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Summary

Like many regions in the U.S., Colorado’s Front Range suffers from elevated levels of

ground-level ozone pollution.1 This report explores some of the effects of this pollution on

human health and the environment, the outsized role of lawn and garden equipment in

contributing to the problem and the benefits of transitioning to electric  from

gas-powered equipment.

Ground-level ozone harms our health and the environment

Ozone is an invisible, odorless gas. When it’s found high up in the stratosphere, it forms a

layer that helps shield life on Earth from too much harmful ultraviolet (UV) radiation.2

However, ozone at ground-level is harmful.3

Ground-level ozone forms when pollutants such as nitrogen oxides (NOx) and volatile

organic compounds (VOCs) combine chemically in the presence of sunlight and heat.4

While some level of ozone occurs naturally at the earth’s surface, elevated levels harm

humans and plants.

EXPOSURE TO OZONE CONTRIBUTES TO LUNG AND CARDIAC DAMAGE AND
OTHER DISEASES

Breathing ground-level ozone can cause damage in the respiratory tract and result in

coughing, throat irritation, airway inflammation and pain or difficulty upon taking a deep

breath.5 Longer term effects include lung damage, increased risk of lung infections and the

worsening of existing respiratory conditions such as asthma.

An outline of some of the harmful effects ozone pollution has on human health, according to frequency of occurrence

Image source: U.S. EPA
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https://cdphe.colorado.gov/severe-ozone-planning
https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-basics
https://www.epa.gov/ground-level-ozone-pollution
https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-basics
https://www.epa.gov/ozone-pollution-and-your-patients-health/health-effects-ozone-general-population
https://www.epa.gov/ozone-pollution-and-your-patients-health/health-effects-ozone-general-population


In addition to damage to the respiratory tract, studies also show that exposure to

ground-level ozone may contribute to cardiovascular disease6 as well as stroke,

Alzheimer’s Disease, and even metabolic disorders such as diabetes.7

EXPOSURE TO OZONE LOWERS LIFE EXPECTANCY

Breathing ozone pollution can also shorten life spans. Even short-term exposure to

elevated ozone levels can lead to an increased risk of death.8 Increased mortality is

particularly pronounced among the elderly and in warmer months.

When it comes to long-term exposure to elevated levels of ozone, a 2016 study found that

counties with the highest mean ozone concentrations had about 1.7- and 1.4-year lower
life expectancy in males and females, respectively, than counties with the lowest ozone

concentrations.9 The Denver Metro/North Front Range ozone nonattainment area, which

includes part or all of Adams, Arapahoe, Boulder, Broomfield, Denver, Douglas, Jefferson,

Larimer and Weld Counties, falls into the category of counties with the highest mean

ozone concentration observed.10

OZONE DAMAGES THE ENVIRONMENT AND AGRICULTURE

In addition to the harmful effects on human health, ozone pollution is toxic to plant life.

Exposure can damage leaves of susceptible plants and reduce

plant survival rates as well as negatively impacting the

growth of certain tree species including quaking aspen, black

cherry, and ponderosa pine.11

According to the U.S. Department of Agriculture,

“Ground-level (tropospheric) ozone causes more damage to
plants than all other air pollutants combined.”12 Once the

plants in an ecosystem are negatively affected, it can cause

ripple effects throughout an entire natural ecosystem.13

Even protected areas and treasured places such as Rocky

Mountain National Park are not immune. At least 15

ozone-sensitive plants in the park including aspens, willows

and coneflowers are threatened on days when ozone levels

are elevated.14

Image source: NPS.gov
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https://www.epa.gov/sciencematters/study-examines-if-long-term-exposure-ozone-impacts-cardiovascular-system
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(22)00093-6/fulltext0
https://pirg.org/colorado/articles/another-day-another-ozone-alert/
https://pirg.org/colorado/articles/another-day-another-ozone-alert/
https://www.epa.gov/ozone-pollution-and-your-patients-health/health-effects-ozone-general-population
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998595/
https://www.epa.gov/sites/default/files/2021-05/documents/final_clean_co_tsd_-_weld_county_remand.pdf
https://www.epa.gov/sites/default/files/2021-05/documents/final_clean_co_tsd_-_weld_county_remand.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998595/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998595/figure/F1/
https://www.nps.gov/subjects/air/nature-ozone.htm
https://www.nps.gov/subjects/air/nature-ozone.htm
https://www.nps.gov/subjects/air/nature-trees.htm
https://www.nps.gov/subjects/air/nature-trees.htm
https://www.ars.usda.gov/southeast-area/raleigh-nc/plant-science-research/docs/climate-changeair-quality-laboratory/ozone-effects-on-plants/
https://www.ars.usda.gov/southeast-area/raleigh-nc/plant-science-research/docs/climate-changeair-quality-laboratory/ozone-effects-on-plants/
https://e360.yale.edu/features/ozone-pollution-an-insidious-and-growing-threat-to-biodiversity
https://www.nps.gov/articles/airprofiles-romo.htm
https://www.nps.gov/articles/airprofiles-romo.htm
https://www.nps.gov/subjects/air/nature-ozone.htm


Crops such as soybeans, tree fruit, potatoes and peanuts are also sensitive to ozone and

can be damaged by levels as low as 20 parts per billion (ppb).15 Less sensitive crops such as

wheat and corn can show damage when ambient ozone levels reach 50 ppb and 70 ppb,

respectively.16

Ozone pollution consistently exceeds air quality standards along the
Front Range

In recent years, the “Denver Metro/North Front Range” (DM/NFR) region – which includes the

area roughly from Castle Rock up to Fort Collins and Greeley – has suffered from some of the

highest ozone pollution in the country.17

In the American Lung Association’s 2022 “State of the Air” report, Denver ranked 7th worst in the

country for ozone pollution, and Fort Collins ranked 18th.18 The report gave every single county in

the Denver metropolitan area a grade of “F” for air quality relating to ozone levels.19

These high ozone levels mean the region is also failing to meet the air quality standards for ozone

pollution set by the Environmental Protection Agency (EPA). In 2008, the EPA set the

health-based National Ambient Air Quality Standard (NAAQS) level for ozone pollution at 75

ppb.20 In 2015, the agency further strengthened the standard to 70 ppb. Colorado needs to meet

both targets in order to achieve “attainment” status for ozone levels and protect our health and

the environment.21

Unfortunately, the DM/NFR region has been missing the mark since 2012 and on October 7, 2022,

the EPA reclassified the DM/NFR region from “serious” to “severe” nonattainment of the 2008

ozone standard of 75 ppb.22
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https://www.citizensforcleanair.org/wp-content/uploads/2020/10/Ozone-effects-on-Colorado-agriculture-final-2.pdf
https://www.citizensforcleanair.org/wp-content/uploads/2020/10/Ozone-effects-on-Colorado-agriculture-final-2.pdf
https://www.citizensforcleanair.org/wp-content/uploads/2020/10/Ozone-effects-on-Colorado-agriculture-final-2.pdf
https://blogs.edf.org/climate411/files/2021/11/2021-Summer-Ozone-Report-10.26.21.pdf
https://blogs.edf.org/climate411/files/2021/11/2021-Summer-Ozone-Report-10.26.21.pdf
https://www.lung.org/media/press-releases/sota-co-fy22#
https://www.lung.org/research/sota/city-rankings/states/colorado
https://www.lung.org/research/sota/city-rankings/states/colorado
https://www.epa.gov/ground-level-ozone-pollution/timeline-ozone-national-ambient-air-quality-standards-naaqs
https://www.epa.gov/green-book/ozone-designation-and-classification-information
https://cdphe.colorado.gov/history-of-ozone-in-colorado
https://raqc.org/sip/ozone-2008-8-hour-standard/


Each day ozone levels are expected to exceed the health-based standards, public health officials

issue an “Ozone Action Day” alert, warning the public avoid outdoor exercise and some

Coloradans to stay indoors in order to avoid exposure to dangerous levels of ozone.23

In the past five “ozone seasons” (May 31 - August 31 each year), Front Range residents have
suffered through a total of 232 Ozone Action Day Alerts.24

The Denver Metro/North Front Range region needs to cut ozone pollution
by approximately 17%

The region has reduced ozone pollution over the last decade but not enough to meet air quality

requirements.25

The Denver region's ozone levels have declined slightly in recent years, but remain out of compliance with the two most

recent federal standards. Image source: RAQC via Colorado Newsline.

