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Q: Please talk about how dust kicked up by leaf blowers is exactly what we don't
need to stress our lungs during this virus. Lawn maintenance in general needs to
stop now.
A: Thanks Albert for your comments. The purpose of this workshop is mainly to
focus on the exhaust and evaporative emissions from the small off-road engines,
and it does not cover the dust emissions resulted from the use of leaf blowing,
vacuuming, raking and sweeping activities. In case you need more information on
that, please reach out to us and we can put you in contact with our emissions
inventory team who focuses on those processes.
Q: Is there any way to speed up this process? Given that most people are off work
right now, it seems that via Zoom whatever you're trying to do could be done a lot
faster. Save this planet!
A: Sure, we will look into other options for our future webinars. We plan to finalize
and release the emissions inventory by September/October 2020. CARB staff in the
Monitoring and Laboratory Division are also preparing amendments to the small
off-road engine regulations. That process will be informed by the emission
inventory, but is a separate process. If you have questions about the regulations,
please contact Dorothy Fibiger at Dorothy.Fibiger@arb.ca.gov.
Q: Did you say emission factors did not change much from 2007 data to CARBs
more recent testing?
A: As shown on slide 23, for some categories we see an increase in emission factors,
and for some we do see a decrease in emission factors. There are some categories
such as generators where the emission factor stayed the same.
Q: What does Zero-hour emission factor mean?
A: Zero-hour emission factor means emission rates when the engine is brand new
(i.e., emission rates with zero hours on the engine)
Q: Does the model output include CO2 emissions?
A: Yes it does.
Q: Slide 23: How are the exhaust emission factors calculated. Please explain.
A: To update the emission factors in SORE2020, CARB staff relied on the results
from validation and compliance testing of a large number of small gasoline engines,
ranging from lawnmowers to generators, performed from 2016 to the present day.
The 2018 ARB Certification Database, which contains emission factors reported by
manufacturers for years 2001 to 2018, was also utilized to update the exhaust
emission factors. Exhaust emission factors have not changed since the exhaust
regulation that began with the 2007-2008 model year engines. Using data from
compliance testing and validation emissions testing in combination with data from
the 2018 Certification Database, ARB staff updated the emission factors for the
SORE2020 Model. The emissions test data presented in slide 21 was combined with
certification emission factor data (shown in slide 22) and averaged together as
shown in slide 23.
Q: did not hear anything he said for slide 24
A: Here is the script for slide 24:
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“In previous slides, we present the zero hour emission factors. The other
part of the emission factor calculation is deterioration rate. Zero hour
emission factors are usually below the emission standards. We set the
deterioration rate to meet the emission standards at some durability hours.
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In this example for a <5hp lawnmowers, for residential population of
lawnmowers, the lowest of the durability hour range of 125 hours is used.
For commercial population of lawnmower, we set the durability hour at the
high end of the range at 500 hours. We also set a cap hour where the
equipment does not deteriorate but stays constant after certain hours.”
8

Q: Slides 38,39,40 it show light commercial emissions are quite a bit higher than
previous model, but I expected them to be lower based on previous slides.
Can you speak to the drivers behind that difference?
A: Slide 38 shows lawn and garden equipment population being lower by almost
23% as compared to OFFROAD2007, but light commercial population has increased
almost 6 - 7 times. For light commercial, OFFROAD2007 vastly underestimated light
commercial population. The data from the 2018 survey shows a dramatic increase
as compared to OFFROAD2007. This is the first time a survey for light commercial
equipment has been done as past surveys focused only on lawn and garden
equipment. Most of the light commercial equipment have higher horsepower
when compared to lawn and garden equipment. Equipment with higher
horsepower will have a higher emissions, and that is the major factor causing higher
emissions in SORE2020. It is noteworthy to mention that the Public Safety Power
Shutoff (known as PSPS) may have significantly increased the sales volume of
gasoline generators in California. Considering that SORE 2020 model is using a 2018
base year data, it may not reflect the impact of PSPS.

