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The USDOT Climate Strategies that Work Playbook is a comprehensive resource
to guide cities, regions, industry leaders, philanthropic strategists, and
transportation professionals at every level in implementing the most effective
strategies for reducing transportation sector greenhouse gas emissions. This
playbook provides strategies to help communities grow stronger, safer, smarter,
and more sustainable. Informed by the U.S. National Blueprint for Transportation
Decarbonization, the playbook emphasizes convenient, efficient, and clean
transportation solutions, while also considering equity, safety, and economic
growth.

The playbook provides actionable information for 27 transportation-related
emission reduction strategies through well-vetted guides detailing benefits,
implementation steps, and resources.


https://www.transportation.gov/priorities/climate-and-sustainability/us-national-blueprint-transportation-decarbonization
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objective of this report.
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ACTIVE
TRANSPORTATION

Safe, comfortable, and
continuous active
transportation networks
seamlessly connect people
to places, foster healthier
communities, and reduce
reliance on carbon-intensive
modes of travel.

Also known as
NONMOTORIZED TRAVEL, BIKE/PEDESTRIAN, OR MICROMOBILITY
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OVERVIEW

Best Suited for: .
Long Term & Short Term Dld yOU knOW?

Urban, Suburban, Rural, & Tribal '
an, suburban, Rural, & Triba U.S. Department of Transportation

(DOT)'s Strategic Plan for 2022-2026 sets

a target to increase the percentage of

_ _ trips by transit and active transportation
known as active transportation or modes by 50%.

Walking, biking, and rolling—collectively

micromobility—are fundamental

elements of sustainable, connected,

and vibrant communities. Nearly every Electric micromobility options,
trip involves active transportation, from like e-bikes and e-scooters,
walking to a bus stop to cycling the final expand the reach of active
stretch to work. This inherent connection transportation, making slightly
to daily travel is underscored by recent longer distances feasible for more
data from Bureau of Transportation users, and further reducing car
Statistics: in 2021, over half (52%) of all dependence. These networks create
trips in the U.S. were less than three a more engaging, affordable,
miles - suitable for a twenty-minute bike healthy, and convenient travel
ride; and a significant portion (28%) of experience. Additionally, active
trips were less than one mile. transportation serves as a valuable
extension of public transit, bridging
Given that most people are comfortable the first- and last-mile gaps for
walking up to half a mile and cycling up riders.

to two and a half miles for everyday trips,
the potential for active transportation to
reduce greenhouse gas emissions
becomes readily apparent. Investments
in well-designed, inclusive active
transportation infrastructure and
programs offer benefits that extend
beyond the environmental gains. These
networks create a more engaging,
affordable, accessible, and convenient

travel experience, while helping to Active transportation networks can
ensure people are connected to the also contribute to more sustainable
outdoors and essential daily destinations and efficient urban freight delivery
like work, school, healthcare, and by enabling cargo bikes and other

community centers.
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micromobility devices to navigate urban areas with greater ease, reducing the

reliance on delivery trucks. With more people walking and cycling, streets become

more vibrant and inviting, cultivating a sense of community and increasing foot

traffic for local businesses.

A safe and accessible active transportation network goes beyond just physical
infrastructure. Elements of bicycle and pedestrian infrastructure and supportive

programs may include:

Infrastructure for
Bike/Scooters/Other
Micromobility Devices

e Protected or shared bike
lanes

e Separation/buffers

e Intersection treatments for
bicycles (bicycle boxes, stop
bars, lead signal indicators)

e Wayfinding and Signage

e Secure parking and storage
facilities

e Bike and Scooter Share
Programs (Read more at the
Shared Micromobility &
Microtransit Page)

¢ Bike Repair/Tool Stations

e Bike Rebates and Tax Credits

e Bike Schools, Bike
Ambassadors and Capacity
Building

e Community Rides

e Ramps

e Bike Racks

Shared Infrastructure

e Lighting

e Workplace or destination-
based facilities / supportive
infrastructure (lockers,
changing facilities, secure
parking)

e Traffic calming

¢ Integration with Transit

Infrastructure for
Pedestrians

Curb extensions (also known
as Bulb-outs)

Landscaping, Street Furniture,
and Shade

Quality, continuous, wide
sidewalks

Tactile wayfinding systems to
assist visually impaired
travelers

Signalized, high visibility
pedestrian crossings with
Audible and Visual
Countdowns

e Mid-block/refugee islands
e Bicycle/pedestrian bridges
e Pedestrian Zones/Pedestrian

Streets

Woonerf or “Living Street”
(Characterized by shared spaces
where vehicles are allowed but
must yield to non-motorized
users, woonerfs encourage
slower speeds and foster
community interaction)

Supporting Public Policy

e Land-use regulation to

encourage pedestrian-oriented
infrastructure

e Micromobility parking and

charging standards

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
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GREENHOUSE GAS
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from GHG
modeling resources, peer-reviewed studies, and real-world applications.

CYCLING AND OTHER FORMS OF ACTIVE
TRANSPORTATION ARE LESS EMISSION-INTENSIVE THAN
OTHER OPTIONS

Passenger vehicles produce approximately 0.95 Ibs. of CO, per passenger-mile
compared to 0.05 Ibs. of CO, per passenger-mile emitted by biking (European Cycling
Federation, 2016).

This study considered not just the emissions from the vehicles themselves, but from the
entire fuel and vehicle lifecycle including production, maintenance, and fuel.

BENEFITS FROM A COMPREHENSIVE APPROACH

Each mile driven produces approximately 1 pound of CO, emissions, assuming an
average vehicle fuel economy of 25 miles per gallon. If modest improvements are
made to promote more walking and bicycling across the U.S. for trips up to 3 miles,
over 1,000 million gallons in fuel or 9 million tons of CO, emissions could be avoided
(Rails to Trails, 2019).

If the length of trips in the U.S. are reduced by only 1-3% through denser, mixed use
developments, an additional 500 million gallons in fuel could be saved, or over 4
million tons of CO, emissions (Rails to Trails, 2019).

BENEFITS FROM SPECIFIC STRATEGIES

Provide Pedestrian Network Improvements: A study by the California Air Pollution
Control Officers Association (CAPCOA) estimates that increasing sidewalk coverage to
improve pedestrian access can reduce GHG emissions from vehicle travel by 6.4%
(CAPCOA, 2021).

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources
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Bikeshare Program: A study quantifying the environmental benefits of bike share
trips across different metropolitan bike share systems estimated the annual
reduction in 2016 in Seattle to be 41 tons of CO,e, and as large as 5,417 tons of COe
in New York City (Kou et al., 2020).

Roadway Reconfigurations: By reconfiguring streets, cities and towns can allocate
more space for pedestrians and cyclists and contribute to GHG reductions. A
reconfiguration project in Davis, California resulted in an estimated reduction of 24.4
metric tons of CO,e over a 12-year period. The 0.8-mile segment was reduced from
four vehicle lanes to two vehicle lanes, with a bike lane on other side, and an
isolation strip in between (California Climate Investments Quantification Methods
Assessment, 2019).

CHOOSING ACTIVE TRANSPORT REDUCES GHG
EMISSIONS AND VEHICLE MILES TRAVELED

Even seemingly small changes can have a significant impact on GHG emissions.
Studies show that if residents in a city of 50,000 people switched just one mile of
their daily trips from driving to active transportation, this choice could result in a
collective reduction of 10.14 million pounds (5,070 tons) of CO, per year and nearly
400,000 fewer miles driven (HUD, 2016).

An RMI analysis explored the VMT reduction potential of cutting vehicle trips under 5
miles. Across 10 large cities, shifting 25 percent of short vehicle trips from cars to e-
bikes would cut overall VMT by an average of 3% and annual CO,-equivalent
emissions by over 1.8 million metric tons or 4.2 million barrels of oil. Shifting a more
modest 1 out of every 8 trips to an e-bike would cut 920,000 metric tons of CO,e
emissions (Grunwald, et al., 2023).

The average American drives about 1,200 miles monthly. Reducing these vehicle
trips in the 10 largest cities equates to removing over 388,000 vehicles from the
road (Grunwald, et al., 2023).

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
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CO-BENEFITS

This section outlines the multiple co-benefits associated with the strategy, including safety
benefits, local air quality improvements, and improved accessibility. Each co-benefit
presents examples that demonstrate how the strategy enhances regional or community

well-being while addressing emissions.

SAFETY

Investments in and the expansion of
active transportation infrastructure are
proven safety countermeasures
promoted by FHWA for reducing
roadway fatalities and serious injuries.

See other FHWA Safety
Countermeasures here.

Researchers are finding that cities with
a high level of bicycling are not just
safer for cyclists but for all road users.
U.S. cities with higher per capita
bicycling rates tend to have lower traffic
fatality rates for all road users, which
can be partly attributed to increased
street network density that supports
cycling and lower traffic speeds
(Marshall and Garrick, 2011). Investing
in active transportation not only

improves actual safety but also
enhances the perception of safety. A
higher volume of people walking and
cycling fosters a stronger sense of
community (University of Colorado
Denver, 2014).

Communities designed with
pedestrians, bicyclists, and other
micromobility users in mind can reduce
the incidence of collisions, injuries, and

fatalities on shared roadways. Safer
streets and connecting trails can, in
turn, encourage further shifts towards
active transportation (Bas et al., 2023).

An example of the federal
government’s commitment to
increase the safety of infrastructure
can be found here: DOT Fiscal Year
2022-2026 Strategic Plan

ACCESSIBILITY AND
EQUITY

By reducing reliance on cars, prioritizing
safety, and fostering connections, active
transportation creates a more equitable
and accessible transportation system
that benefits all members of the
community. This is achieved through
inclusive infrastructure planning and
design that caters to a variety of abilities
and experiences (FHWA, 2023).

One study estimated that 20-40% of the
population in most communities cannot
or should not drive due to disability, low
incomes, or age. Active transportation
improvements benefit existing users as
well as new users who walk and bike
more following improvements.

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
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Increasing the safety and accessibility of
active transportation can allow non-
drivers to live more independently and
provide greater access to economic
opportunities (Litman, 2024Db).

ECONOMIC GROWTH

Communities with well-connected
active transportation networks
experience increased foot traffic,
which translates to economic benefits
for local businesses (Smart Growth
America, 2015).

Investing in active transportation
infrastructure creates jobs.
International Energy Agency (IEA) data
suggests that pedestrian and bike
lanes generate 8 to 22 jobs for every
million dollars spent. These jobs
typically involve construction, painting,
signage installation, and paving (IEA,
2020).

This job growth is comparable to
investments in charging infrastructure

usbot
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which can generate 7 to 21 jobs per
million dollars spent; higher than railway
investments, battery electric car
manufacturing which produce 5 to 9 jobs,
and 4 to 8 jobs per million dollars spent,
respectively (IEA,_2020).

COST SAVINGS

Owning and operating a bicycle is
considerably cheaper than owning and
operating a car, freeing up resources
for other essential needs for individuals
and families. Owning and operating a
bicycle typically costs around $3.00 per
100km (62 miles) traveled, while a
private car can be six times more
expensive, at approximately $18.00 per
100km. This includes factors like
purchase price, maintenance, fuel, and
insurance (ITDP, 2021). Networks of
safe bicycle lanes may encourage
households to replace car trips with
bike trips and forgo a second or third
car, leading to savings on car payments,
insurance, and other car-related
expenses (Grunwald et al., 2023).

The total cost of travel per 100km by mode of transportation.
(Source: ITDP, 2022)
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https://www.iea.org/data-and-statistics/charts/employment-multipliers-for-investment-in-the-transport-sector
https://www.iea.org/data-and-statistics/charts/employment-multipliers-for-investment-in-the-transport-sector
https://www.vtpi.org/nmt-tdm.pdf

AIR QUALITY AND HEALTH

Reducing the number of vehicles on the
road, especially in densely populated
areas, decreases emissions of air
pollutants that are harmful to human
health (Litman, 2024a). If a quarter of
short vehicle trips became e-bike trips
in the 10 largest U.S. cities, an RMI
analysis found that fine particulate
pollution (PM2.5) would drop by 25%
(Grunwald et al., 2023).

Driving less correlates directly with
health outcomes. A per-capita VMT
reduction of 20%, supported by a shift
to walking, cycling and other active
transportation modes, could prevent
45,000 deaths by increasing physical
activity and improving public health
(Warsing, et al., 2024). For example,
three hours of biking per week can

reduce a person's risk of heart disease
by 50% (Department of General
Services, n.d.).

Climate Strategies that Work

A benefit cost analysis analyzing bicycle
improvements in Portland, Oregon
indicates that by 2040, $138 to $605
million in total investments will provide
$388 to $594 million in estimated
healthcare benefits (Gotschi, 2011).

Active transportation is linked to
decreased loneliness, increased access
to family and friends, and greater levels
of socialization (Williams et al., n.d.). A

2023 advisory from the Surgeon
General stated that the “mortality
impact of being socially disconnected is
similar to that caused by smoking up to
15 cigarettes a day” (HHS, 2023).

A survey conducted by City of
Vancouver reveals people are more
likely to have a friendly social
interaction when walking or biking than
when traveling by private automobile
(City of Vancouver, 2016).

Likelihood of a Friendly Interaction During Trip (Source: City of Vancouver, 2016)
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https://vancouver.ca/files/cov/walking-cycling-in-vancouver-2016-report-card.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://doi.org/10.1123/jpah.8.s1.s49%22%20/t%20%22_blank
https://www.sustrans.org.uk/media/11359/sustrans-loneliness-and-transport-systematic-review-final-report-21-06-30.pdf
https://www.hhs.gov/sites/default/files/surgeon-general-social-connection-advisory.pdf
https://vancouver.ca/files/cov/walking-cycling-in-vancouver-2016-report-card.pdf
https://www.vtpi.org/ster.pdf
https://rmi.org/this-e-bike-impact-calculator-can-help-cities-accelerate-e-bike-adoption/
https://rmi.org/drive-less-live-more-how-states-can-lead-the-way-in-climate-smart-transportation/
https://dgs.dc.gov/dgs-blog/19-bike-work-day-facts#:~:text=Just%203%20hours%20of%20biking,they%20started%20commuting%20by%20bike
https://dgs.dc.gov/dgs-blog/19-bike-work-day-facts#:~:text=Just%203%20hours%20of%20biking,they%20started%20commuting%20by%20bike

RURAL COMMUNITIES

Residents of low-density areas,
especially in rural settings, are less
likely to have access to safe
infrastructure to walk.Yet, rural
residents walk to their destinations
almost as often as urban residents
(CDC MMWR, 2024) and are less
likely to have a variety of modes to
choose from.

usbot
Climate Strategies that Work

This lack of infrastructure causes higher
rates of death and injury, especially in
Tribal communities. Rural communities
can build recreational bike and
pedestrian trails which often have dual
use as commuter routes for some trips.

Prevalence of leisure and transportation walking in the past 7 days among adults
by Urban-Rural Status (Source: CDC MMWR, 2024)
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https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
http://dx.doi.org/10.15585/mmwr.mm7328a4
http://dx.doi.org/10.15585/mmwr.mm7328a4
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COST CONSIDERATIONS

COST OF
IMPLEMENTATION

The cost to implement active transportation
projects varies widely depending on the
scale, scope, and location of the project.

Active transportation infrastructure has
lower installation and maintenance
costs compared to other modes:
e Roadways cost upwards of $1
million/lane km (ITDP,_2022).
e Metros (heavy rail) cost at least $50
e Bus rapid transit projects cost at least
$700,000/lane km (ITDP, 2007).
¢ In contrast, bike lanes can range from a
few thousand dollars per mile for
simple signage to $500,000 for more
elaborate, off-street paths. Similarly,
pedestrian improvements can be as low
as a few thousand dollars for crosswalks
and traffic calming measures (Burchell
etal., 2002).*

COST EFFECTIVENESS

*Bike lanes were found to
cost as little as $5,000 per
mile for signing and striping
only, or up to $50,000 per
mile for designing a roadway
with additional width to
accommodate a lane.

Conversion of minor streets

to “bicycle boulevards” was

estimated to cost $250,000
to $500,000 per mile.

Construction of an off-street
shared-use path ranges from
$500,000 to as high as $2
million per mile. These costs
can be compared with typical
local road construction costs
of about $2 million per mile
(Burchell et al., 2002).

Investing in bicycle and pedestrian infrastructure and street design improvements
can pay dividends. A study by the Southern California Association of Governments

found that for every dollar spent on bicycle and pedestrian infrastructure, over $5 is
added to the regional economy (SCAG, 2016). According to an Institute for
Transportation Development and Policy (ITDP) report, street redesigns with a focus
on bikes, pedestrians, and bus-only lanes have resulted in 10% or more increases in

revenue-generating transactions for local businesses, compared to car-focused

designs (ITDP, 2022).
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https://itdp.org/publication/economics-of-cycling/
https://www.researchgate.net/publication/27345875_Comparison_of_Capital_Costs_per_Route-Kilometre_in_Urban_Rail
https://www.itdp.org/2007/06/01/brt-planning-guide-sample-operator-contract-and-infrastructure-cost-calculator/
https://trid.trb.org/View/710707
https://trid.trb.org/View/710707
https://trid.trb.org/View/710707
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://urbandesign4health.com/wp-content/uploads/2015/11/2016ATHealthEconomicImpactStudy_REPORT.pdf
https://itdp.org/wp-content/uploads/2022/06/Making-the-Economic-Case-for-Cycling_6-13-22.pdf
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Multi-use paths and complete streets projects promote use of non-motorized modes,
supporting regional emissions reduction goals. The Boston Region Metropolitan
Planning Organization (MPO) evaluated the cost-effectiveness of statewide and MPO
investment programs, finding that investing in complete streets and multi-use paths
would cost approximately $4,000 and $1,900 per lane mile, or $20 and $40 per ton of
GHGs reduced (Boston MPO, 2016).

Litman (2024) studied the benefits and costs of active transportation, including
improved conditions for walking and cycling, reduced auto travel, land use impacts,
and economic development. As an example, improving walking and cycling
conditions creates an estimated $0.25 per person-mile benefit, while reduced vehicle
costs and parking cost savings provide benefits of $0.23 and $0.36 per passenger-
mile, respectively (Litman, 2024b).

Read more about active transportation benefits and costs here.
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https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.ctps.org/data/html/studies/other/GHG/GHG_Reduction_Strategy_Alternatives.html
https://www.vtpi.org/nmt-tdm.pdf
https://www.vtpi.org/nmt-tdm.pdf
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.vtpi.org%2Fnmt-tdm.pdf&data=05%7C02%7CEmma.Fox%40dot.gov%7C20e7427d17ef45f059a608dd155d4fce%7Cc4cd245b44f04395a1aa3848d258f78b%7C0%7C0%7C638690212688866129%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=RXUBl3ETFwIMW839YrxvZlxLdufneThVCgDagPkoOzc%3D&reserved=0

FUNDING
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OPPORTUNITIES

FHWA compiles pedestrian and bicycle activities
and their likely eligibility under U.S. Department

of Transportation surface transportation
funding programs in this table.

FHWA's Active Transportation
Infrastructure Investment Program
(ATIIP) funds projects to provide safe
and connected active transportation in
active transportation networks or active

transportation spines. Improvements in
active transportation networks under
ATIIP will expand and improve active
transportation and promote it as a low-
carbon transportation option.

USDOT's Safe Streets and Roads for
All (SS4A) Grant Program was
established by BIL to support regional,

local, and Tribal initiatives to prevent
roadway deaths and serious injuries
through the safe system approach.
Similar to the Zero Deaths and Safe
System Program, safety improvements
from SS4A will encourage mode choice
by removing safety barriers to active
transportation.

FHWA's Carbon Reduction Program
(CRP) funds projects designed to

reduce transportation carbon dioxide
(CO,) emissions from on-road highway
sources. A variety of active
transportation modes are eligible for
funding including pedestrian, bicycle
and shared micromobility.

FHWA's Surface Transportation Block
Grant (STBG) Program provides
funding to States for a wide variety of
transportation infrastructure projects,

including active transportation projects.
Federal law requires 10% of these funds
to be set aside for Transportation
Alternatives, which include a variety of
smaller-scale transportation projects
like pedestrian and bicycle facilities.
There is a further set aside for the
Recreational Trails Program, which
provides funds to develop and maintain
recreational trails and trail-related
facilities for both nonmotorized and
motorized recreational trail uses.

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations

Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources


https://www.fhwa.dot.gov/environment/bicycle_pedestrian/funding/funding_opportunities.pdf
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/atiip/
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/atiip/
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/atiip/
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.transportation.gov/grants/SS4A
https://www.fhwa.dot.gov/environment/crp/
https://www.fhwa.dot.gov/environment/crp/
https://www.fhwa.dot.gov/specialfunding/stp/
https://www.fhwa.dot.gov/specialfunding/stp/
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

FHWA's Congestion Mitigation and Air
Quality Improvement (CMAQ)
Program supports surface

transportation projects and other
related efforts that contribute air
quality improvements and provide
congestion relief. The BIL continues the
CMAQ Program to provide a flexible
funding source to State and local
governments for transportation
projects and programs to help meet the
requirements of the Clean Air Act,
including pedestrian, bicycle, and
shared micromobility facilities and
programs.

USDOT's Reconnecting Communities
and Neighborhoods (RCN) Program

provides grants to improve multimodal
transportation access, to foster
equitable development, and to remove,
retrofit, or mitigate highways or other
transportation facilities that create
barriers to community connectivity.
Projects that improve walkability,
safety, and affordable transportation
access are eligible for funding.

An example of how Reconnecting
Communities is improving active
transportation access, mobility,
and community livability can be
found in the Reconnecting
Communities Story Map feature of
Buffalo, New York.
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Department of Housing and Urban
Development (HUD)'s Community
Development Block (CDBG) Program
supports community development

activities to build stronger and more
resilient communities. Activities may
address needs such as infrastructure,
economic development projects, public
facilities installation, community
centers, housing rehabilitation, public
services, clearance/acquisition,
microenterprise assistance, code
enforcement, homeowner assistance,
etc.
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https://www.fhwa.dot.gov/environment/air_quality/cmaq/reference/fhwa_cmaq-afv-ev-brochure.pdf%22%20/h%EF%B7%9FHYPERLINK%20%22https:/www.fhwa.dot.gov/environment/air_quality/cmaq/
https://www.fhwa.dot.gov/environment/air_quality/cmaq/reference/fhwa_cmaq-afv-ev-brochure.pdf%22%20/h%EF%B7%9FHYPERLINK%20%22https:/www.fhwa.dot.gov/environment/air_quality/cmaq/
https://www.fhwa.dot.gov/environment/air_quality/cmaq/reference/fhwa_cmaq-afv-ev-brochure.pdf%22%20/h%EF%B7%9FHYPERLINK%20%22https:/www.fhwa.dot.gov/environment/air_quality/cmaq/
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.transportation.gov/grants/rcnprogram
https://www.hud.gov/program_offices/comm_planning/cdbg
https://www.hud.gov/program_offices/comm_planning/cdbg
https://storymaps.arcgis.com/stories/dc61e3bcecd44464b4bfef8299d9d6ce
https://storymaps.arcgis.com/stories/dc61e3bcecd44464b4bfef8299d9d6ce
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
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COMPLEMENTARY
STRATEGIES

COMMUTER
BENEFITS

COORDINATED
TRANSPORTATION

PLANNING

IMPROVED
TRAVEL
DEMAND
MODELING

Employers can create a culture that embraces active
transportation by offering commuter benefits for
those who walk and bike to work rather than driving
and parking.

Coordinated transportation planning complements
active transportation when it leads to compact, mixed-
use development where destinations are convenient,
accessible, and support the development and use of
active transportation infrastructure.

Travel demand modeling can be used to consider how
the addition of active transportation infrastructure
influences overall transportation patterns. Providing
safe and accessible active transportation infrastructure
can contribute to a shift in travel behavior, which may
influence demand patterns by reducing reliance on
personal vehicles, particularly for short-distance trips.
This information can help justify investments in active
transportation infrastructure and guide the allocation
of resources to maximize the benefits of these projects.
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https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://dot-climate-strategies.my.canva.site/commuter-benefits
https://dot-climate-strategies.my.canva.site/commuter-benefits
https://dot-climate-strategies.my.canva.site/coordinated-transportation-planning
https://dot-climate-strategies.my.canva.site/coordinated-transportation-planning
https://dot-climate-strategies.my.canva.site/coordinated-transportation-planning
https://dot-climate-strategies.my.canva.site/improved-travel-demand-modeling
https://dot-climate-strategies.my.canva.site/improved-travel-demand-modeling
https://dot-climate-strategies.my.canva.site/improved-travel-demand-modeling
https://dot-climate-strategies.my.canva.site/improved-travel-demand-modeling
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Micromobility delivery services rely on the
MICROMOBILITY infrastructure established within active transportation

DELIVERIES, networks. Leveraging bicycles and scooters for last-
MICROHUBS, AND mile deliveries, these services contribute to the
LAST-MILE efficient movement of goods while complementing
SOLUTIONS efforts to reduce traffic congestion and emissions in

urban areas.

Shared micromobility services, such as bike and
scooter-sharing programs, complement active

SHARED transportation networks by offering convenient, low-
MICROMORBILITY : : : :
AND barrier options for short-distance trips, thereby

MICROTRANSIT encouraging individuals to choose sustainable modes
of transportation and reducing reliance on private
vehicles.

Transit-Oriented Development (TOD) can encourage
active transportation by creating compact, mixed use
neighborhoods with pedestrian-friendly streetscapes
and bike infrastructure. Active transportation
TRANSIT- infrastructure can enhance the accessibility and
ORIENTED attractiveness of TOD by providing residents and
DEVELOPMENT visitors with safe and convenient options to access
transit hubs and navigate the surrounding area. TOD

and active transportation infrastructure work together
to promote sustainable mobility and reduce GHG
emissions.
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https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://dot-climate-strategies.my.canva.site/tod
https://dot-climate-strategies.my.canva.site/tod
https://dot-climate-strategies.my.canva.site/tod
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/micromobility-deliveries-microhubs-and-last-mile-solutions
https://dot-climate-strategies.my.canva.site/micromobility-deliveries-microhubs-and-last-mile-solutions
https://dot-climate-strategies.my.canva.site/micromobility-deliveries-microhubs-and-last-mile-solutions
https://dot-climate-strategies.my.canva.site/micromobility-deliveries-microhubs-and-last-mile-solutions
https://dot-climate-strategies.my.canva.site/micromobility-deliveries-microhubs-and-last-mile-solutions
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Zoning plays a key role in promoting active
transportation by shaping the built environment. Zoning
codes can influence the design and layout of
neighborhoods, including the provision of sidewalks,
bike lanes, and pedestrian-friendly infrastructure. By
incorporating mixed land uses, reducing distances
between destinations, and prioritizing bikeability and
walkability, zoning can encourage and support active
transportation options such as walking and biking.
Additionally, zoning reforms may be needed to

ZONING
REFORMS

accommodate amenities like bike-sharing programs and
pedestrian-oriented streetscapes, further promoting
active transportation within communities.

View All Strategies
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https://climate-strategies-that-work-usdot.hub.arcgis.com/
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://dot-climate-strategies.my.canva.site/zoning-reform
https://dot-climate-strategies.my.canva.site/zoning-reform

usbot
Climate Strategies that Work

CASE STUDIES

WHITE OAK BAYOU
GREENWAY - HOUSTON, TX

@ 350T

CO, Emissions

Saved
12
Jobs Generated
each year
2y $80OM

Annual Benefits

The Houston White Oak Bayou Greenway (Source: Houston Parks Board).

The Greenway in Houston has reduced reliance on cars, avoiding an estimated
117,000 trips annually and saving 350 tonnes of CO, emissions. The development
of cycling optionality not only benefits the environment but also creates jobs -
the Greenway is projected to generate 12 jobs per year for the next 25 years -
and fosters economic activity, with potential annual benefits exceeding $80
million when considering a city-wide 2% cycling mode share.

KATY TRAIL STATE PARK - MISSOURI

Stretching 240 miles across Missouri, the Katy Trail offers a safe and scenic route
for cyclists, walkers, and runners. This car-free corridor has boosted tourism,

revitalized communities along the trail, and demonstrates the economic and health
benefits of promoting active transportation options.
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https://c40.my.salesforce.com/sfc/p/#36000001Enhz/a/1Q000000MceW/F5q7yETUU8PcIpOwjZvl63zBZrf683is_k3u7qLkioI
https://c40.my.salesforce.com/sfc/p/#36000001Enhz/a/1Q000000MceW/F5q7yETUU8PcIpOwjZvl63zBZrf683is_k3u7qLkioI
https://www.traillink.com/trail/katy-trail-state-park/?utm_source=railstotrails.org&utm_medium=link_page-content&utm_content=national-and-state-trail-stats&utm_campaign=RTCreferrals
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://houstonparksboard.org/parks/take-a-family-ride-along-white-oak-bayou/

COMPLETE STREET PLAN -
PUERTO RICO

Launched in 2018, Puerto Rico's

Complete Streets Plan prioritizes safety
and accessibility for all travelers. The
plan and accompanying design
guidelines were developed under three
main objectives. First, the guidelines
emphasize use of infrastructure to
improve people’s quality of life. Second,
the guidelines include tools to enhance
pedestrians and cyclist access to the
transit system. Finally, they define
components to create accessible
infrastructure that is inclusive to every
population group despite its individual
characteristics such as age or physical
conditions. The Complete Streets
guidelines are expected to improve air
quality, reduce congestion, and foster
economic growth through more
connected and vibrant places.
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ACTIVE
TRANSPORTATION AT
AMAZON

In a bid to reduce employee drive-

alone rates, Amazon fosters active
transportation through their
MyCommute program. Employees
enjoy a $170 monthly subsidy for
various options including e-bike
leases, bike maintenance, and public
transit. Amazon has also invested in
bike infrastructure at its Seattle
campuses with 3,000 bike stalls,
dedicated e-bike charging stations,
and on-site bike maintenance
partnerships. The company’s focus on
active commuting has demonstrably
reduced reliance on cars, contributing
to a more sustainable work
environment.
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https://act.dtop.pr.gov/PR-Complete-Streets-Plan-and-Design-Guidelines-Final.pdf
https://act.dtop.pr.gov/PR-Complete-Streets-Plan-and-Design-Guidelines-Final.pdf
https://www.commuteseattle.com/wp-content/uploads/2023/05/Final-Case-Study-Amazon-1.pdf
https://www.commuteseattle.com/wp-content/uploads/2023/05/Final-Case-Study-Amazon-1.pdf
https://www.commuteseattle.com/wp-content/uploads/2023/05/Final-Case-Study-Amazon-1.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
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IMPLEMENTING ACTIVE
TRANSPORTATION: WHAT

TO READ NEXT

There is comprehensive guidance available
on creating safe, efficient, and inclusive
active transportation networks from design
standards, engagement strategies, and
proven methods for overcoming issues.
Several sources are summarized under
Guidance Documents in the Resources
section below. More detail can also be
found on the USDOT's Active
Transportation page or FHWA's Bicycle and

Pedestrian Program page.

Inclusive infrastructure planning and
design that prioritizes safety and caters
to a variety of experiences and abilities
is key to encouraging broader
participation in active transportation.

Implementing subsidies and offering bike-
share programs can reduce upfront costs
for users. Bike-sharing, in particular, offers
a low-commitment option that can be less
intimidating than purchasing a bike
outright, especially for first-time riders.

Lack of knowledge or confidence in riding a
bicycle can pose significant barriers to
active transportation. Several States offer
bike subsidies and targeted bike programs,
including Colorado:

Source: Bike School Bentonville

Read about Colorado’s tax credit
and rebate program, here.

Read about Fort Collin's Targeted Bike
Programs, including a Bike School,
here.
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Targeted outreach and culturally sensitive programming

can play a vital role in closing this gap. For example, By providing accessible
programs tailored to the

_ ' needs of historically
confidence they need to navigate the streets safely. underserved groups, Fort

cycling education can equip users with the skills and

Collins empowers individuals
to overcome skill barriers and

. . . . embrace cycling as a viable
incorporating universally understood signage for mode of transportation.

people with varying English proficiency, bike share

Other inclusive design elements may include

systems that offer adaptive bikes, or bike facilities that
support a wide range of user needs, such as providing
lockers for users who trip chain.

Read more about equity considerations in active transportation here: FHWA's
Pursing Equity in Pedestrian and Bicycle Planning.

Read more about inclusive design for active transportation here: NACTQO's
Designing for All Ages & Abilities, Contextual Guidance for High-Comfort Bicycle
Facilities

Active transportation infrastructure requires ongoing maintenance to ensure
safety, accessibility, and usability. Regular inspections, repairs, and upkeep of bike
lanes, bike share stations, sidewalks, pedestrian crossings, and other amenities are
essential to preserve their functionality and appeal to users.

Read NACTO's Guidelines for the Regulation and Management of Shared Active
Transportation

Active transportation that is well integrated with transit facilities can allow for
seamless connections and address first and last-mile gaps. When connections are
safe, comfortable, easy to navigate, and engaging, they become a natural
extension of public transit. Investments in infrastructure like secure bike lockers at
transit stations, bike repair facilities, and designated areas for storing foldable
bikes, also contribute to a more convenient and user-friendly experience for active
commuters.

Read more about safety considerations when connecting to transit here: FHWA and
FTA's Guidebook on Improving Safety for Pedestrians and Bicyclists Accessing
Transit.
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https://nacto.org/wp-content/uploads/2017/12/NACTO_Designing-for-All-Ages-Abilities.pdf
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https://safety.fhwa.dot.gov/ped_bike/ped_transit/fhwasa21130_PedBike_Access_to_transit.pdf
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https://nacto.org/home/shared-active-transportation-guidelines/
https://nacto.org/home/shared-active-transportation-guidelines/
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

RESOURCES

GENERAL RESOURCES

It's Transportation for All of Us (ITS4US)
Complete Trips: This $40 million
multimodal effort is led by the

Intelligent Transportation Systems Joint
Program Office (ITS JPO) and supported
by the USDOT Office of the Secretary,
Federal Highway Administration, and
Federal Transit Administration jointly
working to solve mobility challenges for
all travelers with a specific focus on
underserved communities, including
people with disabilities, older adults,
low-income individuals, rural residents,
veterans, and limited English proficiency
travelers. This program prioritizes the
needs of pedestrians and cyclists,
making it easier and safer for people to
choose active transportation options.

The Alliance for Biking and Walking

Resource Library: This extensive online

library offers hundreds of resources on
bicycling and walking, including
research, data, educational materials,
and best practices.

CDC(C's Active Communities Tool: The tool

consists of an action planning guide and
assessment modules to help cross-
sector teams create an action plan to
improve built environments that
promote physical activity.

FHWA Guidance: Bicycle and Pedestrian
Planning, Program, and Project
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Development: This comprehensive
guide offers a detailed framework for
planning, designing, and implementing
bicycle and pedestrian infrastructure
projects.

FHWA Guidebook Measuring
Multimodal Network Connectivity: This

guidebook outlines five core
components of multimodal network
connectivity: Network completeness,
Network Density, Route directness,
Access to destinations, and Network
quality. While these components are all
related, the distinctions between them
provide a framework for selecting
connectivity measures that address
specific questions. The guidebook
describes analysis methods and
supporting measures associated with
each of these components.

U.S. Department of Housing and Urban

Development, Creating Walkable and

Bikeable Communities: This guide
provides practical information and
strategies for communities to plan,
design, and implement improvements
that promote walking and cycling.

National Association of City
Transportation (NACTQO) Urban Bikeway
Design Guide: This is a leading resource
for designing safe and efficient bicycle
infrastructure that accommodates
cyclists of all ages and abilities.
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https://www.fhwa.dot.gov/environment/bicycle_pedestrian/guidance/guidance_2023.pdf
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/multimodal_connectivity/
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/multimodal_connectivity/
https://www.huduser.gov/portal/publications/Creating-Walkable-Bikeable-Communities.html
https://www.huduser.gov/portal/publications/Creating-Walkable-Bikeable-Communities.html
https://www.huduser.gov/portal/publications/Creating-Walkable-Bikeable-Communities.html
https://nacto.org/publication/urban-bikeway-design-guide/
https://nacto.org/publication/urban-bikeway-design-guide/
https://nacto.org/publication/urban-bikeway-design-guide/
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FHWA A Resident’s Guide for Creating
Safer Communities for Walking and
Biking: This guide empowers residents
to advocate for and participate in efforts
to create safer streets for walking and
cycling.