Ozone levels are influenced not only by the local presence of ozone-forming pollutants but also by

meteorological factors, so it is difficult to establish a precise practical goal for how much pollution

needs to be reduced in order for the region to come into consistent attainment with EPA

standards.26

However, based on the highest value for 2020-2022 average ozone levels in the region of 84 ppb

(observed at the National Renewable Energy Laboratory monitoring station), the DM/NFR region
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https://www.cpr.org/2015/06/23/ozone-alerts-what-you-need-to-know/#:~:text=The%20Regional%20Air%20Quality%20Council,levels%20of%20ground%2Dlevel%20ozone.
https://docs.google.com/spreadsheets/d/1BHUei0iDaE2EvSIrD4KAN9xy9mQQWhLDAgZtA1iFSl4/edit#gid=0
https://docs.google.com/spreadsheets/d/1BHUei0iDaE2EvSIrD4KAN9xy9mQQWhLDAgZtA1iFSl4/edit#gid=0
https://coloradonewsline.com/2021/07/21/denver-area-again-misses-deadline-to-meet-epa-air-quality-standards/
https://coloradonewsline.com/2021/07/21/denver-area-again-misses-deadline-to-meet-epa-air-quality-standards/
https://coloradonewsline.com/2021/07/21/denver-area-again-misses-deadline-to-meet-epa-air-quality-standards/
https://www.epa.gov/air-trends/trends-ozone-adjusted-weather-conditions
https://www.epa.gov/air-trends/trends-ozone-adjusted-weather-conditions
https://www.colorado.gov/airquality/html_resources/ozone_summary_table.pdf


needs to reduce ozone pollution by approximately 14 ppb (17%) over the long term to meet the

latest standard of 70 ppb – and must sustain those reductions even as rapid population growth in

the region continues.27

The Front Range can make progress on ozone pollution by cutting
emissions from gas-powered lawn and garden equipment

According to the Regional Air Quality Council (RAQC), lawn and garden equipment accounts for

an estimated 2.5 ppb of the Front Range’s ozone pollution.28 For comparison, all of the region’s

“on-road vehicles” contribute an estimated 6.8 ppb.29

By seriously addressing lawn and garden equipment as a source of ozone-forming pollutants, the

region could make significant progress towards meeting the latest air quality standards for ozone

– and could sustain that reduction even as the region’s population grows. Completely eliminating
ozone pollution attributable to lawn and garden equipment could achieve approximately 18% of
the reduction needed to bring the Front Range into compliance with federal clean air standards
for ozone.

Image source: RAQC via Colorado Sun
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https://coloradosun.com/wp-content/uploads/2022/08/Screen-Shot-2022-08-23-at-1.21.25-PM.png?w=710
https://coloradosun.com/wp-content/uploads/2022/08/Screen-Shot-2022-08-23-at-1.21.25-PM.png?w=710


Why gas-powered lawn equipment plays such a large role in air pollution

According to the EPA categories that the RAQC uses in their modeling, ”lawn and garden

equipment” includes not just lawn mowers (push, and walk behind and riding) but also string

trimmers/edgers, leaf blowers/vacuums, chain saws, lawn and garden tractors, tillers, shredders,

chippers/stump grinders and snow blowers.30

Many models utilize two-stroke engines (sometimes called “2-cycle” by retailers).31 Unfortunately,

two-stroke engines traditionally produce a lot of pollutants because oil mixes with the fuel and

then is either burned in the engine or escapes directly as aerosol droplets in the exhaust.32 When

this oil and fuel mixture is burned, it results in pollutants like particulate matter, NOx (an ozone

precursor) and potentially carcinogenic hydrocarbons.33 In addition to lawn care equipment,

two-stroke engines can be found on some scooters and mopeds, dirt bikes, and outboard boat

engines.34

Some lawn and garden equipment models use four-stroke engines, which are commonly used in

cars, trucks, motorcycles, diesel trains and even light aircraft. In four-stroke engines, oil is

separated from fuel, reducing emissions compared to their two-stroke counterparts.35 However

most lawn equipment engines lack advanced emission control technology (e.g. catalytic

converters) that make even models with four-stroke engines much more polluting than their

vehicular counterparts.36

The prevalence of two-stroke engine technology and lack of advanced emission controls among

gas-powered lawn equipment can have outsized consequences for air quality.  A 2011 study

showed a consumer-grade leaf blower emitted nearly 300 times the amount of non-methane
hydrocarbon (NMHC) pollutants as a 6,200-pound 2011 Ford F-150 SVT Raptor pickup truck.37

An Edmunds.com/InsideLine video explanation of the truck vs. leaf blower test.
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https://www.epa.gov/sites/default/files/2020-11/documents/420b20052.pdf
https://www.uti.edu/blog/motorcycle/how-4-stroke-engines-work
https://www.uti.edu/blog/motorcycle/how-4-stroke-engines-work
https://www.researchgate.net/publication/223557607_Carbonaceous_species_emitted_from_handheld_two-stroke_engines
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https://www.uti.edu/blog/motorcycle/how-4-stroke-engines-work
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https://deq.utah.gov/air-quality/reducing-2-stroke-lawn-equipment-emissions
https://www.edmunds.com/about/press/leaf-blowers-emissions-dirtier-than-high-performance-pick-up-trucks-says-edmunds-insidelinecom.html
https://www.youtube.com/watch?v=pDxQIHoTmxs
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According to calculations in a 2021 fact sheet by the California Air Resources Board, operating the

“best-selling commercial lawn mower” for one hour results in as much ozone-forming emissions as

driving a 2017 Toyota Camry about 300 miles – approximately the distance of driving from

Trinidad to Cheyenne, Wyoming.38

Even worse, operating the “best-selling commercial leaf blower” for just one hour results in as
much ozone-forming emissions as driving a staggering 1,100 miles – approximately the distance
between Denver and Calgary, Canada.39

Google Maps screenshot

Adapted with permission from Environnement et Changement climatique Canada  / Gouvernement du Canada -

Environment and Climate Change Canada / Government of Canada
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https://ww3.arb.ca.gov/msprog/offroad/sm_en_fs.pdf


Many emission-free options for lawn and garden equipment are already
available

The DM/NFR region has the potential to eliminate 2.5 ppb of ozone pollution by transitioning all
lawn and garden equipment to emission-free electric models, paired with further expansion of
renewable energy generation on the electric grid.40

Electric alternatives (both corded and battery-powered) already exist for much of the equipment

needed to maintain the typical home landscape found on the Front Range.