Doug Hartley

Q: Also, what is the driver for the very high diurnal emission factor for compressor
on slide 28.
A: The in-house test data for the gasoline compressor indicated very high average
24-hr diurnal emission factor of 8.18 g/day. CARB has tested a total of 10 brand new
compressor units of which two of them were leaking. Data presented in slide 28 is
the average of these data points.

9

Q: And final question, in some places the presentation shows compressor as preemept and sometimes it does not…. Is there a reason for this?
A: When presenting, we loosely label the equipment as compressor, but in our
model we understand that it is preempted equipment, so we labeled it as such in
slide 22 which was copy straight out of the model input file. We will make sure this
will be clear when the final model is released.
Q: You all are moving way too fast through this information. I would recommend
that in the future you not just go through a script and then say "next slide". It is
near impossible to follow along with the enormous amount of information that you
are showing. By the time you say next slide I am just beginning to understand what
you are trying to represent. Remember that you all have been looking at these
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slides for days and weeks and when you are presenting the audience is seeing them
for the first time. Just a suggestion for you.
A: Our slides are located under: Mobile Source Emissions Inventory Meetings &
Workshops Page. The webinar is recorded and the recording is now posted on the
same link above. We can definitely set aside some time with you to go over detailed
questions. Please email us using our contact info on slide 49.
Q: Slide 28: why are evaporative emissions from the compressor category so much
higher than others?
A: The in-house test data for the gasoline compressor indicated very high average
24-hr diurnal emission factor of 8.18 g/day. CARB has tested a total of 10 brand new
compressor units of which two of them were leaking. Data presented in slide 28 is
the average of these data points.
Q: Slide 5: Any consideration of extending comment time due to current pandemic
and collaborative working challenges?
A: At this point in time, we’re sticking to the current timeline which is April 24, 2020
for comments on the preliminary results that was presented on March 25, 2020.
We are monitoring the situation created by COVID-19 and will make necessary
adjustments if needed.
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Q: Slide 21: In-house data... How many units of each type of equipment was
tested?
A: CARB has tested total of 11 equipment as part of its baseline research. Table
provides details of these tests. Please let us know if you need more info.
Exhaust Emission Results (g/bhp-hr) from Compliance and Validation Emission
Testing
# of Units of
Engine
HP
HC
NOx
Equipment
Equipment
Type
Group (g/bhp-hr) (g/bhp-hr)
Tested
Lawn Mowers
4
5
3.468
3.087
Tillers
1
15
2.883
2.262
Trimmers/Edgers
3
2
9.52
7.208
G4/Brush Cutters
Carb
1
15
2.312
2.274
Riding Mower
1
25
2.63
1.59
Generator
1
15
2.27
0.41
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Q: Slide 22: Is this average, max, etc? If avg, is this sales weighted?
A: These are sales weighted average emission rates from exhaust certification
provided by manufactures.
Q: Slide 24: It appears the DR is based solely off the emission standard, and not
data. Did ARB consider the DR from certificaditon data? Also, did CARB assume all
DR are positive from ZR to the standard? Any negatvie DRs? Finally, what data
does CARB have to extrapolate the DR lineraly beyond the useful life?
A: Your interpretation is correct. The DR presented in slide 24 is under the
assumption that emissions from small off-road engines are typically lower than
certification standards when they are brand new, and they hit the emission

California Air Resources Board
Last updated: May 1, 2020

Greg Knott

Greg Knott

Greg Knott

3

Preliminary Baseline Emissions for Small Off-Road Engines (SORE2020)