FHWA Pedestrian Lighting Primer, April
2022: This guide provides information
on best practices for pedestrian lighting,
ensuring safe and comfortable walking
environments at night.

Association of Pedestrian & Bicycle

Professionals’ Essentials of Bike Parking:
Selecting and Installing Bike Parking that
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FHWA Active Transportation Funding

and Finance Toolkit: This toolkit
provides information about various
funding sources and financing
mechanisms that can be used to

support active transportation projects.

C40 Knowledge Hub, Walking and
Cycling Benefits Tool: This online tool

allows users to estimate the potential
health, economic, and environmental
benefits of investments in walking and
cycling infrastructure.

World Health Organization, Health
Economic Assessment Tool (HEAT) for

Works: This resource offers guidance on
selecting and installing bike parking
facilities that meet the needs of cyclists
and encourage bike use.

TOOLKITS AND
MODELLING APPROACHES

FHWA Congestion Mitigation and Air
Quality Improvement (CMAQ)_Calculator
Toolkit, Bicycle, Pedestrian, and Shared
Micromobility Tool: The CMAQ Toolkit
includes a tool specifically designed to
estimate the air quality and greenhouse
gas reduction benefits of bicycle,

pedestrian, and shared micromobility
infrastructure projects.

Walking and Cycling: This tool helps

assess the health benefits associated
with increased walking and cycling,
including potential reductions in
healthcare costs.

United Nations Environment Program
Cost Benefit Analysis of NMT
Infrastructure Projects: This resource

provides guidance on conducting cost-
benefit analyses for non-motorized
transport (NMT) infrastructure projects,
including walking and cycling facilities.

Smart Growth, Complete Streets Policy

Evaluation Tool: This tool quantifies the

Smart Growth Complete Streets Policy
Framework and can help identify policy
strengths, as well as areas where the
policy can be improved.
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https://www.fhwa.dot.gov/environment/air_quality/cmaq/toolkit/#sect1c
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https://highways.dot.gov/sites/fhwa.dot.gov/files/2022-09/Pedestrian_Lighting_Primer_Final.pdf
https://highways.dot.gov/sites/fhwa.dot.gov/files/2022-09/Pedestrian_Lighting_Primer_Final.pdf
https://www.apbp.org/Publications
https://www.apbp.org/Publications
https://www.apbp.org/Publications
https://www.apbp.org/Publications
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/resources/atfft/
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/resources/atfft/
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FHWA, My Street Planning Tool for
Improving Pedestrian Safety: My Street

is a sketch-level planning tool designed
to help users explore options for
improving pedestrian safety in their
project area.

Mobility Energy Productivity Tool (MEP):
This tool evaluates the ability of a
transportation system to connect

individuals to goods, services,
employment opportunities, and others
while accounting for time, cost, and
energy.

WORKING WITH
COMMUNITIES

U.S. Department of Energy’s Clean Cities
Coalition Network: This network
supports communities in achieving

cleaner air and reducing dependence on
fossil fuels by promoting alternative
transportation options.

FHWA's Zero Deaths and Safe System
Program: This program provides

resources and guidance to help
communities eliminate traffic fatalities
and serious injuries. Active
transportation is a key component of
the Safe System approach, promoting
safer streets for pedestrians, cyclists,
and motorists.

usbot
Climate Strategies that Work

Environmental Protection Agency's
Smart Growth: This website provides
resources and technical assistance to

help communities integrate active
transportation into their development
plans, promoting compact, walkable
neighborhoods.
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BUS RAPID
TRANSIT (BRT)

Bus Rapid Transit (BRT)
enhances urban mobility
and reduces reliance on
carbon-intensive modes of
transportation through
efficient, reliable, high-
capacity bus systems.
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OVERVIEW

Best Suited for:
Long Term & Short Term*
Urban, Suburban, Rural & Tribal*

Bus Rapid Transit (BRT) can modernize BRT systems may incorporate
urban transportation, offering swift, features similar to a light way or
reliable, and high-capacity bus service subway system, including:
through dedicated lanes or rights-of-way. e Designated lane / Right-of-Way
BRT combines the capacity and speed of e Off-board fare collection / All door
a train with the flexibility, lower cost, and boarding

simplicity of a bus system. The flexibility e Bus traffic signal priority

and lower cost of BRT allows for greater e Sheltered waiting areas

network coverage, reaching areas that e Platform level boarding

may be underserved by fixed-route bus e Real time traveler information at
systems. With the right combination of stations and on vehicles shared in
features, BRT circumvents common audible and visual formats

delays experienced by regular bus e Fare policies that allow free transfers
services, such as traffic congestion and between BRT and other modes

onboard payment queues. By

implementing BRT, communities can

improve access to jobs, education, and A study in Salt Lake City found that use of Transit

' ' . ' ' Signal Priority systems for BRT can reduce transit
essential services, fostering social equity time by 9% (Liu et al., 2018).

and economic growth.

BRT systems often outperform
traditional bus services in terms of
schedule adherence and reliability. For
example, in Port Authority of Allegheny
County’s West Busway Bus Rapid Transit,
the Federal Transit Administration found
that buses using the busway are 68%
more reliable in adherence to schedule
than buses operating on city and county

*Suitable for long-term investments, with potential for

roads. short-term benefits through phased deployment.

*Applicable to urban, suburban, and select rural
areas, depending on population density and transit
demand.
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Did you know?

Increased BRT adoption in the U.S. was inspired by a trip to Brazil in the late
1990s by then FTA Deputy Administrator, Nuria Fernandez. Learn more
about the history and future directions of BRT in the U.S., here.

Capacity Improvements

While a single lane of private vehicles on a city street might handle 600 to 1,600
people per hour, a dedicated bus lane can move 8,000 passengers in the same
timeframe (NACTO, 2016).

The capacity of a single 10-foot lane (or equivalent width) by mode at peak conditions with normal
operations (Source: NACTO, 2016).
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System Performance:
BRT systems have demonstrated travel time savings when compared to regular
bus services. For example,

In Boston the Silver Line Las Vegas experienced 37%

Washington Street station has (northbound) and 43% (southbound)

experienced reductions in mean reductions in running times

running times as high as 25%, compared to pre-MAX bus services;

especially in the midday and PM With the implementation of BRT,

peak periods (ETA, n.d.). travel time in the BRT corridor in
Pittsburgh decreased 55% (FTA,
n.d.).

In Los Angeles, the MetroRapid
achieved travel savings as high as
40%, equally attributed to fewer
stops, transit signal priority, and
low floor vehicles (ETA,_n.d.).

A steppingstone to BRT - Urban Circulators

Urban circulator systems such as streetcars and trolley lines connect urban
destinations and foster the redevelopment of urban spaces into walkable mixed-
use, high-density environments. Typically, an urban circulator operates regular
service within a closed loop - usually 3 miles or shorter in length. Examples
include the Portland Streetcar, the Denver 16th Street shuttlebus, and the Lynx
LYMMO in Orlando which is a bus-based fixed guideway. Urban circulators
expand access to transit while growing businesses and developing infrastructure
along major corridors. As the appetite and infrastructure for transit grow
alongside downtown businesses, expansion of the system into BRT is an
attractive and easy option (ETA, 2015).
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GREENHOUSE GAS """
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from GHG
modeling resources, peer-reviewed studies, and real-world applications.

BRT SYSTEMS CAPTURE CHOICE RIDERS AND REDUCE
EMISSIONS

BRT systems can capture choice ) ) )
riders resulting in a mode What is a choice rider?

Individuals whose transportation decisions are based on a
combination of factors including convenience, personal

change away from cars, thus

reducing vehicle miles traveled preference, environmental impact, cost, and access. Choice
(VMT) and traffic-related GHG r_|d(_ers are distinct from captive rlde_rs, wh_o_se options may be

o _ _ limited due to cost, access, or physical ability (Zhao et al.,
emissions, noise, and air 2014).

pollution.

BRT reduces the overall amount of vehicle miles travelled in a city by shifting
commuters to high-capacity buses that can carry up to 160 passengers at a time
(C40, 2016).

A study by the California Air Pollution Control Officers Association (CAPCOA)
estimates that BRT systems can reduce GHG emissions by 13.8% compared to
traditional bus routes (CAPCOA, 2021).

In 2000, the City of Bogota in Columbia launched a new BRT service,
TransMilenio, with priority lanes that allow for faster bus service during peak
periods. The service was estimated to have cut air pollution by as much as 40% in
certain communities (Pierre-Louis, 2023).

The TransOeste BRT system in Rio de Janeiro includes over 150 kilometers of
exclusive lanes. It is expected to save a estimated 107,000 tons of carbon dioxide
equivalents per year, due to fuel-efficient buses and increased share of trips
made by public transit across the city (C40, 2016).
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SUCCESSFUL BRT IMPLEMENTATIONS ARE LINKED TO
LARGE INCREASES IN CORRIDOR RIDERSHIP AND REDUCED
CAR RELIANCE

Boston's Silver Line Phase | experienced a 96% increase in weekday corridor
ridership, with % of new riders previously using other modes (ETA,_n.d.).

On Pittsburgh’'s West Busway, one third of riders used an automobile previously (ETA,
n.d.).

Bus routes that were upgraded to BRT in King County, WA saw an average ridership
growth of 35% (Stewart, Moudon, & Saelens, 2017).

Cleveland's Euclid BRT corridor saw a 60% increase in ridership after two years of
operation (compared to the conventional bus route it replaced), while Eugene, OR's
EmX BRT increased ridership by 74%, and the South Miami-Dade Busway in Miami, FL
increased ridership by about 50% (Ingvardson, & Nielsen, 2018).
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This section outlines the multiple co-benefits associated with the strategy, including

safety benefits, local air quality improvements, and improved accessibility. Each co-

benefit presents examples that demonstrate how the strategy enhances regional or

community well-being while addressing emissions.

SAFETY

Implementing BRT systems can reduce
traffic accidents and fatalities due to:

e Overall reduction in VMT. Fewer
drivers on the road creates a safer
environment for drivers,
pedestrians, and cyclists.

e Fewer bus-vehicle interactions.
Dedicated bus lanes reduce
interactions between buses and
other vehicles, reducing the
likelihood of accidents.

A C40 analysis shows that streets with
BRT systems across Latin America have
experienced an average 40% reduction
in fatalities and injuries (C40, 2016). The
Bogota, Columbia BRT system, launched
in 2000, has reduced car fatalities by
92%. Soon after launch, approximately
11% of riders identified as former
drivers, suggesting that BRT systems,
when designed thoughtfully with
accessibility elements and connections
to active transportation, can influence
mode choice and reduce traffic fatalities
(Pierre-Louis, 2023).

BRT corridor development creates an
opportunity to improve cyclist
accessibility, safety, and comfort. In the

case of the new M15 select bus service
(SBS) in New York City, bicycling increased
18% to 177% due to bicycle safety
improvements implemented in
conjunction with SBS infrastructure
(Beaton et al., 2012).

In the U.S., for every 100 million person-
trips, one study found that fatality rates
for car occupants are 23 times higher
than those for bus occupants (Beck, et al.,
2007). Other research found fatality rates
to be 66 times greater for car occupants
than bus occupants per passenger-mile
(Savage, 2013).

A study of 10 bus routes in Montreal,
Canada found that the rate of fatally or
severely injured vehicle occupants is 6
times greater for car occupants than for
bus occupants (Morency, et al.
2018[AMM3]).

The same study found that the rates of
pedestrian and cyclist injuries are also
significantly greater for car travel (4.1
times) than bus travel (Morency, et al.
2018).
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ACCESSIBILITY AND EQUITY

BRT enhances mobility options by
improving accessibility and reducing travel
times, which can be especially beneficial
for individuals who lack access to a car or
for whom driving would be impossible
due to cost or disability (Nelson &
Ganning, 2015).

BRT systems can save users travel time
and make every-day destinations more
accessible. For example, the Metrobus in
Mexico city has been shown to reduce
travel times by up to 50% in high-traffic
corridors, while the BRT corridors in
Buenos Aires have cut travel times by 20-
40% on average (C40, 2016).

Thoughtful system design and
amenities can help maximize the
benefits of BRT. Features that can
make BRT a more attractive mode
choice include: (ELPC, 2024; C40,
2016)

e Dedicated busways separated
from other vehicle traffic

e Off-board fare collection

e Accessible and bright, inviting
stations

o Well-lit stops with shelter and
heating

¢ In cabin amenities, such as free
Wi-Fi and charging ports

The ITDP’s BRT SCOPE tools shows
how better BRT design can contribute
to higher ridership and reduced
emissions.
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BRT systems with off-board fare
collection can reduce travel time and
improve passenger experience,
especially for passengers with young
children, people with disabilities, and
elderly riders. In its BRT Scorecard, The
Institute for Transportation and
Development Policy, gives the highest
scores to BRT systems with fare-free
services and turnstile-controlled fare
collection (ITDP, 2024).

The 9.6-mile-Silver Line in Grand
Rapids, which launched in 2014, serves
the highest employment concentrations
in the area. It offers accessible boarding
platforms, snow-melting sidewalks, bike
racks, and free Wi-Fi on buses. It has
helped relieve congestion in the Central
Business District and reduced travel
time from 47 minutes to 27 minutes
(ELPC, 2024).

The Minneapolis-St. Paul's METRO BRT
system runs up to 25% faster than local
buses and has seen ridership increase
by 115% between 2022 and 2024. The
BRT stations including lighting, on-
demand heat, and emergency phones
and cameras (ELPC, 2024).
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COST SAVINGS

Transportation is the second-largest household expense for low-income households,
after housing (Bureau of Transportation Statistics, 2023). Investments in BRT can
reduce transportation costs by reducing the need for car maintenance, fuel, and
parking costs. Households that transition from car ownership to using public
transportation, walking, and biking can save nearly $10,000 per year (APTA, 2020).

Read more here about potential savings from using public transit vs. a personal vehicle

for the top 20 cities by ridership (APTA, 2023).

ECONOMIC GROWTH

BRT investments often stimulate economic development along transit corridors,
creating new job opportunities and in some cases revitalizing urban neighborhoods
(Nelson & Ganning, 2015).

BRT infrastructure investments have the BRT Land Development Benefits (Source: FTA,_2015)
potential to catalyze positive land development

effects, fostering mixed-use development and

creating vibrant, walkable communities along

transit corridors. The table below details

benefits seen in four different cities.

AIR QUALITY AND HEALTH

BRT systems are known to increase transit ridership and increase the number and
type of options available for a local trip that might otherwise be made by single
occupancy vehicles, thus reducing overall transportation-related pollutants that
negatively impact human health (Carrigan et al., 2013).

BRT systems that use alternative fuel buses, including electric buses, have improved
in-cabin air quality, compared with diesel buses. For example, a study of Mexico City's
BRT system found that peak in-cabin PM2.5 concentrations decreased by 35 to 80%
when buses were upgraded from diesel to electric versions. These air quality
improvements are attributed to lower emissions and closed, air-conditioned cabins
(Paniagua et al., 2023).

BRT systems that connect with active transportation infrastructure can promote
increased physical activity. Features such as clearly marked pedestrian crossings, curb
extensions, and dedicated bike lanes make it easier for people to use active
transportation in conjunction with transit (CDC, 2023).
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COST CONSIDERATIONS

COST OF IMPLEMENTATION

BRT capital costs can vary significantly, some examples include:
e Franklin Corridor in Eugene, Oregon costing $4.4 million / Km (ETA,_2009).
e Orange Line in Los Angeles, California costing $16.2 million / Km (ETA,.2011).
e Purchase costs for higher end BRT vehicles can range from $370,000 to $1.6
million, depending on the size and propulsion technology (FTA, 2015).

Purchase costs for higher end BRT vehicles can range from $370,000 to $1.6 million,
depending on the size and propulsion technology (ETA, 2015).

Costs for Intelligent Transportation Systems (ITS) BRT components can vary widely,
ranging from $100,000 to more than $1,000,000 per mile. The USDOT's Intelligent
Transportation Systems Joint Program Office maintains a cost database with cost
estimates for ITS deployments.

In 2022 Antelope Valley in northeastern California became the first municipality to
unveil an all-electric bus fleet. The upgrade cost roughly $80 million, or about $1
million per bus, but brought significant cost savings. The transit authority notes
that the electric fleet’s first 10 million miles avoided $3.3 million in fuel costs
(Pierre-Louis, 2023).
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https://www.transit.dot.gov/sites/fta.dot.gov/files/EmX_FranklinCorridor_BRTProjectEvaluation_0.pdf
https://www.transit.dot.gov/sites/fta.dot.gov/files/FTA_Research_Report_0004_FINAL_2.pdf
https://www.transit.dot.gov/research-innovation/bus-rapid-transit-evaluation
https://www.transit.dot.gov/research-innovation/bus-rapid-transit-evaluation
https://www.itskrs.its.dot.gov/costs
https://www.itskrs.its.dot.gov/costs
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.scientificamerican.com/article/better-bus-systems-could-slow-climate-change/
https://www.caleemod.com/handbook/full_handbook.html
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COST EFFECTIVENESS

Construction time for a BRT project is typically less than 18 months compared to a
light rail transit (LRT) project which ranges from about 2 to 3 years, because a LRT
system is more complex than BRT (Taotao & Nelson, 2010).

BRT can be a cost-effective addition to a city's transit network, requiring a lower
initial investment compared to traditional rail-based systems. This characteristic can
be especially important in smaller to medium size cities that are seeking to enhance
their transit services but may not have the financial resources to construct a more
expensive rail system (Vuchic, 2005).

BRT and light rail transit (LRT) Development Costs (ITDP,_n.d.).

Based on recent BRT and light rail corridor development costs in the United States, on
average, BRT can be 7 times more affordable than light rail per mile. That's 25 miles of BRT
infrastructure for the same cost of less than 4 miles of light rail (Kauppila, 2016).

BRT-like design features can also be deployed to create a
less expensive, yet still effective, rapid bus system under
certain circumstances. For example, New York City’'s Select
Bus Service deployed features such as bus lanes, transit
signal priority, and off-board fare payments, which
decreased travel times by about 20%, and increased
ridership by 10-20% (NYCDOT, n.d.).
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https://www.tandfonline.com/doi/full/10.1080/01441647.2010.492455
https://core.ac.uk/download/pdf/76396035.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://brtguide.itdp.org/branch/master/guide/
https://pioneerinstitute.org/blog/bus-rapid-transit-future-public-transportation-boston/
https://www.nyc.gov/html/dot/downloads/pdf/nyc-dot-select-bus-service-report.pdf

FUNDING
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OPPORTUNITIES

Federal Highway Administration (FHWA) Flexible Funds: In addition to FTA
grant programs, certain funding programs administered by FHWA, including the

Surface Transportation Block Grant (STBG) Program and the Congestion
Mitigation and Air Quality Improvement (CMAQ) Program, may be used for

public transportation purposes. These “flexible” funds are transferred from
FHWA and administered as FTA funding, taking on the requirements and
eligibility of the FTA program to which they are transferred. See 49 USC 5334(i)
and FRA's Join Development Circular for more detail.

FTA's Urbanized Area Formula
Funding program provides transit

capital and operating assistance and
transportation-related planning in
urbanized areas.

FTA's Grants for Buses and Bus

Facilities Program supports state and

local efforts to buy or modernize buses,
improve bus facilities, and support
workforce development.

FHWA's Congestion Mitigation and Air
Quality (CMAQ) Improvement
Program provides funds to States for
transportation projects designed to

reduce traffic congestion and improve
air quality, particularly in areas of the
country that is or was designated
nonattainment for certain national air
quality standards.

FHWA's Carbon Reduction Program
(CRP) funds projects designed to
reduce transportation carbon dioxide

(COy) emissions from on-road highway
sources.

FHWA's Surface Transportation Block
Grant (STBG) Program provides
flexible funding that may be used by
States and localities for projects to

preserve and improve the conditions
and performance on any Federal-aid
highway, bridge and tunnel projects on
any public road, pedestrian and bicycle
infrastructure, and transit capital
projects.

FTA's State of Good Repair Grants
Program provides capital assistance for

maintenance, replacement, and
rehabilitation projects of high-intensity
fixed guideway and motorbus systems
to help transit agencies maintain assets
in astate of good repair in urbanized
areas.
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https://www.transit.dot.gov/funding/grants/urbanized-area-formula-grants-5307
https://www.transit.dot.gov/funding/grants/urbanized-area-formula-grants-5307
https://www.transit.dot.gov/bus-program
https://www.transit.dot.gov/bus-program
https://www.transit.dot.gov/bus-program
https://www.transportation.gov/sustainability/climate/federal-programs-directory-congestion-mitigation-and-air-quality-cmaq
https://www.transportation.gov/sustainability/climate/federal-programs-directory-congestion-mitigation-and-air-quality-cmaq
https://www.transportation.gov/sustainability/climate/federal-programs-directory-congestion-mitigation-and-air-quality-cmaq
https://www.fhwa.dot.gov/environment/crp/
https://www.fhwa.dot.gov/environment/crp/
https://www.fhwa.dot.gov/specialfunding/stp/
https://www.fhwa.dot.gov/specialfunding/stp/
https://www.transit.dot.gov/funding/grants/state-good-repair-grants-5337
https://www.transit.dot.gov/funding/grants/state-good-repair-grants-5337
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transit.dot.gov/sites/fta.dot.gov/files/2024-01/Joint-Development-Circular-C-7050-1C.pdf
https://www.transit.dot.gov/sites/fta.dot.gov/files/2024-01/Joint-Development-Circular-C-7050-1C.pdf

FTA's Capital Investment Grants (CIG)
program funds transit capital

investments including new and
expanded rapid rail, commuter rail,
light rail, streetcars, bus rapid transit,
and ferries.

FTA’s Better Utilizing Investments to

usbot
Climate Strategies that Work

FTA's Low or No Emission (Low-No)
Vehicle Program supports state and

local efforts to buy or modernize buses,
improve bus facilities, and support
workforce development.

The Build America Bureau's
Transportation Infrastructure

Leverage Development (BUILD)
Transportation Grants Program funds

investments in transportation
infrastructure, including transit.

FTA's Buses and Bus Facilities
Discretionary Grants assist in the

financing of buses and bus facilities
capital projects, including replacing,
rehabilitating, purchasing or leasing
buses or related equipment, and
rehabilitating, purchasing, constructing
or leasing bus-related facilities.

Finance and Innovation Act (TIFIA)
program provides credit assistance for
qualified projects of regional and
national significance. Many large-scale,

surface transportation projects -
highway, transit, railroad, intermodal
freight, and port access - are eligible for
assistance.
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https://www.transit.dot.gov/CIG
https://www.transit.dot.gov/funding/grants/better-utilizing-investments-leverage-development-build-transportation-grants-program
https://www.transit.dot.gov/funding/grants/better-utilizing-investments-leverage-development-build-transportation-grants-program
https://www.transit.dot.gov/funding/grants/better-utilizing-investments-leverage-development-build-transportation-grants-program
https://www.transportation.gov/rural/grant-toolkit/grants-buses-and-bus-facilities-competitive-program
https://www.transportation.gov/rural/grant-toolkit/grants-buses-and-bus-facilities-competitive-program
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transit.dot.gov/lowno
https://www.transit.dot.gov/lowno
https://www.transportation.gov/buildamerica/financing/tifia
https://www.transportation.gov/buildamerica/financing/tifia

usbot
Climate Strategies that Work

COMPLEMENTARY
STRATEGIES

Enhancing pedestrian and cycling infrastructure along
BRT corridors encourages multimodal connectivity and
promotes healthier, more sustainable travel options.

ACTIVE
TRANSPORTATION

Providing shared mobility (e.g., bikeshare, scooters) at
SHARED & DIty (€8, Bl cooters)
or near the BRT stations will help improve first-/last-

MICROMOBILITY &
MICROTRANSIT mile options for BRT passengers and may encourage
more linked trips.

Coordinating land use planning with BRT investments

TRANSIT-ORIENTED =~ planning Wit d
DEVELOPMENT acilitates compact, mixed-use aeve opment aroun

(TOD)

transit hubs, maximizing ridership and minimizing

sprawl.
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https://dot-climate-strategies.my.canva.site/active-transportation-website
https://dot-climate-strategies.my.canva.site/active-transportation-website
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/shared-micromobility-microtransit
https://dot-climate-strategies.my.canva.site/tod
https://dot-climate-strategies.my.canva.site/tod
https://dot-climate-strategies.my.canva.site/tod
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TRANSIT SYSTEM Implementing fare integration schemes across transit
INTEGRATION modes streamlines the passenger experience.

Commuter benefits can complement bus rapid transit
by encouraging more people to use public transit for
COMMUTER their commute. Increased ridership on bus rapid transit
BENEFITS systems can lead to greater efficiency and effectiveness
of the service as well as potential expansion to serve

more areas and accommodate growing demand.

View All Strategies
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https://dot-climate-strategies.my.canva.site/transit-system-integration-webpage
https://dot-climate-strategies.my.canva.site/transit-system-integration-webpage
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://dot-climate-strategies.my.canva.site/commuter-benefits
https://dot-climate-strategies.my.canva.site/commuter-benefits
https://climate-strategies-that-work-usdot.hub.arcgis.com/
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CASE STUDIES

EVERETT BRT (EVERETT, MASSACHUSETTS)

Source: Barr Foundation

In the Greater Boston region, the Everett BRT pilot showcased the effectiveness of
bus rapid transit elements in improving transit efficiency and rider experience. By
creating bus priority in Arlington, Everett, Cambridge, and Watertown through
dedicated and shared bus and bike lanes, queue jumps, transit signal priority, and
platform level boarding, the pilot demonstrated significant improvements in bus
travel times and reliability. Additionally, the incorporation of art installations into BRT
stations, such as flower bombs and curated bus shelter art, enhanced the aesthetic
appeal of transit infrastructure, improving the overall rider experience and fostering
community engagement with public transportation initiatives.

Source: Barr Foundation
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https://www.barrfoundation.org/climate/bostonbrt
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
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RAPID RIDE (KING COUNTY, WASHINGTON)

King County Metro’'s BRT system shows significant time savings of up to 20% over
previous local bus routes. Utilizing semi-exclusive bus lanes, queue jumps, and off-
board fare collection, King County Metro ensures reliable service. Collaboration with
local stakeholders prioritizes equity and connectivity, resulting in higher ridership
and satisfaction levels, setting a benchmark for successful BRT deployment.

PACE SUBURBAN BUS
(CHICAGO, ILLINOIS)

Pace Suburban Bus operates the
Pulse BRT system in Chicago's
suburban areas, where traffic

congestion can be a significant
challenge. To address this, the system
incorporates features like Transit
Signal Priority (TSP) and curb
extensions to improve service
reliability and efficiency. Additionally,
on highways like I-55, buses utilize
bus-on-shoulder (BOS) operations to
bypass traffic congestion, ensuring
smoother and more reliable service.
These measures have led to
significant improvements, with on-
time performance increasing from
around 65% to 92% with BOS
operation on I-55, and corridor bus
ridership increasing by 600%.

Source: Pace Bus
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https://kingcounty.gov/en/dept/metro/travel-options/bus/rapidride
https://www.pacebus.com/pulse
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.pacebus.com/pulse
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I M P LE M E NTI N G B U S Climate Strategies that Work
RAPID TRANSIT: WHAT TO
READ NEXT

The FTA’s Bus Rapid Transit Resources page provides a number of case studies on
US cities that have implemented BRT systems, including Los Angeles, Las Vegas,
Eugene, Miami, and Pittsburgh. This includes an overview of the costs of these
systems, and some of the design considerations that go into building a BRT route.

The Institute of Transportation and Development Policy produced a report on
guidelines for implementing BRT systems in US cities. The report goes over
funding strategies that different cities have use to construct BRT systems,
including local funding and applicable federal grants. It also provides general
guidance on the timelines associated with BRT implementation.

FTA’s Characteristics of Bus Rapid Transit for Decision Making report provides a
variety of information on items that can be considered when designing and
implementing a BRT system. This includes capital aspects of a BRT project, such as
vehicle type and station designs, and operational aspects, such as fare collection
and intelligent transportation systems.

With proper planning and stakeholder engagement, municipalities can expedite
the deployment of BRT corridors to meet evolving transit demands. Check out
the ITDP’s BRT Planning Guide for more information on the BRT planning
process, including project initiation, demand analysis, public participation, and
cost-benefit analysis.
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https://www.transit.dot.gov/research-innovation/bus-rapid-transit-resources
https://www.itdp.org/wp-content/uploads/2019/09/2019.08.04.US-BRT-Implementation-Guide.V7.pdf
https://www.transit.dot.gov/sites/fta.dot.gov/files/CBRT_2009_Update.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://brtguide.itdp.org/branch/master/guide/

RESOURCES

GENERAL RESOURCES

Federal Transit Administration, Bus

Rapid Transit Resources: This webpage
is a comprehensive repository of BRT
information, including examples,
research, evaluation, and tools.

U.S. DOT, Characteristics of Bus Rapid
Transit for Decision-Making: This
resource provides comprehensive

information for transportation planners
and decision makers to develop and
evaluate BRT. The resource includes the
main elements of BRT, system
performance measures, and system
benefits. Sub-topics include travel time,
reliability, identity and image, safety and
security, capacity, ridership, cost
effectiveness, operating cost efficiency,
land development, and environmental
quality considerations.

U.S. DOT, The Characteristics of
Accessible Bus Rapid Transit: This white
paper highlights elements of BRT that
affect accessibility.

Institute for Transportation and

Development Policy, BRT Planning

Guide: This guide provides a roadmap
for BRT planning, outlining key steps
and considerations for successful
implementation.

Institute for Transportation and

Development Policy, BRT Planning
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Guide Webinar Series: This webinar

series goes into specific aspects of BRT
planning, expanding on the information
in the guide through focused webinars.

Institute for Transportation and
Development Policy, Getting to BRT: An
Implementation Guide for U.S. Cities:
This guide offers practical guidance

specifically tailored to US cities looking
to implement BRT systems.

TOOLKITS AND MODELLING
APPROACHES

Institute for Transportation and
Development Policy, BRT Standard: This
standard is both a framework for

understanding BRT and an evaluation
tool for BRT corridors based on
international best practices.

Clean Air Initiative for Asian Cities (CAI-
Asia).and Institute for Transportation

and Development Policy (ITDP),

Transport Emissions Evaluation Model
for Projects (TEEMP) BRT: This model
can estimate the potential impact of

BRT systems on transportation
emissions, allowing planners to assess
environmental benefits.

The American Cities Climate Challenge,
Transit Priority Toolkit: This toolkit
provides cities an easy-to-use resource

to engage with internal staff,
stakeholders, decision makers, and the
public about transit priority projects.
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https://www.itdp.org/2018/03/03/brt-planning-guide-webinar-series/
https://www.itdp.org/publication/brt-implementation-guide-us-cities/
https://www.itdp.org/publication/brt-implementation-guide-us-cities/
https://www.itdp.org/publication/brt-implementation-guide-us-cities/
https://www.transit.dot.gov/research-innovation/bus-rapid-transit-resources
https://www.transit.dot.gov/research-innovation/bus-rapid-transit-resources
https://www.transit.dot.gov/research-innovation/characteristics-bus-rapid-transit-decision-making
https://www.transit.dot.gov/research-innovation/characteristics-bus-rapid-transit-decision-making
https://www.transit.dot.gov/research-innovation/brt-white-paper
https://www.transit.dot.gov/research-innovation/brt-white-paper
https://www.itdp.org/2017/10/13/new-online-brt-planning-guide/
https://www.itdp.org/2017/10/13/new-online-brt-planning-guide/
https://www.itdp.org/2017/10/13/new-online-brt-planning-guide/
https://www.itdp.org/2018/03/03/brt-planning-guide-webinar-series/
https://www.itdp.org/2018/03/03/brt-planning-guide-webinar-series/
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://itdp.org/publication/the-brt-standard/
https://itdp.org/publication/the-brt-standard/
https://www.itdp.org/publication/transport-emissions-evaluation-model-for-projects-teemp-brt/
https://www.itdp.org/publication/transport-emissions-evaluation-model-for-projects-teemp-brt/
https://www.itdp.org/publication/transport-emissions-evaluation-model-for-projects-teemp-brt/
https://www.itdp.org/publication/transport-emissions-evaluation-model-for-projects-teemp-brt/
https://www.itdp.org/publication/transport-emissions-evaluation-model-for-projects-teemp-brt/
https://www.usdn.org/uploads/cms/documents/2021_0514_final_nrdc_transit_priority_toolkit.pdf
https://www.usdn.org/uploads/cms/documents/2021_0514_final_nrdc_transit_priority_toolkit.pdf
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COMMUTER
BENEFITS

By supporting sustainable
commuting options,
commuter benefit programs
promote employee well-
being and productivity by
making low-carbon travel
more accessible and
attractive.
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OVERVIEW

Best Suited for:
Long Term
Urban, Suburban, Rural & Tribal

Many employers offer pre-tax
commuter benefits as part of an
employee’s compensatory package to
provide cost savings and support
recruitment and retention efforts.
Commuter benefits can support
transportation decarbonization goals by
providing financial benefits to
employees that walk, bike, or take
public transit.

Many employers provide parking spots
for employees. Parking “cash out” is a
strategy that encourages employees
that use lower carbon modes for their
commute and reduces office overhead
costs by reducing demand for parking
spaces. Employers who offer free or
subsidized parking at work can instead
offer employees an equivalent cash
payment, tax-free transit benefit, or tax-
free vanpool benefit.

While there is no federal law mandating
that employers or organizations of a
certain size offer pre-tax commuter
benefits, such as transit benefits to their
employees, Section 132(f) of the IRS
Code allows for employers to offer
nontaxable qualified transportation
fringe (QTF) benefits. As State and local
governments are looking for
opportunities to reduce transportation

usbot
Climate Strategies that Work

emissions and commuter costs, transit
benefits in line with Section 132(f) have
been enacted across the country.

For example, the State of lllinois
recently established a commuter
benefit program, which took effect in
January 2024. The new Transportation
Benefits Program Act requires
employers with more than 50 full-time
employees located within a half-mile of
a fixed route transit service inside the
six-county RTA region, to offer pre-tax
transit benefits to their employees
(Chicago Transit Authority, n.d.).

Many government employees, including
Federal employees, are eligible for
commuter benefits, including transit
subsidies, rideshare opportunities such
as vanpools, and bicycle benefits.
According to an FHWA study,
government agencies in California,
Rhode Island, and Washington, DC
require employers to offer parking
cash-outs to their employees, while
those in Maryland, Colorado, Delaware,
Connecticut, Oregon, and New Jersey,
encourage employers to implement
parking cash-out programs through tax
codes.
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Employee benefits or that support mode choice

and low-carbon trips may include:

e Provide financial incentives (subsidies) for
transit passes, carpools, bicycle costs, Bike parking facilities with whether
rideshare, and bikeshare. protection and lockers can support

bike-to-work initiatives.
Implement carpool matching programs to

connect employees living in close proximity. A bike survey in NYC indicated the

Offer flexible work start and end times to SEEOne ek common reason it
non-commuting cyclists do not

avoid peak traffic congestion. commute by bike is because of lack
Encourage telecommuting or remote work of safe storage at work (NYC

options when feasible. Department of City Planning, 2007).
Install secure bike parking facilities with

weather protection and lockers.

Offer on-site showers and changing facilities

to encourage cycling or walking.
Offer parking cash-outs for employees not
using office parking facilities.

Did you know?

The following cities have the highest percentage of employees biking to work.

Source: The League of American Bigyclists
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GREENHOUSE GAS ™"
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from GHG
modeling resources, peer-reviewed studies, and real-world applications.

In the U.S., Personal Occupancy Vehicles (POVs) are the primary contributor to GHG
emissions within the highest emitting sector, transportation. Commuting to work is
often the most frequent and longest recurring trip that Americans make. Commuter
benefits have the potential to change commuting behavior toward alternative
transportation modes, such as transit (Gutman, 2017).

The California Air Pollution Control Officers Association provides estimates of GHG
emissions benefits for commuter benefit programs (CAPCOA 2021):
e Voluntary commute trip reduction programs can reduce GHG emissions from
project/site employee commute vehicle miles traveled (VMT) by up to 4% whereas
a mandatory program could reduce GHG emissions by up to 26%.
e A subsidized or discounted transit program can reduce GHG emissions from
employee/resident vehicles accessing the site by up to 5.5%.
e Providing an employer-sponsored vanpool can reduce GHG emissions from

project/site employee commute VMT by up to 20.4%.