For example, a survey conducted by CoPIRG Foundation staff in October 2022 of three of the top

lawn equipment retailers’ websites (Ace Hardware, Home Depot and Lowe’s) showed many

electric lawn mower and leaf blower models available:

Screenshot of Lowes.com leaf blower search results page:41
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https://coloradosun.com/wp-content/uploads/2022/08/Screen-Shot-2022-08-23-at-1.21.25-PM.png?w=710
https://www.lowes.com/c/Leaf-blowers-Outdoor-tools-equipment-Outdoors


Screenshot of Homedepot.com leaf blower search results page:42

Screenshot of Acehardware.com leaf blower search results page:43
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https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Leaf-Blowers/N-5yc1vZbxav
https://www.acehardware.com/departments/lawn-and-garden/outdoor-power-equipment/leaf-blowers


A 2022 Consumer Reports Leaf Blower Buying Guide reviewed 51 different models of

battery-powered and corded electric leaf blowers (handheld and backpack-style), ranging in price

from $58 to $599.44 For comparison, the 18 gas-powered handheld and backpack-style leaf

blowers reviewed ranged in price from $110 to $479.45

Screenshot of the Consumer Reports ratings for electric leaf blowers (Nov. 19, 2022)

Consumer Reports’ 2022 Lawn Mower & Tractor Buying Guide reviewed 50 different models of

electric push or walk-behind mowers, all battery-powered, ranging in price from $164 to $1000,

while the 42 models of gas-powered push or walk-behind mowers they reviewed ranged in price

from $200 to $1604.46 They reviewed 6 models of electric riding mowers, all battery-powered,

ranging in price from $3000 to $5500 and 21 models of gas-powered riding mowers and tractors,

ranging in price from $1850 to $4500.47
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https://www.consumerreports.org/home-garden/leaf-blowers/buying-guide/
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Screenshot of the Consumer Reports battery-powered push and walk-behind lawn mower ratings (Nov. 19, 2022)

Consumer Reports Test Engineer Misha Kollontai advises that battery-powered walk-behind

mowers “… tend to be more reliable in the long run and require less maintenance,” and that “The

average new battery-powered unit can handle close to a quarter-acre on one charge, with a few

approaching a half-acre.”48

For leaf blowers, the battery run times of the models reviewed on BobVila.com ranged from 14

minutes to 75 minutes, so consumers purchasing models with shorter run times may want to

consider purchasing a backup battery to avoid having to stop mid-job to charge up.49

Consumers who wish to use a completely human-powered mower can still find a handful of models

of manual/reel mowers at major retailers.

Beyond lawn mowers and leaf blowers, major retailers provide consumers with many options for

electric models of other types of lawn and garden equipment such as trimmers/edgers, snow

blowers, tillers, chippers/shredders and chain saws.50 Electric stump grinders appear to be one of

the few types of landscape equipment not available to consumers at this time.
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OPTIONS FOR COMMERCIAL OPERATORS

Several lawn care companies along the Front Range including Electric Lawn Care and multiple

branches of Clean Air Lawn Care offer emission-free mowing and lawn maintenance services,

showing it is possible for commercial operators to move away from gas-powered equipment.

When it comes to golf course maintenance, Loveland’s Mariana Butte Golf Course has started the

transition to electric equipment.51

For commercial operators considering making the switch, electric mower manufacturer Mean

Green Electric Mowers company offers an online calculator to help figure out up-front investment

cost and long-term savings, claiming “Not so long ago, you needed to be an environmentalist to

make the case for battery-powered outdoor power equipment. Today you just need to use your

business smarts and ask the right questions.”52

Electric-powered lawn and garden equipment offer benefits beyond
ozone pollution reductions

HEALTHIER FOR USERS

In addition to ozone-forming NOx, gas-powered lawn and garden equipment emits particulate

matter, carbon monoxide, and cancer-causing VOCs such as benzene and 1,3 butadiene.53

Operators – whether homeowners or lawn care company employees – of electric equipment will

not be exposed to these toxins since electric equipment emits no pollution at the point of use.

QUIETER

Electric equipment such as mowers and leaf blowers are also significantly quieter than their gas
counterparts, which can operate at noise levels harmful over time to the human ear, particularly

given the close proximity of the operator to the machinery.54

Many American cities have instituted bans or limits on gas-powered lawn equipment because of

the noise.55

EASIER TO MAINTAIN

As this Almanac.com review puts it: “No more filling up with gasoline. No more dealing with oil

changes, oil spills, filter cleanings, spark plugs, cable adjustments, and worry about other

components. No more pulled rip cords. No more overheating or stalls. Gas mowers often have a

lengthy start-up process that requires prepping, priming, and pulling to ignite the engine—which

can take repeated tries with older mowers.”56
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According to the Consumer Reports 2022 Leaf Blower Buying Guide, electric blowers “run far

more efficiently. In our surveys, they’re also more reliable, which means they’re less likely to end

up in a landfill.”57

CAN COST LESS OVER TIME

Especially when it comes to equipment like leaf blowers and smaller lawn mowers, the initial

purchase of electric equipment can cost less than gas counterparts. For example, the least

expensive electric leaf blower reviewed by Consumer Reports in 2022 cost $58 versus $100 for

the least expensive gas-powered leaf blower.58 The least expensive electric lawn mower they

reviewed cost $164 versus $200 for the least expensive gas-powered mower.59

For larger machines like riding mowers, battery-powered models tend to start at a higher price

point, but there is still an overlap in price range with gas-powered models. For example, the least

expensive battery-powered riding mower Consumer Reports reviewed in 2022 cost $3000 versus

$1850 for the least expensive gas-powered riding mower.60 The battery-powered riding mowers

topped out at $5500 versus $4500 for the gas-powered models.61

Over time, however, electric equipment can cost less to operate than gas-powered counterparts

when factoring in fuel costs, maintenance and parts.62 In addition to regularly filling up the

gasoline tank, a gas lawn mower will over time require fresh engine oil, replacement spark plugs

and new air filters.63 The long-term savings for commercial operators using electric equipment can

be even greater.
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Recommendations

Coloradans in the DM/NFR region should quickly phase out the use of gas-powered lawn and

garden equipment to address the harmful ozone pollution it produces.

FOR CONSUMERS

If you need a mower, leaf blower or other lawn equipment choose an electric one. You can find

numerous models sold by retailers like Ace Hardware, Home Depot, and Lowe’s. Consult

Consumer Reports’ leaf blower and mower guides for reviews.64 Consumers can also take

advantage of programs like the RACQ’s Mow Down Pollution, which offers vouchers for people to

recycle and replace their gas-powered lawn mowers.65

FOR COMPANIES

Manufacturers should shift all their products to cleaner, electric or battery-powered models. The

benefits for their customers extend beyond just reducing pollution to providing a quieter

experience and saving time and money on maintenance.

Commercial operators and large institutions, such as academic and medical campuses and golf

courses, should transition their equipment to electric or battery-powered models to reduce air

pollution, provide a quieter and less polluting experience for their customers and to protect their

workers from harmful pollution. Companies can seek out partnerships with municipalities, utilities

or the RAQC to support the cost of the transition.

FOR MUNICIPALITIES AND REGIONAL ENTITIES LIKE THE RAQC

The RAQC runs a program called “Mow Down Pollution” to provide consumers with a financial

incentive to buy electric lawn mowers and recycle their old gas mowers.66 The $100-$150

incentive offered can help many consumers make the switch, but the program should be expanded

beyond the current “participating locations” of Ace Hardware only. The RAQC should seek

partnerships with other major local retailers or national chains with locations along the Front

Range. As of September 2022, the fund was depleted.67 Local utilities should consider funding the

rebate programs and both the RAQC and utility program should expand beyond just lawn mowers

to cover other, even more polluting equipment such as leaf blowers.

Local governments should shift 100% of city- or county- owned lawn and garden equipment to

electric or battery-powered.

Local governments should consider adopting local policies that encourage the phase out of

gas-powered equipment. For example, Washington, D.C. no longer allows the sale and use of

gas-powered leaf blowers.68 In Montclair, New Jersey; Burlington, Vermont; and Brookline,

Massachusetts cities have enacted seasonal bans.69
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FOR THE STATE OF COLORADO

The state could provide additional funding for incentive programs like the RAQC’s Mow Down

Pollution. The state could also provide zero interest loans for small businesses to make the

transition and invest in electric equipment since some smaller operators may lack the capital to

invest in transitioning from old, gas-powered equipment to newer and sometimes more expensive

electric models, despite the potential for long-term savings.70

The state should consider usage restrictions that phase out new sales of gas-powered lawn and

garden equipment.71

The state could also adopt the Small Off-Road Engines program, approved in California in 2021

and set to go into effect in 2024.72 It requires most small off-road engines, such as those found in

lawn and garden equipment, to be zero emission starting in a certain model year.