#

Questions List

standards when they hit their respective durability hour. Please note that the
emission deterioration in mobile source emissions inventory is reflective of both
natural degradation of engine (i.e., wear and tear) as well as increase in emissions
due to engine mal-maintenance and mal-functioning emission control systems.
Therefore, we assume that emission deterioration assumed for emissions
inventories are typically higher than the emission deterioration rates provided by
manufactures during certification, since those do not account for increases in
emissions as a result of mal-maintenance. According to 2018 CSUF Survey data,
only half of professional users properly maintain their equipment according to
manufacturer recommended maintenance schedule. This number for residential
users is less than 40%.
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Currently we are not assuming any negative deterioration for HC and NOx. In the
absence of available data on emission deterioration, this is best assumption we can
make at this point, however, we definitely encourage you to share with us any in-use
emissions information you might have that can further improve our assumptions.
15 Q: Slide 26: How can the chainsaw average be the category max (2hp)? Every
certified unit was 2hp?
A: Currently in the SORE2020 model, the G2 0 – 2 hp bin is used as a placeholder to
put most G2 equipment (i.e., one set of emission factor is used for them). We
realize that some equipment have shifted to higher horsepower, so the average
horsepower for this group could be reaching the top of the 0 – 2 hp bin or over. We
used certification data for more than 500,000 (US production volume) chainsaws
reported in 2018 California evaporative certification report of which were able to
find the average horsepower of them from the exhaust certification. There were
some engine families that we were not able to find their average horsepower, so
we’re looking into the executive orders to find the accurate average horsepower for
them and fine tune our assumptions as we’re finalizing the model. The horsepower
data we used for the workshop presentation was mostly ranged from 1.93 to 2.02,
and one small population at 2.95 hp. When the data was sales weighted, the
average horsepower comes out to 1.995 hp and that’s why it was presented as 2
hp. For the final version of the model, we may consider separating the ones above
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>2 hp and the ones below 2 hp in the final model, and possibly consider different
emissions factors for the small population of chain saws that are above 2 hp.
Q: Slide 29: This slide is confusing. The first point is that there is no data to support
leakage, but the DRs, including DR2 are carried over from Off-Road, which was
developed based on "leakers" as reported by Mr. Wong in April 2003.
A: The first bullet does not indicate “there is no data to support leakage”, it just
indicate that due to lack of available data the model does not explicitly account for
liquid leaks. However, as mentioned in 2003 Technical memo titled “Addition of
Evaporative Emissions for Small Off-Road Engines”, the emissions estimates at
fourteen years are the averages of two lawnmowers (mowers 20 and 23), one of
which, mower 23, was found to have a liquid fuel leak. Because the deterioration
rates beyond year seven are highly influenced by the emissions of this liquid leaker,
staff surveyed a number of lawnmower repair shops and requested manufacturer’s
input to determine how often these types of problems occur. Although it was
confirmed that lawnmowers with fuel leaks are not uncommon, it was not possible
to determine the incidence with accuracy. Staff found no compelling reason to
exclude mower 23 from the analysis.
Also it is worthwhile to mention that in 2015, the U.S. Consumer Product Safety
Commission published a study on gasoline fuel leakages from outdoor groundsupported equipment, including lawn mowers and generators that posed a fire
hazard. The sources of leak was determined to be fuel tank, hoses, fuel filters, fuel
caps, and grommets. The study also found that despite requirements in ANSI/OPEI
B71.10, leaks were a recurring hazard over the 14-year span (2000 to 2013) which
eventually resulted in 1.7 million equipment being recalled between 2000 to 2013.
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Therefore, there is evidence from consumer reports as well as some emission test
data from CARB indicating that some of the SORE equipment are leaking. However,
due to lack of available evaporative emission data across different ages of
equipment, we decided to rely on the deterioration rates extracted from OFFROAD
2007 as illustrated in slide 29. We definitely encourage you to share with us any
information or emission data you have on liquid leakers including information such
as the prevalence of occurrence, and we will definitely consider using them to
update evaporative deterioration rates for SORE2020 model. Also, we should
mention that currently the model assumes no emission deterioration (except for
running loss) for light commercial equipment, although we have identified leaking