Commuter benefit programs can be designed to encourage alternatives to car
commuting, including public transit. In 2019, CO2 emissions from personal
vehicles averaged 0.47 pounds per passenger-mile, while emissions from rail
transit were only 0.17 pounds per passenger-mile (CBO, 2022).

Findings from the Puget Sound Regional Travel Survey show the VMT reduction
benefits of Washington State’'s Commute Trip Reduction Law, which requires
employers to offer travel demand management (TDM) programs. Transit-related
benefits (free or subsidized passes) are associated with higher rates of commuting by
public transport, active transportation, and carpooling relative to driving along.
Workers with transit benefits drive 3.16 fewer miles per trip on average, while
workers with free workplace parking drive 3.13 more miles per trip. Similar trends
are seen for non-work trips - the availability of free workplace parking encourages
more driving outside of work (Shin, 2020).

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.seattletimes.com/seattlenews/transportation/the-not-so-secret-trick-to-cutting-solo-car-commutes-charge-for-parking-bythe-day/
https://www.airquality.org/ClimateChange/Documents/Handbook%20Public%20Draft_2021-Aug.pdf
https://doi.org/10.1016/j.tranpol.2020.05.001
https://www.cbo.gov/publication/58861

usbot
Climate Strategies that Work

Average Carbon Dioxide Emissions per Passenger-Mile, by Mode of Transportation,
2019 (CBO, 2022).

FHWA analyzed reductions in daily citywide commute VMT by commuter benefit
scenarios and found that local parking cash-out related ordinances would have the
most significant impact on VMT and subsequent congestion and emissions.

Raw reductions in commute VMT by scenario and city. Source: EHWA, 2023.
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PARKING CASH-OUT STRATEGIES CAN REDUCE VMT AT THE
NATIONAL AND LOCAL LEVELS

A FHWA study on state-level strategies including parking cash-outs projects a 6.6%
decrease in the total U.S. VMT from a cash-out policy scenario modeled for
employers with 10-99 employees, daily cash-out for employers with 100 or more
employees, and no cash-out requirement for employers with fewer than 10
employees.

In a study of the parking cash-out impact on nine cities across the U.S., results
suggest 6 out of 9 cities projected a 5 to 25% decrease in commute-related VMT
(Abou-Zeid et al., 2023).

A 2009 study found a 12% decrease in single occupancy vehicle use across 7
employers that implemented parking cash-out programs in the St. Paul-Minneapolis
region (Van Hattum, 2009).

In Seattle, researchers found employee parking demand decreased by 10% with the
introduction of parking cash-out options (Glascock, Cooper,_ and Keller, 2003).

RIDESHARING REDUCES VMT AND ALLEVIATES CONGESTION

Carpooling and vanpooling can reduce vehicle trips and parking demand.

Many large employers choose to implement travel demand management (TDM)
programs featuring carpool/vanpool and ride matching incentives and services as
key strategies to increase their Average Vehicle Ridership (AVR) scores. AVR scores
improve if there are more people than vehicles traveling to a work site (Texas A&M
Transportation Institute, 2024a).

A study of parking cash-out programs offered by 7 employers in the St. Paul-
Minneapolis area found a 12% decrease in single occupancy vehicle travel following
implementation (Van Hattum, 2009).

A 2016 study on the impacts of ride sharing on vehicle miles traveled in the United
States noted the combination of a moderately used regional dynamic ride sharing
system, along with a 10-30% increase per mile cost of vehicle travel, can reduce 11-
19% of VMT across the country (Rodier et al., 2016).
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Bellevue City Hall in Washington introduced a ride sharing program to its employees
with discounted carpool parking and subsidized vanpooling. The ride sharing
program decreased vehicle ridership by 30% across 650 employees (TTl,.2024b).

In Washington, D.C., the Pool Rewards project provided participants with $1 each
way for each day they carpooled to work. A three-month pilot in 2010 resulted in 293
fewer daily auto trips and a daily VMT reduction of over 9,000 miles per day (Texas
A&M Transportation Institute, 2024a).
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This section outlines the multiple co-benefits associated with the strategy, including

safety benefits, local air quality improvements, and improved accessibility. Each co-

benefit presents examples that demonstrate how the strategy enhances regional or

community well-being while addressing emissions.

SAFETY

Commuter benefits that change
commutes from personal vehicles to
other modes, such as public transit
and bicycle, help decrease traffic
volumes during peak commute
periods. Less congested streets that
also maintain low speeds can
decrease the likelihood of accidents
and improve overall transportation
safety (Retallack and Ostendorf, 2019).

An FHWA analysis of commuter
benefit programs found that citywide
VMT reductions following program
implementation would reduce fatal
and incapacitating injury crashes up
by up to 30 per year. Although
estimates from this analysis may seem
relatively small, any reductions in
fatalities or injuries on roadways
reflect meaningful safety
improvements (EHWA, 2023).

ACCESSIBILITY AND EQUITY

Commuter benefits help break down
barriers to job access, removing car
ownership as a pre-requisite for
maintaining employment (Andersson
etal., 2014).

City and regional ordinances that
require employers to eliminate
subsidized parking benefits and
instead offer non-SOV commute
benefits advance transportation
equity by eliminating the false free
cost of parking. Free parking acts to
subsidize automobile use, and can
subsequently increase congestion,
pollution, emissions, and crash risk
(EHWA, 2023).

In a 9-city study of commuter
benefits, FHWA found that any
policies that expand the baseline
number of employees considered
for benefits (beyond only free
parking) would have positive equity
implications. However, low income
groups are significantly less likely to
be offered transit benefits compared
to higher income groups, and higher
income groups experience higher
rates of workplace transit benefits.
Programs that target lower income
individuals or particular
sectors/employers can enhance the
equity of benefit offerings (FHWA,
2023).
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ECONOMIC GROWTH

Commuter benefits programs can
provide savings for both employers
and employees. Employers can
reduce their payroll taxes and
attract and retain more talented
employees by offering
transportation benefits. Employees
can lower their monthly commute
expenses (NYC Commuter Benefits

Law).

When commuter benefits lead to
greater investment in transit, there
can be even greater benefits to
economic growth. Investment in
transit can yield 49,700 jobs per $1
billion invested, and offers a 5 to 1
economic return (APTA, 2020).

AIR QUALITY AND HEALTH

Commuter benefits can encourage
employees to choose from personal
vehicles to other modes. Reducing the
number of emissions-emitting vehicles
on the road (especially in densely-
populated areas) will decrease air
pollutants that are harmful to human
health (Litman, 2024).

Pollution from tailpipe and non-tailpipe
emissions contribute to health
inequities for communities, especially
communities of color, which are
disproportionately located near major
roadways and ports (USEPA, 2014; Jbaily
etal., 2022).
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RURAL COMMUNITIES

In some rural areas, residents may
need to commute longer distances to
access employment opportunities,
especially if there are limited job
options locally. Commuter benefits,
such as those that subsidize public
transportation or carpool/vanpool
can help make these commutes
more affordable and less carbon
intensive.

Per capita vehicle ownership and
VMT tend to be higher in rural areas,
while walking, cycling and public
transit travel tend to be higher in
urban areas. Rural households tend
to drive relatively high annual miles
and have relative low annual
incomes, making them more
sensitive to changes in fuel prices
and other commuting costs (Litman,
2024b).
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COST SAVINGS

Employees can save as much as 40% on monthly transit or vanpool costs when they
choose the San Francisco Bay Area Commuter Benefits Program pre-tax benefit
option (MTC, 2024).

Commuter benefit programs can reduce VMT and congestion, saving commuters
valuable time each day. FHWA found citywide dollar savings for all commuters due to
delay reductions ranging from $6M to over $120M (FHWA, 2023).

Commuter benefits programs can save employees money otherwise spent on
personal vehicle expenses, such as car maintenance, fuel, and parking costs.

Estimated annual dollars saved for all commuters due to delay reductions.
Scenario 1: Requirement to Offer Monthly Parking Cash-Out vs. Scenario 5:
Requirement to Eliminate Subsidized Parking Benefit + Provide Universal $5 Per
Day Employer-Paid Non-SOV Commute Benefit (EHWA, 2023).
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COST CONSIDERATIONS

COST OF IMPLEMENTATION

The cost to implement commute
benefits varies widely depending on the
scale, scope, and location of the project.

Typically, commuter benefits programs
are free for employees and reduce
overhead for employers who can better
manage parking demand from
commuters. Parking facilities can carry
additional costs such as maintenance,
landscaping, and property taxes.
However, the land value of parking has
the potential to be substantial
(Szambelan, 2019). Employers may be

able to rent out unfilled parking spots or
have reduced need to buy or rent
parking space in an office building.
Commuter benefits can lead to mutual
cost savings for employees and
employers.

Employers can choose to work with a

third-party commuter benefit provider Archival Commuter Benefits Brochure
to administer commuter benefits. (Source: APTA,_2009

Administrative fees vary by vendor,
number of employees, and type of
services. Third-party vendors may
charge fees based on a percentage of
benefits received per employee, or a
dollar amount per participant per
month. For an example, see the NYC
Department of Consumer and Worker
Protection website for a list of third-
party providers.
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FUNDING
OPPORTUNITIES

FHWA's Congestion Management and Air Quality Improvement (CMAQ) Program
provides a funding source for State and local governments to fund transportation
projects and programs to help meet the requirements of the Clean Air Act (CAA),
including employer-based commuter choice programs designed to reduce single

occupancy vehicle travel.

Qualified Transportation Fringe: Section 132(f) of the IRS Code allows for
employers to offer nontaxable qualified transportation fringe (QTF) benefits. These
benefits include mass transit benefits, vanpools, qualified parking and other
commuter benefits.
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STRATEGIES

ACTIVE
TRANSPORTATION

RIDESHARING AND
CARSHARING

BUS RAPID
TRANSIT

Employers can create a culture that embraces active
transportation by offering commuter benefits and
building infrastructure that makes walking and cycling
to work a safe and convenient option.

Commuter benefits can incentivize carpooling and
vanpooling as viable alternative modes of
transportation, benefiting both employees and
employers by reducing commuting expenses while
reducing GHG emissions.

Commuter benefits can complement bus rapid transit
by encouraging more people to use public transit for
their commute. Increased ridership on bus rapid
transit systems can lead to greater efficiency and
effectiveness of the service as well as potential
expansion to serve more areas and accommodate
growing demand.
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Commuter benefits can have a positive relationship

with transit expansion by encouraging more people to

use public transportation. Increased demand for

PUBLIC TRANSIT transit can create a stronger case for transit
EXPANSION expansion, as transit agencies may see the need to

accommodate growing numbers of riders with
expanded routes, increased frequency, or new transit
infrastructure.

By implementing parking reforms that make it less
convenient or more expensive to drive alone to work,
PARKING while simultaneously offering commuter benefits that
REEORMS make alternative transportation options more
attractive, communities can encourage more
sustainable commuting behaviors and reduce reliance

on personal vehicles.

View All Strategies
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CASE STUDIES

WASHINGTON STATE COMMUTE
TRIP REDUCTION LAW:

Washington's State Commute Trip Reduction

Law requires large employers to implement
transportation demand management
strategies that help to reduce congestion and
emissions on the state’s busiest commuting
corridors. Employers’ strategies are identified
based on their effectiveness and their
contribution to local goals around reducing
vehicle miles traveled. The Washington State
Department of Transportation supports the
program through technical assistance,
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&% 16%

Less drive-alone
commutes

® 23%

Reduction in average
VMT per commuter

developing statewide policies and practices, and reporting on collective progress.

Using strategies like these, Seattle was able to reduce the total number of drive-
alone commutes by 16% and the average VMT per commuter by 23% (WSDOT, 2024;

Seattle Department of Transportation, 2019).

SEATTLE, WASHINGTON:

Seattle Children's Hospital's long-

running trip reduction program
(established in 1995) offers valuable
insights into the effectiveness of

financial incentives for promoting

alternative commute options. Between
1995 and 2017, the hospital witnessed
a significant decrease in SOV
commute rates, dropping from 73%

to 33%.

Source: King County Metro

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations

Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://wsdot.wa.gov/business-wsdot/commute-trip-reduction-program
https://wsdot.wa.gov/business-wsdot/commute-trip-reduction-program
https://toolsofchange.com/en/case-studies/detail/745
https://www.c40knowledgehub.org/s/article/Benefits-of-Walking-and-Cycling-Houston-White-Oak-Bayou-Greenway?language=en_US
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://wsdot.wa.gov/business-%20wsdot/commute-trip-reduction-program
https://www.seattle.gov/Documents/Departments/SDOT/TransportationOptionsProgram/CTR_Strategic_Plan_Executive_Summary_082219.pdf

PHILADELPHIA,
PENNSYLVANIA:

Starting in 2023, Philadelphia required

employers with 50+ employees to “offer
an employee-paid, pre-tax payroll
deduction, or provide an employer-paid
direct benefit such as a public transit
key card or transportation shuttle.” The
ordinance was signed by Mayor Jim
Kenney in June 2022, and applies to
employees who have worked more than
30 hours per week for the same
employer in the past twelve months.
According to the ordinance, employers
are only required to offer the benefit if
employees ask for it. Helen Gym, the
council member who sponsored the
ordinance, said, “By bringing new riders
into our city’s public transit network -
this program will make our streets less
congested, our air cleaner, and our city
safer” (SEPTA, 2024).

Source: NJ Transit
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Source: City of Philadelphia

NEW JERSEY:

NJ Governor Phil Murphy signed a
commuter benefits law that went into
effect on March 1st, 2020. Covering
the entirety of the state, the law

makes it mandatory for employers
with over 20 full-time employees to
offer pre-tax transit benefits. As
Senator Loretta Weinberg said during
the law's signing: “Commuting costs,
for the most part, are a predictable
expense. If you asked someone how
much they spend on their commute
each month, most people could give a
quick estimate off the top of their
head. This bill will allow workers
across the state to set aside money to
go towards their transportation
expenses, like park-and-ride parking
or transit passes, pre-tax. This would
offer valuable savings to many New
Jerseyans struggling to make ends
meet".
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IMPLEMENTING At svtges i or
COMMUTER BENEFITS:
WHAT TO READ NEXT

Any mention of specific companies or services within the resources linked
below and elsewhere on this page is for illustrative purposes only and does

not constitute an endorsement by the USDOT or federal government at large.

Federal Highway Administration, Expanding Traveler Choices through the Use of

Incentives: A Compendium of Examples: This primer describes how transportation

agencies and other mobility services can address recurring and non-recurring
congestion through "nudges" that incorporate behavioral economic concepts and
encourage travelers to choose their mode, time of travel, or route. The primer
provides case studies based on programs offered by State, regional, and local
transportation agencies, universities and research institutions, and within the private
sector that provide incentives designed to encourage individuals to consider
alternatives. In addition to reducing congestion, these incentives can lead to
improvements in air quality through reduced emissions, reductions in energy
consumption, safer roadways, and more livable and sustainable communities.

Best Workplaces For Commuters (BWC): BWC is an innovative membership program
that provides qualifying workplaces, universities/colleges, and sites with national

recognition and support. Being named a BWC is a designation that signifies each
designee’s dedication to providing outstanding commuter benefits, such as free or
low-cost bus passes and vanpool fares, carpool programs, and comprehensive
telework programs. BWC's website provides resources for potential designees,
includinga page that is helpful to understand federal taxes for

commuters/employers.

Below are some example articles that provide information for starting a commuter
benefits program:
e Edenred article: Six Steps to Starting a Commuter Benefits Program

¢ Indeed article: What are Commuter Benefits (And Should you Offer Them)?
e Human Interest article: Setting Up a Commuter Benefits Plan for a Small Business
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https://humaninterest.com/learn/articles/setting-commuter-benefits-plan-small-business/
https://www.transportation.gov/climate-strategies
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https://www.transportation.gov/climate-strategies

RESOURCES

GENERAL RESOURCES

USDOT TRANServe Federal Transit Benefit
Program: TRANServe provides federal
agencies a comprehensive transit benefit
solution that effectively leverages the
program'’s experienced staff, secure
online application system, benefit delivery

products, and mature business processes
to administer transit benefits to federal
employees. TRANServe encourages
federal employees to use mass
transportation as the primary means of
commuting from home to work and
embraces the opportunity to assist federal
employees with commuting practices that
reduce traffic congestion and help the
environment.

Section 132(f)_of the IRS Code: This IRS
code allows for employers to offer
nontaxable qualified transportation fringe
(QTF) benefits.

FHWA's An Assessment of the Expected
Impacts of City-Level Parking Cash-Out

and Commuter Benefits Ordinances. This

FHWA effort analyzed the impact city-level
parking cash-out ordinances could have
on vehicle travel, congestion, greenhouse
gas emissions, crashes, and equity
externalities for a sample of nine cities
and five distinct scenarios. The report can
serve as a resource for municipalities
considering enacting parking cash-out
ordinances or related policies that would
encourage parking cash-out.
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WORKING WITH
COMMUNITIES

Association for Commuter
Transportation (ACT): ACT strives to
create an efficient multimodal

transportation system by empowering
the people, places, and organizations
working to advance TDM in order to
improve the quality of life of
commuters, enhance the livability of
communities, and stimulate economic
activity.

Ride Together Pierce County List of

Educational Opportunities for

Commute Trip Reduction Programs:
The mission of Ride Together Pierce is
to champion the use of sustainable
transportation options amongst
residents, businesses, commuters

and day trippers alike in Pierce
County, WA. Through a host of
support services and programs that
help businesses implement
commuter programs and make
sustainable transportation options
easy for riders to access, Ride
Together Pierce strives to assist the
community with their traveling needs.
As a result, Ride Together Pierce helps
Pierce County lower carbon
emissions, reduce traffic congestion
and benefit from the many types of
transportation services available.
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COORDINATED
TRANSPORTATION
PLANNING

Coordinating transportation
planning activities across
different sectors,
jurisdictions, and levels of
government supports the
expansion of low- and no-
emission transportation
options, while enhancing
equity and resilience in
transportation.
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Best Suited for:
Long Term
Urban, Suburban, Rural & Tribal

Transportation planning often requires coordination across multiple sectors (i.e.,
transportation and housing), jurisdictions (i.e., neighboring municipalities), and levels
of government (i.e., municipal, county, and state) to meet strategic goals.
Transportation system development, operations, and performance depends heavily
on land use, housing, the economy, environment, and public health. Transportation
investments affect outcomes in these sectors as well. Thus, coordination among
transportation planners and those doing planning in these sectors leads to
mutually beneficial outcomes that fulfill multiple priorities, including reduction in
greenhouse gases and criteria air pollutants. Many important decisions about
transportation investments are made through statewide and metropolitan
transportation planning processes that already cross geographic jurisdictions and
multiple priority areas.

Coordinated Transportation Planning elements may include:

e Coordination between transportation and land use planning processes involves
working to ensure new development complements existing transportation
options and future transportation plans consider land use patterns.

e Transit-Oriented Development (TOD) reduces reliance on private vehicles through
vibrant, mixed-use neighborhoods centered around high-quality public
transportation. Refer to the Transit-Oriented Development strategy page for
more information.

e Zoning that prioritizes affordable housing and other new development near
multimodal transportation options, encourages walking, biking, and public
transit, and considers parking demand management reforms. Refer to the Zoning
Reform strategy page for more information.

Coordinated transportation planning brings together various stakeholders, such as
government agencies, transit operators, and community groups, to develop comprehensive
strategies for improving transportation systems.
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The transportation planning process (Source: FHWA, n.d.).
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The Bipartisan Infrastructure Law (BIL) includes several changes in the
metropolitan planning process that provide new opportunities to align
investments in transportation and housing (23 USC 134(g)(3)(A)). This could
involve projects and strategies that promote consistency between transportation
improvements and state and local housing patterns as part of the transportation
planning process. The law specifies a few opportunities for coordinated action:

updating planning policy to encourage and promote the safe and efficient
management, operation, and development of surface transportation systems (like
roadways and streets) that will better connect housing and employment;
consulting housing agency officials during the planning process;

requiring the metropolitan transportation planning processes to consider projects
and strategies that will promote consistency between transportation
improvements and State and local housing patterns (in addition to planned
growth and economic development patterns); [8 11201(d)(3); 23 U.S.C. 134(h)(1)(E)]
recommending assumed distribution of population and housing for consideration
in optional scenarios as part of the metropolitan transportation plan; [8 11201(d)
(4)(A); 23 U.S.C. 134(i)(4)(B)]

adding affordable housing organizations to a list of stakeholders MPOs are
required to provide a reasonable opportunity to comment on the metropolitan
transportation plan; [8 11201(d)(4)(B); 23 U.S.C. 134(i)(6)(A)]

within a metropolitan planning area that serves a transportation management
area, permitting the transportation planning process to address the integration of
housing, transportation, and economic development strategies through a process
that provides for effective integration, including by developing a housing
coordination plan. [8 11201(d)(5); 23 U.S.C. 134(k)].
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GHG REDUCTION Climate Strategies that Work
POTENTIAL

This section provides an overview of GHG emission reductions associated with the
strategy. It highlights key findings and relevant metrics from GHG modeling resources,
peer-reviewed studies, and real-world applications.

COORDINATED PLANNING AND COMPACT DEVELOPMENT

Globally, people living in more compact developments drive less VMT and
produce less carbon dioxide (CO2) emissions per capita (Gim, 2020; Hong, 2017).

The IPCC estimates that integrated planning that brings about compact and
efficient urban growth through co-location of residences and jobs, mixed land
use, and transit-oriented development could reduce GHG emissions between
23-26% by 2050 compared to the current baseline (IPCC, 2022).

Reducing VMT through coordinated transportation planning reduces both GHG
emissions and traffic congestion. In Denver, CO, redirecting growth of 8% of the
city’s jobs and households toward 10 regional centers reduced congestion by 6%
and GHG emissions by 4% (EPA, 2007).

Nationally, compact development can reduce GHG emissions by 0.2 to 3.5%
from the 2030 baseline; pedestrian improvements can reduce GHG emissions by
0.10 to 0.31% from the 2030 baseline; and bicycle improvements can reduce
GHG emissions by 0.09 to 0.28% from the 2030 baseline (NASEM, 2012).

Refer to the Transit-Oriented Development strategy page for more information.

CLIMATE BENEFITS OF ZONING REFORM

A study of three high-growth U.S. metropolitan areas found that local zoning
reforms to accommodate housing growth along public transportation corridors
and on underutilized urban land closer to downtown would reduce VMT by up to
13% and GHG emissions by up to 14% (Holland et al., 2023).

In Albuquerque, NM, scenarios for ambitious zoning changes for more compact,
infill land development were modeled to reduce transportation-related GHG
emissions by about 20% from the region’s 2012 baseline by the year 2040
(Tayarani et al., 2018).

Refer to the Zoning Reforms strategy page for more information.
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CO-BENEFITS
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This section outlines the multiple co-benefits associated with the strategy, including safety
benefits, local air quality improvements, and improved accessibility. Each co-benefit
presents examples that demonstrate how the strategy enhances regional or community

well-being while addressing emissions.

SAFETY

Coordinated transportation planning
can help reduce VMT and support the
development of complete streets,
providing a safer environment for
pedestrians and bicyclists and
decreasing opportunities for vehicle-
pedestrian and vehicle-bicycle crashes.
Safety improvements, in turn, positively
reinforce uptake of low-emission modes
(Boutros et al., 2023).

Transportation planners and safety
practitioners can work together to
address safety challenges. See FHWA's
Transportation Safety Planning website
for a list of resources.

Transportation planners can support
Smart Growth strategies, which
encourage compact development and
non-auto travel. Smart Growth has been
shown to calm traffic, reducing speeds
and fatality rates by 20% to 80% (Litman
2024).

ECONOMIC GROWTH

There can be economy-wide long-
term cost savings associated with
policies that allow more compact,
mixed-use development, such as

increased property values for
residents and businesses, easier
travel, reduced pollution, and
economic stabilization of
neighborhoods (EPA, n.d.).

Coordinating transportation
planning that creates more compact,
diverse communities can increase
economic productivity, tax revenue,
property values, and innovation.
Multiple studies have found that
economic productivity (in terms of
gross domestic product, or GDP)
increases with density and declines
with VMT (EHWA, 2019; Ahlfeldt and
Peitrostefani, 2017; Litman, 2024a).

In Des Moines, IA, a fiscal impact
analysis showed that investing in a
walkable urban scenario would
generate a total annual net fiscal
impact of $11.2 million, while a low-
density scenario would only
generate $7.5 million. The urban
scenario would also preserve over
1,200 acres of land, which would still
generate property tax revenues and
potentially be used for public
purposes, like parks (Smart Growth
America, 2015).
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ACCESSIBILITY AND EQUITY

Coordinated transportation planning
expands affordable housing
opportunities with convenient access
to walking, biking, and riding transit.
Increased access to transportation
options also means more access to
job opportunities, education, and
everyday destinations for those who
cannot or do not drive, especially the
elderly, disabled, youth, and people
living in lower-income communities
(Litman, 2024a).

Transportation planning decisions
can positively influence community
cohesion and opportunities for
people to meet and build positive
relationships. Planning that improves
walkability and creates more parks
and public spaces for people to
naturally interact can increase social
interactions and reduce loneliness
(Litman, 2024b; Steuteville, 2024).
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RURAL COMMUNITIES

Coordinated transportation planning
can benefit rural communities by
allowing for more flexible land use,
and supporting efforts to reduce
transportation-related GHG
emissions. It can enable the
development of affordable housing
and mixed-use areas, including
creating vibrant town centers with
improved walkability, bikeability, and
the ability for residents to live closer
to work and amenities. Overall, it can
help promote sustainable growth
while preserving the unique character
and environment of rural areas
(Litman, 2024a).

RESILIENCE AND
ADAPTATION

Adaptation strategies that support
community density, like preservation
of open green space, using greenways
or other trails to mitigate flooding or
heat impacts, or using multimodal
hubs as evacuation points or
heating/cooling centers for vulnerable
populations help communities be
more resilient to extreme events like
floods (Davis et al., 2023; Ciabotti et
al., 2023).

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations

Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources


https://vtpi.org/sg_save.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.fhwa.dot.gov/environment/recreational_trails/publications/fhwahep23017.pdf
https://www.fhwa.dot.gov/environment/recreational_trails/publications/trails-resilient-infrastructure-guidebook.pdf
https://www.fhwa.dot.gov/environment/recreational_trails/publications/trails-resilient-infrastructure-guidebook.pdf
https://vtpi.org/sg_save.pdf
https://www.vtpi.org/cohesion.pdf
https://www.cnu.org/publicsquare/2024/01/04/fighting-loneliness-through-community-design

AIR QUALITY AND HEALTH

Coordinated transportation planning
for compact, mixed-use
development that reduces the
number of emissions-emitting
vehicles on the road (especially in
densely-populated areas) will
decrease air pollutants that are
harmful to human health (Litman,
2024b).

Coordinated planning can support
Smart Growth and transit-oriented
development, which are proven
strategies to reduce vehicle travel
and emissions. A literature review by
Litman (2024) found that creation of
multi-modal, compact communities
can reduce pollution by 10% to 60%.
Refer to the Transit-Oriented
Development strategy page for

more information.
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COST SAVINGS

Shifting toward land use patterns
that prioritize compact, mixed-use
development easily accessible by
public transit and active
transportation can reduce
transportation costs by reducing the
need for car ownership,
maintenance, fuel, and parking costs
(Litman, 2024a). In 2022,
transportation was the second
largest household expenditure

behind housing, accounting for 15%
of average household spending
(BIS, 2023).
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COST CONSIDERATIONS

COST EFFECTIVENESS

While there may be upfront costs
associated with coordinated

COST OF IMPLEMENTATION

The cost of coordinated transportation
planning can vary depending on factors

transportation planning and such as the scope of the planning effort,

implementing changes, the long-term the size of the community, and the
benefits can outweigh these expenses. extent of public engagement required.
Some costs to consider include
consultant and planning fees,
administrative costs, and public
engagement (i.e., venue rental,

advertisements).

For example, promoting compact,
mixed-use development can reduce
infrastructure costs by minimizing the
need for new roads, utilities and other
services.

Coordinated transportation planning There are often opportunities to
that encourages compact, mixed-use, leverage funding from grants,
transit-oriented development that is
conveniently accessed by multiple
modes can reduce housing costs while
stimulating economic growth by
attracting commercial business and
visitors (NASEM, 2012; Anagol et al.,
2021). This can create jobs and generate

partnerships, and other sources to
support coordinated transportation
planning efforts. See the_Funding
Opportunities section.

revenue for local governments. Refer to

the Transit-Oriented Development
strategy page for more information.

By reducing air pollution and promoting
active transportation, coordinated
transportation planning can improve
public health and reduce health care
costs associated with respiratory

Transportation planning across jurisdictional
boundaries is crucial to ensuring efficient,
cohesive, and sustainable transportation
systems.

illnesses and traffic accidents.
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OPPORTUNITIES

HUD's Pathways to Removing
Obstacles to Housing (PRO Housing)
empowers communities that are

actively taking steps to remove barriers
to affordable housing and seeking to
increase housing production and lower
housing costs for families over the long
term. With a specific focus on the
lacking access to affordable housing
which disproportionately affects people
of color, this program seeks to alleviate
some of the historic zoning pressures
that make housing inaccessible to
many.

HUD’s Community Development
Block Grant (CDBG) Program supports
community development activities to

build stronger and more resilient
communities. To support community
development, activities are identified
through an ongoing process. Activities
may address needs such as
infrastructure, economic development
projects, public facilities installation,
community centers, housing
rehabilitation, public services,
clearance/acquisition, microenterprise
assistance, code enforcement,
homeowner assistance, etc.

USDOT's Reconnecting Communities
Pilot (RCP) Program provides grants to
improve multimodal transportation

access, to foster equitable
development, and to remove, retrofit,
or mitigate highways or other
transportation facilities that create
barriers to community connectivity.
Regional Partnerships Challenge Grants
encourage stronger partnerships
between local governments, Tribal
governments, MPOs/RPOs, State DOTs,
and non-profit, private, and community
partners to tackle persistent equitable
access and mobility challenges, as well
as greenhouse gas emissions
reductions.

FTA's Areas of Persistent Poverty
(AoPP) Program supports increased

transit access for environmental justice
(EJ) populations, equity-focused
community outreach and public
engagement of underserved
communities and adoption of equity-
focused policies, reducing greenhouse
gas emissions, and addressing the
effects of climate change.

FTA's increased federal share for
certain planning activities helps

communities with lower population
densities or lower average incomes,
compared to surrounding areas,
expand access to public transportation.
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COMPLEMENTARY cmesooges ok
STRATEGIES

Coordinated transportation planning complements
active transportation when it leads to compact, mixed-
use development where destinations are convenient,
ACTIVE accessible, and support the development and use of
TRANSPORTATION active transportation infrastructure. Active
transportation infrastructure can help achieve
coordinated transportation planning goals by making

walking and biking safer, more accessible, and
convenient.

When coordinated transportation planning integrates
with parking reform strategies, it can encourage the

PARKING REFORMS use of alternative modes, such as public transit, biking,
or walking, by making driving and parking less

attractive.

Coordinated transportation planning helps identify
where road pricing strategies could be most effective

ROAD PRICING and ensures that alternative transportation options
are available to commuters affected by pricing

measures.
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Coordinated transportation planning, complements
TOD by ensuring that new developments meet a range
of community needs. For example, when coordinated

TRANSIT-ORIENTED

DEVELOPMENT transportation planning for TOD involves the housing
sector, it can help ensure that there is a range of
housing options with convenient access to public
transit.
Supporting low carbon trip planning and modal
integration requires the availability of multimodal
options for travelers to be able to use and plan
connected trips that are not reliant on single

T?:glﬂn%ND'ﬂEG occupancy vehicles. Coordinated transportation

INTEGRATION planning can support the vision of a network of

connected transport and transit options for efficient
and convenient travel by ensuring different modes are
coordinated and planned effectively with lower carbon
options.

Zoning codes are a key tool to implement
transportation plans by determining land use patterns,
densities, and the design of streets and infrastructure.
When transportation planning and zoning are

ZONING REFORMS coordinated, zoning codes can be aligned with
transportation goals to also promote TOD, pedestrian-
friendly streetscapes, and mixed-use developments
that reduce dependence on personal vehicles and

encourage alternative modes of transportation.

View All Strategies
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CASE STUDIES

METROPOLITAN ATLANTA RAPID TRANSIT AUTHORITY

Since the adoption of its TOD affordable housing
policy in 2010, the Metropolitan Atlanta Rapid Transit
Authority (MARTA) has been creative in engaging
partners and fulfilling its commitment. In 2020, Invest
Atlanta, the city’s development authority, along with
Enterprise Community Loan Fund and the Low-
Income Investment Fund created a $15 million
Transit-Oriented Development Fund focused on
acquisition and predevelopment of affordable
housing near transit. In 2021, MARTA announced the
creation of a $100 million private fund to support the
preservation of affordable housing within a half mile
of transit stations. In 2023, MARTA secured $1.75
million in funding from the USDOT to stand up a

transit and TOD accelerator, building on the strong “Phoenix Mural” by Brandon

track record of innovative solutions to funding gaps sadler at the Five Points MARTA
for providing affordable housing near transit. station (Source: MARTA).

COMMUNITY PLANNING ASSOCIATION OF SOUTHWEST IDAHO

The Community Planning Association of Southwest Idaho, serving as the regional
MPO for the City of Boise and greater Treasure Valley, updated its long-range plan,
Communities in Motion 2050, in 2022 to include greater coordination with affordable
housing development. The Community Planning Association of Southwest Idaho
expanded its advisory groups to include housing representatives to inform the long-
range plan, harnessing connections with United Way and others. Communities in
Motion 2050 includes a vision that sites new housing near planned transit routes as
well as a goal to "promote development patterns and a transportation system that
provide for affordable housing and transportation options for all residents."
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AGE-FRIENDLY RURAL PLANNING

In 2018, the Town of Sullivan, Maine (rural community with a population of 1,200)
joined a national network of age-friendly communities that was started in the U.S. by
AARP in 2021. Becoming an officially designated age-friendly community involves a
comprehensive planning process resulting in policies and programs that make
communities more livable so older residents remain connected and independent.
Some of the strategies that Sullivan has adopted to be more age-friendly are also
helping the community reduce transportation emissions, such as through better
walking trails and public transportation options.

MULTI-FAMILY ZONING REQUIREMENTS IN
MASSACHUSETTS

A Massachusetts law requires the Massachusetts Bay Transportation Authority
(MBTA) communities, which include cities, towns, and municipalities served by MBTA
services, to have at least one zoning district for multifamily housing permitted as of
right. In response to the high housing and rent costs in Massachusetts, the law aims
to allow multifamily housing to be close to transit stations to improve access to daily
destinations and workplaces, as well as reduce reliance on single occupancy vehicles.
The multifamily housing units must have a minimum gross density of 15 units per
acre; located not more than half a mile from public transit stations; have no age
restrictions; and be suitable for families with children.

MBTA Communities (Source: Commonwealth of Massachusetts).
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COORDINATED
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TRANSPORTATION PLANNING:
WHAT TO READ NEXT

New Jersey's Transit Friendly Guide
provides design guidance on orienting

development around transit lines. This
includes recommendations on bike and
pedestrian accommodations, and design
and development.

The Bipartisan Policy Center has published
case studies on cities which have changed
zoning regulations in order to encourage
more housing development. These include
changes such as eliminating parking
minimums, reducing lot size requirements,
and encouraging additional density. All of
these changes can play into making more
affordable, more walkable, and more
sustainable urban environments.

The 2024 report, Community Cohesion as a
Transport Planning Objective, describes the
concept of community cohesion and
specific planning strategies for increasing
cohesion, including pedestrian
improvements and inclusive design
(Litman, 2024b).

See the National Center for
Sustainable Transportation

Research’s report on best practices
regarding land use and equity. The
report provides an overview of tools

that agencies can use to assess VMT
changes, gentrification and equity
impacts, and GHG impacts
associated with different land use
policies.

USDOT's Tools and Practices for
Land Use Integration page contains
examples of transportation and land
use integration strategies that
various jurisdictions have
implemented. These include parking
management approaches and

transit-oriented development
projects.
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RESOURCES

GENERAL RESOURCES

US HUD Green Building Standards: HUD
standards strongly encourage low-carbon
development methods for grantees and
contractors receiving funding through the
Neighborhood Stabilization Program.