17

https://www.npr.org/2022/07/30/1114406216/professional-landscapers-are-reluctant-to-plug-into-electric-mowers-due-to-cost
https://www.npr.org/2022/07/30/1114406216/professional-landscapers-are-reluctant-to-plug-into-electric-mowers-due-to-cost
https://raqc.egnyte.com/dl/s5lxRhsYXF/22May_NonRoad_Mobile_Sources_LawnGarden.pdf_
https://ww2.arb.ca.gov/news/carb-approves-updated-regulations-requiring-most-new-small-road-engines-be-zero-emission-2024


Notes

1. Colorado Department of Public Health & Environment, Severe Ozone Planning, accessed 21

November 2022, archived at

https://web.archive.org/web/20220928120902/https://cdphe.colorado.gov/severe-ozone-planni

ng.

2. U.S. Environmental Protection Agency, Ground-level Ozone Basics, accessed 21 November 2022,

archived at

https://web.archive.org/web/20221122084502/https://www.epa.gov/ground-level-ozone-polluti

on/ground-level-ozone-basics.

3. U.S. Environmental Protection Agency, Ground-level Ozone Pollution, accessed 21 November

2022, archived at

https://web.archive.org/web/20221121180145/https://www.epa.gov/ground-level-ozone-polluti

on.

4. See note 2.

5. U.S. Environmental Protection Agency, Health Effects of Ozone in the General Population, accessed

21 November 2022, archived at

https://web.archive.org/web/20221025174854/https://www.epa.gov/ozone-pollution-and-your-

patients-health/health-effects-ozone-general-population.

6. U.S. Environmental Protection Agency, Study Examines if Long-Term Exposure to Ozone Impacts the
Cardiovascular System, 6 July 2022, archived at

https://web.archive.org/web/20220804190428/https://www.epa.gov/sciencematters/study-exa

mines-if-long-term-exposure-ozone-impacts-cardiovascular-system; Yue Niu et al, “Long-term

exposure to ozone and cardiovascular mortality in China: a nationwide cohort study,” The Lancet
Planetary Health, 6(6), https://doi.org/10.1016/S2542-5196(22)00093-6, 1 June 2022, archived at

https://web.archive.org/web/20221123083641/https://www.thelancet.com/journals/lanplh/artic

le/PIIS2542-5196%2822%2900093-6/fulltext0.

7. Colorado Public Interest Research Group (CoPIRG), Another Day, Another Ozone Alert, (blog), 22

July 2021, archived at

https://web.archive.org/web/20221123085233/https://pirg.org/colorado/articles/another-day-a

nother-ozone-alert/.

8. See note 5.

9. Chaoyang Li et al, “Long-Term Exposure to Ozone and Life Expectancy in the United States,

2002 to 2008,”  Medicine (Baltimore), 95(7), 10.1097/MD.0000000000002474, 18 February

2016, archived at

https://web.archive.org/web/20220831025445/https://www.ncbi.nlm.nih.gov/pmc/articles/PMC

4998595/.

10. U.S. Environmental Protection Agency, “COLORADO: Denver Metro/North Front Range

Nonattainment Area Intended Area Designations for the 2015 Ozone National Ambient Air

Quality Standards Technical Support Document (TSD) for Counties Remanded to EPA,” accessed

21 November 2022, archived at

https://web.archive.org/web/20220814192241/https://www.epa.gov/sites/default/files/2021-05

/documents/final_clean_co_tsd_-_weld_county_remand.pdf; See note 10 - Figure 1B,

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998595/figure/F1/.

18

https://web.archive.org/web/20220928120902/https://cdphe.colorado.gov/severe-ozone-planning
https://web.archive.org/web/20220928120902/https://cdphe.colorado.gov/severe-ozone-planning
https://web.archive.org/web/20221122084502/https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-basics
https://web.archive.org/web/20221122084502/https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-basics
https://web.archive.org/web/20221121180145/https://www.epa.gov/ground-level-ozone-pollution
https://web.archive.org/web/20221121180145/https://www.epa.gov/ground-level-ozone-pollution
https://web.archive.org/web/20221025174854/https://www.epa.gov/ozone-pollution-and-your-patients-health/health-effects-ozone-general-population
https://web.archive.org/web/20221025174854/https://www.epa.gov/ozone-pollution-and-your-patients-health/health-effects-ozone-general-population
https://web.archive.org/web/20220804190428/https://www.epa.gov/sciencematters/study-examines-if-long-term-exposure-ozone-impacts-cardiovascular-system
https://web.archive.org/web/20220804190428/https://www.epa.gov/sciencematters/study-examines-if-long-term-exposure-ozone-impacts-cardiovascular-system
https://web.archive.org/web/20221123083641/https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196%2822%2900093-6/fulltext0
https://web.archive.org/web/20221123083641/https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196%2822%2900093-6/fulltext0
https://web.archive.org/web/20221123085233/https://pirg.org/colorado/articles/another-day-another-ozone-alert/
https://web.archive.org/web/20221123085233/https://pirg.org/colorado/articles/another-day-another-ozone-alert/
https://web.archive.org/web/20220831025445/https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998595/
https://web.archive.org/web/20220831025445/https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998595/
https://web.archive.org/web/20220814192241/https://www.epa.gov/sites/default/files/2021-05/documents/final_clean_co_tsd_-_weld_county_remand.pdf
https://web.archive.org/web/20220814192241/https://www.epa.gov/sites/default/files/2021-05/documents/final_clean_co_tsd_-_weld_county_remand.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998595/figure/F1/


11. Damages plants: National Park Service, Ozone Effects on Plants, accessed 21 November 2022,

archived at

https://web.archive.org/web/20221112114059/https://www.nps.gov/subjects/air/nature-ozone.

htm; Impact on tree growth: National Park Service, Ozone Effects on Tree Growth, accessed at 21

November 2022, archived at

https://web.archive.org/web/20220524190827/https://www.nps.gov/subjects/air/nature-trees.h

tm.

12. U.S. Department of Agriculture Agricultural Research Service, Effects of Ozone Air Pollution on
Plants, accessed 21 November 2022, archived at

https://web.archive.org/web/20221112114108/https://www.ars.usda.gov/southeast-area/raleigh

-nc/plant-science-research/docs/climate-changeair-quality-laboratory/ozone-effects-on-plants/.

13. Jim Robbins, “Ozone Pollution: An Insidious and Growing Threat to Biodiversity,” Yale
Environment 360, 7 October 2021, archived at

https://web.archive.org/web/20221025002552/https://e360.yale.edu/features/ozone-pollution-

an-insidious-and-growing-threat-to-biodiversity.

14. National Park Service, Park Air Profiles - Rocky Mountain National Park, accessed 21 November

2022, archived at

https://web.archive.org/web/20220913194849/https://www.nps.gov/articles/airprofiles-romo.ht

m.

15. Gerald C. Nelson, The Effects Of Ozone On Colorado Agriculture, 6 January 2014, archived at

https://drive.google.com/file/d/1fJM3M3UYcqpCOr3_aCFlQAffxUorbYtr/view?usp=share_link.

16. Ibid.

17. Environmental Defense Fund, Climate Change and Air Quality
Analysis of the 2021 Summer Ozone Season, accessed 21 November 2022, archived at

https://drive.google.com/file/d/1fM2cQlcKDYHkYG9-xBOnNpYCv5ubJ5na/view?usp=sharing,

see pages 14 and 17.

18. American Lung Association, New Report: Denver, Fort Collins Named Among the Most Polluted
Cities (Press release), 21 April 2022, archived at

https://web.archive.org/web/20220704014011/https://www.lung.org/media/press-releases/sota

-co-fy22.

19. American Lung Association, 2022 State of the Air Report: Colorado, accessed 21 November

2022, archived at

https://web.archive.org/web/20221123003520/https://www.lung.org/research/sota/city-ranking

s/states/colorado.