compressors within our in-house evaporative emission testing. Of the 10 brand new
compressor units that were tested at CARB, two of them were leaking. Data
presented in slide 28 is the average of these data points Therefore, it would be
worthwhile to get your input on light commercial equipment as well.
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Q: Slide 29: It does not seem that WBM leakage is consistent with CARB E10 study,
2019 EVAP compliance study, CARB evap rulemaking, CARB evap amendment, EPA
rulemaking, or impact of voluntary standards vs. late 1990's & early 2000's with
known leakage issues.
A: Similar response as previous question. Obviously there is some evidence from
the study conducted by U.S. Consumer Product Safety Commission as well as inhouse data collected in the past couple of years which indicate that leakage is still
happening with some of SORE equipment. However, due to lack of available
evaporative emission data across different ages of equipment, we decided to rely
on the deterioration rates extracted from OFFROAD 2007 as illustrated in slide 29.
Walk-behind mowers that exceed the diurnal emission standard of 1.0 grams per
day when new have been tested in CARB’s 2008-2015 validation studies (discussed
in the 2016 evaporative emission regulation amendments) and in compliance
testing between 2016 and 2020. A lawn mower has also been observed to exhibit
minor leakage from the fuel line in a compliance test. We definitely encourage you
to share with us any information or emission data you have on liquid leakers
including information such as the prevalence of occurrence, as well as the impact of
the 2013 and 2018 voluntary standards, and we will definitely consider using them
to update evaporative deterioration rates for SORE2020 model.
18 Q: Slide 29: As a result, the 50x DR results in tons of HC emissions per day, not
reflective of current technology.
A: It is not clear how you calculated 50x increase in HC emissions. The graph shown
on slide 29, which is for illustration purposes, is showing a zero-hour emission factor
of 1.6 (g/day) reflecting when the engine is new, and an emission factor of 7 (g/day)
when the engine is at 14 years of age. Please note that according to slide 18, median
life of residential lawn mowers, chain saws, and trimmers is about 5 – 6 year which is
much lower than what was assumed in OFFROAD2007. Also, we should mention that
currently the model assumes no evap emission deterioration for light commercial
equipment (except for running loss), although we have identified leaking
compressors within our in-house evaporative emission testing. Of the 10 brand new
compressor units that were tested at CARB, two of them were leaking. Therefore, it
would be worthwhile to get your input on light commercial equipment as well. Staff
has also conducted a sensitivity analysis (a bounding exercise) by making DR2 = DR1,
for lawn and garden equipment, and the change resulted in ~7 tpd HC emission
reduction in lawn and garden equipment. We definitely encourage you to share with
us any information or emission data you have on liquid leakers including information
such as the prevalence of occurrence for both lawn and garden as well as light
commercial equipment, and we will definitely consider using them to update
evaporative deterioration rates for SORE2020 model.
19 Q: Slide 33: Is this GAS WBM only? Or does this include electric?
A: This is gasoline only. According to 2018 CSUF SORE Survey (when scaled up
regionally), there are a total of 4.6 million residential lawn mowers of which 3.5m
of them are gasoline and 1.1m of them are electric in 2018.
20 Q: Slide 35: What is the basis of this data? Total of 45M gas units shipped annually
in the US?
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A: This chart is mainly developed to show the growth in handheld vs. ground
supported equipment. Data is from the Engine Production Line Testing (PLT) which
provides CARB with the annual production of SORE engine in both US and CA.
However, as you know, the PLT data does not provide the annual production data
by equipment type, it just has possible type of equipment that the engine could go
thru. Therefore, we assign the numbers of population to each equipment type. So,
if 100,000 listed under lawnmower, tiller, and generator, then we assigned 100,000
to lawnmower, tiller, and generators. This way, we were able to separate the
shipment growth for handheld and ground supported equipment. Hence the
purpose of the slide is to only show the growth and not necessarily the total
equipment shipment. We will add a footnote to this slide to make it clear. It is
based on this assessment that we assigned a zero percent sale growth for handheld
equipment.
Q: Slide 36: in 2018 OPEI 50 state shipment data show: WBM GAS -6.5%, Gas HH
Blowers -7.4%, Gas Trimmers/Brushcutters -6.6%, Gas Chainsaws -5.5%. Most have
sucessive years of negative growth now. Why is California different?
A: We do not think that sales in California are significantly different than the rest of
the country, and we do acknowledge that YOY growth can change from one year to