These standards include a focus on how
green housing design benefits the
neighborhood fabric through proximity to
transportation and access to walking and
bike paths.

Federal requirements for statewide and
metropolitan transportation planning:

These requirements can be found under
23 U.S.C. Chapter 1, Federal-Aid Highways,
and 49 U.S.C. Chapter 53, Public
Transportation.

Federal Requirements for State and local
Consolidated Plans: The federal
requirements for state and local

consolidated plans, established by HUD to
serve as the planning document
(comprehensive housing affordability
strategy and community development
plan), can be found at 24 CFR Part 91.

HUD Consolidated Planning website: This
website provides an overview of the

consolidated State and local planning
process, introduction to HUD's Office of
Community Planning and Development,
and a range of resources and
opportunities to keep up to date on the
topic.
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FHWA-FTA Transportation Planning
Capacity Building website: Addressing
GHG in the Transportation Planning

Process: This website provides
information for planners in local
agencies to address GHG emissions in
the planning process. The site includes
information on initiatives, State and
metropolitan planning organization
examples, and additional resources
available to learn more and stay
updated on the latest developments.

FHWA Planning Processes website: This

website includes tools and guidance for
planning coordination at the State and
metropolitan level. The site also
includes information for rural, small
community, and Tribal transportation
planning.

APA Equity in Zoning Policy Guide: The
guide provides zoning tools to position
planners to lead the way on zoning for
equity at the local, state, and federal
level.

TOOLKITS AND MODELLING
APPROACHES

National level:

EPA Motor Vehicle Emission Simulator
(MQVES): The MOVES model provides
vehicle emission rates and mobile-

source inventories.
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Argonne National Laboratory

Greenhouse Gases, Regulated Emissions,
and Energy Use in Transportation
(GREET)_Model: The model provides life-
cycle emissions assessment for different

vehicle technologies and futures.

Transportation Pooled Fund VisionEval

Project and Associated Tools: (i.e., Energy
Emissions Reduction and Policy Analysis
Tool; EERPAT): These tools are designed
to evaluate many alternative futures and
policies to help state and metropolitan
area governments address pressing
issues, despite uncertainty.

FTA Transit Greenhouse Gas Emissions

Estimator: The estimator is a
spreadsheet-based tool that allows users
to estimate the partial lifecycle GHG
emissions generated from the
construction, operation, and
maintenance phases of a project across
select transit modes. Users input general
information about a project, and the
Estimator calculates annual GHG
emissions generated in each phase.

FTA Transit Bus Fleet Electrification Tool:
The Transit Bus Electrification Tool is a

Microsoft Excel-based spreadsheet tool
that allows users to estimate the partial
lifecycle greenhouse gas emission
savings associated with replacing
standard bus fleets with low-emission or
zero-emission transit buses.
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Infrastructure Carbon Estimator (ICE):

ICE is a spreadsheet tool that estimates
the lifecycle energy and GHG emissions
from the construction and maintenance
of transportation facilities. ICE is
intended to inform planning and other
pre-engineering analysis such as those
conducted during the NEPA process.

Mobility Energy Productivity Tool (MEP):
This tool evaluates the ability of a
transportation system to connect
individuals to goods, services,

employment opportunities, and others
while accounting for time, cost, and
energy. This tool also includes a separate
metric to evaluate freight connectivity,
called Freight MEP.

The Argonne Laboratory POLARIS
Transportation System Simulation Tool:

This is an open-source simulation tool
that allows users to simultaneously
model all aspects of travel decisions
through a network-demand model. This
tool can be used to understand impacts
of transportation decisions across
several key metrics, which includes
congestion, accessibility, cost, emissions,
energy, and environmental justice, that
can be integrated into land use
planning.

DOE Behavior, Energy, Autonomy, and
Mobility Comprehensive Regional
Evaluator (BEAM CORE): This is an open-
source, integrative modeling tool that
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can capture and analyze a wide set of
transportation system components. The
tool produces various metrics such as
aggregate vehicle and person miles
traveled, congestion, energy
consumption, and accessibility metrics,
for insight on the interconnected
impacts between transportation and
land use decisions.

DOE's Lawrence Berkely National
Laboratory (LBNL) Individual Experienced

Utility-Based Synthesis (INEXUS): INEXUS
is a suite of accessibility metrics that

measure agent-trip level accessibility.
These metrics can be used to identify
and measure individual travelers who
benefit from improved mobility under
different simulation scenarios. Tools
such as these can be used to design
improved operational efficiency in
existing and future transportation
systems.

State level:
APA Michigan Chapter Zoning Reform
Toolkit: This toolkit aims to provide

urban leaders with tools needed for
updating and modernizing zoning and
development review regulations to
develop more housing types. It also
includes case studies on the application
of the strategies recommended. This
toolkit explains elements of the
affordable housing crisis and how zoning
reform can act as an intervention. It also
provides 15 zoning tools that can be
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used to address housing supply and
affordability.

Massachusetts Housing Toolbox: The
toolbox provides strategies and best
practices, including zoning and land use

tools, for the creation and preservation
of affordable housing, with guides, tools
and resources for local boards &
committees, planners, municipal staff,
developers, and volunteers.

California Quantifying the Effect of Local
Government Actions on Vehicle Miles

Traveled (VMT): This research resulted in
a Vehicle Miles Traveled (VMT) Impact
spreadsheet tool, which lets users easily

see impacts for any census tract, city, or
region in California.

California Emissions Estimator Model
(CalEEMod): CalEEMod is a statewide
land use emissions computer model

designed to provide a uniform platform
for government agencies, land use
planners, and environmental
professionals to quantify potential
criteria pollutant and greenhouse gas
(GHG) emissions associated with both
construction and operations from a
variety of land use projects.
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WORKING WITH
COMMUNITIES

U.S. Department of Energy’s, Clean Cities

Coalition Network: This network

supports communities in achieving
cleaner air and reducing dependence on
fossil fuels by promoting alternative
transportation options.

EPA’s Smart Growth: This website
provides resources and technical

assistance to help communities integrate
active transportation into their
development plans, promoting compact,
walkable neighborhoods.

American Planning Association (APA)
Working to Address the Nation’s Housing

Crisis: The APA provides resources on
planning-led zoning reform to address
housing supply issues and explore ways
planners can work with states to enable
reform.

Smart Growth America: Smart Growth

America empowers communities
through technical assistance, advocacy
and thought leadership to create livable
places, healthy people, and shared
prosperity. Smart Growth America also
provides a variety of resources on their
website to support community planning
efforts and zoning reform.

Center for Neighborhood Technology:
The Center for Neighborhood
Technology delivers innovative analysis
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and solutions that support community-
based organizations and local
governments to create neighborhoods
that are equitable, sustainable, and
resilient. The Center for Neighborhood
Technology provides tools and
publications that support planning and
zoning initiatives on their website.

RURAL SPECIFIC

FHWA Planning Processes website: This
website includes tools and guidance for

planning coordination at the State and
metropolitan level. The site includes
information for rural, small community,
and Tribal transportation planning.

FTA National Rural Transit Assistance
Program (RTAP): This FTA program
provides technical resources, toolkits,

training, webinars, a resource library,
news updates, and information on Tribal
transit and State RTAP programs.

AARP Livable Communities
Transportation and Mobility: This
website includes resources such as

policy briefs and a rural transportation
toolkit for rural communities on the
topics of livability, funding opportunities,
health care, and transportation options
available in rural areas.
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Community Transportation Association
of America Transit Planning 4 All: This
program, in partnership with several
organizations, supports older adults and
people with disabilities in getting

involved in coordinated transportation
system development. The members are
involved in surveys, research activities,
grants, and creating a knowledge sharing
network.


https://transitplanning4all.org/
https://transitplanning4all.org/
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ELECTRIC VEHICLE
CHARGING
INFRASTRUCTURE

Strategic and robust
charging infrastructure
deployment accelerates the
transition to electric mobility,
promotes equitable access
to clean transportation
options, and fosters
economic growth through
innovation and job growth.
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OVERVIEW

Best Suited for:
Short Term
Urban, Suburban, Rural & Tribal

Electric vehicle (EV) charging
infrastructure plays a key role in
accelerating the widespread adoption
of EVs. A robust charging network
provides reliable and accessible
charging options for EV drivers across
the transportation sector - from light-
duty passenger vehicles to
micromobility solutions like electric
bikes and scooters, as well as transit
and school buses, and medium- to
heavy-duty vehicles. Strategically
located along highway freight corridors,
curbsides, multifamily housing units,
and mobility hubs, charging stations
can cater to varied travel patterns and
transportation system uses.

The U.S. charging network is being
developed in the context of location,
charging duration, and electric energy
supply. Charging levels include Level 1
(120-volt or the equivalent draw of
small kitchen appliances) and Level 2
(240-volt or the equivalent of a clothes
dryer) for charging in homes,
workplaces and public locations; and
faster Level 3/ Direct Current Fast
Charging (DCFC) for 480-volt charging
on road trips or for fleet vehicles. As
the percentage of EVs in the fleet
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grows, the amount and types of
chargers available are also expected to
grow.

To ensure widespread adoption and
encourage individuals and companies
to embrace electric mobility options,
the charging network must be
convenient, interoperable, affordable,
reliable, and equitable. Planning for
charging infrastructure can occur at the
corridor, community, and site levels,
and can also focus on specific fleets,
like transit vehicles and last-mile
delivery vehicles. Thoughtful planning
makes EVs a more attractive option
and supports choice of lower-carbon
transportation.

EVs have zero tailpipe emissions.
Widespread adoption of EVs can greatly
reduce greenhouse gas emissions and
improve local air quality compared to
gasoline- and diesel-powered engines.
Since electricity generation can
produce emissions depending on the
source (natural gas, coal, wind energy,
etc.), simultaneous decarbonization of
the electrical grid is critical for
maximizing the environmental benefits
of EVs. Smart charging that accounts
for peak hours and load on the grid can
more effectively use renewable energy,
while accounting for driver needs and
electricity costs.
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Charging Infrastructure Planning

As part of their E-Mobility Toolkit, USDOT provides resources for electric mobility
infrastructure, including different planning approaches based on geographic scale and
vehicle fleet composition. The entities best positioned to conduct each level of
planning are noted in brackets.

e Corridor-level planning supports infrastructure along roads and highways for the
needs of interregional and interstate travelers, or those “passing through” [State
DOTs, Tribal Organizations, regional planning agencies, and county governments]

Community-level planning considers infrastructure solutions to meet diverse
needs within a particular region, city or neighborhood [State, Tribal, and local
governments, transportation planning agencies, transit agencies, and community
organizations]

Site-level planning focuses on specific locations, including residential charging
and charging infrastructure for visitors to the area [Local leaders and stakeholders,
including community- and corridor-level planners; site hosts, such as local business
owners]

Fleet planning involves infrastructure planning for transit, micromobility, ride-
hailing/taxi, and last-mile delivery fleets, and can occur at the corridor-,
community-, or site-level [Transit agencies, local governments, private entities, such as
ride-hailing companies and delivery operators]

Read more here: Types of Charging Infrastructure Planning

Three levels of EV infrastructure planning: corridor, community and site (Source: Volpe Center,
via USDOT, n.d.)
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On a lifecycle basis, a model year
2023 battery electric car will emit
50% the carbon dioxide equivalents
over its lifetime (IEA,_2024).

Emissions from the full vehicle lifecycle
are often referred to as well-to-wheel
(WTW) emissions, covering energy and
emissions associated with vehicle
manufacturing, fuel production,
processing, and distribution, and fuel
combustion in a vehicle. In the case of
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an electric vehicle, WTW emissions
includes emission associated with
electricity production. WTW emissions
can be divided into two parts: well-to-
pump (WTP) and pump-to-wheel (PTW),
where to pump is the gas pump with
internal combustion engine vehicles
(ICEV) and the charging station with
electric vehicles. On a WTW basis, EVs
emit 60 g-CO,-equivalents (eq) per
mile, while ICEVs emit 35-40 g-CO.-
eqg/mi (Elgowainy et al., 2020).

There are several considerations that should be addressed when selecting a site for EV charging
stations. Here are high-level steps to guide selection of publicly available charging stations (Source:
Joint Office of Energy and Transportation, 2023)
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GREENHOUSE GAS
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from
GHG modeling resources, peer-reviewed studies, and real-world applications.

LIFECYCLE EMISSIONS FROM EV CHARGING

Well-to-wheel emissions include all emissions related to fuel production, processing,
distribution, and use. All-electric and plug-in hybrid electric vehicles have zero
tailpipe emissions, but electricity production may generate emissions. As the grid
utilizes more renewable sources, EVs produce fewer lifecycle emissions (Alternative
Fuels Data Center, 2023).

A study from the National Renewable Energy Lab (NREL) examining a high-
electrification scenario shows that transportation electricity use could grow from the
current 0.2% to 23% of total U.S. electricity demand by 2050 due to widespread
charging. Therefore, the full emissions reduction potential of EVs can be harnessed
through a shift to renewable sources in the electrical grid energy mix (Mai et al.,
2018).

One study found that an EV that charges only in Washington state generates around
70% fewer emissions during its lifecycle than the same EV only charging in West
Virginia. The difference in lifecycle emissions is due to Washington's electrical grid
being almost 90% less carbon intensive than West Virginia's (MIT Energy Initiative,
2019).

A study of trucks and buses in Europe found that lifecycle emissions are 63% lower
for electric tractor trailers than diesel and can be as much as 84% lower with an
electrical grid powered solely by renewable energy (O’Connell et al., 2023).

Micromobility Charging
Electric micromobility (e-MM) systems, like electric scooters and e-bikes, have
the potential to decrease urban CO, emissions from the transportation

sector by lowering car use. If urban trips taken by bicycles and e-bikes
increase from 7% to 23%, global urban transport emissions could decrease
by 7% or 300 mega tons of CO, (ITDP, 2015).
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EVS LOWER CARBON EMISSIONS REGARDLESS OF GRID
SOURCE

EVs emit substantially less CO,, no matter the mix of energy sources in the local
grid. According to an analysis by Yale Climate Connections, the average
emissions reduction in the U.S. is 66% when comparing a gasoline-powered
crossover sports utility vehicle (SUV) to a similar electric SUV (Kirk, 2023).

In States with the cleanest electricity sources, driving an EV will reduce carbon
emissions by around 90% compared with gasoline-fueled vehicles. In States that
rely more heavily on coal for electricity generation, EVs still reduce carbon
emissions by 30% or more (Kirk, 2023).

EVs have a lower carbon footprint due to their significantly higher energy
efficiency compared with gasoline vehicles. EVs use approximately 90% of the
energy from their battery and regenerative braking to propel the vehicle. In
contrast, conventional gasoline vehicles only convert up to 25% of their energy
into propulsion work (EPA, 2024).

Calculate the GHG emissions savings from electric and plug-in hybrid vehicles
where you live or work:
e Alternative Fuels Data Center EV Calculator

e FuelEconomy.Gov Beyond Tailpipe Emissions Calculator

Smart Charging

Smart charging uses grid conditions to effect charging station

availability and optimize energy demand from electric vehicles. One
study found that utilizing this model of charging reduced emissions
from energy generation by 31% (Jenn & Brown, 2021).
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CO-BENEFITS

This section outlines the multiple co-benefits associated with the strategy, including
safety benefits, local air quality improvements, and improved accessibility. Each co-
benefit presents examples that demonstrate how the strategy enhances regional or
community well-being while addressing emissions.

COST SAVINGS

EVs require less scheduled
maintenance than vehicles with gas-
powered engines as maintenance
and repair on elements of the engine
are not necessary. While other
maintenance is necessary, EVs
provide cost savings in the long-run
(NHTSA, n.d.).

As of February 2024, the cost of
owning (buying or leasing) and
operating an EV is comparable to -
and sometimes less than—the cost of
owning and operating an internal
combustion engine vehicle (J.D.
Power, 2024).

Off-peak charging at home offers
cost savings due to lower energy
costs during off-peak times. The cost
per-kilowatt hour may be 5to 10
times higher for public charging than
home charging for consumers. Public
charging often offers less flexibility
for timing due to the time required
away from home, so it mostly occurs
during the day when energy costs are
typically higher (Kampshoff et al.,

2022). Greater access to charging

stations, through the installation of
curbside and publicly accessible
chargers in residential areas,
improves flexibility and reduces the
burden of daytime charging (Vega-
Perkins et al., 2023).

Some workplaces and businesses
offer free charging as an amenity to
employees or customers, offering a
cost savings opportunity for EV
drivers (Alternative Fuels Data

Center, n.d.).

An analysis of EV ownership in
Maine, Maryland, Vermont, and
Virginia found that, during the
lifetime of an EV, combined
savings on fuel and maintenance
may range from $27,000 to
$44,000 in rural areas or $22,000
to $31,000 in urban areas (Lowell
et al., 2020).

AIR QUALITY AND HEALTH

EVs produce no tailpipe emissions.
Pollution from tailpipe emissions
contribute to health inequities for
communities, especially communities
of color, which are disproportionately
located near major roadways
(American Lung Association, 2001).
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ACCESSIBILITY AND
EQUITY

Tax credits and incentives offered by
federal and state governments reduce
the cost of purchasing an EV (Ewing,
2023). Federal tax credits of up $7,500
on new EVs and $4,000 on used EVs
are offered (Oak Ridge National
Laboratory, 2023). Many states also

offer rebate or tax incentive programs
for EVs. For example, Massachusetts
offers rebates for the purchase or
lease of a new or used battery electric
or fuel-cell electric vehicle, and the
rebate increases for low-income
residents (Massachusetts Department
of Energy Resources, n.d.).
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Curbside and publicly installed
charging stations provide access for
EV drivers without access to overnight
charging at home. These individuals
are more likely to be from low-income
households, renters, and lack access
to off-street parking.

The charging network needs for EVs
are different depending on whether
EV owners live in rural, suburban, or
urban areas. In urban areas, there are
particular gaps in charging
accessibility for multifamily homes.
Electricity from public DC fast
chargers would be most utilized in
urban areas, while in rural and
suburban areas, Level 1 and Level 2
chargers in single family homes are
expected to meet the majority of
electricity needs (Wood et al., 2023).

Source: NREL, 2023; DOE, 2024
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RURAL COMMUNITIES

The U.S. DOT offers resources to guide rural

Rural residents drive more and communities on EV adoption and charger

spend more on gasoline and installation. For example, the following links

maintenance than urban drivers. EV provide additional information on the

adoption can help rural residents benefits of electrification for rural

save money and reduce their individuals and communities.

environmental impact, given that e |ndividual Benefits of Rural Vehicle

transportation modes other than
driving are often limited (USDOT,
2023).

Electrification

o Community Benefits of Rural Vehicle

Electrification

Rural parts of the U.S. are home

to 20% of Americans and about Deploying EV chargers can attract EV
70% of the country’s lane miles. drivers as an amenity to destinations in
Expanding EV charging access can rural communities. Drivers may pair
save rural residents over $2,000 charging time with a visit to local

per year, assuming average attractions or businesses, bringing in
mileage of 15,000 (USDQOT, 2023). revenue to the local community

(USDQOT, 2023).

Two forms of planning may be
implemented in rural communities.

. . ECONOMIC GROWTH
Community-level planning focuses
on the needs of residents or visitors Based on projected rates of EV
of a neighborhood, town, or region adoption, it has been predicted that
for everyday charging needs and over 150,000 new jobs will be created,
longer stops. Corridor-level ranging from certified electricians to
planning focuses on the needs of software developers (Bui et al., 2024).
drivers or freight operators
traveling along a regional, In 2021, the energy sector employed
interregional, or interstate route for more than 7.8 million Americans, with
a quick charge during longer trips jobs related to net-zero emissions
(USDQT, 2023). making up about 40% of this total.

Between 2020 and 2021, jobs in carbon-
reducing motor vehicles and related
technologies grew by 25% collectively
(DOE, 2022).
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RESILIENCE AND ADAPTATION

EVs can serve as a mobile power source. Bi-directional charging allows EVs to both
receive energy from and discharge it to the grid as well as deliver energy to buildings.
This capability is particularly useful during natural disasters (Eederal Energy
Management Program, n.d.).

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://www.energy.gov/femp/bidirectional-charging-and-electric-vehicles-mobile-storage
https://www.energy.gov/femp/bidirectional-charging-and-electric-vehicles-mobile-storage
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

usbot
Climate Strategies that Work

COST CONSIDERATIONS

COST OF IMPLEMENTATION

The cost of implementation varies
based on the scale and scope of the
project and the type of charger
installed, as shown in the table below.
These costs do not include grid

upgrades which may be necessary to

support charging equipment.

For a charging station with six
150 kW charging ports, fixed
station costs are estimated to
be $103,000 and five-year
maintenance costs are
estimated to be $75,000 total
(Chu et al., 2023).

Charger Hardware | Unit Cost per Port Installation Cost per
Port

Level 1 residential $0? $100-51,000

Level 2 residential $400-51,200 5500-51,700

Level 2 $2,200-54,600 $2,200-56,000

commercial

DC 50 kW $23,000 512,000

DC 150 kW $69,000 536,000

DC 250 kW §75,500 $60,000

DC 350 kW $82,000 $84,000

DC 500 kW $117,143 $120,000

DC 1,000 kW $234,286 $240,000

DC 1,500 kw $351,429 $360,000

@ Level 1 chargers are often included with an EV.

Cost estimates for different charger types (Source: NREL, 2023; NREL, 2024)
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COST EFFECTIVENESS

Research demonstrates that constructing an EV charging network is a cost-effective
strategy to support further adoption of EVs by reducing range anxiety and other
limiting factors (Li_et al., 2017).

Vehicle Grid Integration (VGI) reduces the need for grid upgrades by harnessing the
flexibility of EVs to improve the efficiency of EVs as a piece of the grid. Therefore,
VGI aims to place downward pressure on electricity rates to lower the cost of EV
ownership and improve cost effectiveness. Read more about VGI here.

Implementing smart charging at EV charging stations has the potential to reduce
the cost of shifting to 100% renewable energy by $30 billion in 25 years (Jenn &
Brown, 2021).
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FUNDING

OPPORTUNITIES

FHWA has compiled other funding and financing
sources for EVs and EV charging infrastructure,

including what types of activities are eligible. See this
FHWA resource here.

FHWA's Charging and Fueling
Infrastructure (CFl) Discretionary
Grant Program supports publicly

accessible electric vehicle charging
infrastructure as well as hydrogen,
propane, and natural gas fueling
infrastructure along designated
Alternative Fuel Corridors or in other
publicly accessible locations. 50 % of CFI
funding must be used for a community
grant program where priority is given to
projects that expand access to EV
charging and alternative fueling
infrastructure within rural areas, low-
and moderate-income neighborhoods,
and communities with a low ratio of
private parking spaces.

FHWA's National Electric Vehicle
Infrastructure Formula Program
(NEVI) provides funding to States to
strategically deploy electric vehicle (EV)
charging infrastructure and supports
establishing an interconnected network
to facilitate data collection, access, and

reliability. Program funds can be used
for the acquisition, installation, network
connection, operation, and
maintenance of EV charging stations, as
well as EV charging station data sharing.
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FHWA's Congestion Management
and Air Quality Improvement
(CMAQ)_Program provides a flexible
funding source to State and local

governments for transportation
projects and programs to help meet
the requirements of the Clean Air
Act. Funding is available for
transportation projects that reduce
congestion and improve air quality
such as EV charging infrastructure.

DOE's State Energy Program (SEP)
provides annual formula funding
and technical assistance to all 50
States, five territories, and the
District of Columbia to enhance
energy security, advance State-led
energy initiatives, and increase
energy affordability. States may
choose to allocate funds for
transportation projects, including
planning and projects that promote
access to EVs and buildout of EV
charging infrastructure.

FHWA's Carbon Reduction
Program (CRP) provides formula

funding for states to develop carbon
reduction strategies and for projects
to reduce transportation carbon
dioxide emissions, including traffic
management, public transportation,
pedestrian facilities, alternative
fuels, and port electrification.
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The joint Office of Energy and Transportation maintains a list of
EV and energy funding opportunities for tribal nations. Users can

filter the list by project type, such as light-duty vehicle charging,
micromobility, energy, and more. A selection of the opportunities
is listed below, and the full list can be accessed here.

Rebuilding American Infrastructure with Sustainability and Equity: Provides a
unique opportunity for the U.S. Department of Transportation to invest in road, rail,

transit, and port projects that achieve national objectives. Starting in FY21, this
program has substantially increased focus on zero emission vehicle infrastructure,
including EV charging.

Federal Lands Access Program: Aims to improve transportation to and within

Federal lands by improving transportation facilities that provide access to, are
adjacent to, or are located within Federal lands.

Nationally Significant Federal Lands and Tribal Projects Program - Tribal High
Priority Projects Program: Provides funding for the construction, reconstruction,
and rehabilitation of nationally-significant projects within, adjacent to, or accessing
Federal and tribal lands. This program provides an opportunity to address significant
challenges across the nation for transportation facilities that serve Federal and tribal

lands.

Rural Placemaking Innovation Challenge: Helps rural communities create plans to

enhance capacity for broadband access; preserve cultural and historic structures;
and support the development of transportation, housing, and recreational spaces.
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COMPLEMENTARY
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STRATEGIES

COMMUTER
BENEFITS

MICROMOBILITY
DELIVERIES,
MICROHUBS, AND
LAST-MILE
SOLUTIONS

SHARED
MICROMOBILITY

Replacing heavy-duty diesel-powered vehicles,
including school and transit buses, with EVs reduces
emissions and improves air quality, providing health
benefits, such as reduced asthma risk for children.

Efficiency improvements for zero emission vehicles,
such as light weighting (using lighter materials to
achieve better fuel efficiency and accommodate
additional advanced emission control systems, safety
devices, and electronic systems) can significantly
reduce electricity demand. These improvements have
the added benefit of reducing energy-related
operational costs, which could incentivize their
adoption.

By strategically locating charging stations at carshare
hubs and incorporating electric vehicles into carshare
fleets, municipalities can expand access to clean
transportation alternatives for residents. This can be
particularly useful for rural decarbonization as
alternative transportation options, such as public
transit, may be limited.
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Zoning codes can significantly influence the availability
and accessibility of electric vehicle charging
infrastructure. Zoning codes can include provisions that
ZONING require or incentivize the installation of electric vehicle
REFORMS charging stations in new developments, parking facilities,
and public spaces. Zoning can also dictate the placement
and design of electric vehicle charging infrastructure and
can streamline the permitting process for installing the

infrastructure.

View All Strategies
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CASE STUDIES

STREETLIGHT CHARGER
INSTALLATION - LOS ANGELES, CA

As of February 2024, Los Angeles has installed 735 light-pole EV chargers with an
estimated potential of 3,000-4,000 more based on the current light system. The
installation of these chargers required minimal changes, with the director of Los

Angeles; Bureau of Street Lighting noting, “At most we'll have to changes fuses or
do structural retrofits so that we can attach it.” Los Angeles is also focused on
installing these chargers in underserved neighborhoods.

LEVEL 2 CHARGING STATIONS INSTALLATION AT FRITO-
LAY DISTRIBUTION CENTERS

Frito-Lay installed 35 private Level 2 chargers at

=N 35 distribution centers in New York. These charging
Level 2 stations charge their 35 electric trucks overnight to
Chargers allow for zero-emissions deliveries the following
63 000 day. The company predicts that the electric trucks
’

will decrease fuel use by 63,000 gallons which will
Gallons of Fuel

Reduced reduce greenhouse gas emissions by more than 1
million pounds every year.
& 1M
Pounds of
GHGs reduced
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NEVI STATE DEPLOYMENT - HAWAILI:

The National Electric Vehicle

Infrastructure Program (NEVI) allocates
funding to states to strategically deploy
EV charging infrastructure and establish

an interconnected network to facilitate
data collection, access, and reliability.
Under the program, states set a plan for
fund use, often with a focus on
disadvantaged communities and
resiliency, and then provide annual
progress updates. In February 2024, the
first EV charging station in Hawaii
funded by NEVI opened on the island of
Maui. The station includes four 150-kW
DC fast chargers and is located at the
Kahului Park and Ride on Kuihelani Source: Joint Office of Energy and

Highway. Transportation, 2024
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IMPLEMENTING ELECTRIC
VEHICLE CHARGING
INFRASTRUCTURE:

WHAT TO READ NEXT

The DOE & DOT's Joint Office of Energy and Transportation provides toolkits,
guidance, data, and more to support communities in deploying EV charging
infrastructure.

DOT provides comprehensive guidance available on how to plan for and implement
EV charging infrastructure, including the following Toolkits:
e EV Infrastructure Project Planning Checklist and Toolkit
e Charging Forward: A Toolkit for Planning and Funding Urban Electric Mobility
Infrastructure

The International Energy Conservation Code recommends that infrastructure
required for the installation of EV charging stations, such as sufficient energy
capacity and wiring, be included in all new residential and commercial construction.
Building codes that include EV-Ready provisions reduce the burden on homeowners
and business owners to later install EV charging infrastructure (Thibault, 2023).

Read more about zoning for EV charging infrastructure here.

While level 2 chargers can take up to 10 hours to recharge a vehicle, Direct Current
fast chargers (DCFC) reach 80% charge in 20 minutes to an hour. DCFCs are more
suitable for short charges than overnight charging, suggesting they may be most
useful in non-residential areas and areas with few chargers (Telang, 2021). However,
DCFCs require more power, meaning that DCFC installation may be cost prohibitive in
rural areas without adequate power access, including 3-phase power. Level 2 chargers
are most widely used and require less power than DCFCs.

Read more about the characteristics of different chargers here.
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RESOURCES

GENERAL RESOURCES
Joint Office of Energy and
Transportation: The website provides

access to numerous resources including
a section on data and tools and
provides technical assistance for states,
communities, tribes, and more.

EV Charging Infrastructure Blueprint:
This website includes a how-to-guide,
outline of key activities, and
comprehensive list of resources to help
governments begin installing EV
charging infrastructure.

National Electric Vehicle Infrastructure
(NEVI) Program: The NEVI website
includes formula program guidance,

State NEVI Deployment Plans, and other
EV-related resources.

Charging and Fueling Infrastructure (CFI)

Discretionary Grant Program: The CFlI
website provides information for
applicants and grant recipients.

DOE Electric Vehicle Charging
Infrastructure Map: This map shows the

locations of electric vehicle chargers and
corridors across the United States. The
results can be filtered by charger type,
location, access, and fuel type.
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Electric Vehicle Infrastructure
Training Program (EVITP), Find A
Contractor: This webpage provides
a list of EVITP certified installers for
each state.

Sustainable Energy Action

Committee, Planning and Zoning

for Electric Vehicle Deployment:
This guide provides
recommendations on how to
navigate zoning changes for EV
chargers with case text from cities
across the country.

DOE Plug-In Electric Vehicle
Handbook for Public Charging
Station Hosts: This handbook
provides guidance regarding
location selection, installation,

maintenance, and more for public
charging station hosts.

DOE Plug-In Electric Vehicle
Handbook for Fleet Managers: This
handbook details how to shift a
flight to electric or hybrid vehicles
with specific guidance on charging

infrastructure.

National Electric Vehicle

Infrastructure Standards and

Requirements: This final rule
establishes regulations setting
minimum standards and

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations

Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://evitp.org/find-a-contractor/
https://evitp.org/find-a-contractor/
https://evitp.org/find-a-contractor/
https://usdot.sharepoint.com/teams/volpe-proj-OR17A123Decarb/Shared%20Documents/General/Task%202%20-%20Quantitative%20GHG%20Assessment/Playbook%20Wireframe/1.%20Playbook%20Strategy%20Template_rev_3-20-2024.docx
https://usdot.sharepoint.com/teams/volpe-proj-OR17A123Decarb/Shared%20Documents/General/Task%202%20-%20Quantitative%20GHG%20Assessment/Playbook%20Wireframe/1.%20Playbook%20Strategy%20Template_rev_3-20-2024.docx
https://usdot.sharepoint.com/teams/volpe-proj-OR17A123Decarb/Shared%20Documents/General/Task%202%20-%20Quantitative%20GHG%20Assessment/Playbook%20Wireframe/1.%20Playbook%20Strategy%20Template_rev_3-20-2024.docx
https://afdc.energy.gov/files/pdfs/51227.pdf
https://afdc.energy.gov/files/pdfs/51227.pdf
https://afdc.energy.gov/files/pdfs/51227.pdf
https://afdc.energy.gov/files/pdfs/pev_handbook.pdf
https://afdc.energy.gov/files/pdfs/pev_handbook.pdf
https://www.federalregister.gov/documents/2023/02/28/2023-03500/national-electric-vehicle-infrastructure-standards-and-requirements
https://www.federalregister.gov/documents/2023/02/28/2023-03500/national-electric-vehicle-infrastructure-standards-and-requirements
https://www.federalregister.gov/documents/2023/02/28/2023-03500/national-electric-vehicle-infrastructure-standards-and-requirements
https://usdot.sharepoint.com/teams/volpe-proj-OR17A123Decarb/Shared%20Documents/General/Task%202%20-%20Quantitative%20GHG%20Assessment/Playbook%20Wireframe/driveelectric.gov
https://usdot.sharepoint.com/teams/volpe-proj-OR17A123Decarb/Shared%20Documents/General/Task%202%20-%20Quantitative%20GHG%20Assessment/Playbook%20Wireframe/driveelectric.gov
https://www.energy.gov/scep/blueprint-4b-ev-charging-infrastructure-community
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requirements for projects funded under
the NEVI Formula Program and projects
for the construction of publicly
accessible EV chargers under certain
statutory authorities, including any EV
charging infrastructure project funded
with Federal funds that is treated as a
project on a Federal-aid highway.

Guidebook for Deploying Zero-Emission

Transit Buses: This resource provides

transit agencies with information on
current best practices for ZE bus
deployments and lessons learned from
previous deployments, industry experts,
and available industry resources.

Step-by-Step Guide for School Bus
Electrification: This guide identifies
common steps for electrifying a school

bus fleet and how to center equity in
that process.

State Level
California Governor's Office of Business

and Economic Development, Electric

Vehicle Charging Station Permitting
Guidebook: While this guidebook is
aimed towards California permitting, it

outlines steps to meet the electrification
needs that all agencies may find useful.
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TOOLKITS AND MODELING
APPROACHES

Joint Office of Energy and

Transportation, Public Electric Vehicle

Charging Infrastructure Playbook: This

interactive playbook leads readers
through the process of an EV charging
infrastructure project.

DOT Charging Forward: A Toolkit for
Planning and Funding Urban Electric
Mobility Infrastructure: This toolkit

outlines strategies to successfully
implement projects supporting electric
mobility in urban environments,
including EV charging infrastructure.

DOT EV Infrastructure Project Planning
Checklist and Toolkit: The checklist
provides guidance on how to plan and
implement an EV project.

DOE Electric Vehicle Infrastructure
Projection Tool (EVI-Pro)_Lite: This
projection tool allows users to view the

amount of charging ports needed to
support the provided demand or the
estimated electric load from the fleet in
a given area.

FHWA and Oregon DOT, Alternative Fuel
Toolkit: This toolkit provides information

and additional resources to learn about,
create a plan for, and implement
alternative fuel strategies.
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FHWA Congestion Mitigation and Air
Quality Improvement (CMAQ)_Emissions
Calculator - Electric Vehicles and EV
Charging Infrastructure: This tool

estimates the emissions reduction from
constructing EV charging infrastructure
or purchasing an EV.

RURAL SPECIFIC

DOT Charging Forward: A Toolkit for
Planning and Funding Rural Electric
Mobility Infrastructure: This toolkit

outlines strategies to successfully
implement projects supporting electric
mobility in rural environments, including
EV charging infrastructure.
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transportation equity and
building inclusive
communities.
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OVERVIEW

Best Suited for:
Long Term & Short Term
Urban, Suburban, Rural & Tribal

Transit agencies nationwide are
exploring the expansion of free- and
reduced-fare programs to bolster
ridership and public transit
affordability, with an eye toward
reducing vehicle miles traveled (VMT).
Fare-free policies and programs
represent a proactive approach to transit
accessibility. Benefits of this strategy
include improved operational efficiency
by streamlining boarding processes, and
mitigated emissions as transportation
system users opt for easy-to-use public
transit over high-emitting transportation
modes like driving. These initiatives make
public transportation more financially
accessible to all residents and contribute
to more inclusive and connected
communities.