20. U.S. Environmental Protection Agency, Timeline of Ozone National Ambient Air Quality Standards
(NAAQS), accessed 21 November 2022, archived at

https://web.archive.org/web/20221121220235/https://www.epa.gov/ground-level-ozone-polluti

on/timeline-ozone-national-ambient-air-quality-standards-naaqs.

21. U.S. Environmental Protection Agency, Ozone Designation and Classification Information,
accessed 21 November 2022, archived at

https://web.archive.org/web/20220921232132/https://www.epa.gov/green-book/ozone-designa

tion-and-classification-information.

19

https://web.archive.org/web/20221112114059/https://www.nps.gov/subjects/air/nature-ozone.htm
https://web.archive.org/web/20221112114059/https://www.nps.gov/subjects/air/nature-ozone.htm
https://web.archive.org/web/20220524190827/https://www.nps.gov/subjects/air/nature-trees.htm
https://web.archive.org/web/20220524190827/https://www.nps.gov/subjects/air/nature-trees.htm
https://web.archive.org/web/20221112114108/https://www.ars.usda.gov/southeast-area/raleigh-nc/plant-science-research/docs/climate-changeair-quality-laboratory/ozone-effects-on-plants/
https://web.archive.org/web/20221112114108/https://www.ars.usda.gov/southeast-area/raleigh-nc/plant-science-research/docs/climate-changeair-quality-laboratory/ozone-effects-on-plants/
https://web.archive.org/web/20221025002552/https://e360.yale.edu/features/ozone-pollution-an-insidious-and-growing-threat-to-biodiversity
https://web.archive.org/web/20221025002552/https://e360.yale.edu/features/ozone-pollution-an-insidious-and-growing-threat-to-biodiversity
https://web.archive.org/web/20220913194849/https://www.nps.gov/articles/airprofiles-romo.htm
https://web.archive.org/web/20220913194849/https://www.nps.gov/articles/airprofiles-romo.htm
https://drive.google.com/file/d/1fJM3M3UYcqpCOr3_aCFlQAffxUorbYtr/view?usp=share_link
https://drive.google.com/file/d/1fM2cQlcKDYHkYG9-xBOnNpYCv5ubJ5na/view?usp=sharing
https://web.archive.org/web/20220704014011/https://www.lung.org/media/press-releases/sota-co-fy22
https://web.archive.org/web/20220704014011/https://www.lung.org/media/press-releases/sota-co-fy22
https://web.archive.org/web/20221123003520/https://www.lung.org/research/sota/city-rankings/states/colorado
https://web.archive.org/web/20221123003520/https://www.lung.org/research/sota/city-rankings/states/colorado
https://web.archive.org/web/20221121220235/https://www.epa.gov/ground-level-ozone-pollution/timeline-ozone-national-ambient-air-quality-standards-naaqs
https://web.archive.org/web/20221121220235/https://www.epa.gov/ground-level-ozone-pollution/timeline-ozone-national-ambient-air-quality-standards-naaqs
https://web.archive.org/web/20220921232132/https://www.epa.gov/green-book/ozone-designation-and-classification-information
https://web.archive.org/web/20220921232132/https://www.epa.gov/green-book/ozone-designation-and-classification-information


22. History: Colorado Department of Public Health & Environment, History of Ozone in Colorado,
accessed 21 November 2022, archived at

https://web.archive.org/web/20221115223631/https://cdphe.colorado.gov/history-of-ozone-in-c

olorado; Reclassification: Regional Air Quality Council, Ozone (2008 8-Hour Standard), accessed 21

November 2022, archived at

https://web.archive.org/web/20221123004743/https://raqc.org/sip/ozone-2008-8-hour-standar

d/.

23. Sam Brasch, “Ozone Alerts: What You Need to Know,” CPR News, 23 June 2015, archived at

https://www.cpr.org/2015/06/23/ozone-alerts-what-you-need-to-know/#:~:text=The%20Region

al%20Air%20Quality%20Council,levels%20of%20ground%2Dlevel%20ozone.

24. Colorado Department of Public Health & Environment, Ozone Action Alert Days spreadsheet,

accessed on 21 November 2022, archived at

https://drive.google.com/file/d/1cYgk76_myujZow2cwjCqhtF36ty0wet7/view?usp=sharing.

25. Chase Woodrfuff, “Denver area again misses deadline to meet EPA air-quality standards,”

Colorado Newsline, 21 July 2021, archived at

https://web.archive.org/web/20220524185324/https://coloradonewsline.com/2021/07/21/denv

er-area-again-misses-deadline-to-meet-epa-air-quality-standards/.

26. U.S. Environmental Protection Agency, Trends in Ozone Adjusted for Weather Conditions,

accessed 21 November 2022, archived at

https://web.archive.org/web/20221102151455/https://www.epa.gov/air-trends/trends-ozone-ad

justed-weather-conditions.

27. Colorado Air Pollution Control Division, 2022 8-Hour Ozone Summary Table Draft Data,
accessed 22 November 2022, archived at

https://drive.google.com/file/d/1cdAYKSgCsToz1kcBmt9yjomTRw4Scy4f/view?usp=share_link.

28. Regional Air Quality Council, General Contribution to Front Range Summertime Ozone
Concentrations, as posted in the Colorado Sun, accessed 21 November 2022, archived at

https://web.archive.org/web/20221123011347/https://coloradosun.com/wp-content/uploads/2

022/08/Screen-Shot-2022-08-23-at-1.21.25-PM.png?w=710.

29. Ibid.

30. U.S. Environmental Protection Agency, MOVES3 Technical Guidance: Using MOVES to Prepare
Emission Inventories for State Implementation Plans and Transportation Conformity, November 2020,

Pages 70-72, archived at

https://drive.google.com/file/d/1cddGQt_Gb4uIMvVcNpHih_3iTUThoir1/view?usp=sharing.

31. Universal Technical Institute, 4-Stroke Engines: What Are They And How Do They Work?, 5 May

2020, archived at

https://web.archive.org/web/20220324061106/https://www.uti.edu/blog/motorcycle/how-4-str

oke-engines-work.

32. Ibid.

33. John Volckens, “Carbonaceous species emitted from handheld two-stroke engines,”

Atmospheric Environment: 42(6):1239-1248, DOI:10.1016/j.atmosenv.2007.10.032, February

2008, abstract archived at

https://drive.google.com/file/d/1ch7PG9zIx8yecAWNn-3zXjJ-sKQRc7FT/view?usp=share_link.

34. See note 31.

35. Ibid.

20

https://web.archive.org/web/20221115223631/https://cdphe.colorado.gov/history-of-ozone-in-colorado
https://web.archive.org/web/20221115223631/https://cdphe.colorado.gov/history-of-ozone-in-colorado
https://web.archive.org/web/20221123004743/https://raqc.org/sip/ozone-2008-8-hour-standard/
https://web.archive.org/web/20221123004743/https://raqc.org/sip/ozone-2008-8-hour-standard/
https://www.cpr.org/2015/06/23/ozone-alerts-what-you-need-to-know/#:~:text=The%20Regional%20Air%20Quality%20Council,levels%20of%20ground%2Dlevel%20ozone
https://www.cpr.org/2015/06/23/ozone-alerts-what-you-need-to-know/#:~:text=The%20Regional%20Air%20Quality%20Council,levels%20of%20ground%2Dlevel%20ozone
https://drive.google.com/file/d/1cYgk76_myujZow2cwjCqhtF36ty0wet7/view?usp=sharing
https://web.archive.org/web/20220524185324/https://coloradonewsline.com/2021/07/21/denver-area-again-misses-deadline-to-meet-epa-air-quality-standards/
https://web.archive.org/web/20220524185324/https://coloradonewsline.com/2021/07/21/denver-area-again-misses-deadline-to-meet-epa-air-quality-standards/
https://web.archive.org/web/20221102151455/https://www.epa.gov/air-trends/trends-ozone-adjusted-weather-conditions
https://web.archive.org/web/20221102151455/https://www.epa.gov/air-trends/trends-ozone-adjusted-weather-conditions
https://drive.google.com/file/d/1cdAYKSgCsToz1kcBmt9yjomTRw4Scy4f/view?usp=share_link
https://web.archive.org/web/20221123011347/https://coloradosun.com/wp-content/uploads/2022/08/Screen-Shot-2022-08-23-at-1.21.25-PM.png?w=710
https://web.archive.org/web/20221123011347/https://coloradosun.com/wp-content/uploads/2022/08/Screen-Shot-2022-08-23-at-1.21.25-PM.png?w=710
https://drive.google.com/file/d/1cddGQt_Gb4uIMvVcNpHih_3iTUThoir1/view?usp=sharing
https://web.archive.org/web/20220324061106/https://www.uti.edu/blog/motorcycle/how-4-stroke-engines-work
https://web.archive.org/web/20220324061106/https://www.uti.edu/blog/motorcycle/how-4-stroke-engines-work
https://drive.google.com/file/d/1ch7PG9zIx8yecAWNn-3zXjJ-sKQRc7FT/view?usp=share_link