another as shown in the graph below. The purpose of this exercise is to determine
the organic growth of gasoline and electric equipment for both lawn and garden as
well as light commercial categories. For example, chart below shows the annual
production of gasoline SORE between 2002 and 2018 provided by manufactures as
part of the exhaust emission certification. As you can see, starting in 2010 there has
been a steady growth in national market, with California closely following that
trend. Obviously from 2013 to 2014 there has been some drop in sales, which was
picked up again in 2015. Therefore, based on the data we currently have (annual
production volume from both exhaust and evaporative certification), we do think
that assuming 0% growth for handheld equipment (chain saws, leaf blowers,
trimmers), and 0.5% for lawn mower is a reasonable assumption. Obviously, we do
encourage you to share with us the 50-state shipment data in 2018 for both electric
and gasoline equipment as it will help us to corroborate data we receive through
evap certification program (i.e., annual production volume by equipment).
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Q: Slide 46: Ground supported GAS is negative for everything except commercial
mowers. Additionally, overall sector growth is not reflective of gas trends.
A: It would be helpful if you can clarify your comment. So according to 2019 OPEI’s
spring quarterly nationwide forecast, consumer lawn mower shipments are
forecasted to grow by nearly 5 percent in 2019, with 7.4 million units shipped. We
understand that is the growth for both electric and gasoline equipment. So are you
saying that all of that 5% is as a result of electric? It would be helpful if you can
clarify that and also provide us with the shipment data by equipment type for all of
the lawn & garden as well as light commercial categories in the SORE model for the
past 10 years that can be used to inform long term forecasts. As it was illustrated in
our response to your comment on slide 36, the growth or decline in one single year
is not necessarily reflective of growth into the future.
Q: Is the model and underlying data available for formal comments?
A: We can definitely share with you the underlying data. I want to emphasize that
the model is still preliminary and we’re working to fine tune the assumptions. In
case the model inputs does not provide you with the necessary information, we can
work together and see how we can share the VBA codes with you or setup a
meeting to walk you through them.
Q: Or are our comments limited to today's presentation?
A: Please reach out to us for any additional information you may need, and we
should be able to provide you with underlying data for the results presented at the
workshop.
Q: Slide 15: What is the confidence of "non-tangable factors" responses, like hr/yr,
age, etc....? Did Cal-State / ARB do any follow-up to confirm accuracy of survey
results?
A: Survey results for activity and median life were analyzed on a line-by-line basis
for each equipment type and only included data that was complete. Respondents
were not re-contacted. We are still conducting further QA/QC to ensure the analysis
is accurate.
Q: Is there anything in your research that suggests how we can provide more
incentives to commercail L&G users to switch to electric? What has been their
biggest hesitance to the new models etc?
A: We have found the biggest obstacle to adoption of electric equipment among
commercial users is simply a lack of experience with the equipment. Some users
tried electric equipment ten or so years ago when the first “commercial” electric
equipment came on the market. Most of that equipment was not great and we
have found getting demonstration equipment into the hands of end-users makes a
big difference in adoption rates. To this end, CARB has a Zero-Emission Equipment
(ZEE) Roadshow, which lends out commercial-grade electric equipment to
landscaper professionals. More information can be found at https://arb.ca.gov/zee.
CARB staff have also worked with several manufacturers of ZEE to set up
demonstrations with landscapers and other professionals who use SORE.
There are also issues of upfront costs of the equipment, which can be helped with
financial incentives. The upfront cost of electric equipment with sufficient battery
power to last a full day is generally 2-2.5 times the upfront cost of gas-powered
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equipment. However, the lower maintenance and fuel costs result in lower lifetime
costs for electric equipment.
Q: Is it cost of replacing? or "range anxiety"
A: Both of these factors definitely play a role in the slow transition to zero-emission
equipment among commercial users. As noted above, cost issues can be overcome
with financial incentives. Right now, all financial incentives are administered by
individual air districts. South Coast AQMD, Santa Barbara APCD and San Joaquin
Valley APCD all have active exchange programs for commercial equipment. A full list
of active incentive is available at https://arb.ca.gov/zee.
Q: Is this beta-model available now or shortly? The best way to feedback is to use
