (Salisbury 2014). By converting the City of Albuquerque’s light duty fleet
vehicles to electric vehicles, and by putting in additional EV charging stations to encourage City
employees and residents to switch to EVs, Albuquerque can make significant strides towards being a city
that is taking action to mitigate climate change and can set an example for other large cities in the
Southwest.

Like in the Fleet Vehicle analysis, most locations recommended for investment in public stations for use
by employees and the general public are for Level 2 chargers. These are less expensive to install than
DCEC chargers and, if placed throughout the city, can satisfy the needs of most electric vehicle owners,
and especially employees who may be at the facility for longer periods of time. Best practices for
constructing charging stations at recommended facilities include constructing near existing electrical
outlets, choosing areas that are well lit and have strong cell phone signals, and using a wall mount if
constructing near a wall. Additionally, facilities should be near to public amenities such as malls or
restaurants, have access to three phase power, be ADA compliant and be universally accessible to all EV
models (Hall and Lutsey 2017, Svitak et al 2017).

EV owners in 2019 are largely middle-aged, affluent white males who charge at home (Appendix E; Hall
and Lutsey 2017). Often, those who wish to purchase EVs do not live in single-family houses where they
can build personal charging stations. To increase interest in EVs and equity in the availability of charging
options, it is recommended that the City invest in charging infrastructure not only in the more affluent
areas where EV owners generally live, but also in the areas with lower median incomes and where
apartment and multi-family dwelling units are found.
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Policies and Mechanisms for Increased EV Adoption

The top reasons that prevent residents from purchasing electric vehicles include range anxiety, lack of
awareness and high vehicle costs (Coven 2018; GoEVCity 2018). Financial mechanisms are therefore an
enticing way to encourage citizens to adopt EVs. At the state level, new income tax credits or rebates
could be developed that would help subsidize the cost of a new electric vehicle and/or electric vehicle
charging equipment (Frades 2014). Another major barrier to widespread electric vehicle adoption is the
lack of available charging infrastructure for residents who live in multi-family housing. Residents in
multi-family housing are largely unable to own home charging equipment, and if there are no charging
options available to them in the workplace they are unlikely to consider owning EVs. To reduce this form
of range anxiety, the City could amend building codes, such as the 2018 IECC codes, for all new multi-
family housing to mandate wiring for EV charging and to allocate a set amount of parking spaces as EV
charging spaces, so they are “EV ready” (Frommer 2018, Lubinsky et al 2012).

Based on interviews with EV charging station vendors and the responses to an Electric Vehicle Owners
survey (Appendices E and F), one of the most important aspects of an EV charging station network is
station maintenance and reliability. The most common complaint heard from the vendors active in New
Mexico was encountering stations that were broken or frequently in need of repair (Appendix E).
Malfunctioning stations only add to driver’s range anxiety because the driver may not have enough charge
to make it to the next available station if they are in an area without a fully developed EV charging station
network. This is especially the case in urban environments (Svitak et al 2017). The City should require as a
part of its contract with the chosen charging station vendor that maintenance occur at a set interval or
that the vendor be responsive to malfunctioning stations within 24 hours. Stations should also be easily
accessible for drivers and be in a visible location that is easy to find. One way to help with this is to create
a page or tab on the City’s 311 App specifically for publicly-available charging stations. Residents would
also be able to post feedback on the page and alert the City to any stations requiring maintenance. It is
critical for the City to continually seek feedback from users of the stations and be adaptive to any requests
or needs of the drivers, as this will lead to increased trust between the City and drivers and in turn
increased EV adoption city-wide. Finally, the City should create an extensive marketing plan to help
promote the stations once they are built. Increased awareness of the stations’ presence will expand interest
in EVs and can lead to further EV adoption.

Conclusion

The City of Albuquerque has an opportunity to expand electric vehicle use, and reduce greenhouse gas
emissions, by constructing charging stations for both its light duty vehicle fleet and for use by the public.
As gas prices continue to increase and the price of EVs continues to fall, the cost of electric vehicle
ownership will become increasingly affordable. Investment in charging infrastructure will be necessary to
serve the growing number of EVs on the road. The City can play a proactive role in supporting existing
EV owners and encouraging additional EV adoption by building additional charging infrastructure.

As the electricity generation sector moves away from fossil fuels and towards more renewable sources of
energy, the transportation industry will quickly become the leading source of greenhouse gas emissions in
New Mexico. Reducing transportation emissions is a critical component of the City’s strategy to meet its
climate goals. Electric vehicle use is known to reduce emissions of common greenhouse gases as well as
criteria pollutants. Increased EV use will lead to improvements in the City’s air quality.
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Improved air quality will be beneficial to all who live in the City, especially for low income and at-risk
populations. We recommend that the City invest in charging infrastructure not only in the more affluent
areas where EV owners currently live, but also in the areas with a lower socioeconomic status and where
apartment and multi-family dwelling units are found. If investments in fleet conversion and public
infrastructure are made by the City, optimizing those investments based on the results of this analysis will
maximize emissions reductions and EV adoption.
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Appendix B - Charging Station Recommendations for Fleet Vehicles

Table B1. Recommendations are based on three scenarios: conversion of fleet vehicles with the top 25% of annual emissions, conversion of fleet vehicles with the top 50% of annual emissions, and conversion of fleet vehicles with
the top 75% of annual emissions. Based on the number of fleet vehicles housed at city facilities in each scenario, as well as average daily mileage of the vehicles, electric vehicle charging infrastructure recommendations were
developed. The table shows recommendations for the number of electric vehicle charging stations (EVCS), the type of electric vehicle charging station [Direct Current Fast-Charging (DCFC) or Level 2 (L2)], and the total number of
charging plugs available for use by drivers.