36. Utah Department of Environmental Quality, Reducing 2-Stroke Lawn Equipment Emissions, 2

November 2022, archived at

https://web.archive.org/web/20221123061101/https://deq.utah.gov/air-quality/reducing-2-strok

e-lawn-equipment-emissions.

37. Edmunds’ Inside Line, Leaf Blower's Emissions Dirtier than High-Performance Pick-Up Truck's, Says
Edmunds' InsideLine.com (Press release), 6 December 2011, archived at

https://web.archive.org/web/20221028151503/https://www.edmunds.com/about/press/leaf-blo

wers-emissions-dirtier-than-high-performance-pick-up-trucks-says-edmunds-insidelinecom.html.

38. California Air Resources Board, Small Off-Road Engines Fact Sheet, accessed 22 November

2022, archived at

https://web.archive.org/web/20220403172601/https://ww3.arb.ca.gov/msprog/offroad/sm_en_f

s.pdf.

39. Ibid.

40. See note 28.

41. Lowes.com, Leaf Blowers landing page, accessed 26 October 2022, archived at

https://web.archive.org/web/20220811105657/https://www.lowes.com/c/Leaf-blowers-Outdoor

-tools-equipment-Outdoors.

42. Homedepot.com, Leaf Blowers landing page, accessed 26 October 2022, archived at

https://web.archive.org/web/20221026201114/https://www.homedepot.com/b/Outdoors-Outd

oor-Power-Equipment-Leaf-Blowers/N-5yc1vZbxav.

43. Acehardware.com, Leaf Blowers landing page, accessed 26 October 2022, archived at

https://web.archive.org/web/20221101204232/https://www.acehardware.com/departments/law

n-and-garden/outdoor-power-equipment/leaf-blowers.

44. Buying guide: Consumer Reports, Leaf Blower Buying Guide, 10 November 2022, archived at

https://web.archive.org/web/20221123063517/https://www.consumerreports.org/home-garden

/leaf-blowers/buying-guide/; Reviews: Consumer Reports, Leaf Blowers: Ratings & Reliability -

Categories: Electric Handheld Blowers, Battery Handheld Blowers, Battery Backpack Blowers,

accessed on 18 November 2022, archived at

https://drive.google.com/drive/folders/1olwvY30oLqK0ZVuop3rB9GzAK7w1e4hQ?usp=share_li

nk.

45. Consumer Reports, Leaf Blowers: Ratings & Reliability - Categories: Gasoline Handheld

Blowers, Gasoline Backpack Blowers, accessed 18 November 2022, archived at

https://drive.google.com/drive/folders/1dI573iLP_-Am1CMnKE5OEuEcmnEj2j5d?usp=share_link

.

46. Buying guide: Consumer Reports, Lawn Mower & Tractor Buying Guide, 18 March 2022, archived

at

https://web.archive.org/web/20221003034544/https://www.consumerreports.org/home-garden

/lawn-mowers/buying-guide/; Battery mower reviews: Consumer Reports, Lawn Mowers &

Tractors: Ratings & Reliability - Type: Battery Mower, accessed on 18 November 2022, archived at

https://drive.google.com/drive/folders/1dRuzvvRysipGowj0DADfzakUGL73M4d9?usp=share_lin

k; Gas mower reviews: Consumer Reports, Lawn Mowers & Tractors: Ratings & Reliability - Type:

Gas Mower, accessed on 22 November 2022, archived at

https://drive.google.com/drive/folders/1dhNAyQxFaMy1DPS5X_6FmPIcnOcCvYNr?usp=share_li

nk.

21

https://web.archive.org/web/20221123061101/https://deq.utah.gov/air-quality/reducing-2-stroke-lawn-equipment-emissions
https://web.archive.org/web/20221123061101/https://deq.utah.gov/air-quality/reducing-2-stroke-lawn-equipment-emissions
https://web.archive.org/web/20221028151503/https://www.edmunds.com/about/press/leaf-blowers-emissions-dirtier-than-high-performance-pick-up-trucks-says-edmunds-insidelinecom.html
https://web.archive.org/web/20221028151503/https://www.edmunds.com/about/press/leaf-blowers-emissions-dirtier-than-high-performance-pick-up-trucks-says-edmunds-insidelinecom.html
https://web.archive.org/web/20220403172601/https://ww3.arb.ca.gov/msprog/offroad/sm_en_fs.pdf
https://web.archive.org/web/20220403172601/https://ww3.arb.ca.gov/msprog/offroad/sm_en_fs.pdf
https://web.archive.org/web/20220811105657/https://www.lowes.com/c/Leaf-blowers-Outdoor-tools-equipment-Outdoors
https://web.archive.org/web/20220811105657/https://www.lowes.com/c/Leaf-blowers-Outdoor-tools-equipment-Outdoors
https://web.archive.org/web/20221026201114/https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Leaf-Blowers/N-5yc1vZbxav
https://web.archive.org/web/20221026201114/https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Leaf-Blowers/N-5yc1vZbxav
https://web.archive.org/web/20221101204232/https://www.acehardware.com/departments/lawn-and-garden/outdoor-power-equipment/leaf-blowers
https://web.archive.org/web/20221101204232/https://www.acehardware.com/departments/lawn-and-garden/outdoor-power-equipment/leaf-blowers
https://web.archive.org/web/20221123063517/https://www.consumerreports.org/home-garden/leaf-blowers/buying-guide/
https://web.archive.org/web/20221123063517/https://www.consumerreports.org/home-garden/leaf-blowers/buying-guide/
https://drive.google.com/drive/folders/1olwvY30oLqK0ZVuop3rB9GzAK7w1e4hQ?usp=share_link
https://drive.google.com/drive/folders/1olwvY30oLqK0ZVuop3rB9GzAK7w1e4hQ?usp=share_link
https://drive.google.com/drive/folders/1dI573iLP_-Am1CMnKE5OEuEcmnEj2j5d?usp=share_link
https://web.archive.org/web/20221003034544/https://www.consumerreports.org/home-garden/lawn-mowers/buying-guide/
https://web.archive.org/web/20221003034544/https://www.consumerreports.org/home-garden/lawn-mowers/buying-guide/
https://drive.google.com/drive/folders/1dRuzvvRysipGowj0DADfzakUGL73M4d9?usp=share_link
https://drive.google.com/drive/folders/1dRuzvvRysipGowj0DADfzakUGL73M4d9?usp=share_link
https://drive.google.com/drive/folders/1dhNAyQxFaMy1DPS5X_6FmPIcnOcCvYNr?usp=share_link
https://drive.google.com/drive/folders/1dhNAyQxFaMy1DPS5X_6FmPIcnOcCvYNr?usp=share_link


47. Battery riding mower reviews: Consumer Reports, Lawn Mowers & Tractors: Ratings &

Reliability - Type: Battery Riding Mower, accessed on 19 November 2022, archived at

https://drive.google.com/drive/folders/1eNfNWo3YTzQhChJ77wxgUASdJsBDp7Dt?usp=share_li

nk; Gas riding mower reviews: Consumer Reports, Lawn Mowers & Tractors: Ratings & Reliability -

Type: Riding Lawn Mower & Tractor, accessed on 19 November 2022, archived at

https://drive.google.com/drive/folders/1eU1w69OEF2HKkpV7GuOEzvbkwCshVCQ3?usp=share

_link.