Did you know?
A 2021 study found 17 of the 50 largest

transit agencies have low-income reduced-
fare programs (Darling et al., 2021).

Partial fare-free transit provides a
targeted and more limited approach
to bolstering public transit access
and affordability. These programs
still promote accessibility, ridership
growth, and operational efficiency,
while maintaining some farebox
revenue. At least 39 public transit
agencies in the United States offer
totally fare-free transit, while many
more offer service that is free to
certain segments of the population
or in a subsection of their service
area. Fare reductions are standard
practice for seniors and individuals
with disabilities.

The success of fare reduction
strategies is further amplified
when integrated with transit-
oriented development (TOD) and
public transit investments,
fostering more sustainable and
interconnected communities while
reducing reliance on single-
occupancy vehicles.
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Agencies can utilize various fare plans to meet diverse community needs and optimize
ridership. Key considerations may include:

Targeted Demographics Unique Settings
e [ow-Income Riders: Programs ® LOW—Ridel’Ship Areas: In areas where fares

offering discounted fares or
free passes ensure affordable
access for those who need it
most.

Children, Students, and
Seniors: Reduced fares for
these groups encourage
ridership and promote a
culture of public
transportation use.

Veterans and People with

Disabilities: Fare reductions
can ease financial burdens

and create a more inclusive
transportation system.

Time-Based Fares

e Non-Peak Periods: Lower
fares during off-peak hours
can incentivize ridership

during less crowded times,
spreading demand
throughout the day.

Mode-Based Fares

e Low Emission Modes: Reduced
fares for more sustainable
transportation modes can
encourage travelers to select

lower emission options.

contribute minimally to revenue, fare
reductions can stimulate ridership and
revitalize service.

University Towns: Discounted fares for
students can enhance student mobility and
promote sustainable travel choices.

Resort Towns: Free or reduced fares can

improve visitor experience, alleviate traffic
congestion, reduce parking demand,
improve safety on roads, and remove the
need to navigate unfamiliar transit
payment systems.

Event Management: In the context of events
like concerts and sporting events, free or

reduced-fare public transit can incentivize
non-traditional riders to utilize public
transportation, reducing traffic congestion
and parking concerns around event venues.
Temporary Service Disruptions: In instances
where regular transit service is disrupted
due to planned maintenance, unexpected

breakdowns, or other operational issues,
transit agencies may implement fare-free
shuttle or bus replacement services to
mitigate inconvenience for passengers.

e Emergency and Disaster Response: During

emergencies such as natural disasters,
severe weather events, or public safety
incidents, fare-free or reduced fare transit
programs play a critical role in ensuring
continuity of mobility and access for
affected communities.
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GREENHOUSE GAS
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from GHG
modeling resources, peer-reviewed studies, and real-world applications.

PUBLIC TRANSIT IS MORE EFFICIENT THAN OTHER
MODES OF TRAVEL

A National Academies study found that passengers contributed 55% fewer GHGs
per mile by riding U.S. transit in 2018 than those driving or ride hailing alone
(NASEM, 2021).

Public transportation emissions averaged 0.23 kg CO,e per passenger mile across all
transit modes in 2018 including direct, indirect, and upstream GHG emissions.
Meanwhile, the average Light-Duty Personal Vehicle Emissions—a weighted average
of passenger cars, pickup trucks, vans, and sport utility vehicles—was 0.51 kg CO,e
per mile of direct, indirect, and upstream GHG emissions at 22.5 mpg (NASEM,
2021).

Did you know?

Even with less than 30% of its seats full, a typical bus

emits a third less greenhouse gas emissions per
passenger mile than the average single-occupancy U.S.
vehicle (Federal Transit Administration, 2010).
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DEMONSTRATED BENEFITS ACROSS THE U.S. BY
TRANSIT AGENCY

Breckenridge, CO: Breckenridge, Colorado Free Ride Transit Agency, in a Livability
Grant to the federal government, cited having a reduction of 202,336 pounds of CO,
emissions in a year from choice riders using the system (NASEM, 2012).

Boston, MA: An evaluation of a Fare Free Bus Pilot in Boston estimates a total
emissions reductions from a three-route pilot to reduce 1,730 annual metric tons
CO,e, cutting .03% of the city’s total carbon emissions. If expanded to the rest of the
Massachusetts Bay Transportation Authority (MBTA) buses, Boston would eliminate
almost 2% of its total emissions (Boyle et al., 2021).

Kansas City, MO: Mid-America Regional Council’s travel demand model suggests
that increased ridership due to zero fare in Kansas City could result in an annual
reduction of approximately 7,000 tons of carbon dioxide emissions, or 0.2% of
regional transportation sector emissions (Mid-America Regional Council, 2022).

California: A study by the California Air Pollution Control Officers Association
(CAPCOA) estimates that reduced transit fare programs can reduce GHG emissions
by 1.2% (CAPCOA, 2021).

How was this calculated? The quantification looks at the San Jose-Sunnyvale-Santa Clara
area, where transit and vehicle mode shares are 6.69% and 91.32%, respectively.
Assuming the maximum decrease in transit fares is 50% and implementation is across all
transit routes (100%) in the plan/community, the user would reduce plan/community GHG
emissions from vehicles miles traveled (VMT) by 0.6% (CAPCOA,_2021).

FREE AND REDUCED TRANSIT FARES LEADS TO VMT
REDUCTION

Studies conducted in Montgomery County, MD, explored the impact of various fare-
reduction policies on VMT, including free fares and 50% fare reduction. The analysis
revealed that free fares for all riders resulted in the most significant reduction in
VMT. Free fares led to an estimated decrease of around 7 vehicle miles per resident
annually - roughly equivalent to a single local shopping or personal errand trip.
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Interestingly, the study also found that means-tested discounts, while beneficial,
had a smaller impact on VMT reduction compared to broader fare reductions.
This suggests that fare reductions can incentivize not only low-income riders, who
may already rely on public transit, but also higher-income residents who might be
considering alternative transportation options for shorter trips (Montgomery
County DOT, 2021).

Colorado’s Regional Air Quality Council (RAQC) estimates that the Zero Fare for Better
Air (ZFBA) campaign for the Denver transit system led to a 12% increase in ridership.
This increase in transit use translates to daily reductions of nearly 150,000 VMT, 42
pounds of volatile organic compounds, 38 pounds of nitrogen oxides, and
approximately 100,000 pounds of GHGs (Regional Transportation District Denver,
2023).

The Sacramento Council of Governments modeled the impacts of a Free Transit Fare
Policy on travel patterns and found that free transit fares would lead to decreases in
daily VMT of 0.2% and vehicle hours of delay of 0.4%, and an increase transit
ridership of 30.6% (Eehr & Peers, n.d.).
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This section outlines the multiple co-benefits associated with the strategy, including

safety benefits, local air quality improvements, and improved accessibility. Each co-

benefit presents examples that demonstrate how the strategy enhances regional or

community well-being while addressing emissions.

SAFETY

There is evidence that zero fare
programs, particularly those
implemented during the COVID-19
pandemic, improved security on transit
systems. On RideKC in Kansas City, MO,
security incidents dropped by more
than 39% from 2019 to 2020 and
incidents per 100,000 riders declined by
about 17% (Mid-America Regional
Council, 2022).

Free and reduced fares encourage more
travelers to choose public transit over
cars. Passenger transportation by
transit is significantly safer than
transportation on highways. In 2021,
there were 197 fatalities reported

on transit in the country, compared to
nearly 42,939 highway deaths

(BTS, 2021).

Eliminating fares can reduce fare
disputes between operators and
passengers, allowing them to focus on
safe and efficient travel (SUMC, 2022).

ACCESSIBILITY AND
EQUITY

Persistent barriers to opportunity
have disproportionately impacted
communities of color, limiting their
access to essential services,
employment opportunities, and
cultural amenities. Fares represent a
significant financial barrier for low-
income riders, further exacerbating
disparities in mobility access. By
minimizing this financial burden
through reduced or zero fares,
transit agencies can help alleviate
the transportation-related hardships
faced by marginalized communities.
This not only enhances their ability
to access critical resources and
employment opportunities but also
fosters greater equity across the
transportation network (Darling et
al., 2021).

Free and reduced transit fares
increase access to essential services.
A study conducted as part of the
Urban League of Greater Kansas
City's annual “State of Black Kansas
City” report in 2022 asked 1,686
riders for their feedback on what
Zero Fare has enabled them to do.
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About 92% said it allowed them to shop for food more often; 88% said they could see
their healthcare providers more easily or more often; 82% said it allowed them to get
or keep a job; and 86% said it made them feel like city leadership is concerned about
their needs (Smith, 2022).

The proportion of US household expenditures spent on transportation is
inversely correlated with rising income brackets, due in part to the unequal
costs and burdens of car ownership (ITDP, 2024).

Portion of Transportation Expenditure relative to Income: United States (Source: ITDP, 2024)
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ECONOMIC GROWTH

Transit use supports economic
development by shifting consumer
spending. The money saved by low-
income transit riders through fare-

free or reduced fare programs can
circulate through the

economy, stimulating local

businesses and services (Litman, 2024).

Although removing or reducing fares
reduces revenue from fare collection, it
may also attract new ridership and
stimulate economic activity along transit
corridors, potentially offsetting revenue
losses through increased sales tax
revenue and other economic benefits.

For example, the annual economic
impact of continuing a zero fare
program in Kansas City was estimated
in terms of employment and
economic output - the program
would raise regional employment
two-fold, increase economic output by
$4.2 million, and increase personal
income in surrounding communities
by $1.3 million (Mid-America Regional
Council, 2022).

AIR QUALITY AND HEALTH

Reduced fare encourages transit
ridership, potentially reducing
dependence on single occupancy
vehicles. Reducing the number of
emissions-emitting vehicles on the road
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(especially in densely-populated
areas) will decrease air pollutants that
are harmful to human health (Litman,
2024).

Reduced or free transit facilitates
better access to health care.
Interviews conducted throughout a
MIT evaluation of low-income transit
riders in Boston suggests when transit
cost is an issue, individuals are more
likely to forgo healthcare trips for
chronic conditions compared to acute
illnesses or emergencies (Rosenblum
etal., 2019).

Reduced or free transit facilitates
better access to healthy food. In
surveys conducted by U.S. Hunger,
42.6% of individuals reported that
they do not have access to
transportation to go to grocery stores
that provide fresh and healthy food
options (U.S. Hunger, 2022).

With funding from the National
Institutes of Health (NIH) and
Environmental Protection Agency
(EPA), the University of Missouri-
Kansas and Children’s Mercy
Hospital, are researching if free-
fare buses help people get more
physical activity, better access to
health care, and sources of
healthy food.

Read more, here.
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COST CONSIDERATIONS

COST EFFECTIVENESS

Administrative Cost Savings: By removing fare collection processes, such as
ticketing and fare enforcement, smaller transit systems can reduce overhead costs
and allocate resources more efficiently to other areas of service provision and
maintenance.

There may be a more viable argument for removing fares in cities where fares make
up smaller percentages of transit operating budgets. In the case of Kansas City,
before introducing free transit, fares in 2011 to 2014 made up only 7 to 12% of
the buses’ operating budget, or an average of $12 million annually. Meanwhile,
fare collection was costing the city $2 to $3 million annually (Picciotto, 2023). In
New York City, fares make up a much larger 23% of the transit agency’s
operating budget (Metropolitan Transit Agency, n.d.).

Operating Efficiency: Eliminating fares streamlines boarding processes and
therefore reduces dwell times at stops. This efficiency leads to timelier departures,
which can improve service punctuality and frequency.

A study by the National Association of City Transportation Officials (NACTO),
found that on busy routes the time spent waiting for passengers to board and
depart the bus, known as “dwell time”, can be as much as one-third of bus
travel time (NACTO, 2017).

Results from a fare free pilot in 2023 in the City of Lawarence, Kansas
demonstrate that on-time performance increased by 8% overall across 12 City
and Coordinated routes (Lawrence Transit, 2023).
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OPPORTUNITIES

Federal Highway Administration (FHWA) Flexible Funds: In addition to FTA
grant programs, certain funding programs administered by FHWA, including the

Surface Transportation Block Grant (STBG) Program and the Congestion

Mitigation and Air Quality Improvement (CMAQ) Program, may be used for

public transportation purposes. These “flexible” funds are transferred from

FHWA and administered as FTA funding, taking on the requirements and
eligibility of the FTA program to which they are transferred. See 49 USC 5334(i)
and FRA's Join Development Circular for more detail.

FTA's Accelerating Innovative
Mobility Grants provide funding to

support the development, testing, and
implementation of innovative
technologies, practices, and service
models that improve public
transportation.

FHWA's Congestion Mitigation and Air
Quality Improvement (CMAQ)
Program funds may be used with
conditions to support innovative fare
policies and financial incentive
strategies designed to encourage
transit use and reduce exceedances of

air quality standards. CMAQ funds may
be used to offer reduced fares or free
transit or vanpool services when these
subsidies are part of an area-wide
strategy for reducing emissions during
peak periods of ozone pollution.

USDOT's Reconnecting Communities
and Neighborhoods (RCN) Program
provides grants to improve multimodal
transportation access, to foster
equitable development, and to remove,
retrofit, or mitigate highways or other
transportation facilities that create

barriers to community connectivity.
Projects that improve walkability,
safety, and affordable transportation
access are eligible for funding.

USDOT's Flexible Funding for Transit
and Transit Access program reduces
emissions through transit investment.

Transferring, or flexing, funds from
Federal Highway programs to the
Federal Transit program facilitates
federal investments at the local level for
measures that improve access,
particularly for underserved groups.
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https://www.transit.dot.gov/sites/fta.dot.gov/files/2024-01/Joint-Development-Circular-C-7050-1C.pdf
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COMPLEMENTARY
STRATEGIES

Free and reduced transit fare strategies further
incentivize people to use public transportation,
increasing ridership and supporting the viability of

TRANSIT-ORIENTED  TOD. Free and reduced transit fare strategies can also

DEVELOPMENT help mitigate transportation costs, making it more
(TOD). attractive to live in TOD areas and reduce barriers to

accessing employment, education, and essential
services. TOD and free and reduced transit fare
strategies work together to promote equitable access
to transportation while reducing GHG emissions.

Integrated transit networks can help maximize the
impact of free or reduced fare programs by ensuring
that subsidized transit services are well-connected
and easily accessible to the communities they serve.

TRANSIT SYSTEM . _
INTEGRATION Conversely, offering free or reduced fare transit
passes can encourage more people to use public
transportation, thereby increasing demand for
integrated transit services and further justifying
investments in transit integration initiatives.
Free or reduced fare transit programs incentivize
transit use, thereby reducing demand for parking.
PARKING . °Y TRETIEINg FEmand o parting
REFORMS Parking reform initiatives incentivize commuters to

explore other transportation options, including
utilizing free or reduced fare transit services.

View All Strategies
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CASE STUDIES

SAN MATEO SAMTRANS' MEANS-BASED FARE PILOT

SamTrans joined the Regional Means-

Based Fare Pilot Program (Clipper START
Pilot Program), administered by the
Metropolitan Transportation Commission,
in January 2021 and will continue through
June 2023. This initiative targets adults
aged 19 through 64, residing in any of the

Source: SamTrans
nine San Francisco Bay Area counties, with an annual household income at or

below 200% of the Federal Poverty Level. Participants, upon acceptance and
enrollment, enjoy a 50% fare discount on adult single rides. Additionally, the
program introduces the SamTrans Youth Unlimited Pass, offering free rides for
six months to eligible students. The student program targets users that
previously didn't use public transportation; There are existing unlimited bus
fares for Socioeconomically Disadvantaged (SED) students.

UTAH TRANSIT AUTHORITY
(UTA) FARE FREE FEBRUARY

UTA'’s Fare Free February initiative in
2022, offering fare waivers throughout
the month, led to substantial increases
in ridership, particularly among the 47%
identified as "choice" riders with access
to private vehicles. Weekday ridership

Source: Federal Transit Administration saw a commendable uptick of 16.2%,

while weekends witnessed more pronounced spikes at 58.1% and 32.5%.
Intriguingly, over one-fifth of participants were new riders. The program's
emphasis on equity benefits aligns strategically with broader goals of improving
cost efficiency, enhancing quality of life, and fostering accessibility. Post-
program, UTA implemented the Reduce Fare FAREPAY Card, providing a 50%
discount off the public fare to all qualifying seniors, youth, persons with
disabilities, and individuals who qualify based on income. This initiative further
contributes to the promotion of inclusive and accessible public transportation.
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https://www.c40knowledgehub.org/s/article/Benefits-of-Walking-and-Cycling-Houston-White-Oak-Bayou-Greenway?language=en_US
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.rideuta.com/-/media/Files/Rider-Info/Free-Fare-February/FFF_Report_FINAL_Apr2022.ashx
https://www.rideuta.com/-/media/Files/Rider-Info/Free-Fare-February/FFF_Report_FINAL_Apr2022.ashx

RIDE ON MONTGOMERY
COUNTY, REDUCED OR
FREE FARE STUDY

In response to the pandemic and public

health concerns, Ride On in Montgomery
County implemented a back-door policy,
effectively discontinuing fare collection.
A back-door policy allows passengers to
enter and exit the bus through the rear
doors, bypassing the fare collection point
typically located at the front doors. As of
this writing, the program has since
remained in effect. Ride On serves
individuals with an estimated median
customer income around $35,000,
notably lower than the county's $108,000
median income. About two-thirds of Ride
On customers lack access to an
automobile, and most riders come from
households struggling to cover basic
needs.

Source: Montgomery County

Source: Autoridad de Transporte Integrado
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PUERTO RICO

Hurricane Irma and Maria significantly

impacted public transit ridership in
Puerto Rico. While in 2016, the system
boasted nearly 7.9 million users, 2023
ridership hovered below 3, with 2.7
million users. To reactivate ridership,
the Puerto Rico Integrated
Transportation Authority (ATI)
implemented a free fare program
during the rollout of a new ticketing and

access systems. The initiative began in
March 2024 and was slated for six
months. The free fares applied across

the entire island, encompassing all
routes serviced by:

e The Urban Train (Tren Urbano or TU)

e The Metropolitan Bus Authority
(Autoridad Metropolitana de
Autobuses, or AMA) buses

e Metro Urbano (bus rapid transit
operating between the
municipalities of Toa Baja and
Bayamon and from Caguas to
Cupey)

e Metrobus (fixed route linking San
Juan with Rio Piedras)

e ‘Your Connection”, or Tu Conexion’
(bus service connecting suburban
residents to centers in San Juan and
Old San Juan)

During the first week of free service,
ridership grew by 26%, exceeding
53,200 passengers.

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations

Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.primerahora.com/noticias/gobierno-politica/notas/pierluisi-justifica-que-el-sistema-de-transporte-publico-sea-gratuito-por-los-proximos-seis-meses/
https://sincomillas.com/inversion-de-22-millones-en-fondos-federales-para-la-modernizacion-del-sistema-de-transporte-publico/
https://sincomillas.com/inversion-de-22-millones-en-fondos-federales-para-la-modernizacion-del-sistema-de-transporte-publico/
https://www.fhwa.dot.gov/ipd/project_profiles/pr_tren_urbano.aspx
https://twitter.com/ATIDTOP/status/1766064786029035532
https://www.montgomerycountymd.gov/DOT-Transit/fare-equity/
https://www.montgomerycountymd.gov/DOT-Transit/fare-equity/
https://www.montgomerycountymd.gov/DOT-Transit/fare-equity/

usbot

IMPLEMENTING FREE ™"
AND REDUCED TRANSIT:
WHAT TO READ NEXT

Tailored Approach

There is no single, optimal approach to free or reduced fares. The most effective
program design will depend on a specific region's unique needs and desired
outcomes.

Ealuating existing programs in other cities offers valuable insights.

Consider: Ride On Zero & Reduced Fare Study, Montogomery County DOT
The Implications of a Fare-Free WRTA, Worster Regional Research Bureau, Inc
The Road To Transit Equity: The Case for Universal Fareless Transit in Los
Angeles

Scaling Up Effectively
High ridership stemming from fare reductions is a positive outcome, but it
necessitates proactive planning. Transit agencies must strategically allocate
resources to accommodate increased demand. This may involve:
e Optimizing Service: Analyzing ridership patterns to adjust routes and
schedules as needed.
e Enhancing Capacity: Investing in additional vehicles and infrastructure to
manage ridership growth.
e Strengthening Maintenance: Ensuring existing and new vehicles are properly
maintained to ensure service reliability.

Funding Strategies

Implementing fare-free systems may necessitate exploring alternative revenue
models, such as increased local and state government support, public-private
partnerships, or innovative funding mechanisms.

Davis County, Utah, In Philadelphia, nearly two dozen institutions have partnered with
leverages local the Southeastern Pennsylvania Transportation Authority (SEPTA)
businesses to fund its to provide free transit to their employees. Among the institutions,

free trolley bus. include the City of Philadelphia, Penn Medicine, Drexel University
Read more here. and Wawa convenience stores. Read more here.
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https://www.montgomerycountymd.gov/DOT-Transit/Resources/Files/Ride%20On%20Zero%20and%20Reduced%20Fare%20Study%20Report%20Final.pdf
https://www.wrrb.org/wp-content/uploads/2019/05/WRRB-FareFree-Transit-Report.pdf
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https://rideuta.com/news/2018/10/Trolley-Bus-Begins-Service-in-Davis-County
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Phased Implementation
Often, a pilot program with a limited scope is a prudent first step. Piloting fare
reductions on specific routes or for targeted demographics allows for:
e Data Collection: Gathering data on ridership changes, cost impacts, and social
equity benefits.
e Program Evaluation: Assessing the program's effectiveness and identifying areas
for improvement before full-scale implementation.

Read about Boston's Free Bus Fare Pilot on three select routes here.

Source: Institute for Transportation Development Policy

Partnerships for a Seamless Experience, Success Story

Kansas City Area Transportation Authority (KCATA) has leveraged partnerships with
local shelters and advocacy organizations to proactively address onboard
disruptions. In combination with requiring individuals to get off the bus after each
route cycle, case management teams are put on the agency’s vehicles to offer
resources and ensure unhoused individuals are effectively supported (Shared-Use
Mobility Center, 2022).

Read more here.
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RESOURCES

GENERAL RESOURCES

FTA Reduced Fares for Seniors, People
with Disabilities, and Medicare
Cardholders Policy: Under 49 U.S.C.
Section 5307, federally subsidized
transit providers may not charge more

than half of the peak fare for fixed route
transit during off-peak hours for
seniors, people with disabilities, and
Medicare cardholders. This policy
increases access to transit for these
major swaths of the population, while
also assisting some of the people who
are most likely to benefit from reduced
financial burden to use transit.

Shared-Use Mobility Center MLC, Zero-
Fare Transit: This resource compiles key
takeaways from the Mobility Innovation
Collaborative on the benefits and
considerations of zero-fare transit
programs.

FRAMEWORKS

Fare-Free Transit Policies and Programs
—An Evaluation Framework: This

Transportation Research Board webinar
offers a framework for evaluating the
effectiveness of fare-free transit policies
and programs.

Transit Center, A Fare Framework: How
Transit Agencies Can Set Fare Policy
Based on Strategic Goals: this report

details three different cities fair policies
and the strategic goals considered,
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including factors like revenue
generation, ridership, ease of
payment, and fare discounts for
low-income riders.

Comparison of Reduced-Fare
Programs for Low-Income Transit

Riders: This journal article analyzes
existing low-income fare programs
in major transit agencies,
comparing them to identify
common practices and develop a
method to assess the "fare burden"
for program participants.

LOCAL STUDIES AND
EVALUATIONS

Ride On Zero & Reduced Fare
Study, Montogomery County DOT
(2021): This study by the
Montgomery County Department

of Transportation analyzes the
potential equity impacts of zero
and reduced fare options for its
transit system, with lessons
learned, case studies, and
resources applicable to similar
contexts.

The Implications of a Fare-Free

WRTA, Worster Regional Research

Bureau, Inc. (2019): This research
by the Worcester Regional
Research Bureau investigates the
potential social, economic, and
operational consequences of
implementing a fare-free system
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https://www.montgomerycountymd.gov/DOT-Transit/Resources/Files/Ride%20On%20Zero%20and%20Reduced%20Fare%20Study%20Report%20Final.pdf
https://www.montgomerycountymd.gov/DOT-Transit/Resources/Files/Ride%20On%20Zero%20and%20Reduced%20Fare%20Study%20Report%20Final.pdf
https://www.wrrb.org/wp-content/uploads/2019/05/WRRB-FareFree-Transit-Report.pdf
https://www.wrrb.org/wp-content/uploads/2019/05/WRRB-FareFree-Transit-Report.pdf
https://www.wrrb.org/wp-content/uploads/2019/05/WRRB-FareFree-Transit-Report.pdf
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on the Worcester Regional Transit
Authority.

The Road To Transit Equity: The Case for
Universal Fareless Transit in Los

Angeles: This report by Strategic Actions
for a Just Economy (SAJE) examines the
case for universal fare-free transit in Los
Angeles, exploring potential benefits like
ridership increases, reduced emissions,
and improved access for low-income
residents.
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FREIGHT DIGITAL
SOLUTIONS AND
EMERGING TECHNOLOGIES

Digital solutions and
innovative technologies
provide a seamless
experience for freight
carriers and consumers
alike while reducing traffic
and emissions associated
with deliveries.
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OVERVIEW

Best Suited for:
Long Term & Short Term
Urban, Suburban, Rural & Tribal

Freight digitalization can provide
environmental, health, and economic
benefits, including reduced congestion
on roadways and in and around ports,
lower emissions, and operational and
efficiency improvements for freight
carriers (see the Freight Operational

Strategies strategy page for more detail).
Digital solutions include advanced
scheduling and routing systems, location
tracking using geographic information
systems (GIS), and other intelligent
transportation systems (ITS) (see the
Intelligent Transportation Systems

strategy page for more detail). The
International Transport Forum analyzed
the overall impacts of a ‘Digital
Transformation’ scenario on freight-
related CO, emissions and found that
implementing a range of digital solutions
to the freight sector will result in over
20% lower CO, emissions in 2050
compared to the no-action baseline.

Did you know?
The National Renewable Energy Lab (NREL) has
partnered with Google to reduce emissions

through more eco-friendly mapping in Google
maps. Eco-routing solutions have been shown
to reduce fuel consumption and emissions by
10-20% or more (NREL, 2021).
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The impact of digital transformation on freight-
related CO, emissions. The total rise in emissions
between 2019 and 2050 is limited to only 18%,
despite the expected 165% increase in freight
transport demand. (Source: ITF,_2022)

Freight industry leaders have strong
incentives to reduce unnecessary travel,
delays, and other factors that contribute
to higher operating costs. Innovative
technologies, such as truck platooning
technology or other connected vehicle
technologies, can improve the
efficiency of transportation assets and
services, including freight logistics.
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Real-time data can allow transportation respond to an increase in demand for
systems to operate more efficiently and deliveries. Firms can use delivery lockers
respond to changes and unexpected to consolidate shipments for multiple
delays more effectively. For example, households, reducing delivery costs and
optimizing truck deliveries to ports trips. At the same time, customers can
through improved scheduling, pick up their package at their
automated gate systems, and other convenience at a secure location close
strategies can reduce emissions from to their home. Both companies and

trucks idling while waiting to unload their ~ consumers can manage delivery lockers
cargo. Micromobility devices such as using apps and automated systems.
electric cargo bikes have increasingly

become integrated into goods

movement and are typically managed

using apps and location-based services.

Truck signal priority can be used at

intersections with high levels of truck

traffic to extend the green time and

allow more trucks to make it through a

signal cycle. Giving trucks extra green

time can improve safety by reducing the

likelihood that a truck will run a red light

and cause a crash. It can also reduce

delays and congestion caused by the

longer acceleration times that trucks

need to reach posted speed limits.

Curb Management:

Managing the curb is an increasingly
important task that can contribute to
VMT reductions from freight in both
urban and downtown rural core
contexts. Curb management options,
such as parking spot reservation
systems and off-peak deliveries, can be
implemented using phone apps and GIS
location tracking. Delivery lockers can
also reduce curb congestion and
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Examples of freight digitalization technologies include:

e Apps that freight carriers, businesses, and consumers can use to manage
goods movement and deliveries.

e Advanced truck routing systems (dynamic re-routing or eco-routing).
e Electronic delivery lockers.
e Micromobility deliveries, including e-cargo bikes and robots.
e Drone deliveries.
e Ports technologies.

o Multi-modal scheduling systems.

o Truck appointment systems.

o Just-in-time queuing.

o Automatic gates.
e Vehicle-to-everything (V2X) deployments for freight.

o Connected vehicle technologies.

m V2X-enabled vehicles using dedicated 5.9 GHz spectrum.
o Signalized intersections.
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GHG REDUCTION et stges o
POTENTIAL

This section provides an overview of GHG emission reductions associated with the
strategy. It highlights key findings and relevant metrics from GHG modeling resources,
peer-reviewed studies, and real-world applications.

VEHICLE-TO-EVERYTHING (V2X) TECHNOLOGIES AND
FREIGHT-RELATED EMISSIONS

Frequent acceleration/deceleration, excessive speeds, slow movements on
congested roads, and unnecessary idling contribute to increased fuel consumption
and emissions.

Eco-driving strategies, early warning systems, and other vehicle-to-vehicle and
vehicle-to-infrastructure technologies (V2V/V2l) systems can reduce CO,
emissions. For example, hazard alert systems installed in trucks and passenger cars
can reduce CO, emissions by around 5% for vehicular densities up to 3000
vehicles/hour (Outay et al., 2019).

Advanced truck routing systems can reduce VMT and emissions. In one study with
a medium-sized logistics company, application of an advanced scheduling and
routing system to urban deliveries resulted in a 27% reduction in CO,emissions and
the same number of orders being delivered with 8.6% less routes, 18% less service
time, and 21% less kilometers per route (Kechagias et al., 2020).

The Pittsburgh Smart Loading Zones program uses a combination of technology to
monitor loading zone utilization and notify the parking authority of violations. Pilot

program outcomes include substantial reductions in idling time and curb disruptions:
decrease in average park duration of 25%, decrease in average double park duration

of 40%, and increase in turnover of nearly 25% (Engage Pittsburgh, 2024).

The North Central Texas Council of Governments is working with Freightpriority to
deploy signal prioritization technology in the Dallas-Fort Worth area. The truck
signal priority system uses existing GPS data to provide extra green time as needed
at specific intersections. The deployment is expected to improve route efficiency and
reduce fuel use and freight truck-related emissions across the region (Ereightpriority,
2024).
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REDUCING EMPTY TRUCK TRIPS AND IMPROVING LOAD
FACTOR

"Full Truckload" (FTL) and "Less-than-Truckload" (LTL) are types of trucking
services. FTL is popular with business that move large volumes of stock on a
regular basis. One shipping trailer contracts to a single shipper, consignee or
customer. The freight shipment (which may or may not utilize the entire trailer)
is carried from point A to point B. In LTL shipping, the carrier makes multiple
stops to pick up and drop off goods, and the shipment may be loaded and
unloaded multiple times. LTL is better suited for occasional, smaller shipments
where delivery times can be flexible.

Typical trucks that are not driving empty carry only about 57% of their capacity.
“Digital freight brokers” can help consolidate loads from multiple shippers onto a
single trailer to improve the loader factor. Pooling shipments can reduce GHG
emissions by 15-40% (Nakajima, 2024).

Flock Freight has developed an alternative to LTL called “shared truckloads” (STL).
Their technology estimates shipment pricing based on the probability that the
shipments can be pooled and creates a shipment plan for a single truck that enables
pooling when possible. Flock estimates that their STL solution reduces GHG
emissions by 15-40% due to more direct routing and improved load factors
(Nakajima, 2024).

Empty truck trips are responsible for a significant share of VMT and emissions.
Collaboration among carriers and truck appointment systems (TASs) can help reduce
the number of trips between terminals and client locations (Schulte et al., 2017).
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This section outlines the multiple co-benefits associated with the strategy, including safety

benefits, local air quality improvements, and improved accessibility. Each co-benefit

presents examples that demonstrate how the strategy enhances regional or community

well-being while addressing emissions.

SAFETY

Digitalization of freight movements can
improve safety outcomes, including
decreasing interactions between freight
vehicles and vulnerable road users. See
the safety benefits of recent ITS
deployments here.

e Trucks can be retrofitted with
bicyclist/pedestrian detection
systems and collision early-warning
systems.

e Signal priority for freight vehicles at
intersections can reduce frequent
accelerations and decelerations and
reduce the likelihood of accidents.

e Smart loading zones and curb
management systems reduce
congestion from delivery vehicles
and the need for double parking
and parking across bike lanes.

See the Intelligent Transportation
Systems strategy page for more detail.

For example, a curb management
system in Washington, DC reduced
double parking by 64% and
immediately improved safety in
crosswalks and bike lanes (Pyzyk,
2019).

COST SAVINGS

The use of computer systems for
vehicle routing and scheduling,
especially in cases where more than
10 vehicles are needed, usually leads
to cost reductions of between 10%
and 20% for carriers (Drexl, 2012).

Tire manufacturer Michelin designed
EFFIFUEL, a freight logistics ecosystem
that includes telematics, training in
eco-driving techniques, and an
optimized tire-management system.
The system can lead to an average
annual savings of €3,200 ($3,542 USD,
2016) for long-haul trucks, or at least a
2.1% reduction in total cost of
ownership for truck fleet operators
(WEF, 2016).

The United Parcel Service's (UPS)
Package Flow Technology reduces fuel
consumption and emissions by
optimizing pickup and delivery
allocations and by designing delivery
routes that minimize total distance
covered, driving time, and idling time.
The system also uses historical data to
forecast conditions and create routes
that eliminate left turns to minimize
waiting at lights. In 2009, UPS
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reported savings of almost $200 per
vehicle per day in fuel costs due to a
combination of these strategies (UPS,
2009).

ECONOMIC GROWTH

Digital solutions have transformed the
freight logistics industry. In a 2016 white
paper, the World Economic Forum
estimated that digital technology will
lead to the creation of 2 million jobs and
reduce carbon emissions by 10 million
tons. Overall, the total value impact to
the logistics industry was estimated to
be $1.5 trillion (WEF, 2016).

ACCESSIBILITY AND EQUITY

Communities of color and low-income
neighborhoods are particularly
disadvantaged with respect to freight-
related congestion, noise, and
emissions (EPA, 2014). Digital solutions
can direct truck shipments along more
equitable routes, shift freight traffic
from trucks to other modes, and reduce
fuel burn and emissions through use of
ITS and V2V/V2I technologies. For
example, a StreetLight analysis found
that truck activity has a
disproportionate impact on
disadvantaged communities in New
York State in terms of travel time delays,
with the average truck delays about
twice as long per roadway mile in
disadvantaged vs. non-disadvantaged
census tracts (StreetLight, 2024).

Digital solutions can direct truck
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shipments along more equitable routes,
shift freight traffic from trucks to other
modes, and reduce fuel burn and
emissions through use of ITS and
V2V/V2I technologies.

See the Intelligent Transportation

Systems strategy page for more detail.

RURAL COMMUNITIES

Large volumes of freight either originate
in rural areas or are transported
through rural areas by road, rail, and
waterways. Two-thirds of rail freight
originates in rural areas, and nearly half
of all truck VMT occur on rural roads
(USDOT, 2023). Freight digitalization can
improve network efficiency and support

the selection of less carbon intensive
modes to reduce the impacts of freight
transport on rural communities.

AIR QUALITY AND HEALTH

Diesel freight is responsible for
significant amounts of particulate
matter pollution and adverse health
effects, particularly in communities
living near highways and ports (EPA,
2014). Digital solutions can support eco-
routing and optimize freight
movements to minimize impacts to
local air quality, e.g., by choosing freight
transport with less carbon-intensive
modes. A study of geofencing-enabled
truck routing in Southern California
showed a drop in NOx emissions of 74%
in disadvantaged communities when
trucks used a “least-emissions path”
eco-routing option (Jaller et al., 2021).
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COST CONSIDERATIONS

The cost to implement freight digitalization systems varies widely depending on the
scale, scope, and location of the project.

The ITS Joint Program Office maintains a list of System Cost Updates for V2X

Deployments. Freight-related examples include:

e The Colorado Truck Parking Information Management System (TPIMS) has a total
estimated capital cost of $9 million.