the model.
A: We can definitely share with you the underlying data. I want to emphasize that
the model is still preliminary and we’re working to fine tune the assumptions. In
case the model inputs does not provide you with the necessary information, we can
work together and see how we can share the VBA codes with you or setup a
meeting to walk you through them.
Q: Is this preliminary model available now or shortly? The best way to give you
meaningful feedback for better model is to use it.
A: We can definitely share with you the underlying data. I want to emphasize that
the model is still preliminary and we’re working to fine tune the assumptions. In
case the model inputs does not provide you with the necessary information, we can
work together and see how we can share the VBA codes with you or setup a
meeting to walk you through them.
Q: What is the timeline for future SORE emission regulations? Is CARB considering
zeroing out SORE Emissions based on the data from this model?
A: The timeline for future SORE emissions regulations was discussed in a rulemaking
workshop on September 26, 2019. The information from the workshop, including
the presentation can be found here: https://ww2.arb.ca.gov/sore-workshops.
Q: will the sore modeling tool just demo'ed be available online?
A: We can definitely share with you the underlying data. I want to emphasize that
the model is still preliminary and we’re working to fine tune the assumptions. In
case the model inputs does not provide you with the necessary information, we can
work together and see how we can share the VBA codes with you or setup a
meeting to walk you through them.
Q: who is the best person to email to get list of proposed emission factors
A: Please email us at Walter.Wong@arb.ca.gov or David.Chou@arb.ca.gov and we
should be able to provide you with the complete list of proposed emission factors
for the preliminary estimates that were presented in the workshop. Please note
that the analysis shown in the workshop was preliminary and is subject to change.
Q: If in-house testing shows lower emissions than OFFROAD2007 for generators
(slide 21), why are you proposing such a large zero-hour HC value for G2 generator
(slide 23)?
A: According to 2018 Certification Data (slide 22), 2-stroke generators have sale
weighted average HC emission rate of 27.86 (g/bhp-hr) as also illustrated in slide
23. Please note that the generator emission factor shown in slide 21 is a 4-stroke
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engine. As noted on slide 20, CARB in-house baseline tests were focused on 4stroke engines.
Q: Is carb willing to share the new model, or only the underlying data? Will the
model be available for evalutaion before April 24?
A: We can definitely share with you the underlying data. I want to emphasize that
the model is still preliminary and we’re working to fine tune the assumptions. In
case the model inputs does not provide you with the necessary information, we can
work together and see how we can share the VBA codes with you or setup a
meeting to walk you through them.
Q: When will an operational version of the model (as opposed to underlying data)
be available for evaluation/feedback by stakeholders? Will it be available before
April 24? Even a draft version of the model would be helpful to run, so we could
better understand how all of the elements tie together.
A: We can definitely share with you the underlying data. I want to emphasize that
the model is still preliminary and we’re working to fine tune the assumptions. In
case the model inputs does not provide you with the necessary information, we can
work together and see how we can share the VBA codes with you or setup a
meeting to walk you through them.
Q: How long has staff been working on the update to the inventory model?
A: The 2018 CSUF survey was completed in June 2019 and we received the
information at the time. Therefore, staff have been working in the past 9 months to
build the new platform, analyze data, and generate preliminary emissions
estimates.
Q: On slide 23 what chainsaw testing has happened so far? I am not aware of any
in-house testing so far for 2-stroke chainsaws.
A: The 2-stroke chainsaw data is based on the 2018 certification as illustrated on
slide 22.
Q: Is the webinar recording going to be available to download?
A: Yes the webinar is recorded and the recording is now posted at: Mobile Source
Emissions Inventory Meetings & Workshops Page.
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Q: Debbie - Are the questions of the survey available for anyone to view? Were
there questions regarding other equipment used instead of leafblowers such as
yard sweepers, brooms and rakes?
A: Yes, the questions along with the final report are available to review. Please
contact Dorothy Fibiger at Dorothy.Fibiger@arb.ca.gov, and we can share the final
survey report, which includes all survey questions. There were questions regarding
many different equipment types, including manual equipment such as brooms and
rakes. The executive summary and abstract of the report can be found at
https://ww3.arb.ca.gov/msprog/offroad/sore/AbstractExecutiveSummary.pdf.