48. Tobie Stanger, “Best Lawn Mowers and Tractors of 2022,” Consumer Reports, 23 March 2022,

archived at

https://web.archive.org/web/20220527215558/https://www.consumerreports.org/lawn-mowers

/best-lawn-mowers-and-tractors-of-the-year-a1178572377/.

49. Tom Scalisi, “The Best Battery-Powered Leaf Blowers of 2022,” BobVila.com, 27 October 2022,

archived at

https://web.archive.org/web/20221025195746/https://www.bobvila.com/articles/best-battery-p

owered-leaf-blower/.

50. Trimmers/edgers: Acehardware.com search results for trimmers and edgers filtered for

“Electric” and “Battery,” accessed 22 November 2022, archived at

https://web.archive.org/web/20221123072431/https://www.acehardware.com/departments/law

n-and-garden/outdoor-power-equipment/trimmers-and-edgers?sortBy=price%20asc&facetValue

Filter=tenant~A04528%3Abattery,tenant~A04528%3Aelectric; Snow blowers: Homedepot.com

search results for electric snow blowers, accessed 22 November 2022, archived at

https://web.archive.org/web/20221110050214/https://www.homedepot.com/b/Outdoors-Outd

oor-Power-Equipment-Snow-Removal-Equipment-Snow-Blowers-Electric-Snow-Blowers/N-5yc1

vZcema; Tillers: Homedepot.com search results for Rototillers & Cultivators filtered for Power

Type: Cordless and Power Type: Corded Electric and Power Type: Battery and Power Type:

Electric, accessed 22 November 2022, archived at

https://drive.google.com/file/d/1ez4tM5qF2EXUAkCHv0ZuGOdwsUy70A78/view?usp=share_lin

k; Chippers/shredders: Homedepot.com electric wood chipper search results, accessed 22

November 2022, archived at

https://web.archive.org/web/20221123073109/https://www.homedepot.com/b/Outdoors-Outd

oor-Power-Equipment-Wood-Chippers-Electric-Wood-Chippers/N-5yc1vZ2fkol2x/Ntk-elasticpl

us/Ntt-shredder?Ntx=mode+matchpartialmax&NCNI-5&visNavSearch=shredder; Chain saws:

Lowes.com electric chain saw search results, accessed 22 November 2022, archived at

https://web.archive.org/web/20221123073246/https://www.lowes.com/search?searchTerm=ele

ctric+chain+saw.

51. Seth Jones, “Why a Colorado golf course invests in battery power,” Golfdom, 5 August 2021,

archived at

https://web.archive.org/web/20210924204735/https://www.golfdom.com/why-a-colorado-golf-

course-invests-in-battery-power/.

52. Mean Green Electric Mowers, The Electric Advantage: The BUSINESS CASE for Battery Electric
Power, accessed 22 November 2022, archived at

https://web.archive.org/web/20221123073903/https://meangreenproducts.com/the-electric-ad

vantage/.

22

https://drive.google.com/drive/folders/1eNfNWo3YTzQhChJ77wxgUASdJsBDp7Dt?usp=share_link
https://drive.google.com/drive/folders/1eNfNWo3YTzQhChJ77wxgUASdJsBDp7Dt?usp=share_link
https://drive.google.com/drive/folders/1eU1w69OEF2HKkpV7GuOEzvbkwCshVCQ3?usp=share_link
https://drive.google.com/drive/folders/1eU1w69OEF2HKkpV7GuOEzvbkwCshVCQ3?usp=share_link
https://web.archive.org/web/20220527215558/https://www.consumerreports.org/lawn-mowers/best-lawn-mowers-and-tractors-of-the-year-a1178572377/
https://web.archive.org/web/20220527215558/https://www.consumerreports.org/lawn-mowers/best-lawn-mowers-and-tractors-of-the-year-a1178572377/
https://web.archive.org/web/20221025195746/https://www.bobvila.com/articles/best-battery-powered-leaf-blower/
https://web.archive.org/web/20221025195746/https://www.bobvila.com/articles/best-battery-powered-leaf-blower/
https://web.archive.org/web/20221123072431/https://www.acehardware.com/departments/lawn-and-garden/outdoor-power-equipment/trimmers-and-edgers?sortBy=price%20asc&facetValueFilter=tenant~A04528%3Abattery,tenant~A04528%3Aelectric
https://web.archive.org/web/20221123072431/https://www.acehardware.com/departments/lawn-and-garden/outdoor-power-equipment/trimmers-and-edgers?sortBy=price%20asc&facetValueFilter=tenant~A04528%3Abattery,tenant~A04528%3Aelectric
https://web.archive.org/web/20221123072431/https://www.acehardware.com/departments/lawn-and-garden/outdoor-power-equipment/trimmers-and-edgers?sortBy=price%20asc&facetValueFilter=tenant~A04528%3Abattery,tenant~A04528%3Aelectric
https://web.archive.org/web/20221110050214/https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Snow-Removal-Equipment-Snow-Blowers-Electric-Snow-Blowers/N-5yc1vZcema
https://web.archive.org/web/20221110050214/https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Snow-Removal-Equipment-Snow-Blowers-Electric-Snow-Blowers/N-5yc1vZcema
https://web.archive.org/web/20221110050214/https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Snow-Removal-Equipment-Snow-Blowers-Electric-Snow-Blowers/N-5yc1vZcema
https://drive.google.com/file/d/1ez4tM5qF2EXUAkCHv0ZuGOdwsUy70A78/view?usp=share_link
https://drive.google.com/file/d/1ez4tM5qF2EXUAkCHv0ZuGOdwsUy70A78/view?usp=share_link
https://web.archive.org/web/20221123073109/https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Wood-Chippers-Electric-Wood-Chippers/N-5yc1vZ2fkol2x/Ntk-elasticplus/Ntt-shredder?Ntx=mode+matchpartialmax&NCNI-5&visNavSearch=shredder
https://web.archive.org/web/20221123073109/https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Wood-Chippers-Electric-Wood-Chippers/N-5yc1vZ2fkol2x/Ntk-elasticplus/Ntt-shredder?Ntx=mode+matchpartialmax&NCNI-5&visNavSearch=shredder
https://web.archive.org/web/20221123073109/https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-Wood-Chippers-Electric-Wood-Chippers/N-5yc1vZ2fkol2x/Ntk-elasticplus/Ntt-shredder?Ntx=mode+matchpartialmax&NCNI-5&visNavSearch=shredder
https://web.archive.org/web/20221123073246/https://www.lowes.com/search?searchTerm=electric+chain+saw
https://web.archive.org/web/20221123073246/https://www.lowes.com/search?searchTerm=electric+chain+saw
https://web.archive.org/web/20210924204735/https://www.golfdom.com/why-a-colorado-golf-course-invests-in-battery-power/
https://web.archive.org/web/20210924204735/https://www.golfdom.com/why-a-colorado-golf-course-invests-in-battery-power/
https://web.archive.org/web/20221123073903/https://meangreenproducts.com/the-electric-advantage/
https://web.archive.org/web/20221123073903/https://meangreenproducts.com/the-electric-advantage/


53. Jamie L. Banks and Robert McConnell, Quiet Communities Inc. and U.S. Environmental

Protection Agency Region I, National Emissions from Lawn and Garden Equipment, accessed

November 2022, archived at

https://drive.google.com/file/d/1fE4eWaQiFq3CjGvazmEsrYCkP4By3nAN/view?usp=share_link.