¢ An intelligent truck parking management system using cameras to detect parking
availability and automatically notify drivers via a website, in-cab messaging, and
roadside dynamic message sign costs $70,000 to $120,000.

e The cost to deploy a real-time truck parking information system was estimated at
$391,000 per rest area.

See the Intelligent Transportation Systems strategy page for more detail.
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OPPORTUNITIES

FHWA's Saving Lives with
Connectivity: Accelerating V2X

Deployment grant program will fund
projects that advance connected and
interoperable vehicle technologies.
Connected and interoperable vehicle
technologies have the potential to
greatly reduce motor vehicle crashes
and resultant fatalities, injuries, and
property damage.

USDOT's Complete Streets Al Initiative

is a $15 million multi-phase effort that
will fund small business to develop new
decision-support tool(s) for state, local,
and tribal transportation agencies that
focus on Complete Streets.

FHWA's Advanced Transportation and
Innovative Mobility Development
(ATTIMD)/Advanced Transportation
Technology and Innovation (ATTAIN)
support the deployment, installation,

and operation of advanced
transportation technologies. Eligible
activities under this program that
advance transportation system
efficiency include implementing
technology to integration of
transportation service payment systems
and implanting advanced mobility
access and on-demand transportation
service technologies.

DOE's Advanced Research Project
Agency (ARPA-E) is funding projects

that develop technology to model the
low-carbon intermodal freight
transportation system of the future. The
projects are expected to reduce
emissions by enabling prioritization of
low-carbon energy infrastructure
deployment, along with data required
for the effective deployment of this
optimized distribution system.

USDOT's Strengthening Mobility and
Revolutionizing Transportation
(SMART) Grants Program provides
grants to eligible public sector agencies

to conduct demonstration projects
focused on advanced smart community
technologies and systems in order to
improve transportation efficiency and
safety. Delivery/logistics is included as a
technology area for eligible projects.

FHWA's Exploratory Advanced
Research (EAR) Program is exploring
the development of artificial intelligence

(Al) and machine learning technology
within the surface transportation sector.
The EAR program has also funded
several computer vision research
projects to enhance the safety and
efficiency of surface transportation.
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USDOT's Reduction of Truck Emissions
at Port Facilities Grant Program
provides funding to reduce truck idling
and emissions at ports, including
through the advancement of port
electrification. The program also

includes a study to address how ports
and intermodal port transfer facilities
would benefit from increased
opportunities to reduce emissions at
ports, and how emerging technologies
and strategies can contribute to reduced
emissions from idling trucks.

FHWA's National Highway Freight
Program (NHFP) is aimed at improving

the efficient movement of freight on the
National Highway Freight Network
(NHFN). The program supports
investment in infrastructure and
operational improvements that
strengthen economic competitiveness,
reduce congestion, reduce the cost of
freight transportation, improve
reliability, and increase productivity.
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FHWA's Accelerated Innovation
Deployment Demonstration Program
provides funding to State departments
of transportation (DOTSs), Federal land
management agencies, and Tribal

Governments to accelerate the
implementation and adoption of proven
innovative technologies. Project
activities may involve any phase of a
highway transportation project from
project planning through project
delivery.
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STRATEGIES

MICROMOBILITY
DELIVERIES,
MICROHUBS, AND
LAST-MILE
SOLUTIONS

MULTIMODAL AND
INTERMODAL
FREIGHT
PLANNING

OFF-PEAK
DELIVERY

PARKING
REFORMS

Digital strategies, including smart phone apps and
advanced scheduling and routing systems, support
micromobility delivery services. Freight digitalization
strategies, such as GPS tracking and eco-routing,
streamline dispatch and route optimization, enabling
micromobility deliveries to efficiently navigate congested
urban areas.

Digital solutions can support intermodal freight logistics
through advanced tracking and scheduling systems and
optimizing freight movements based on commodity,
tonnage, and other factors.

Freight digitalization strategies, such as real-time tracking
systems and predictive analytics, allow logistics operators
to optimize delivery routes and schedules, identifying
opportunities for off-peak delivery based on factors like
traffic patterns, delivery windows, and customer
preferences. In addition, curb reservation systems,
common carrier lockers, and other technological solutions
can facilitate deliveries during off-peak hours.

Parking reform strategies, such as smart parking, curb
management strategies, and other on- and off-street
parking solutions for freight deliveries, rely on freight
digitalization technology to reduce congestion and time
lost to circling and idling.

View All Strategies
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CASE STUDIES

PITTSBURGH SMART LOADING ZONES

The City of Pittsburgh and Pittsburgh Parking Authority have implemented Smart
Loading Zones, using Automotus curb management technology, as a way to manage
curb space to increase delivery efficiency and decrease congestion and emissions at
curbs. License plate sensors are used to analyze curbside activity and automate
payment for the duration a vehicle is parked at a curb. The smart zones are expected
to decrease emissions from unnecessary idling and circling, reduce parking-related
congestion, improve pedestrian and cyclist safety, and increase parking turnover in
business districts.

FLYTREX DRONE DELIVERY ZONES

Flytrex, a drone delivery service, is currently operating in Texas and North Carolina.
Flytrex flies commercial drones and make deliveries to residential backyards and
parks for restaurants and retailers. In 2020, the company partnered with the North
Carolina Department of Transportation as part of the FAA's BEYOND program which
is working towards drone operation without visual ground monitoring. In North
Carolina, Flytrex makes deliveries to neighborhoods in Holly Springs, Durham, and
Raeford, with plans to expand to additional areas over the next few years. Users can
order food and other items from a list of restaurants and grocery stores on an app.
The program has been shown to be safe, energy efficient, and can help reduce traffic
from delivery vehicles in neighborhoods.

RAILEX PERISHABLES TRANSPORT

Perishables have traditionally been transported almost exclusively by truck (e.g., in
2014, only 2% of fresh produce shipped with the U.S. used intermodal transport).
Railex provides transportation and logistics services for perishable cargo. Railex
began using refrigerated boxcars and warehouses with climate controls specific to
each produce type, automated temperature and humidity controls in railcars,
accelerometers to evaluate in-transit events that could damage cargo, and digital
inventory management. With the aid of advanced technology, they report cost
savings of 10-20% coast-to-coast relative to long-haul trucking.
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NASHVILLE SMART CURB ZONE

In 2021, the City of Nashville, in
partnership with Coord (now Pebble), a
curb management company, launched a
Smart Zone Pilot to better manage curb
space in the downtown area. Smart Zones
enable commercial drivers to use mobile
devices to locate, reserve, and pay for
time in available loading zones. The
Nashville pilot included 14 Smart Zones
and over 21 delivery fleets. Nashville was
one of four cities selected for Smart Zone
pilot in addition to Aspen, CO, Omaha, NE,
and West Palm Beach, FL.
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Smart Zones allow drivers to find and book
available loading zones using a smartphone
app (Source: Hammon, 2021).
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IMPLEMENTING FREIGHT
DIGITAL SOLUTIONS AND
EMERGING TECHNOLOGIES:
WHAT TO READ NEXT

The Urban Freight Lab, a public-private
partnership at the University of

Washington, provides several resources
on the benefits of freight technologies,
including:

e Final 50 Feet Research Program: the

final 50 feet journey involves a
“delivery driver searching for
adequate parking, then transferring
items from the delivery truck,
navigating a route across traffic and
through urban obstacle...,
concluding when the intended
recipient takes receipt of their
parcel.” Common Carrier Lockers are
one digital solution to the final 50
feet problem.

e Curb Occupancy Toolkit: allows for

study of the parking behavior of
commercial vehicles along the block
face and within commercial vehicle
loading zones.

The American Council for an Energy-
Efficient Economy’s (ACEEE) brief,
Leveraging Digital Freight Networks to
Reduce Emissions, provides

policymakers with information on the
potential impact of digital freight
networks (DFNs) on freight efficiency

and emissions in the U.S. Optimizing the
movement of goods through
information and communications
technology (ICT) will be key in achieving
substantial reductions in freight-related
GHGs.

e DFNs pool data to match shipments
to trucks, which can add capacity,
improve efficiency, and lower costs
to shippers and carriers. Policy
makers and industry can coordinate
to maximize the benefits of DFNs.

e Uber Freight estimates that with
perfect optimization of the U.S.
freight network, achieved in part
through the use of DFNs, empty
miles could be reduced by up to 64%
((Uber Freight, 2023).

In 2022, the International Transport
Forum published How Digitally-driven

Operational Improvements Can Reduce

Global Freight Emissions. The report
presents results from a scenario
analysis comparing the impact of
different freight digitalization strategies
on global CO, emissions in 2025, 2030,
and 2050. Key strategies include:
improving truck utilization,
strengthening port capacity, adopting
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ITS, and reducing intermodal dwell time.

The Truck Parking Information Management System (TPIMS), established with FHWA
grant funding by eight member states of the Mid America Association of State
Transportation System, provides real time parking availability to drivers along major
freight corridors, so that they may proactively plan their routes and make safer,

smarter parking decisions.
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RESOURCES

GENERAL RESOURCES

FMSCA SAFESPECT Screening Platform:
FMSCA recently announced this next

generation digital inspection platform
for commercial vehicle roadside safety
inspections. SAFESPECT will improve the
efficiency of inspections and decrease
wait and vehicle idling time at inspection
stations.

FHWA CARMA Program: This program is
leading research on cooperative driving

automation (CDA) which would enable
communication and cooperation
between properly equipped vehicles
and infrastructure.

DOE CDA Funding Programs: DOE
supports CDA research through funding

for New Mobility Systems and through
the ARPA-E NEXTCAR Program. CDA
technologies have the potential to
reduce congestion and increase the
safety and efficiency of travel on
roadways.

FHWA and BTS Freight Analysis
Framework (FAF): The FHWA and BTS
database contains freight flow data

sourced from a variety of sectors, to
support freight analysis and inform
decision-making. The database provides
a comprehensive summary of current
freight trends and can be used to
predict future trends.
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US DOT Freight Logistics Optimization
Works (ELOW): Developed by U.S. DOT,
FLOW provides an industry forum
combined with an information exchange

platform to help address supply chain
challenges and enable a resilient and
globally competitive 21st century freight
network.

TOOLS AND MODELING
APPROACHES

See the References section for modeling
studies on digital freight and associated
climate benefits.
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FREIGHT
OPERATIONAL
STRATEGIES

Freight operational
strategies optimize goods
movements and mitigate
environmental impact,
particularly around ports
and congested freight
corridors, contributing to a
more sustainable and
resilient supply chain.
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OVERVIEW

Best Suited for:
Long Term & Short Term
Urban, Suburban, Rural

Freight transportation is a critical component of global

commerce and economic vitality. However, goods movement is a significant
contributor to greenhouse gas (GHG) emissions and can expose workers and
people who live near ports and freight corridors to harmful levels of air pollution
and noise. According

to the International Energy Agency, freight transport

represents about 8% of global greenhouse gas emissions.

By leveraging next-generation, clean technologies and practices at ports, State and
local governments, alongside port authorities and freight operators, can improve
supply chain efficiency and reduce environmental impact. Freight operational
strategies, such as advanced vessel scheduling and truck appointment systems, can
reduce GHG emissions and air pollution and provide time and cost savings. Close
collaboration and coordination between the freight industry and communities is key
to maximizing these benefits.

Learn more about different freight operational strategies below.

A screenshot of the MarineTraffic Live Map, showing tankers waiting to enter the ports of
Houston, Texas City and Galveston (Source: EPA,_2024).
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Freight operational strategies can be broadly categorized into the following groups

Scheduling and Planning

Optimizing schedules for
arrivals, departures, and
operations such as loading and
unloading, and fueling, can
significantly reduce congestion
and idling times. Utilizing real-
time data and communication
tools can further enhance
efficiency by facilitating
coordinated operations. This
translates to less queuing and
unnecessary engine operation,
leading to lower emissions.

Innovative Last Mile
Delivery Solutions

These strategies aim to reduce
emissions and congestion by
optimizing delivery processes
and leveraging emerging
technologies. Approaches may
include micromobility
deliveries, consolidated
deliveries, off-peak delivery
(Read the Off-peak Delivery
page), and delivery lockers.

Read more at the Micromobility
Deliveries, Microhubs, and Last-
Mile Solutions page.

Read more at the Off-peak
Delivery page.

Regulation and
Compliance

Implementing clear and
enforceable regulations, like
anti-idling ordinances,
incentivizes wider adoption of
clean, environmentally friendly
practices. These regulations
establish a well-defined
framework for reducing idling
emissions in specific zones, such
as near schools, hospitals,
residential areas, ports,
railyards, and truck stops, where
people are often exposed to
concentrated air pollutants. By
promoting widespread
compliance, anti-idling
ordinances contribute to cleaner
air in these sensitive locations.
Regulations are most effective
when complemented with
workforce development and
training.

Read more at the Idle Reduction

Technologies & Strategies page.
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Supply Chain

Optimization

Optimizing inventory
management, packaging and
distribution processes, reduces
waste and emissions
associated with inefficient
logistics practices.

Optimal Mode Choice

Freight transportation can be
more efficient and reliable when
all modes of freight
transportation are considered,
and the optimal mode is
selected. Private industry should
consider intermodal freight
maritime and rail routes where
feasible, to reduce emissions and
avoid congestion on roadways.

Read more at the Multimodal
and Intermodal Freight Planning

page.
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Alternative Fuels and
Technologies

Promoting the use of zero-
emission and low carbon
intensity fuels, such as electric
vehicles, and hybrid propulsion
systems, reduces emissions and
leads to cost savings.

Read more at the Electric Vehicle
Charging Infrastructure page.

Operations Streamlining

Improving on freight
operations through efficient
scheduling, routing, and load
consolidation helps minimize
fuel consumption, reduce
emissions, and leads to cost
savings.
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Specific freight operational practices and procedures may include:

Port Management Information Systems (PMIS)

These electronic tracking systems monitor ship movements, cargo manifests, truck
arrivals/departures, and equipment availability. PMIS may focus on a subset of port
functions or encompass all freight movement activities, integrating multiple
efficiency improvement strategies. Port functions that may be managed by PMIS
include:

Advanced Vessel Scheduling: Also known as virtual vessel arrival, informs vessels
about potential delays at destination ports, helping them align arrival times with
berth availability and minimize vessel waiting times and associated anchorage

emissions. In addition, these systems can help vessel operators optimize their
voyage speeds, resulting in further potential fuel savings.

Many major U.S. ports have implemented PMIS to varying extents including the Port
of Virginia, Port Authority of New York and New Jersey, Port of Oakland, and the
Port of Los Angeles.

Optimized Drayage Operations: Drayage efficiency can be improved through
various gate management strategies including truck appointment systems and

extended operation hours, both of which shift truck arrivals away from peak
periods and reduce average wait times at the terminal gates.

Idle Reduction Technologies (IRT)

IRTs reduce emissions by enabling operators to power essential functions
without relying on main engines. This may include shore power, auxiliary
power units, battery air conditioning systems, automatic engine stop/start
systems, or electrified parking stops.

Read the [dle Reduction Technologies & Strategies page.
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Just-in-Time (JIT) & Inventory Management

JIT is a form of inventory management that requires working closely with
suppliers so that raw materials arrive as production is scheduled to begin, but
no sooner. The goal is to have the minimum amount of inventory on hand to
meet demand.

Operator Comfort Stations

Offering climate-controlled rest areas at truck stops and railyards reduces
idling by ensuring drivers have a comfortable alternative to running engines for
climate control during rest breaks.
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GREENHOUSE GAS ™"
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from GHG
modeling resources, peer-reviewed studies, and real-world applications.

FREIGHT EMISSIONS IN CONTEXT

Nearly three-quarters of the world’s cargo is moved by ocean-going vessels, but
road vehicles make of the majority (about 65%) of freight-related emissions.

In 2019, the three largest ports in the United States in terms of volume
processed—the Ports of Los Angeles, Long Beach, and New York and New Jersey
—emitted over 2.5 million tons of carbon dioxide equivalents (CO.e). This
estimate includes emissions from ocean-going vessels at port, harbor craft,
cargo handling equipment, locomotives, and heavy-duty vehicles (Bertrand and
Williams, 2022).

Check out the MIT Climate Portal for more information about how we move our freight.

In 2022, international shipping accounted for about 2% of global energy-related
CO2 emissions. Scaling up low- and zero-emission fuels, such as biofuels,
methanol, and electricity, is the key to decarbonizing the shipping industry (IEA,
2023).

DRAYAGE TRUCKS

In the National Port Strategy Assessment, the Environmental Protection Agency
(EPA) estimates that reducing long-haul truck idle and creep time by 10%
reduces CO, emissions by 2.6% (EPA, 2016).

If a port with an annual average drayage truck volume of 300,000 and an
average turn time of 1.5 hours implemented a gate management strategy that
lowered turnarounds to 0.8 hours, they could reduce annual CO, emissions by
862 tons per year (EPA, 2021a).

The Global Container Terminals (GCT) Bayonne facility implemented a truck
appointment system with a 70% reservation adoption rate. This program
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significantly reduced truck turnaround times by 40% during appointment hours
leading to CO, savings of 21,000 tonnes in 2017. That's equivalent to taking roughly
4,500 passenger cars off the road (EPA, 2018).

Typical Port Emission Impact for Each 10% Reduction in Idle/Creep Time, 2020 and 2030.
(Source: EPA,_2016)

OCEAN GOING VESSELS

If an oil tanker with Tier 1 medium speed diesel propulsion engines using marine gas
oil originally scheduled to arrive at a port in 184 hours increased its total trip time to
196 hours while en route to avoid an anticipated wait time of 12 hours at anchorage,
it could avoid 2.30 tons of CO, emissions (EPA, 2021Db).

Reducing vessel speeds decreases fuel consumption and emissions near port areas.
San Diego, Los Angeles, and New York/New Jersey have established vessel speed
reduction (VSR) zones beginning at 20 to 40 nautical miles from shore. As one
example, the Port of Los Angeles VSR reduced average vessel speeds to 12 knots
within 24 nautical miles, resulting in 37% CO2 emissions savings (EPA VSR, n.d.).

Port of San Diego Vessel Speed Reduction Zone (EPA VSR, n.d.).
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CO-BENEFITS

This section outlines the multiple co-benefits associated with the strategy, including
safety benefits, local air quality improvements, and improved accessibility. Each co-
benefit presents examples that demonstrate how the strategy enhances regional or
community well-being while addressing emissions.

SAFETY For resources on community-port
collaboration, including toolkits,
roadmaps, and primers, visit the
EPA Ports Initiative site.

Reduced engine noise associated with
idling can create a safer working

environment for port personnel.
Regular exposure to high noise levels

can lead to occupational hearing loss, ECONOMIC GROWTH

which is associated with heart Idle reduction operational strategies,

problems, cognitive decline, and poor such as advanced scheduling,

mental health (CDC, 2024). contribute to smoother operations by
minimizing delays. This translates to

Reduced engine noise associated with increased efficiency, potentially

idling can create a safer working leading to higher throughput (EPA,

environment for port personnel. 2019).

Regular exposure to high noise levels

can lead to occupational hearing loss, Ports can implement several

which is associated with heart programs and policies that spur

problems, cognitive decline, and poor investment in local entrepreneurs and

mental health (CDC, 2024). the local workforce. These programs

can be tailored to emphasize

ACCESSIBILITY AND EQUITY investments in near-port communities

Near-port communities are often and/or communities experiencing

low-income communities of color high rates of poverty, unemployment

and suffer disproportionate impacts and underemployment (EPA, n.d.).

from port operations. Addressing

noise and air pollution from truck According to the American Association of
Port Authorities, deepwater ports in the
U.S. supported 541,946 jobs in 2014. In

traffic, train traffic, and idling

vessels can reduce impacts on addition, port activity generated over 23
these communities (EPA,_2023; EPA, million jobs in related sectors and
2024). through their overall economic impact on

the surrounding communities (American
Association of Port Authorities, 2014).
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AIR QUALITY AND HEALTH

Port operations can impact air quality,
water quality and land use. Research
suggests idling may contribute up to
34% or more to local air pollution levels

(Lee et. al., 2017). By increasing port
operational efficiency and reducing the
movement and idling of vessels,
vehicles, and equipment, port
management information systems
(PMIS) can significantly reduce port-
related emissions and noise which can
improve the health of port workers and
nearby communities (EPA, 2016; EPA,
2024).

Vessel speed reduction zones can have
significant benefits for near-port air
quality. If a container ship with a typical
cruising speed of 21 knots reduced its
speed by 20% to 16.8 knots, it would see
a reduced engine load of up to 50% and
corresponding reductions in fuel
consumption and NOx and PM
emissions (EPA VSR, n.d.).
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COST SAVINGS

Vessel operators typically travel at
full speed to destination ports.
Knowing about berthing delays in
advance allows them to reduce
their speed, resulting in fuel savings
and emissions reductions en route
(EPA, 2021D).

Global Container Terminals (GCT)
estimates that an integrated
appointment system at the GCT
Bayonne facility at the Port of New
York and New Jersey improved
truck turn times by over 40% (EPA,
2018).

A typical long-haul combination
truck that eliminates unnecessary
idling could save over 900 gallons
of fuel each year (EPA, 2019).
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COST CONSIDERATIONS

COST OF IMPLEMENTATION

Anti-idling Programs: The capital costs for implementing and maintaining an anti-
idling policy are low, typically limited to signage (around $50) and incorporating the
policy into existing employee training sessions (EPA, 2019).

Comfort Stations: Providing basic amenities like restrooms at facilities incurs
minimal to no cost. However, enhancing these areas with amenities like comfortable
seating, vending machines, Wi-Fi, and electrical outlets will increase costs depending
on the level of improvement chosen (EPA, 2019).

Port Management Information Systems
(PMIS): PMIS implementation costs vary
significantly depending on the size and
complexity of your port operation. Factors
include installation costs, software licenses,
and any necessary equipment (EPA, 2024).

Cost savings from implementing a PMIS can be sizable as a result of reduced fuel
consumption, and reduced fees and fines associated with idling and demurrage fees
(EPA,2021a).

Extended Gate Hours: Labor costs associated with extended hours will depend on
staffing needs, wages, and benefits.
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FUNDING

OPPORTUNITIES

EPA’s Clean Ports Program provides

for investment in clean, zero-emission
port equipment and technology; to
conduct relevant planning or permitting
in connection with the purchase or
installation of such equipment or
technology; and to help ports develop
climate action plans to reduce air
pollutants at U.S. ports.

FHWA's Congestion Mitigation Air
Quality Improvement (CMAQ)
Program supports surface

transportation projects and other
related efforts that contribute air
quality improvements and provide
congestion relief. This includes certain
freight projects that reduce emissions.
For more information, please see the
CMAQ Interim Guidance.

EPA’s Diesel Emissions Reduction Act
(DERA)_Program funds grants and

rebates that protect human health and
improve air quality by reducing harmful

emissions from diesel engines.

USDOT's Rebuilding American
Infrastructure with Sustainability
and Equity (RAISE) Discretionary
Grant program funds critical

infrastructure projects across the
country, prioritizing sustainability and
equitable access.
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FHWA's Truck Emissions at Port
Facilities (RTEPF) Grant Program

provides funding to test, evaluate,
and deploy projects that reduce
port-related emissions from idling
trucks. Eligible projects include port
electrification and efficiency
improvements, focusing on heavy-
duty commercial vehicles, and other
related projects.

Honolulu, Hawaii: Truck Emissions at Port
Facilities Grant Award The Hawaii
Department of Transportation will receive
$5.2 million to modernize port gates and
automate improvements at the Sand
Island Terminal in Honolulu Harbor. The
improvements will reduce truck
processing times, queueing delays, cut
port-related emissions from idling trucks
and make port operations more efficient.

San Juan, Puerto Rico: Truck Emissions at
Port Facilities Grant Award Crowley
Logistics, Inc. will receive $3.8 million to
reduce truck emissions, queueing, idling
and traffic congestion at the Isla Grande
Terminal at the Port of San Juan in Puerto
Rico. The project includes replacing
diesel-powered trucks with electric utility
tractor rigs and installing fast chargers.
Crowley’s supply chain operations in the
Southeast and Gulf Coast account for
more than 60% of domestic cargo moved
to/from Puerto Rico.
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Idle Reduction Equipment Excise Tax
Exemption: Qualified on-board idle

reduction devices and advanced
insulation are exempt from the federal
excise tax imposed on the retail sale of
heavy-duty highway trucks and trailers.
The exemption also applies to the
installation of qualified equipment on
vehicles after the vehicles have been
placed into service.

MARAD's Port Infrastructure
Development Program supports
projects that improve the safety,

efficiency, and reliability of moving
goods into, out of, around, or within
ports.
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COMPLEMENTARY
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STRATEGIES

IDLE REDUCTION
TECHNOLOGIES &
STRATEGIES

HEAVY-DUTY
DIESEL ENGINE
RETROFIT AND

REPLACEMENTS

MULTIMODAL AND
INTERMODAL
FREIGHT
PLANNING

IRTs can work alongside other operational
improvements like traffic management systems or
optimized scheduling to further streamline port
operations and reduce overall environmental impact.

Upgrading existing engines with cleaner technology or
transitioning to zero-emission alternatives like electric
trucks or hydrogen-powered cargo handling
equipment can significantly improve air quality and
contribute to achieving ambitious climate goals.

The relationship between intermodal freight and
freight operational improvements lies in how
operational enhancements can improve the
effectiveness of intermodal freight while reducing
GHG emissions. For example, real-time tracking and
data analytics can optimize intermodal routes,
minimize transit times, and improve supply chain
visibility. Automation and digitalization can streamline
intermodal operations, reducing manual errors and
delays.
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MICROMOBILITY
DELIVERIES,
MICROHUBS,

AND LAST-MILE
SOLUTIONS

OFF-PEAK
DELIVERY
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Leveraging compact vehicles like cargo bikes, drones,
and delivery robots as agile, last-mile solutions
enhances the final, and often complex and costly,
component of freight delivery.

By scheduling deliveries during non-peak hours, off-peak
deliveries enhance operational efficiency, enhance
reliability of timely deliveries, and reduces emissions
caused by congestion.

View All Strategies
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CASE STUDIES

MIAMI, FLORIDA: TRUCK EMISSIONS AT PORT FACILITIES
GRANT AWARD

Source: U.S. EPA Ports Initiative

Jacintoport International will receive $1.8 million to install new terminal operating
systems at the Seaboard Marine Port in Miami. The terminal improvements will
reduce truck idling time at the gates by at least 10 minutes, which, in turn, will ease
truck congestion within the port and roads leading to the ports. The new system will
improve the efficiency of trucks picking up or dropping off containers in the yard,

reducing their operating time, the amount of carbon emissions, air pollutants and
noise associated with idling trucks and equipment.
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PORT OF VIRGINIA

The Port of Virginia is one of the fastest
growing ports on the East Coast, its
largest terminal, the Norfolk
International Terminal, encompasses
567 acres and has over 2,147,200
twenty-foot equivalent unit (TEU)
capacity. However, trucks servicing the
port often experienced lengthy wait
times, which created bottlenecks and
led to vehicle idling. To relieve
congestion, the port implemented an
electronic appointment system in 2014.

What is TEU?

TEU, or Twenty-foot Equivalent is commonly
used unit to determine cargo capacity.

Source: Port of Virginia

The newly integrated system works across various port operations and includes:
e Areservation system for gate appointments and support.
e A community portal for import and export cargo and vessel schedules.
e A mobile app for import container availability.
e Adrayage truck registry with RFID tag support, distribution, and management
services.

Furthermore, the system allows for two-way data flows with other supply chain
stakeholders. This single window collaboration platform has helped decrease truck
turn times by nearly 50%, leading to improved traffic conditions and a 20% reduction
in truck-related emissions (EPA, 2021a).
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IMPLEMENTING s e
FREIGHT OPERATIONAL
STRATEGIES:

WHAT TO READ NEXT

Enacting anti-idling regulations or time limits can be a readily implementable strategy
for various sectors. These regulations are often already established around schools,
hospitals, and other sensitive areas, providing a familiar framework for broader
adoption.

Sample Idle Reduction Policy and Policy Guidance available, here.

Sustainable Environment for Quality of Life hosts a Sample School Bus Anti-Idling
Policy online. The policy, as well as other action steps are detailed here.

Near-port communities (communities
that are within a 7-mile radius of the
proposed Inland Port) and port
operators have unique challenges and
shared interests related to air quality
that can benefit from joint problem
solving. Community-port
collaboration is important to address
environmental justice concerns and
improve quality of life for near-port
communities and port workers.
Collaboration with community
partners can also help ports achieve
better infrastructure project Source: U.S. EPA, Community-Port Collaboration
outcomes, increase resilience, and
manage risk (EPA, 2023).

Read more at EPA's Community-Port Collaboration Toolkit, here.
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Success Story

The Port of Long Beach, California partners with the Long Beach Unified School
District to support the innovative Academy of Global Logistics at Cabrillo High
School, a four-year pathway for students interested in trade and maritime

careers. The Port links with Long Beach City College and California State
University, Long Beach, to offer training, study pathways for logistics careers,
and professional development programs. New grant-funded demonstrations of
zero-emissions and other clean port technology include workforce development
and training outreach for local jobseeker (Port of Long Beach, 2019).

Ports that implement vessel scheduling, drayage operations, automated gate
systems, and other PMIS can improve overall efficiency and benefit surrounding
communities.

Read about Port Management Information Systems, here
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RESOURCES

GENERAL RESOURCES
The EPA Ports Initiative: This initiative
works with U.S. ports and local

communities to improve environmental
performance. The program provides
technical resources, such as guides on
creating port emission inventories, and
toolkits and resources to promote
community-port collaboration. The
Ports Initiative is currently running pilot
projects at four ports to provide
technical assistance for community
collaboration.

U.S. Department of Energy, Energy

Efficiency and Renewable Energy, Idle

Reduction: This resource provides an
introduction to idle reduction practices,
their benefits, and resources for
personal and commercial vehicles.

U.S. Environmental Protection Agency
Best Clean Air Practices for Port
Operations: This resource offers best
practices for ports to reduce air

pollution, potentially including
strategies to minimize idling times from
ships and cargo handling equipment.

TOOLKITS AND
MODELLING APPROACHES

USDOT's Freight Logistics Optimization
Works (FLOW): FLOW is a public-private
partnership among industry and
government to help build a forward-
looking, integrated view of supply

usbot
Climate Strategies that Work

chain conditions in the U.S. The program
collects purchase order information from
importers in addition to logistics supply,
demand, and throughput data from
participants, which the Bureau of
Transportation Statistics analyzes and
provides a broad, daily view of the current
conditions of the overall logistics network
back to FLOW members.

Federal Highway Administration,

Congestion Mitigation Air Quality

Improvement (CMAQ)_ Emissions

Calculator Toolkit, Diesel Idle Reduction

Strategies: This tool provides air quality
benefit calculations for diesel idle
reduction strategies.

U.S. Environmental Protection Agency,
Diesel Emissions Quantifier (DEQ): This
tool allows users to estimate air pollutant

emissions from various sources, including
idling diesel vehicles.

Argonne National Laboratory, Vehicle Idle
Reduction Savings Worksheet: This

downloadable spreadsheet helps calculate
potential fuel cost savings associated with
reducing vehicle idling times.

U.S. Department of Energy, Petroleum
Reduction Planning Tool: This online tool
helps assess strategies and opportunities
for reducing petroleum use across

different sectors, including potential
benefits from reducing vehicle idling.
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HEAVY-DUTY DIESEL
ENGINE RETROFIT AND
REPLACEMENT

Retrofitting or replacing
heavy-duty diesel engines
cuts fuel use and associated
emissions, contributing to
cleaner air for local
communities.
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OVERVIEW

Best Suited for:
Long Term & Short Term
Urban, Suburban, Rural, & Tribal

Heavy-duty vehicles and engines are and NOx emissions, particularly along

significant contributors to greenhouse major freight corridors, in downtown

gas emissions and local air quality issues. cores, and in and around ports.

Typical diesel engines in heavy-duty
trucks, locomotives, port equipment, and
marine vessels can last up to 30 years.
The Environmental Protection Agency
(EPA) estimates that over 10 million older
diesel engines are in use today. Older
engines are less efficient and less likely to
have exhaust treatment devices like
catalytic converters and diesel particulate
filters. Newer and more efficient
engines have lower fuel consumption
and help reduce costs in the long
term. Newer engines and vehicles have
built-in fuel savings and emission
controls, such as selective catalytic
reduction, exhaust gas recirculation, and
aerodynamic features.

Select components of diesel engines can
be replaced as a more cost-effective
alternative to whole vehicle or engine
replacement. Engines can also be
modified to use lower carbon intensity
fuels, such as biodiesel, or more than
one fuel (e.g., dual-fuel diesel or flexible-
fuel engines). Heavy-duty engine and
vehicle upgrades have the potential to
improve air quality and reduce health
impacts from diesel particulate matter

Decarbonization strategies for heavy-duty
equipment may include:
* Whole engine replacement

e Replacing specific engine components
e Exhaust and engine retrofit

e Aerodynamic designs and devices

e |dle reduction technologies

Replacing and retrofitting non-
road engines can lower the
carbon footprint of ports,
railyards, and intermodal facilities
and improve air quality for
nearby communities. Non-road
equipment includes locomotives,
barges and other marine vessels,
and cargo-handling equipment
such as loaders, cranes, and
drayage trucks.

Transitioning to lower emissions vehicles
can be a challenge for the many small
trucking companies and owner-operators.
Over 95% of U.S. trucking companies have

fewer than 10 trucks (American Trucking
Association, 2024) and may not have the
resources to plan ahead for lifecycle
retrofits or turnover. Larger fleets may be
better suited to lead this transition.
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Source: EPA Diesel Emissions Reduction Act

Spotlight on the Ports of Los Angeles and
Long Beach (San Pedro Ports)

These ports have been leading the way with zero-emissions
equipment and a path to a net zero-emissions future. Recent
efforts have focused on deploying electric yard tractors, drayage
trucks, and cargo handling equipment (CHE). CHE accounts for
nearly 15% of CO, emissions and 5% of NOx emissions at the
ports. The ports have set a near-term goal of transitioning to a
100% zero-emission drayage truck fleet by 2035.

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://www.portoflosangeles.org/environment/air-quality/zero-emissions-technologies
https://www.portoflosangeles.org/environment/air-quality/zero-emissions-technologies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.epa.gov/dera

usbot
Climate Strategies that Work

GREENHOUSE GAS
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from GHG
modeling resources, peer-reviewed studies, and real-world applications.

REGULATIONS SUPPORT DECARBONIZATION OF
THE HEAVY-DUTY SECTOR

EPA’'s 2021 Clean Trucks Plan describes EPA's efforts to reduce GHG emissions
and air pollutants from heavy-duty trucks through a series of rulemakings. The
Phase 3 Greenhouse Gas Rule, which builds on two previous rulemakings, will
further reduce GHG emissions from heavy-duty vehicles and engines, including
vocational vehicles (such as delivery trucks, refuse haulers, public utility trucks,
transit, shuttle, school buses, etc.) and tractors (such as day cabs and sleeper
cabs on tractor-trailer trucks). The Phase 3 rule applies to model years 2027
through 2032 and allows manufacturers to choose what set of emissions control
technologies (battery electric, fuel cell etc.) is best suited for their vehicle fleet.
The revised emissions standards will help avoid approximately 1.8 billion metric
tons of GHGs, over 50,000 tons of NOx, and 113 tons of PM, . from 2027 through
2055 (EPA, 2024).

In 2023, the European Commission proposed a revision of the Regulation on CO,
emission standards for heavy-duty vehicles. If adopted, the proposal will
introduce more stringent standards in 2030 and beyond and extend the current
regulation, which covers large trucks, to cover smaller trucks, city buses, long-
distance buses, and trailers. The new standards are expected to decrease CO,
emissions per km from new heavy duty vehicles by 90% by 2040, as compared

to the reference period (1 July 2019 - 30 June 2020), with intermediate targets
for 2030 (45%) and 2035 (65%). The regulation will also include an incentive
mechanism for zero-emission and low-emission vehicles (European Commission,
2023).
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https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

TECHNOLOGIES THAT REDUCE FUEL
CONSUMPTION AND EMISSIONS

Engine, vehicle, and transmission technologies that reduce truck fuel
consumption will also reduce CO, emissions. A study by the Northeast States
Center for a Clean Air Future (NESCCAF) and the International Council on Clean
Transportation (ICCT) found that a combination of technologies can provide fuel
savings of over 40% when applied to large tractor-trailers (NESCCAF et al., 2009).