Joy Walters

Q: STIHL sells yard sweepers (KG550, KG770, and KKGA 770) in Europe and GB but
they are not available in the US. I would like to see them here, because we all know
that even electric leaf blowers kick up enought toxins to pollute the air and to
asurbate the problem for allergy and asthma sufferers. How do we get them to be
available for exchange and purchase here in the US.
A: Thanks, for your question, Joy. You could contact your Stihl dealer to ask them

Joy Walters
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to carry the products you mentioned.
Q: I already have.. they are in the same quandry. That is why I asked the questions.
Is there any reason that there is a ban on the product itself. Is there a
governmental body to contact. Part of my questions was to have them available for
exchange for residents and for commercial use.
A: Those sweepers are not banned as far as I know. Representatives from Stihl are
on the webinar today and would have seen my answer to your previous question.
You can try contacting Stihl corporate
Q: The 2nd question - is CARB considering offering training to landscapers and
gardeners to move away from gas to battery/electric garden equipment. An
example would the Green Certification that Santa Barbara Country offers.
A: We have a zero-emission equipment roadshow that gives landscapers,
educational institutions and government agencies the opportunity to try zeroemission equipment for free. See https://arb.ca.gov/zee for details
Q: Could you please explain how the _amount_ of time a piece of equipment is
used is factored into the harms produced from different types of equipment?
Homeonwers may be preferring electric but they use the equipment infrequently
while commercial operators use gas-powered equipment for hours each day 5-6
days a week. Thank you.
A: The general methodology, utilized by SORE2020, to calculate the off-road mobile
exhaust emissions in tons per day (tpd) for gasoline two-stroke (G2) and four-stroke
(G4) engines uses emission factors by model year for HC, CO, NOx, PM, and CO2.
The emission factors are expressed in gram per brake horsepower hour (g/bhp-hr),
and deterioration rates representing the rate of emission increase per hour (g/bhphr2). The emission factors are calculated by the following equation:
EF = ZH + DR * CHrs
Where,
• EF = emission factor, in grams per horsepower-hour (g/bhp-hr)
• ZH = zero-hour emission rate, or when the equipment is new (g/bhp-hr)
• dr = deterioration rate or the increase in ZH emissions as the equipment is
used (g/bhp-hr2)
• CHrs = cumulative hours or total number of hours accumulated on the
equipment
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Utilizing the emission factor above, the exhaust emissions in tons per day are
calculated by the following equation:
Emissions (exhaust) = Pop * HPave * LF * Activity * EF
Where,
• Pop = Population
• HPave = Maximum rated average horsepower (hp)
• LF = Load factor
• Activity = Activity or annual operation (hr/yr)
• EF = Emission factor (g/hp-hr)
While residential equipment are used much less frequently than commercial ones,
their population is much higher than the residential ones (as illustrated on slide 13),
California Air Resources Board
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and therefore, they have relatively high contribution to overall emissions from small
off-road engines.