54. Electric quieter than gas: Leaf Blowers Direct, Can I Use a Leaf Blower in My Area? How to Find a
Quiet Leaf Blower, accessed on 19 November 2022, archived at

https://web.archive.org/web/20221109172353/https://www.leafblowersdirect.com/stories/172

9-How-to-Find-a-Quiet-Leaf-Blower.html; Levels harmful to human ear: Centers for Disease

Control and Prevention, What Noises Cause Hearing Loss?, accessed 19 November 2022, archived at

https://web.archive.org/web/20221122190529/https://www.cdc.gov/nceh/hearing_loss/what_no

ises_cause_hearing_loss.html.

55. Leaf Score, Why Leaf Blower Bans Are On The Rise, accessed 19 November 2022, archived at

https://web.archive.org/web/20220826133511/https://www.leafscore.com/eco-friendly-garden-

products/why-leaf-blower-bans-on-the-rise/.

56. Almanac.com, Backyard Battle: Gas vs. Electric Lawn Tools, accessed 19 November 2022,

archived at

https://web.archive.org/web/20220518152638/https://www.almanac.com/content/backyard-bat

tle-gas-vs-electric-lawn-tools.

57. See note 44.

58. See notes 44 and 45.

59. See note 46.

60. See note 47.

61. Ibid.

62. Brian Bennett, “Switching to an Electric Lawn Mower Really Can Save You Money,” CNET, 27

August 2022, archived at

https://web.archive.org/web/20221023145901/https://www.cnet.com/home/yard-and-outdoors

/switching-to-an-electric-lawn-mower-really-can-save-you-money/.

63. WiseBread, We Do the Math: Will an Electric Mower Trim Lawn Care Costs?, accessed 27

November 2022, archived at

https://web.archive.org/web/20220517034408/https://www.wisebread.com/we-do-the-math-wi

ll-an-electric-mower-trim-lawn-care-costs.

64. See notes 44 and 46.

65. Regional Air Quality Council, Mow Down Pollution - Residential, accessed 22 November 2022,

archived at

https://web.archive.org/web/20221123082235/https://raqc.org/program/mow-down-pollution-r

esidential/.

66. Ibid.

67.  Regional Air Quality Council, Mow Down Pollution residential page, accessed 22 November

2022, archived at

https://web.archive.org/web/20221123082528/https://www.mowdownpollution.org/residential-

2022/.

68. Dominique Maria Bonessi, Margaret Barthel, and Martin Austermuhle, “Here are the new laws

going into effect Jan. 1 across the D.C. region,” NPR, 30 December 2021, archived at

https://web.archive.org/web/20221123081306/https://www.npr.org/local/305/2021/12/30/106

9073654/here-are-the-new-laws-going-into-effect-jan-1-across-the-d-c-region.

23

https://drive.google.com/file/d/1fE4eWaQiFq3CjGvazmEsrYCkP4By3nAN/view?usp=share_link
https://web.archive.org/web/20221109172353/https://www.leafblowersdirect.com/stories/1729-How-to-Find-a-Quiet-Leaf-Blower.html
https://web.archive.org/web/20221109172353/https://www.leafblowersdirect.com/stories/1729-How-to-Find-a-Quiet-Leaf-Blower.html
https://web.archive.org/web/20221122190529/https://www.cdc.gov/nceh/hearing_loss/what_noises_cause_hearing_loss.html
https://web.archive.org/web/20221122190529/https://www.cdc.gov/nceh/hearing_loss/what_noises_cause_hearing_loss.html
https://web.archive.org/web/20220826133511/https://www.leafscore.com/eco-friendly-garden-products/why-leaf-blower-bans-on-the-rise/
https://web.archive.org/web/20220826133511/https://www.leafscore.com/eco-friendly-garden-products/why-leaf-blower-bans-on-the-rise/
https://web.archive.org/web/20220518152638/https://www.almanac.com/content/backyard-battle-gas-vs-electric-lawn-tools
https://web.archive.org/web/20220518152638/https://www.almanac.com/content/backyard-battle-gas-vs-electric-lawn-tools
https://web.archive.org/web/20221023145901/https://www.cnet.com/home/yard-and-outdoors/switching-to-an-electric-lawn-mower-really-can-save-you-money/
https://web.archive.org/web/20221023145901/https://www.cnet.com/home/yard-and-outdoors/switching-to-an-electric-lawn-mower-really-can-save-you-money/
https://web.archive.org/web/20220517034408/https://www.wisebread.com/we-do-the-math-will-an-electric-mower-trim-lawn-care-costs
https://web.archive.org/web/20220517034408/https://www.wisebread.com/we-do-the-math-will-an-electric-mower-trim-lawn-care-costs
https://web.archive.org/web/20221123082235/https://raqc.org/program/mow-down-pollution-residential/
https://web.archive.org/web/20221123082235/https://raqc.org/program/mow-down-pollution-residential/
https://web.archive.org/web/20221123082528/https://www.mowdownpollution.org/residential-2022/
https://web.archive.org/web/20221123082528/https://www.mowdownpollution.org/residential-2022/
https://web.archive.org/web/20221123081306/https://www.npr.org/local/305/2021/12/30/1069073654/here-are-the-new-laws-going-into-effect-jan-1-across-the-d-c-region
https://web.archive.org/web/20221123081306/https://www.npr.org/local/305/2021/12/30/1069073654/here-are-the-new-laws-going-into-effect-jan-1-across-the-d-c-region


69. Khristopher J. Brooks, “More states considering bans on gas-powered lawn equipment,” CBS
News, 2 December 2021, archived at

https://web.archive.org/web/20221107004034/https://www.cbsnews.com/news/gas-powered-la

wnmowers-california-environment-pollution/.

70. Matthew Schuerman, “Professional landscapers are reluctant to plug into electric mowers due

to cost,” NPR, 30 July 2022, archived at

https://web.archive.org/web/20221102220830/https://www.npr.org/2022/07/30/1114406216/

professional-landscapers-are-reluctant-to-plug-into-electric-mowers-due-to-cost.

71. Regional Air Quality Council, Potential Lawn & Garden Regulatory Approaches, 24 May 2022,

archived at

https://drive.google.com/file/d/1fFywjzFCFe-PNA3ZwnkzhGMSvQ1LZ3YN/view?usp=share_link.

72. California Air Resources Board, CARB approves updated regulations requiring most new small
off-road engines be zero emission by 2024 (Press release), 9 December 2021, archived at

https://web.archive.org/web/20221008222304/https://ww2.arb.ca.gov/news/carb-approves-upd

ated-regulations-requiring-most-new-small-road-engines-be-zero-emission-2024.

24

https://web.archive.org/web/20221107004034/https://www.cbsnews.com/news/gas-powered-lawnmowers-california-environment-pollution/
https://web.archive.org/web/20221107004034/https://www.cbsnews.com/news/gas-powered-lawnmowers-california-environment-pollution/
https://web.archive.org/web/20221102220830/https://www.npr.org/2022/07/30/1114406216/professional-landscapers-are-reluctant-to-plug-into-electric-mowers-due-to-cost
https://web.archive.org/web/20221102220830/https://www.npr.org/2022/07/30/1114406216/professional-landscapers-are-reluctant-to-plug-into-electric-mowers-due-to-cost
https://drive.google.com/file/d/1fFywjzFCFe-PNA3ZwnkzhGMSvQ1LZ3YN/view?usp=share_link
https://web.archive.org/web/20221008222304/https://ww2.arb.ca.gov/news/carb-approves-updated-regulations-requiring-most-new-small-road-engines-be-zero-emission-2024
https://web.archive.org/web/20221008222304/https://ww2.arb.ca.gov/news/carb-approves-updated-regulations-requiring-most-new-small-road-engines-be-zero-emission-2024