Top 25% Conversion Scenario Top 50% Conversion Scenario Top 75% Conversion Scenario
Facility T\(;(t;li(l:zllgset # of EVCS Té/\r;gts)f # of Plugs # of EVCS Té\eggf # of Plugs # of EVCS Té/\[;ggf # of Plugs
ABQ BioPark 1 0 o) 9 0 d o) 0 o) 9
Acropolis Parking Garage 1 0 o] o) 1 L2 1 1 L2 1
Airfield Maintenance 2 0 o] o) 1 L2 1 1 L2 1
Animal Welfare 3 1 L2 1 1 L2 2 1 L2 2
AQ Westside 3 0 o] o] 1 L2 1 1 L2 2
Balloon Fiesta Park 2 1 L2 1 1 L2 2 1 L2 2
Barelas Senior Center 6 0 o] o) 1 L2 2 2 L2 4
CASA 2 1 L2 2 1 L2 1 1 L2 2
Child Development Center 1 0 0 o) 0 o) 0 0 0 o)
Civic Center/Plaza Garage 38 3 L2 6 2;5 DCFC; L2 4; 10 2;8 DCFC; L2 4,16
Compass Bank Lot 25 1 L2 1 3 L2 6 2;5 DCFC; L2 4,10
Convention Center Garage #1 27 3 L2 6 2,5 DCFC; L2 4,10 2;6 DCFC; L2 4; 12
CREI/Admin 1 0 d o] 0 o) o] 0 o] 3
Cultural Services 1 0 o] o) 0 o) o] 1 L2 1
Daytona/Yale 40 2,10 DCFC; L2 4,2 4,15 DCFC; L2 8; 30 4,15 DCFC; L2 8; 30
Double Eagle Airport 1 0 0 o) 0 o) 0 1 L2 1
Facility Maintenance Yard 1 0 o] o) 0 o) o] 1 L2 1
Fleet 16 1 L2 2 2 L2 4 2;3 DCFC; L2 4,6
Heading Home Shelter 1 1 L2 1 1 L2 1 1 L2 1
Highland Senior Center 1 0 o] o) 0 o) o] 1 L2 1
Jerry Cline Tennis Center 1 0 o] o] 0 o) o] 1 L2 1
Ladera Golf Course 1 0 o] o] 0 o) o] 1 L2 1
Los Altos Golf Course 1 0 o] o] 0 o) o] 0 o] o)
Los Altos Pool 1 0 o] o] 1 L2 1 1 L2 1
Montessa Park 5 1 L2 1 1 L2 2 1 L2 2
North Domingo Baca 1
Multigenerational Center 0 9 8 0 8 8 0 8 8
Open Space Visitors Center 6 1 L2 1 1 L2 2 2 L2 4
Pino Yards 37 1;1 DCFC; L2 2;2 2;5 DCFC; L2 4;10 3;12 DCFC; L2 6; 24
Plaza del Sol 5 0 o] o) 1 L2 2 2 L2 4
Sierra Vista Tennis Center 1 0 o] o) 1 L2 1 1 L2 1
Solid Waste Edith 2 0 o] o) 0 o) o] 0 o] o)
Sunport 12 1 L2 1 2 L2 4 3 L2 6
Valle del Norte Community 1
Center 0 0 3 1 L2 1 1 L2 1
VPMD/Valley Pool 1 0 o] o) 0 o) o] 0 o] o)
West Mesa Community Center 2 0 0 o) 1 L2 1 1 L2 2
West Mesa Pool 2 0 o] o) 0 o) o] 1 L2 1
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Figure B1. This map depicts the City facilities that house the fleet vehicles that fall within the top 25 percent of overall annual emissions. The symbols show the number of fleet vehicles at the facility in the top 25 percent and is also
shown by the number in parentheses. Locations with the largest concentration of fleet vehicles in this scenario include the Daytona/Yale Facility, the Convention Center parking garage, the Civic Plaza garage and the Pino Yards.
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Figure B2. This map depicts the City facilities that house the fleet vehicles that fall within the top 50 percent of overall annual emissions. The symbols show the number of fleet vehicles at the facility in the top 50 percent and is also
shown by the number in parentheses. Locations with the largest concentration of fleet vehicles in this scenario include Daytona/Yale Facility, the Convention Center parking garage, the Civic Plaza garage and the Pino Yards.
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