Both battery electric and plug-in hybrid delivery trucks can achieve energy
savings and reduce liquid fuel use. With appropriate en route charging, e-trucks
can reduce overall energy costs by 29 to 44% (Gao et al., 2017).

Fuel cell electric vehicles emit only water vapor, producing no harmful tailpipe
emissions. An International Council on Clean Transportation study compared
the lifecycle greenhouse gas emissions from diesel and hydrogen trucks and
buses in Europe and found that vehicles running on hydrogen produced from
fossil fuels reduce GHG emissions by 15% to 33% compared to their diesel
counterparts. If hydrogen is produced solely with renewable electricity,

emissions can be reduced by up to 89% (O'Connell et al., 2023).

As hydrogen costs come down and fueling infrastructure expands, fuel cell
electric vehicles will become a viable technology for heavy-duty applications.
Learn more at the Department of Energy (DOE)'s Hydrogen and Fuel Cell
Technologies Office (HFTO) website.

Upgrading a model year 2012 combination long-haul truck (Class 8) to an electric
vehicle with aerodynamic components can save more than 15,000 gallons of fuel
and nearly 200 tons of CO, emissions annually (EPA, n.d.).

Electric school buses produce less than half the GHG emissions of diesel and
propane-powered school buses, including accounting of emissions from
electricity generation (WRI,_ 2023).

Over three quarters of fuel consumption by medium and heavy-duty vehicles is
due to the largest Class 8 vehicles (33,001 Ib. and over). The most common Class
8 truck is the tractor-trailer combination, which is primarily employed in long-
distance freight operations. Programs that target Class 8 energy efficiency may
see the most significant CO, emissions reductions (NESCCAF et al., 2009).



https://theicct.org/wp-content/uploads/2023/02/lca-ghg-emissions-hdv-fuels-europe-feb23.pdf
https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office
https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office
https://cfpub.epa.gov/quantifier/index.cfm?action=main.home
https://www.wri.org/insights/where-electric-school-buses-us
https://theicct.org/wp-content/uploads/2021/06/HDVemissions_oct09.pdf
https://theicct.org/wp-content/uploads/2021/06/HDVemissions_oct09.pdf
https://journals.sagepub.com/doi/10.3141/2628-11

EPA-designated SmartWay Tractors and Trailers are long-haul freight vehicles
that significantly lower fuel consumption and emissions of air pollutants. These
tractors and trailers have been tested and validated by EPA to meet
specifications for fuel savings (EPA, 2024).

SmartWay Designated Trailer with Aerodynamic and Tire Components

SmartWay Trailer Specifications


https://www.epa.gov/verified-diesel-tech/smartway-designated-tractors-and-trailers

CO-BENEFITS
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This section outlines the multiple co-benefits associated with the strategy, including

safety benefits, local air quality improvements, and improved accessibility. Each co-

benefit presents examples that demonstrate how the strategy enhances regional or

community well-being while addressing emissions.

SAFETY

Many newer heavy-duty vehicles include
safety features, such as collision
warning and blind spot warning, which
can help make streets safer for other
vehicles and vulnerable road users
(EMCSA, 2021).

An analysis of real-world data from 117
truck fleets found that trucks equipped
with lane departure warning technology
had a 21% lower crash rate compared
to trucks without the technology
(Routhier, 2024).

COST SAVINGS

Converting diesel truck fleets to
newer model years or low and
zero-emission vehicles can reduce
overall maintenance and fuel costs
for freight carriers. One research
study found that per-mile
maintenance costs for medium-
and heavy-duty diesel engines
increase by about 4-fold between
the 0 to 50,000 and 50,000 to
100,000 mileage intervals (Boyce,
2022).

Lane Keep and Lane Centering Technology
(Source: Federal Motor Carrier Safety Administration)
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https://www.fmcsa.dot.gov/tech-celerate-now/truck-operators-guide-advanced-driver-assistance-systems
https://www.fmcsa.dot.gov/sites/fmcsa.dot.gov/files/2024-04/2024%20Safety%20Research%20Forum_Empirical%20ADAS%20Truck%20Crash%20Analyses%20Using%20Onboard%20Safety%20Monitoring%20Systems%20508.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://researchrepository.wvu.edu/cgi/viewcontent.cgi?article=12405&context=etd
https://researchrepository.wvu.edu/cgi/viewcontent.cgi?article=12405&context=etd

AIR QUALITY AND HEALTH

Pollution from tailpipe and non-tailpipe
emissions contribute to health
inequities for communities, especially
communities of color, which are
disproportionately located near major
roadways and ports (EPA, 2014).

The National Renewable Energy
Laboratory analyzed baseline air
pollutant concentrations in the Los
Angeles area and changes to pollutant
concentrations associated with
electrification of heavy-duty trucks (Ravi
etal., 2023).

¢ Although they account for only 5%
of registered vehicles in the area,
heavy-duty trucks contribute 51% of
on-road nitrogen oxide emissions.

e Prioritizing electrification of trucks
close to highways provides
significant benefits to air quality-
impacted disadvantaged
communities.

e If 25% of trucks in Los Angeles are
electrified, the number of annual
avoided premature deaths due to
PM, . exposure will fall by over 50.
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RURAL COMMUNITIES

Large volumes of freight either
originate in rural areas or are
transported through rural areas by
road, rail, and waterways. Two-thirds
of rail freight originates in rural
areas, and nearly half of all truck
vehicle miles traveled (VMT) occur
on rural roads (USDOT, 2023).
Upgrading heavy duty fleets to

cleaner, more efficient versions can
reduce noise and air quality impacts
on rural communities.

Rural school districts often operate
large fleets of school buses due to
considerable distances between
children’s homes and schools. As part
of the Clean School Bus Program, EPA
prioritizes funding to rural and low-

income areas. Upgrading rural fleets
to low- or zero-emissions vehicles
reduces emissions and exposure to
toxic pollutants.

Read more about the program here.

Source: U.S. EPA Clean Bus Program
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https://www.transportation.gov/rural/grant-toolkit/critical-role-rural-communities
https://www.epa.gov/cleanschoolbus
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1019JFZ.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.epa.gov/sites/default/files/2015-11/documents/420f14044_0.pdf
https://maps.nrel.gov/la100/equity-strategies/reports/truck-electrification#section-0
https://maps.nrel.gov/la100/equity-strategies/reports/truck-electrification#section-0

ACCESSIBILITY AND
EQUITY

Near-port communities are often low-
income communities of color that suffer
disproportionate impacts, including
noise and air pollution, from port
operations.

e The population within 2 miles of the
Port of Houston is comprised of 76%
people of color (EPA Environmental
Justice Primer for Ports).

o Fifty-eight percent of Los Angeles
disadvantaged communities have
high traffic impacts or diesel
particulate matter exposure, and
32% of disadvantaged communities
have both (Ravi et al., 2023).

Students from low-income families are
exposed to higher levels of diesel
exhaust pollution from school buses:
60% of these students ride the bus to
school, compared to 45% of students
from higher income families. Black and
brown students and children with
disabilities also rely on school buses
more than their peers. Electrifying
school bus fleets can help address these
health concerns and inequalities (WRI,
2023).

Several federal and state programs that
support heavy-duty vehicle upgrades
prioritize projects in disadvantaged
communities.
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The California Hybrid and Zero-Emission
Truck and Bus Voucher Incentive Project
HVIP includes a disadvantaged community
incentive of 15% for vehicles that are
purchased or leased by a public or private

small fleet with 20 or fewer trucks or buses
and less than $15 million in annual revenue
for private fleets. Vouchers are also
available for any purchase or lease by a
California Native American tribal
government (CARB, n.d.).

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations

Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://www.epa.gov/ports-initiative/environmental-justice-primer-ports-impacts-port-operations-and-goods-movement
https://www.epa.gov/ports-initiative/environmental-justice-primer-ports-impacts-port-operations-and-goods-movement
https://maps.nrel.gov/la100/equity-strategies/reports/truck-electrification#section-0
https://www.wri.org/insights/where-electric-school-buses-us
https://www.wri.org/insights/where-electric-school-buses-us
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://californiahvip.org/purchasers/
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COST CONSIDERATIONS

Here are a few ballpark numbers from recent electric and alternative fuel truck
projects:
e The Port of Oakland recently acquired 10 Peterbilt 579EVs at a cost of $5.1
million, or about $510,000 per semi-truck.
e Through the Reduction of Truck Emissions at Port Facilities Grant Program:
o Puerto Rico Terminals received about $2.8 million to replace 7 diesel trucks
with all-electric versions at the Port of San Juan and install 7 fast-charging

stations.

o Louisiana received $7.1 million to purchase 14 all-electric heavy-duty
terminal trucks and five light-duty pickup trucks and support electrical
infrastructure upgrades.

o New Jersey received $2.2 million to replace 20 diesel trucks with new, low
emissions propane versions - about $110,000 per truck.

o The Northwest Seaport Alliance received $16 million to provide financial
incentives to independent owner-operators and small trucking companies
in the Seattle-Tacoma region to buy zero-emission, short-haul trucks. This
funding will support between 36 and 58 truck purchases along with
corresponding charging/fueling infrastructure.

Considering equipment costs, fuel and electricity costs, and other costs such as
maintenance and insurance, the total annual costs for a diesel vs. electric city
delivery truck are relatively similar ($47,700 vs. $45,200) (DANA, n.d.). Federal and
state rebates may help further reduce costs of electric equipment.

Heavy-duty engine technologies that reduce fuel consumption and emissions
range in cost from a few hundred dollars for simple retrofits to $2,000-$3,000
for a turbocompound package to $20,000+ for more advanced technology
packages (NESCCAF et al., 2009). The cost of a new semi-truck ranges from
approximately $70,000 to $180,000.
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https://www.portofoakland.com/press-releases/zero-emissions-truck-project-launches-at-port-of-oakland/
https://ops.fhwa.dot.gov/bipartisan-infrastructure-law/RTEPF/2022-23/awards/
https://apps.dana.com/commercial-vehicles/tco/
https://theicct.org/wp-content/uploads/2021/06/HDVemissions_oct09.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

FUNDING
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OPPORTUNITIES

EPA’s Diesel Emissions Reduction Act
(DERA)_Program funds grants and
rebates that protect human health and

improve air quality by reducing harmful
emissions from diesel engines. DERA
funds can be used to fund retrofit and
replacement of diesel equipment,
including school buses and transit
buses.

EPA’s Clean Heavy-Duty Vehicle
Program offers grants and rebates to
replace existing heavy-duty vehicles

with clean, zero-emission vehicles.

EPA’s Clean Ports Program provides
for investment in clean, zero-emission
port equipment and technology; to
conduct relevant planning or permitting
in connection with the purchase or
installation of such equipment or
technology; and to help ports develop
climate action plans to reduce air
pollutants at U.S. ports.

FHWA's Congestion Management and
Air Quality Improvement (CMAQ)
Program supports surface

transportation projects and other
related efforts that contribute air
quality improvements and provide
congestion relief. The BIL continues the
CMAQ Program to provide a flexible
funding source to State and local
governments for transportation
projects and programs to help meet the
requirements of the Clean Air Act,
including supporting heavy-duty engine
and vehicle replacement and retrofit
projects.

California Truck Replacement
Programs, including the San Joaquin
Valley Air Pollution Control District

program, replace on-road diesel trucks
with alternative technology units.
Projects that will accelerate emission
reductions in low income and
disadvantaged communities
experiencing greater air quality impacts
may receive priority through the project
review and selection process.
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https://www.epa.gov/dera
https://www.epa.gov/dera
https://www.epa.gov/dera
https://www.epa.gov/inflation-reduction-act/clean-heavy-duty-vehicles-program#Re-Resources
https://www.epa.gov/inflation-reduction-act/clean-heavy-duty-vehicles-program#Re-Resources
https://www.epa.gov/inflation-reduction-act/clean-heavy-duty-vehicles-program#Re-Resources
https://www.epa.gov/inflation-reduction-act/clean-ports-program
https://www.fhwa.dot.gov/environment/air_quality/cmaq/
https://www.fhwa.dot.gov/environment/air_quality/cmaq/
https://www.fhwa.dot.gov/environment/air_quality/cmaq/
https://ww2.valleyair.org/grants/truck-replacement-program/
https://ww2.valleyair.org/grants/truck-replacement-program/
https://ww2.valleyair.org/grants/truck-replacement-program/
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

usbot
Climate Strategies that Work

COMPLEMENTARY
STRATEGIES

Heavy-duty vehicles spend considerable time idling
with their engine on - school buses idle at bus stops,
IDLE REDUCTION transit buses idle at curbs and park-and-ride lots, and
TECHNOLOGIES &  trucks idle during deliveries and for longer periods of
STRATEGIES time at roadside rest stops. Idle reduction technologies
can contribute to improved fuel efficiency and lower

emissions.

Heavy-duty vehicles typically have relatively low fuel
efficiency. Upgrading to newer engines and vehicles

VEHICLE ENERGY
and retrofitting engines with emissions control

EFFICIENCY
IMPROVEMENTS technologies can improve the overall efficiency of

heavy-duty fleets.

View All Strategies
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https://dot-climate-strategies.my.canva.site/vehicle-energy-efficiency-improvements
https://dot-climate-strategies.my.canva.site/vehicle-energy-efficiency-improvements
https://dot-climate-strategies.my.canva.site/vehicle-energy-efficiency-improvements
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://dot-climate-strategies.my.canva.site/idle-reduction-technologies-strategies
https://dot-climate-strategies.my.canva.site/idle-reduction-technologies-strategies
https://dot-climate-strategies.my.canva.site/idle-reduction-technologies-strategies
https://climate-strategies-that-work-usdot.hub.arcgis.com/
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CASE STUDIES

ELECTRIC REFUSE TRUCKS AT REPUBLIC SERVICES

Republic Services, in partnership
with Oshkosh Corporation,
released the first electric garbage
truck fleet in fall 2023 in Phoenix,
AZ and plans to roll out electric

fleets in other U.S. cities, including
Carlsbad, CA and Portland, OR in
2024. Republic expects electric
vehicles to represent half of their

new truck purchases by 2028.
Source: Republic Services

MESILLA VALLEY TRANSPORTATION (MVT) SMARTWAY
PARTNERSHIP

MVT is one of the largest truck load carriers in the U.S., operating routes
between major manufacturing areas in the U.S., Canada, and Mexico. The
company joined EPA’'s SmartWay program in 2004 and immediately began a fuel
economy benchmarking exercise. Due to the size and age of its fleet, routes, and
other factors, their fleetwide average was only 6.8 mpg. To improve fuel
efficiency, MVT switched to trucks and trailers with single wide-based tires,
equipped all trucks with direct-drive transmissions and idle reduction devices,
and installed various aerodynamic features, including run skirts and trailer tails.
MVT also provides training on smoother driving practices and offers financial
incentives to drivers who achieve 8.6 mpg and above. MVT's fleet is now running
close to 9 mpg and saves approximately 20,000 gallons of fuel monthly
compared to 2004 levels.
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https://investor.republicservices.com/news-releases/news-release-details/republic-services-rolling-out-industrys-first-fully-integrated
https://www.epa.gov/sites/default/files/2021-05/documents/420f21013.pdf
https://www.epa.gov/sites/default/files/2021-05/documents/420f21013.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

PORT DRAYAGE TRUCK
REPLACEMENT PROGRAM -
PORT OF NY/NJ

The Port Drayage Truck Replacement
Program (TRP) at the Port of New York
and New Jersey is a voluntary subsidy

program which encourages replacement
of old heavy-duty diesel trucks with
newer models. If all eligible trucks (ca.
5,600) are replaced, the port would see
annual emissions reductions of 98.5
tons of NOx (13%) as well as sharp
reductions in PM,s and CO, emissions.
The lower NOx emissions are expected
to reduce local NOx concentrations by
up to 63%, bringing levels below what is
considered hazardous to human health
and significantly improving air quality
for vulnerable populations living near
the port.

Source: Port Houston
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Source: National Renewable Energy Laboratory

REDUCING EMISSIONS AND
NOISE AT TRUCK
BOTTLENECKS - HOUSTON,
X

The Barbours Cut Container Terminal
is located on Galveston Bay near the
inlet to the Houston Ship Channel.
Poor air quality is a concern locally and
regionally and the terminal is bordered
by residential neighborhoods. As part
of a case study in the Reducing
Emissions and Noise at Truck
Bottlenecks report, FHWA tested seven
strategies for emissions impacts and
found that clean trucks, drayage
optimization strategies, and rail
drayage could have significant
emissions benefits for the region. For
example, retiring and replacing 17% of
the study area’s trucks (all pre-2007
models) would reduce emissions of
most criteria pollutants by 20-60% and
reduce GHG emissions by 4%.
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https://trid.trb.org/view/1949534
https://trid.trb.org/view/1949534
https://trid.trb.org/view/1949534
https://www.fhwa.dot.gov/environment/air_quality/research/addressing_truck_bottlenecks/fhwahep22026_summary_houston.pdf
https://www.fhwa.dot.gov/environment/air_quality/research/addressing_truck_bottlenecks/fhwahep22026_summary_houston.pdf
https://www.fhwa.dot.gov/environment/air_quality/research/addressing_truck_bottlenecks/fhwahep22026_summary_houston.pdf
https://www.fhwa.dot.gov/environment/air_quality/research/addressing_truck_bottlenecks/fhwahep22026_summary_houston.pdf
https://www.fhwa.dot.gov/environment/air_quality/research/addressing_truck_bottlenecks/fhwahep22026_summary_houston.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
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IMPLEMENTING HEAVY-DUTY
DIESEL ENGINE RETROFIT
AND REPLACEMENT: WHAT

TO READ NEXT

Industry, often through partnerships
with the public sector, is leading the
way with reducing emissions from
heavy-duty fleets. EPA develops new
vehicle and engine standards with
feedback from industry and trade
groups. Vehicle and equipment
manufacturers in turn develop new
technologies to meet the standards.
Consumers are also increasingly
focused on buying sustainable
products and services, which puts
pressure on companies to offer
cleaner, more efficient alternatives.

EPA’'s SmartWay Program provides
resources to fleet managers, carriers,
and other stakeholders involved in

freight transport to help advance
supply chain sustainability. The
program helps companies identify and
select more efficient freight carriers,
transport modes, equipment, and
operational strategies to improve
supply chain sustainability and lower
costs from goods movement.

See lists of SmartWay-verified
Technologies and Tractors & Trailers.

Source: EPA Smartway
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EPA’s Ports Initiative works in collaboration with the port industry, communities, and
state and local governments to advance clean technologies and practices at ports.
The Ports Initiative and Clean Ports Program website provides many technical
resources for ports, guidance on community-port collaboration, and funding

opportunities.

State and local incentive programs for low-emission and zero-emission heavy-duty
vehicles can help encourage the transition of truck fleets to cleaner options. For
example, California’s HVIP provides base vehicle price breaks from $20,000 to
$240,000, depending on the vehicle purchased (CARB, n.d.).
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https://www.epa.gov/ports-initiative/smartway-program-promoting-supply-chain-sustainability-ports
https://www.epa.gov/ports-initiative/smartway-program-promoting-supply-chain-sustainability-ports
https://www.epa.gov/ports-initiative/cleanports
https://californiahvip.org/
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RESOURCES

GENERAL RESOURCES
FHWA's Study on Assessing Truck
Emissions and Noise at Truck Freight

Bottlenecks: This report discusses
strategies to address truck emissions
and noise at truck freight bottlenecks,
including significant highway
bottlenecks and truck access to
intermodal connectors. The report
includes case studies to demonstrate
the potential benefits of various
mitigation strategies at specific
locations.

EPA SmartWay Program: This program
promotes freight transportation
efficiency and fuel-saving technologies.

The SmartWay Transport Partnership is
a collaboration between EPA and the
freight industry - it is voluntary and
uses strong market-based incentives.

EPA Regulations for Emissions from
Vehicles and Engines: The EPA regularly
revises regulations including standards

for heavy-duty vehicles. The latest
information on air pollutant and GHG
emission standards for on road and
nonroad vehicles and engines can be
found at the EPA site.

North American Council for Freight
Efficiency (NACFE) Medium-Duty Electric

Trucks - Cost of Ownership (2018):
NACFE published a guidance report

which discusses the total costs of
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ownership of medium-duty electric
trucks and addresses the market,
battery technology, regulatory barriers,
and the power grid.

TOOLKITS AND MODELLING
APPROACHES

EPA Diesel Emissions Quantifier (DEQ):
This tool evaluates clean diesel projects

and upgrade options for medium-
heavy and heavy-heavy duty diesel
engines. It helps to estimate emissions
benefits and cost-effectiveness for air
pollutants and CO..

CMAQ Emissions Calculator Toolkit:
This tool provides estimated emissions

reductions projected from
implementing various types of
transportation projects eligible under
the Congestion Mitigation and Air
Quality Program (CMAQ). The toolkit
includes modules that model the
retrofit and repower/replacement of
onroad and nonroad vehicles and
equipment.

EPA SmartWay Electrification
Resources: This resource includes the
Total Cost of Ownership Calculators for
Diesel vs. Electric Vehicles.

North American Council for Freight
Efficiency (NACFE) Medium-Duty
Electric Trucks - Cost of Ownership
(2018): NACFE provides an Excel-based
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https://www.fhwa.dot.gov/environment/air_quality/research/addressing_truck_bottlenecks/
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https://www.epa.gov/regulations-emissions-vehicles-and-engines
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https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://cfpub.epa.gov/quantifier/index.cfm?action=main.home
https://www.fhwa.dot.gov/environment/air_quality/cmaq/toolkit/
https://www.epa.gov/smartway/smartway-heavy-duty-truck-electrification-resources
https://www.epa.gov/smartway/smartway-heavy-duty-truck-electrification-resources
https://nacfe.org/future-technology/medium-duty-electric-trucks-cost-of-ownership/
https://nacfe.org/future-technology/medium-duty-electric-trucks-cost-of-ownership/
https://nacfe.org/future-technology/medium-duty-electric-trucks-cost-of-ownership/

total cost of ownership calculator
comparing investment in diesel or
gasoline trucks against battery electric
alternatives.

California Hybrid and Zero-Emission

Truck and Bus Voucher Incentive Project

Total Cost of Ownership Estimator: This

is a tool that provides estimated cost
comparisons between zero- and near-
zero emission, medium- and heavy-duty
buses and trucks of the same sizes with
baseline fuels, including gasoline, diesel,
and compressed natural gas. Inputs on
the availability of grants and incentives
can be made to provide an estimate of
potential cost reductions for zero and
near-zero emission trucks, including
electric trucks.
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Dana Total Cost of Ownership

Calculator (2020): Dana, a drivetrain
and electrified propulsion system
supplier, provides total cost of
ownership calculators for diesel
and electric vehicles.

Vehicle Energy Consumption
Calculation Tool (VECTO): In the EU,
lorry manufacturers are required to
monitor and report CO, emission
and fuel consumption data to the
European Commission. The tool can
be used to model trucks, buses,

and coaches with gross vehicle
weights above 3,500 kg (7,716 Ib.).

Mobility Energy Productivity Tool
(MEP): This tool evaluates the ability
of a transportation system to
connect individuals to goods,

services, employment
opportunities, and others while
accounting for time, cost, and
energy.
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WORKING WITH
COMMUNITIES

U.S. Department of Energy’s Clean Cities
Coalition Network: This network

supports communities in achieving
cleaner air and reducing dependence on
fossil fuels by promoting alternative
transportation options.

FHWA's Zero Deaths and Safe System
Program: This program provides

resources and guidance to help
communities eliminate traffic fatalities
and serious injuries. Active
transportation is a key component of
the Safe System approach, promoting
safer streets for pedestrians, cyclists,
and motorists.

EPA's Smart Growth: This website
provides resources and technical

assistance to help communities
integrate active transportation into their
development plans, promoting compact,
walkable neighborhoods.

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://cleancities.energy.gov/about/
https://cleancities.energy.gov/about/
https://highways.dot.gov/safety/zero-deaths
https://highways.dot.gov/safety/zero-deaths
https://www.epa.gov/smartgrowth
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

usbot

REFERENCES s ey

American Trucking Association. (2024). Economics and Industry Data.
https://www.trucking.org/economics-and-industry-data

Atlas Public Policy. (2020). Assessing Financial Barriers to Adoption of Electric Trucks.
https://atlaspolicy.com/wp-content/uploads/2020/02/Assessing-Financial-Barriers-

to-Adoption-of-Electric-Trucks.pdf

Boyce, I. C. (2022). Comparison of maintenance cost of medium and heavy-duty
alternative fuel and diesel vehicles (Master's thesis, West Virginia University).
https://researchrepository.wvu.edu/cgi/viewcontent.cgi?article=12405&context=etd

CARB. (n.d.). California HVIP. https://californiahvip.org/purchasers/

DANA. (n.d.). Total Cost of Ownership (TOC) Calculator.
https://apps.dana.com/commercial-vehicles/tco/

European Commission. (2023). Road transport: Reducing CO2 emissions from heavy-
duty vehicles. https://climate.ec.europa.eu/eu-action/transport/road-transport-

reducing-co2-emissions-vehicles/reducing-co2-emissions-heavy-duty-vehicles_en

Federal Highway Administration (FHWA). (2024). Biden-Harris Administration
Announces Nearly $150 Million in Grants to Help Reduce Truck Air Pollution Near
America’s Ports. FHWA 14-24. https://highways.dot.gov/newsroom/grants-help-

reduce-truck-air-pollution-ports

Federal Motor Carrier Safety Administration (FMCSA). (2021). A Truck Operator's
Guide to Advanced Driver Assistance Systems. https://www.fmcsa.dot.gov/tech-

celerate-now/truck-operators-guide-advanced-driver-assistance-systems

Gao, Z., Lin, Z., & Franzese, O. (2017). Energy consumption and cost savings of truck
electrification for heavy-duty vehicle applications. Transportation Research
Record, 2628(1), 99-109. https://journals.sagepub.com/doi/10.3141/2628-11

NESCCAF, ICCT, Southwest Research Institute, & TIAX, LLC. (2009). Reducing Heavy-
Duty Long Haul Combination Truck Fuel Consumption and COZ2 emissions.
https://theicct.org/wp-content/uploads/2021/06/HDVemissions_oct09.pdf



https://www.trucking.org/economics-and-industry-data
https://atlaspolicy.com/wp-content/uploads/2020/02/Assessing-Financial-Barriers-to-Adoption-of-Electric-Trucks.pdf
https://atlaspolicy.com/wp-content/uploads/2020/02/Assessing-Financial-Barriers-to-Adoption-of-Electric-Trucks.pdf
https://researchrepository.wvu.edu/cgi/viewcontent.cgi?article=12405&context=etd
https://californiahvip.org/purchasers/
https://apps.dana.com/commercial-vehicles/tco/
https://climate.ec.europa.eu/eu-action/transport/road-transport-reducing-co2-emissions-vehicles/reducing-co2-emissions-heavy-duty-vehicles_en
https://climate.ec.europa.eu/eu-action/transport/road-transport-reducing-co2-emissions-vehicles/reducing-co2-emissions-heavy-duty-vehicles_en
https://highways.dot.gov/newsroom/grants-help-reduce-truck-air-pollution-ports
https://highways.dot.gov/newsroom/grants-help-reduce-truck-air-pollution-ports
https://www.fmcsa.dot.gov/tech-celerate-now/truck-operators-guide-advanced-driver-assistance-systems
https://www.fmcsa.dot.gov/tech-celerate-now/truck-operators-guide-advanced-driver-assistance-systems
https://journals.sagepub.com/doi/10.3141/2628-11
https://theicct.org/wp-content/uploads/2021/06/HDVemissions_oct09.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

usbot
Climate Strategies that Work

O’Connell, A., Pavlenko, N., Bieker, G., & Searle, S. (2023). A comparison of the life-cycle
greenhouse gas emissions of European heavy-duty vehicles and fuels. International
Council on Clean Transportation: Washington, DC, USA, 1-36. https://theicct.org/wp-
content/uploads/2023/02/Ica-ghg-emissions-hdv-fuels-europe-feb23.pdf

Park, G. Y. (2022). Emissions analysis of the port drayage truck replacement program
and local air quality: The case of the port of New York and New Jersey. Case Studies on
Transport Policy, 10(2), 1407-1416. https://doi.org/10.1016/j.cstp.2022.05.004

Port of Oakland. (2021). Zero-emissions truck project launches at Port of Oakland.
https://www.portofoakland.com/zero-emissions-truck-project-launches-at-port-of-
oakland/

Ravi, V., Li, Y., Heath, G., Marroquin, I., Day, M., & Walzberg, J. (2023). Chapter 11: Truck
Electrification for Improved Air Quality and Health. In LA100 Equity Strategies National
Renewable Energy Laboratory. NREL/TP-6A20-85958.
https://www.nrel.gov/docs/fy240sti/85958.pdf

Routhier, B. (2024). Empirical ADAS Truck Crash Analyses Using Onboard Safety
Monitoring Systems. Federal Motor Carrier Safety Administration. 2024 Safety
Research Forum. https://www.fmcsa.dot.gov/sites/fmcsa.dot.gov/files/2024-
04/2024%20Safety%20Research%20Forum_Empirical%20ADAS%20Truck%20Crash%
20Analyses%20Using%200nboard%20Safety%20Monitoring%20Systems%20508.pdf

U.S. Department of Transportation (USDOT). (2023). The Critical Role of Rural
Communities in the U.S. Transportation System.
https://www.transportation.gov/rural/grant-toolkit/critical-role-rural-communities

U.S. Environmental Protection Agency (EPA). (2013). U.S. Diesel Retrofit Program:
Incentives to Reduce Large Emitters. https://www.epa.gov/sites/default/files/2014-

05/documents/us-diesel-retrofit-program.pdf

U.S. Environmental Protection Agency (EPA). (2014). Near Roadway Air Pollution and
Health: Frequently Asked Questions. FAQ. EPA-420-F-14-044, US EPA Office of
Transportation and Air Quality. https://www.epa.gov/sites/default/files/2015-
11/documents/420f14044_0.pdf


https://theicct.org/wp-content/uploads/2023/02/lca-ghg-emissions-hdv-fuels-europe-feb23.pdf
https://theicct.org/wp-content/uploads/2023/02/lca-ghg-emissions-hdv-fuels-europe-feb23.pdf
https://doi.org/10.1016/j.cstp.2022.05.004
https://www.portofoakland.com/zero-emissions-truck-project-launches-at-port-of-oakland/
https://www.portofoakland.com/zero-emissions-truck-project-launches-at-port-of-oakland/
https://www.nrel.gov/docs/fy24osti/85958.pdf
https://www.fmcsa.dot.gov/sites/fmcsa.dot.gov/files/2024-04/2024%20Safety%20Research%20Forum_Empirical%20ADAS%20Truck%20Crash%20Analyses%20Using%20Onboard%20Safety%20Monitoring%20Systems%20508.pdf
https://www.fmcsa.dot.gov/sites/fmcsa.dot.gov/files/2024-04/2024%20Safety%20Research%20Forum_Empirical%20ADAS%20Truck%20Crash%20Analyses%20Using%20Onboard%20Safety%20Monitoring%20Systems%20508.pdf
https://www.fmcsa.dot.gov/sites/fmcsa.dot.gov/files/2024-04/2024%20Safety%20Research%20Forum_Empirical%20ADAS%20Truck%20Crash%20Analyses%20Using%20Onboard%20Safety%20Monitoring%20Systems%20508.pdf
https://www.transportation.gov/rural/grant-toolkit/critical-role-rural-communities
https://www.epa.gov/sites/default/files/2014-05/documents/us-diesel-retrofit-program.pdf
https://www.epa.gov/sites/default/files/2014-05/documents/us-diesel-retrofit-program.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

usbot
Climate Strategies that Work

U.S. Environmental Protection Agency (EPA). (2023). Proposed Rule: Greenhouse Gas
Emissions Standards for Heavy-Duty Vehicles - Phase 3.
https://www.epa.gov/regulations-emissions-vehicles-and-engines/proposed-rule-

greenhouse-gas-emissions-standards-heavy

U.S. Environmental Protection Agency (EPA). (n.d.). Diesel Emissions Quantifier (DEQ).
https://cfpub.epa.gov/quantifier/index.cfm?action=main.home

U.S. Environmental Protection Agency (EPA). (n.d.). Environmental Justice Primer for
Ports: Impacts of Port Operations and Goods Movement. https:.//www.epa.gov/ports-
initiative/environmental-justice-primer-ports-impacts-port-operations-and-goods-
movement

U.S. Environmental Protection Agency (EPA). (2024). SmartWay Designated Tractors
and Trailers. https://www.epa.gov/verified-diesel-tech/smartway-designated-tractors-

and-trailers

World Resources Institute (WRI). 2023. The State of Electric School Bus Adoption in the
U.S. https://www.wri.org/insights/where-electric-school-buses-us



https://www.epa.gov/regulations-emissions-vehicles-and-engines/proposed-rule-greenhouse-gas-emissions-standards-heavy
https://www.epa.gov/regulations-emissions-vehicles-and-engines/proposed-rule-greenhouse-gas-emissions-standards-heavy
https://cfpub.epa.gov/quantifier/index.cfm?action=main.home
https://www.epa.gov/ports-initiative/environmental-justice-primer-ports-impacts-port-operations-and-goods-movement
https://www.epa.gov/ports-initiative/environmental-justice-primer-ports-impacts-port-operations-and-goods-movement
https://www.epa.gov/ports-initiative/environmental-justice-primer-ports-impacts-port-operations-and-goods-movement
https://www.epa.gov/ports-initiative/environmental-justice-primer-ports-impacts-port-operations-and-goods-movement
https://www.epa.gov/verified-diesel-tech/smartway-designated-tractors-and-trailers
https://www.epa.gov/verified-diesel-tech/smartway-designated-tractors-and-trailers
https://www.wri.org/insights/where-electric-school-buses-us
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies

For more information visit the DOT Climate Change Center,

change-center



https://www.transportation.gov/priorities/climate-and-sustainability/dot-climate-change-center
https://www.transportation.gov/priorities/climate-and-sustainability/dot-climate-change-center

U.S. Department of Transportation, Climate Change Center
Climate Strategies that Work

IDLE REDUCTION
TECHNOLOGIES &
STRATEGIES

Idle reduction technologies
minimize emissions,
enhance efficiency, and
improve quality of life for
communities and
operators by reducing
unnecessary engine idling.



U.S. DOT, Climate Change Center Climate Strategies that Work

Overview

GHG Reduction Potential

Co-Benefits

Cost Considerations

Funding Opportunities

Complementary Strategies

Case Studies

Implementing Idle Reduction
Technologies & Strategies : What to
Read Next

Resources

Table of Contents

References


https://www.transportation.gov/priorities/climate-and-sustainability/dot-climate-change-center

usbot
Climate Strategies that Work

OVERVIEW

Best Suited for:

Long Term & Short Term

Urban, Suburban, Rural, & Tribal
Idling vehicles and equipment adversely impact air quality, often near densely
populated areas, and contribute to greenhouse gas emissions. Idle reduction
technology (IRT) refers to devices that enable diesel engine operators to refrain from
long-duration idling of the main propulsion engine (referred to as “extended idle") by
using an alternative power source. IRTs can reduce emissions and enhance fuel
efficiency by enabling operators to power essential functions without relying
on main engines. In addition, IRT can optimize engine performance in stop-and-go
traffic conditions.

Engines are kept idle for a variety of reasons, such as to keep vehicles warm or
cool and to power emergency lighting, communications, or off-board equipment.
According to Argonne National Laboratory, U.S. passenger cars, light-duty trucks, and
medium- and heavy-duty vehicles consume more than 6 billion gallons of diesel fuel
and gasoline each year—without movement. About half of this fuel use is attributed
to personal vehicles (cars and trucks), which emit about 30 million tons of CO, every
year just by idling (Argonne National Laboratory, n.d.). In 2019, idling highway
vehicles spent nearly 170 billion gallons in gasoline equivalents (Department of
Energy, 2019).

Beyond Technology: Minimizing idling requires a comprehensive approach that
extends beyond just technology. Operational strategies involve practices and
procedures designed to optimize performance and minimize emissions. These
strategies can include:

Scheduling and Planning

Regulation and Enforcement
Innovative Delivery Solutions

Supply Chain Optimization

Mode Selection and Overall Efficiency
Alternative Fuels and Technologies

Read about Freight Operational Strategies, here.
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How long do vehicles typically idle?

¢ Long-haul trucks typically idle 6 hours per day, or 1,830 hours per year, but
actual practice varies, from idling 1-2 nights per week to hardly ever turning
the engine off (Argonne National Laboratory, n.d.).
o This equates to 35,570 Ibs of CO, per year and $5,640 per truck (North
American Council for Freight Efficiency, 2019).

* Line-haul locomotives idle for 38% of their operating time, or about 1,650
hours per year (EPA, 2008).

* Transit buses idle for an average of 3.7 hours per day (DOE, 2021).

* School buses idle 2 hours a day (DOE, February 2015).

* Police cars idle about 60% of the time according to a Department of Energy
study (DOE, February 2015).

* Emergency vehicles, including ambulances and fire trucks, can idle on the
scene of fire and medical emergencies or between calls for 30 minutes to an
hour or more (Argonne National Laboratory, July 2017).

Average Weekday Operation of Trucks and Buses by Idle Status and Vehicle Type.
(Source: DOE, 2021)
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Examples of IRTs include:

Shorepower

(Also known as cold ironing)

Ships can connect to the local
electric grid while berthed,
eliminating the need for auxiliary
engines and associated
emissions.

Auxiliary Power Units (APUs)

Small, independent diesel engines
- can power climate control and
other on-board systems, reducing
reliance on main engines.

These systems are useful for police
vehicles, which require power for
communications, emergency
lighting, and HVAC while stopped.

Electrified Parking Spaces (EPS)
| Truck Stop Electrification (TSE)

Dedicated electrical connections
at truck stops allow drivers to
power essential systems without
idling.

Battery Air Conditioning Systems
(BACs)

These electric systems provide
climate control in parked trucks,
enabling drivers to shut off main
engines during rest breaks.

UsbDoT
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Automatic Engine Stopl/Start
Systems (AESS)

These systems automatically shut
down locomotive engines when not in
use, significantly reducing idling time.

Because of their effectiveness and
relatively low cost, EPA now requires an
AESS on all newly-built Tier 3 and Tier 4
locomotives, and on all existing
locomotives when they are first
remanufactured.

Stop-Start Technology

Conserves energy by shutting off the
gasoline engine when the vehicle is at
rest, such as at a traffic light, and
automatically re-starting it when the
driver pushes the gas pedal to go
forward.

Stop and Go Traffic: Argonne researchers
undertook a series of measurements to
determine how long drivers can idle in a
queue such as a drive-through before the
impacts of idling are greater than they
are for restarting the vehicle. They found
that fuel use and greenhouse gas
emissions are greater for idling longer
than 10 seconds. For more information,
see the fact sheet, Which Is Greener: Idle,
or Stop and Restart?)
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GREENHOUSE GAS "
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from GHG
modeling resources, peer-reviewed studies, and real-world applications.

FREIGHT EMISSIONS IN CONTEXT

In 2019, the three largest ports in the United States in terms of cargo volume
processed —the Ports of Los Angeles, Long Beach, and New York and New Jersey—
emitted over 2.5 million tons of carbon dioxide equivalents (CO,e). This estimate
includes emissions from ocean-going vessels at port, harbor craft, cargo handling
equipment, locomotives, and heavy-duty vehicles (Bertrand and Williams, 2022). At
the Port of New York and New Jersey in 2019, on-terminal idling by heavy-duty diesel
trucks accounted for 6.6% of CO, equivalent emissions port-wide (Park, 2022).

FOCUS ON LONG HAUL TRUCKING

Argonne National Laboratory estimates that rest-period idling by heavy-duty trucks
in the U.S. emit about 11 million tons of CO, each year. Idling alternatives can result
in 95% less fuel use and emissions (Argonne, 2015).

A study by Northeast States Center for a Clean Air Future (NESCCAF) and
International Council on Clean Transportation (ICCT) explored various scenarios for
reducing heavy-duty vehicle emissions through technology packages that include
idle reduction technologies, such as a diesel APU or hybrid system. For example,
applying Advanced EPA SmartWay technologies can provide a 28% reduction in CO,
emissions, while the maximum CO, emissions reduction associated with a more
aggressive combination package is around 50% (NESCCAF, 2009).

In the National Port Strategy Assessment, EPA estimates that reducing long-haul
truck idle and creep time by 10% reduces CO, emissions by 2.6% (EPA, 2016).

Typical Port Emission Impacts for Each 10% Reduction in Idle/Creep Time, 2020 and 2030.
(Source: EPA,_2016)
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FOCUS ON OCEAN GOING VESSELS

Connecting a ship to the electrical grid while at berth can reduce air pollution from
berthed ships by up to 98%. Shore powering one container ship for one day reduces
pollution by as much as taking 33,000 cars off the road for a day (Bertrand and
Williams, 2022).

An average cruise ship plugging into shore power at Port of Seattle’s Terminal 91
saves the greenhouse gas equivalent of a typical car driving 30 road trips from
Seattle to New York (Matlock, 2024).

EPA estimates that shore power reduces exhaust emissions during hoteling by 80 to
97% depending upon ship type.

e The technology reduces per call NOx emissions by 62.1 to 89.9%,

e PM emissions by 62.0 to 89.4%,

e exhaust CO,emissions by 62.3 to 90.9%,

e and well-to-propeller CO,emissions by 22.4 to 37.6% (EPA, 2016).

According to the EPA's latest Shore Power Technology Assessment at U.S. Ports, 10
ports in the U.S. at the time of this writing are equipped with high-voltage shore
power systems There are also planned projects at the ports of Galveston, Miami, and
Philadelphia. (EPA, 2022).

lllustration showing shore power infrastructure, including the electrical substation,
cable interface, and ship’s electrical equipment.
(Source: EPA,_2022
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FOCUS ON LOCOMOTIVES

Automatic Engine Stop-Start (AESS) systems on Tier 2 switcher locomotives can
potentially reduce CO, emissions by 22 tons per year (EPA, 2016).

The primary idle reduction strategies for locomotives involve replacing or rebuilding
older engines to Tier 3 or Tier 4 standards, which includes AESS to reduce idling
emissions. For example, replacing a pre-Tier 0 or Tier 0 switcher with a Tier 4 engine
would reduce CO, emissions by 177 tons per year. AESS can also be installed on
older locomotives, resulting ina per locomotive CO, emissions reduction of 14 tons
per year (EPA, 2016).

Wayside power is being explored to reduce idling emissions at stations. Locomotives
and stations can be equipped with electrical infrastructure to allow locomotives to
plug into the power grid. This setup allows a train to run air conditioning and lighting
without idling the main engine (CARB, 2022).

FOCUS ON PASSENGER VEHICLES

Personal vehicles generate around 30 million tons of CO, per year just by idling.
Eliminating unnecessary idling of personal vehicles would be the same as taking 5
million vehicles off the roads (DOE, 2015).

Idle stop-start technology can reduce fuel consumption and emissions in city driving
by 4 to 10% or more, compared to a vehicle using conventional technology. Over 10
years, this reduction corresponds to fuel cost savings of approximately Can$340 to
Can$2,000 and CO; reductions of 610 to 3,540 kg per vehicle (Natural Resources
Canada, 2014).

Research assessing the effectiveness of anti-idling campaigns near school
communities in Salt Lake County, Utah, found a 38% decrease in idling time and 11%
decrease in the number of vehicles idling at the school drop-off zones following the
campaign (Mendoza et al., 2022).



https://afdc.energy.gov/files/u/publication/idling_personal_vehicles.pdf
https://natural-resources.canada.ca/sites/www.nrcan.gc.ca/files/oee/pdf/transportation/fuel-efficient-technologies/autosmart_factsheet_17_e.pdf
https://natural-resources.canada.ca/sites/www.nrcan.gc.ca/files/oee/pdf/transportation/fuel-efficient-technologies/autosmart_factsheet_17_e.pdf
https://doi.org/10.3390/atmos13050706
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100PGK9.pdf
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100PGK9.pdf
https://ww2.arb.ca.gov/resources/fact-sheets/carb-fact-sheet-passenger-locomotive-operators
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CO-BENEFITS

This section outlines the multiple co-benefits associated with the strategy, including
safety benefits, local air quality improvements, and improved accessibility. Each co-
benefit presents examples that demonstrate how the strategy enhances regional or
community well-being while addressing emissions.

SAFETY

Reducing engine noise associated with
idling can create a safer

working environment for port
personnel and truck drivers (EPA, n.d.;
EPA, 2023).

Reducing engine noise associated with
idling can create a safer

working environment for port
personnel and truck drivers (EPA, n.d.;
EPA, 2023).

ACCESSIBILITY AND
EQUITY

By reducing emissions from idling
equipment, IRTs can contribute to
cleaner air for communities often
overburdened by health inequities. This
can lead to improved public health
outcomes and a more equitable
distribution of environmental burdens.
For resources on community-port
collaboration, including toolkits,
roadmaps, and primers, visit the EPA
Ports Initiative site.

Near-port communities are
disproportionately impacted by port
operations. For example, nearly all

census tracts surrounding the Ports
of Los Angeles and Long Beach
ranked in the top one-third of the
most burdened by pollution in the
state. Implementing port projects
that reduce air pollution from
ships, trucks, and cargo handling
equipment can improve health
outcomes for sensitive populations
(LAQ, 2022).

An analysis of 129 ports in the U.S.
found that over 20 million people
lived within 5 nautical miles of
these ports and had a median
household income below the 2019
national median. Forty-three (43) of
these ports overlapped with lower-
income census tracts and areas
that do not meet ambient air
quality standards (ICCT, 2024).
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https://www.epa.gov/community-port-collaboration/environmental-justice-primer-ports
https://www.epa.gov/verified-diesel-tech/learn-about-idling-reduction-technologies-irts-trucks-and-school-buses
https://www.epa.gov/community-port-collaboration/environmental-justice-primer-ports
https://www.epa.gov/verified-diesel-tech/learn-about-idling-reduction-technologies-irts-trucks-and-school-buses
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.epa.gov/community-port-collaboration.
https://www.epa.gov/community-port-collaboration.
https://lao.ca.gov/Publications/Report/4618
https://theicct.org/publication/us-port-emissions-screening-berthed-vessels-sept24/
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COST SAVINGS without relying on idling the main
propulsion engine, idling reduction
technologies reduce emissions of
harmful pollutants and contribute
to cleaner air around ports and

By minimizing idling time, IRTs allow
engines to be shut off during periods of
inactivity. This translates directly to
lower fuel consumption and _ _
: .- freight corridors.
maintenance expenses as idling leads to

unnecessary engine wear and tear. . ,
Idle reduction technologies can

_ e improve in-cab air quality and
A typical long-haul combination truck that
yP & benefit truck drivers’ health.

eliminates unnecessary idling could save
960 gallons of fuel each year (EPA, 2019). Electrified truck stops provide

better in-cab air quality than
running the main engine (Lee et al.,
2009).

Considering a railroad that consumes
500 million gallons of diesel fuel

annually with 4,000 locomotives,
Between 2010 and 2020, Port of

reducing idling time for each locomotive
New York and New Jersey upgraded

by a conservative 4 hours per day could _ _
847 trucks to newer diesel engine-

year models, or about 30% of the
drayage truck fleet, and
implemented a maximum idle time
of 3 minutes, resulting in an
estimated 12.8% reduction in NOx
emissions (Park, 2022).

reduce annual fuel consumption by over
20 million gallons, or 4% of total fuel
costs. This equates to $40 million in fuel
savings, assuming diesel prices of $2.00

per gallon (Wi-Tronix, 2020).

A European economic analysis of shore
power deployments showed net benefit
cost ratios ranging from 0.29 (bulk
carriers) to 1.64 (container ships).
Benefits depend on how shore power is
priced and whether monetary incentives

At-berth vessels in the U.S. emitted
approximately 27,000 tons of air
pollution (nitrogen oxides, sulfur
oxides, and particulate matter) in

are available for shipowners to adopt 2019. Prioritizing ports for

the technology (Merkel et al., 2023). electrification, including shore

power units, can significantly
AIR QUALITY AND HEALTH reduce emissions and the amount
of pollution that near-port
communities are exposed to (ICCT,
2024).

Research suggests idling may contribute
up to 34% or more to local air pollution
levels (Lee et. al., 2017). By enabling

vehicles to power essential functions
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https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100XM9V.pdf
https://doi.org/10.3141/2123-03
https://doi.org/10.3141/2123-03
https://doi.org/10.1016/j.cstp.2022.05.004
https://theicct.org/publication/us-port-emissions-screening-berthed-vessels-sept24/
https://theicct.org/publication/us-port-emissions-screening-berthed-vessels-sept24/
https://www2.wi-tronix.com/case-studies/locomotive-idle-reduction/
https://doi.org/10.1016/j.retrec.2023.101330
https://aaqr.org/articles/aaqr-17-09-oa-0301
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COST CONSIDERATIONS

COST OF IMPLEMENTATION

The cost to implement idle reduction technology varies widely depending on the

scale, scope, and location of the project.

Switcher Auxiliary Power Unit

Install: $27,000

Technology: $1,400 - $4,100

(EPA, 2019).

Heavy Duty Trucks
Cab Comfort Options for Heavy-Duty Trucks:

(Source: DOE, August 2015)

Power Source

Services

Fuel Use and Costs.

Fuel Use Typical Equipment
(CEULTY) Cost ($)

Idling All 0.6-1.5 NA
Auxiliary Power Unit All 0.2-0.5 8000-12,000
Diesel-Fired Heater Heat 0.04-0.08 900-1,500

Heat (Limited .
Heat Recovery Bursian Negligible 600
Storage Cooling Air Conditioning 0.15 8,500-8,800
Automatic Engine .
Start/Stop System All (Intermittent) 0.25 1,500-2,500
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https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100VY8M.pdf
https://afdc.energy.gov/files/u/publication/hdv_idling_2015.pdf
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Shorepower

Shipside modifications could range from $300,000 to $2 million depending on
the type of vessel and amount of retrofitting needed (Wang_et al., 2015).

The Port of Oakland allocated S60 million to install shore power infrastructure at
their eleven berths on six terminals (Port of Oakland, 2013).

The U.S, Navy, which has used shore power on their ocean-going vessels for many
years, estimates that daily electricity consumption for 14 vessels (35,000 kWh)
costs $5,000 per day, or $0.146/kWh (EPA, 2022). The EPA maintains a Shore
Power Emissions Calculator here with current electricity costs and power plant
emission factors, here.

COST EFFECTIVENESS

Using historical vessel call data, researchers identified opportunities for switching
vessels to shore power at U.S. ports. Their findings suggest air quality
improvements valued at $70-$150 million annually could be achieved by retrofitting
a significant portion of vessels. While initial investments in shore power
infrastructure would be required, studies indicate this approach could achieve a no
net cost scenario over time, with health and environmental benefits balanced by
the cost of ship and port retrofits (Vaishnav et al., 2015).

Analysis shows that idling reduction technologies for high-idling trucks (around
2,000 hours per year) become cost-effective within 5 years when fuel costs exceed
$2 per gallon. For lower-idling trucks, the payback period lengthens. The upfront
cost of various idling reduction technologies (e.g., auxiliary power units, battery air
conditioning systems) needs to be factored in (Argonne National Laboratory,
2017a).
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https://pubs.acs.org/doi/10.1021/acs.est.5b04860
https://afdc.energy.gov/files/u/publication/economics_long_haul_trucks.pdf?0ad97f2fdf
https://afdc.energy.gov/files/u/publication/economics_long_haul_trucks.pdf?0ad97f2fdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://theicct.org/sites/default/files/publications/ICCT-WCtr_ShorePower_201512a.pdf
https://www.portofoakland.com/press-release-319/
https://www.epa.gov/ports-initiative/shore-power-technology-assessment-us-ports
https://www.epa.gov/ports-initiative/shore-power-technology-assessment-us-ports#assessment

FUNDING
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OPPORTUNITIES

EPA’s Clean Ports Program provides for

investment in clean, zero-emission port
equipment and technology; to conduct
relevant planning or permitting in
connection with the purchase or
installation of such equipment or
technology; and to help ports develop
climate action plans to reduce air
pollutants at U.S. ports.

FHWA's Congestion Mitigation Air
Quality Improvement (CMAQ)
Program supports surface

transportation projects and other
related efforts that contribute air quality
improvements and provide congestion
relief. The Program provides a flexible
funding source for transportation
projects and programs to help meet the
requirements of the Clean Air Act,
including initiatives to reduce idling.

EPA’s Diesel Emissions Reduction Act
(DERA) Program funds grants and
rebates that protect human health and
improve air quality by reducing harmful
emissions from diesel engines.

USDOT's Rebuilding American
Infrastructure with Sustainability
and Equity (RAISE) Discretionary
Grant program funds critical
infrastructure projects across the
country, prioritizing sustainability and
equitable access.

USDOT's Reduction of Truck Emissions
at Port Facilities Grant Program
provides funding to reduce truck idling
and emissions at ports, including through
the advancement of port electrification.
The program also includes a study to
address how ports and intermodal port

transfer facilities would benefit from
increased opportunities to reduce
emissions at ports, and how emerging
technologies and strategies can contribute
to reduced emissions from idling trucks.

Puerto Rico Terminals received funding
to buy zero-emission trucks and install
charging equipment, which will reduce
diesel fuel use within the terminal by
nearly 3,000 gallons each year. Learn
more about projects here.

MARAD's Port Infrastructure

Development Program funds projects
that improve the safety, efficiency, and
reliability of moving goods into, out of,

around, or within ports.

Idle Reduction Equipment Excise Tax
Exemption: Qualified on-board idle
reduction devices and advanced insulation
are exempt from the federal excise tax
imposed on the retail sale of heavy-duty
highway trucks and trailers. The

exemption also applies to the installation
of qualified equipment on vehicles after
the vehicles have been placed into service.
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https://www.epa.gov/inflation-reduction-act/clean-ports-program
https://www.epa.gov/inflation-reduction-act/clean-ports-program
https://www.fhwa.dot.gov/environment/air_quality/cmaq/
https://www.fhwa.dot.gov/environment/air_quality/cmaq/
https://www.fhwa.dot.gov/environment/air_quality/cmaq/
https://www.epa.gov/dera
https://www.epa.gov/dera
https://www.transportation.gov/RAISEgrants
https://www.transportation.gov/RAISEgrants
https://www.transportation.gov/RAISEgrants
https://www.transportation.gov/RAISEgrants
https://www.transportation.gov/rural/grant-toolkit/reduction-truck-emissions-port-facilities
https://www.transportation.gov/rural/grant-toolkit/reduction-truck-emissions-port-facilities
https://www.maritime.dot.gov/PIDPgrants
https://www.maritime.dot.gov/PIDPgrants
https://afdc.energy.gov/laws/410
https://afdc.energy.gov/laws/410
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://ops.fhwa.dot.gov/bipartisan-infrastructure-law/RTEPF/2022-23/awards/

COMPLEMENTARY
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STRATEGIES

FREIGHT
OPERATIONAL
IMPROVEMENTS

HEAVY-DUTY
DIESEL ENGINE
RETROFIT AND

REPLACEMENTS

MULTIMODAL AND
INTERMODAL
FREIGHT
PLANNING

Idling reduction technologies can complement other
operational improvements like traffic management
systems and optimized scheduling to further
streamline port operations and reduce overall
environmental impacts.

Upgrading existing engines with cleaner technology or
transitioning to zero-emission alternatives like electric
trucks or hydrogen-powered cargo handling
equipment, alongside IRTs, can significantly improve
air quality and contribute to achieving ambitious
climate goals.

Idle reduction strategies can be applied to the various
modes of transportation involved in intermodal
freight, such as trucks, trains, and ships, during
loading, unloading, or waiting times. By optimizing
processes and using technology like automated
scheduling or real-time tracking, intermodal freight
operators can reduce idle times, improving overall
efficiency and GHG reductions.

View All Strategies
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https://dot-climate-strategies.my.canva.site/heavy-duty-diesel-engine-retrofit-and-replacements
https://dot-climate-strategies.my.canva.site/heavy-duty-diesel-engine-retrofit-and-replacements
https://dot-climate-strategies.my.canva.site/heavy-duty-diesel-engine-retrofit-and-replacements
https://dot-climate-strategies.my.canva.site/heavy-duty-diesel-engine-retrofit-and-replacements
https://dot-climate-strategies.my.canva.site/freight-operational-strategies
https://dot-climate-strategies.my.canva.site/freight-operational-strategies
https://dot-climate-strategies.my.canva.site/freight-operational-strategies
https://dot-climate-strategies.my.canva.site/freight-operational-strategies
https://dot-climate-strategies.my.canva.site/freight-planning
https://dot-climate-strategies.my.canva.site/freight-planning
https://dot-climate-strategies.my.canva.site/freight-planning
https://dot-climate-strategies.my.canva.site/freight-planning
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://climate-strategies-that-work-usdot.hub.arcgis.com/
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CASE STUDIES

SAVING FUEL IN NEW JERSEY THROUGH
TRUCK STOP ELECTRIFICATION
18

Truck Stop
Electrification Spaces

@ 227 T

Metric Tons
Emissions Saved

19,000

Gallons of Diesel
Fuel Saved

Source: New Jersey Clean Cities Coalition
Long-haul truck drivers typically idle their vehicles during mandated rest periods to
maintain access to air conditioning, heat, and electricity. The Flying ] Travel Plaza in
Carneys Point, New Jersey has 18 truck stop electrification spaces that provide
trucks with heading and air conditioning, electricity, cable TV, and internet, allowing
truckers to use these auxiliary systems without idling. In 2018, the use of the site
represented 227 metric tons of mitigated emissions, and nearly 19,000 gallons of
diesel fuel savings.

IDLE REDUCTION FOR EMERGENCY VEHICLES

Fire engines and trucks idle on the scene of fire and medical emergencies from 30
minutes to an hour or more. All fire departments in the Argonne study used diesel

auxiliary power units, which draw fuel from the main tank, to reduce idling. Like
battery auxiliary power units, diesel auxiliary power units power a vehicle's electrical
load when the vehicle engine is off. Diesel auxiliary power units use about 80% less
fuel than idling the engine and can provide nearly uninterrupted power for long
periods. These auxiliary power units displaced 700 to 1,000 idling hours (saving
$1,750 to $2,500 at a fuel cost of $2.50/gallon) per vehicle each year. Because of the
reduced engine-on time, the system reduces maintenance costs with fewer oil
changes and engine repairs.
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https://afdc.energy.gov/case/1209
https://afdc.energy.gov/case/1209
https://afdc.energy.gov/files/u/publication/economics_long_haul_trucks.pdf?0ad97f2fdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
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MISSOULA RAILYARD LINK
During colder weather months line-haul and
l@, 8 switcher locomotives located in the Missoula

APUs Railyard Link ran and idled continuously to prevent

engine freezing. The net idling emission reductions
) 95% due to the yard idling policy change and auxiliary
Reduction in power unit installation that were done in 2010 are
annual NOx noted below:

e 95% reduction in annual NOx emissions
$21 M e 89% reduction in annual PM emissions
Net Savings e 60% reduction in in annual CO emissions

Annual fuels savings averaged $235,964 due to the reduced fuel use of the APUs
and the implemented idling policy. The APUs and their installation were paid for by
cost savings in under two years. The expected lifetime of the APU units is 10 years,
so the net savings in fuel costs after purchase and installation of the eight APUs
over the ten-year period will be approximately $2,115,642.

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT’S
WAREHOUSE ACTIONS AND INVESTMENTS TO REDUCE
EMISSIONS (WAIRE) PROGRAM

The California South Coast Air Quality Management District (SCAQMD) enacted an
Indirect Source Rule regulating indirect warehouse emissions in 2021. The

Warehouse Indirect Source Rule was developed to reduce air pollution from mobile
sources such as trucks delivering goods to and from the facilities, yard trucks,
transport refrigeration units, ships, and trains. The Warehouse Indirect Source Rule
operates using a points-based system. The program requires operators to earn a
certain number of points each year to offset the annual number of truck trips made
to and from the warehouse, with larger trucks such as tractors or tractor-trailers
multiplied by two and a half. Points needed to offset vehicle emissions can be
earned by implementing projects from a menu (such as EV charging infrastructure)
or by paying a mitigation fee, which funds incentives for near-zero and zero-
emission trucks and zero-emission charging and fueling infrastructure in
communities near warehouses.
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https://www.epa.gov/ports-initiative/missoula-railyard-reduces-costs-and-idling-emissions
https://www.epa.gov/ports-initiative/missoula-railyard-reduces-costs-and-idling-emissions
https://www.jdsupra.com/legalnews/warehouse-and-logistics-operations-8385980/
https://www.jdsupra.com/legalnews/warehouse-and-logistics-operations-8385980/
https://www.jdsupra.com/legalnews/warehouse-and-logistics-operations-8385980/
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
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IMPLEMENTING IDLE ctespogs ot
REDUCTION TECHNOLOGIES

& STRATEGIES:

WHAT TO READ NEXT

Many idling reduction technologies like automatic engine start-stop systems for
locomotives or battery air conditioning systems for heavy-duty trucks are based on well-
established technologies. This translates to relatively simple installation and integration
with existing equipment.

Shore power technology offers a significant long-term opportunity for ports to
achieve substantial emission reductions. The maritime industry is taking a proactive
approach by investing in shore power infrastructure solutions. Standardization
efforts are underway to ensure seamless compatibility between ports and vessels,
further accelerating adoption. Additionally, innovative financing models and public-
private partnerships are being explored to make these investments even more
attractive.

Read about California Air Resources Board's (CARB) At-Berth Regulations, here.

Enacting anti-idling regulations or time limits can be a readily implementable
strategy for various sectors. These regulations are often already established around
schools, hospitals, and other sensitive areas, providing a familiar framework for
broader adoption.

Sample Idle Reduction Policy and

Some jurisdictions have laws against idling, including: Policy Guidance
e New York City
Massachusetts Sustainable Environment for
Maryland Quality of Life hosts a Sample
New Hampshire School Bus Anti-ldling Policy
New Jersey online. The policy, as well as
Vermont other action steps are detailed,
here.

Hawaii
Parts of California, Colorado, New York, Ohio, Utah,
and other states

Check Clean Cities’ IdleBase for a list of local and state
regulations to see whether your area has laws that
restrict idling.
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https://www.epa.gov/smartway/learn-about-smartway-verified-technologies
https://www.epa.gov/smartway/learn-about-smartway-verified-technologies
https://ww2.arb.ca.gov/our-work/programs/ocean-going-vessels-berth-regulation/about
https://www.nctcog.org/getmedia/80742c9e-95f0-42bc-b60a-bf66ce1277f0/IRPolicyTemplate.docx
https://www.nctcog.org/getmedia/80742c9e-95f0-42bc-b60a-bf66ce1277f0/IRPolicyTemplate.docx
https://scdhec.gov/sites/default/files/docs/HomeAndEnvironment/Docs/ModelOrdinances/IdleReductionPolicy.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
http://cleancities.energy.gov/idlebase

RESOURCES

GENERAL RESOURCES

EPA Ports Initiative: This initiative works
with U.S. ports and local communities to
improve environmental performance.
The program provides technical
resources, such as guides on creating

port emission inventories, and toolkits
and resources to promote community-
port collaboration. The Ports Initiative is
currently running pilot projects at four
ports to provide technical assistance for
community collaboration.

DOE Energy Efficiency and Renewable

Energy, Idle Reduction: This resource

introduces idle reduction practices, their
benefits, and resources for personal
and commercial vehicles.

EPA Smart Way Idling Reduction
Technologies (IRTs): This resource
highlights EPA's SmartWay program,

which verifies and promotes clean and

efficient technologies, including verified
IRTs for reducing emissions from idling
trucks.

EPA Best Clean Air Practices for Port
Operations: This resource offers best
practices for ports to reduce air

pollution, potentially including
strategies to minimize idling times from
ships and cargo handling equipment.
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North American Council for Freight
Efficiency, Idle Reduction: This
webpage details different idle

reduction technologies, and their
associated benefits and challenges.

EPA Idle-Free Schools Toolkit for a
Healthy School Environment: This
resource provides guidance and

tools for schools to implement idle-
free zones around school grounds,
protecting children from harmful
air pollution.

TOOLKITS AND
MODELLING APPROACHES

DOE Office of Energy and Efficiency
& Renewable Energy, IdleBox: A
Toolkit for Idle Reduction Education
and Outreach: This toolkit
synthesizes resources for engaging
and educating stakeholders and

community on idle reduction, and
how to start a campaign.

Federal Highway Administration,

Congestion Mitigation Air Quality
Improvement (CMAQ)_Emissions
Calculator Toolkit, Diesel Idle

Reduction Strategies: This tool

provides air quality benefit
calculations for diesel idle reduction
strategies.
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https://nacfe.org/research/idle-reduction/
https://nacfe.org/research/idle-reduction/
https://www.epa.gov/ports-initiative
https://afdc.energy.gov/conserve/idle_reduction_basics.html
https://afdc.energy.gov/conserve/idle_reduction_basics.html
https://www.epa.gov/smartway/learn-about-smartway-verified-technologies
https://www.epa.gov/smartway/learn-about-smartway-verified-technologies
https://www.epa.gov/smartway/learn-about-smartway-verified-technologies
https://www.epa.gov/ports-initiative/best-clean-air-practices-port-operations
https://www.epa.gov/ports-initiative/best-clean-air-practices-port-operations
https://www.epa.gov/ports-initiative/best-clean-air-practices-port-operations
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.epa.gov/schools/idle-free-schools-toolkit-healthy-school-environment
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EPA Diesel Emissions Quantifier (DEQ):
This tool allows users to estimate air

pollutant emissions from various
sources, including idling diesel vehicles.

Argonne National Laboratory, Vehicle
Idle Reduction Savings Worksheet: This
downloadable spreadsheet helps

calculate potential fuel cost savings
associated with reducing vehicle idling
times.

DOE Petroleum Reduction Planning

Tool: This online tool helps assess
strategies and opportunities for
reducing petroleum use across different
sectors, including potential benefits
from reducing vehicle idling.
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IMPROVED TRAVEL
DEMAND MODELING

Improved travel modeling enables
more accurate accounting of
changes in travel behavior and
associated greenhouse gas
emissions, which leads to
transportation infrastructure
investment decisions that are more
fiscally responsible, alleviate long-
term traffic congestion, and align
with climate goals.
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Best Suited for:
Long Term
Urban & Suburban g
Did you know?

0 . . In Walkable City, author and planner Jeff Speck
While increasing roadway capacity by reports on a meta-analysis of studies that found
adding lanes may reduce congestion in “on average, a 10% increase in lanes miles
the short term, highway infrastructure induces an immediate 4% increase in vehicle

' " ' ' miles traveled, which climbs to 10%—the entire
capacity expansions typically increase new capacity—in a few years.”

demand in the long term. Accurate travel
demand modelling is better able to

capture demand for vehicle miles that is Many commonly used travel demand
induced by expanded roadway capacity models, such as traditional “four-step”
and limited alternative transportation models, face challenges in accounting for
options like pedestrian routes and public  the full range of changes in travel

transit service. Induced vehicle miles behavior and land use that may result
traveled (VMT) can increase from additional roadway capacity.
greenhouse gas (GHG) emissions, Changes include the decentralization of
worsen air quality, reduce safety, land use patterns, greater generation of
increase noise pollution, and create auto trips, increases in trip distances,
less livable communities for families and decreased use of transit and

and businesses near expansion nonmotorized modes. These models also
projects. Furthermore, these projects may have limited sensitivity to projects

may not alleviate the highway congestion  and strategies that promote alternatives

that they are intended to reduce. In other  to driving, such as bike and pedestrian
words, a road is likely to fill up long facilities.

before its due for reconstruction.

Defining Induced Vehicle Travel

Induced vehicle travel refers to the rise in demand for travel demonstrated by
additional vehicle miles travelled that occur in response to an increase in
roadway supply. Induced travel demand follows basic economic principles - as
the cost of driving does down, the quantity of driving goes up. Any initial
increases in travel speeds are temporary, and traffic-related air pollution and
greenhouse gas emissions ultimately increase as a result of adding new lanes.
Building additional roadway capacity induces more vehicle travel (Volker
& Handy, 2023). Learn more about induced vehicle travel at the UC Davis
National Center for Sustainable Transportation.
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Activity-based models, which use dynamic traffic assighment, and integrated
transportation land use models can better capture traveler behavior as it changes in
response to existing and changing conditions. These tools better account for many
changes in travel behavior and can provide better information to decisionmakers,
helping prioritize projects that have a higher potential for meeting local and regional
goals such as reducing GHG emissions by encouraging use of transit and alternative
transportation modes. See the Best Practices section for five key approaches to
improve the accuracy of travel demand forecasts.

Meta-analyses of numerous studies show that a 10% increase in metropolitan lane
miles induces an almost immediate 3-6% increase in VMT, which climbs to 6-10%-the
entire new capacity-in the following five to ten years (Speck, 2012; Handy and
Boarnet, 2014).

Common depiction of induced vehicle travel (left) versus case with aggressive traffic forecast
(right) (Source: State Smart Transportation Initiative)

Travel demand modelling can be Travel demand modelling can
used in a variety of project types, inform many decisions,
including: including:
e Changes in capacity e Scale and scope of projects
e Changes in pricing schemes e Route planning

(including, tolls, congestion pricing, e Station locations

fare structure, parking pricing) e Service frequencies
e Changes in land-use e Pricing strategies

e Improvements to existing
infrastructure

JUMP TO: Overview | GHG Reduction Potential | Co-Benefits | Cost Considerations
Funding.Opportunities | Complementary Strategies | Case Studies | What to Read Next | Resources



https://portalrecerca.uab.cat/en/publications/ressenya-de-speck-jeff-2012-walkable-city-how-downtown-can-save-a
https://ww2.arb.ca.gov/sites/default/files/2020-06/Impact_of_Highway_Capacity_and_Induced_Travel_on_Passenger_Vehicle_Use_and_Greenhouse_Gas_Emissions_Policy_Brief.pdf
https://ww2.arb.ca.gov/sites/default/files/2020-06/Impact_of_Highway_Capacity_and_Induced_Travel_on_Passenger_Vehicle_Use_and_Greenhouse_Gas_Emissions_Policy_Brief.pdf
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://www.transportation.gov/climate-strategies
https://ssti.us/2022/04/18/transportation-agencies-are-facing-the-consequences-of-induced-demand/

usbot

GREENHOUSE GAS ™"
REDUCTION POTENTIAL

This section provides an overview of greenhouse gas (GHG) emission reductions
associated with the strategy. It highlights key findings and relevant metrics from GHG
modeling resources, peer-reviewed studies, and real-world applications.

IGNORING INDUCED TRAFFIC EXAGGERATES THE BENEFITS
OF CAPACITY EXPANSIONS

Research shows that highway expansion projects are often pursued for short-term
congestion relief and that environmental analyses required by federal and state law
do not always account for induced travel effects (Lee, 2023; Volker and Sinetos,
2021).

UC Davis researchers reviewed five highway expansion projects approved in
California and found that only three projects’ environmental reviews estimated
induced travel effects. Analyses conducted for these three projects failed to
accurately analyze induced vehicle travel and greatly over-estimated the congestion
and GHG benefits of highway expansion (Volker, Lee, and Handy, 2021).

Litman (2024) provides examples and case studies showing what happens when
induced vehicle travel is not factored into analysis for capacity expansion projects. In
one example where two lanes are added to a four-lane highway, if generated traffic
is ignored in travel demand modeling, traffic will grow at a steady 2% per year. When
generated traffic is considered, modeling predicts much faster growth until
maximum lane capacity is reached after about 9 years. There is a difference of over
1,000 trips per peak hour on the expanded roadway when induced travel is included

in modeling (Litman 2024).

CAPACITY EXPANSION PROJECTS DRIVE INCREASES IN VMT
AND EMISSIONS

Roadway capacity projects that add lane miles can significantly drive up VMT. For
example, the Rocky Mountain Institute estimates that traffic generally increases by a
range of 2 to 8 million VMT per year for every new highway lane mile added in
Colorado’s urbanized areas. More densely populated areas with busier roads tend to
fall on the upper end of the range (Rowland, 2021). Improved travel demand
modeling could help prioritize projects that address roadway congestion issues
without dramatic increases in VMT and associated emissions.
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