Q: Please explain how the amount of time a piece of equipment is used is factored
into the harms produced by different types of equipment? Homeowners may be
preferring electric but they use the equipment infrequently while commercial
operators use gas-powered equipment for hours each day 5-6 days a week
A: The general methodology, utilized by SORE2020, to calculate the off-road mobile
exhaust emissions in tons per day (tpd) for gasoline two-stroke (G2) and four-stroke
(G4) engines uses emission factors by model year for HC, CO, NOx, PM, and CO2.
The emission factors are expressed in gram per brake horsepower hour (g/bhp-hr),
and deterioration rates representing the rate of emission increase per hour (g/bhphr2). The emission factors are calculated by the following equation:
EF = ZH + DR * CHrs
Where,
•
EF = emission factor, in grams per horsepower-hour (g/bhp-hr)
•
ZH = zero-hour emission rate, or when the equipment is new (g/bhp-hr)
•
dr = deterioration rate or the increase in ZH emissions as the equipment is
used (g/bhp-hr2)
•
CHrs = cumulative hours or total number of hours accumulated on the
equipment
Utilizing the emission factor above, the exhaust emissions in tons per day are
calculated by the following equation:
Emissions (exhaust) = Pop * HPave * LF * Activity * EF
Where,
•
Pop = Population
•
HPave = Maximum rated average horsepower (hp)
•
LF = Load factor
•
Activity = Activity or annual operation (hr/yr)
•
EF = Emission factor (g/hp-hr)
While residential equipment are used much less frequently than commercial ones,
their population is much higher than the residential ones (as illustrated on slide 13),
and therefore, they have relatively high contribution to overall emissions from small
off-road engines.
Q: could you please also explain why leaf blowers are not included on the charts on
slides 21 and 23?
A: For illustration purposes, we only included selected equipment types on this
slide. However, we have updated emission factors for a variety of different
equipment types. Please email us at Walter.Wong@arb.ca.gov or
David.Chou@arb.ca.gov and we should be able to provide you with the complete
list of proposed emission factors for the preliminary estimates that were presented
in the workshop. Please note that the analysis shown in the workshop was
preliminary and is subject to change.
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Q: Could part of the difference in OFFROAD2007 and CSUF 2018 Survey be due to
the population growth?
A: Absolutely. OFFROAD 2007 is based on data collected almost two decades ago,
and did not account for the 2008 economic recession. That’s why we conducted a
comprehensive survey in 2018 to better understand the population of small offroad engines and also account for the impact of 2008 economic recession on the
total of in-use equipment.
Q: My question relates to Slide 23 same as Kim's, asking about missing leaf blower
data. I understand from the response was that it was because the number was
considered insignificant. You indicated that this data was available upon request.
So, I would appreciate it if you could provide it to me and note the data collection
source details
A: Lisa, please email us at Walter.Wong@arb.ca.gov or David.Chou@arb.ca.gov and
we should be able to provide you with the complete list of proposed emission
factors for the preliminary estimates that were presented in the workshop. Please
note that the analysis shown in the workshop was preliminary and is subject to
change. Table below provides the exhaust emission factors for leaf blowers that
used to generate preliminary emissions estimates presented in the workshop slides:

Leaf
Blowers/Vacuums

HP

G2-Carb

2

29.46

0.54

5

16.38

1.21

15

2.67

2.51

25

2.42

3.01

15

1.34

3.39

G4-Carb

51

Q: generators by nature are ICE to produce electricty.
A: Mark - There are some battery powered generators such as:
https://www.homedepot.com/b/Outdoors-Outdoor-Power-Equipment-GeneratorsBattery-Generators/N-5yc1vZ2fkoqho
Q: how can you have an electric generator?
A: It's a battery bank with outlets, sometimes referred to as a generator because it
serves a similar purpose
Q: Is there a full list available of the proposed emissions factors?
A: Yes, please email us at Walter.Wong@arb.ca.gov or David.Chou@arb.ca.gov and
we should be able to provide you with the complete list of proposed emission
factors for the preliminary estimates that were presented in the workshop. Please
note that the analysis shown in the workshop was preliminary and is subject to
change.
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SORE2020 Emission Factors
(g/bhp-hr)
HC-ZH
NOX-ZH

Tech
Type

G4-FI
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Q: has anyone explored whether leafblowers can spread COVID-19?
A: Unfortunately, we do not have answer to that, as the purpose of our work is
mainly focused on emissions from the engines used to power the equipment.

Equipment

49
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Q: This is Sang-Mi Lee from South Coast AQMD. Can you address the relative
contribution of exhaust vs evaporative emissions in ROG?
A: For 2018, exhaust ROG is about 62% of the total ROG. In 2050, it is projected
that exhaust ROG will be about 70% of total ROG.
Q: Does the SORE2020 Model incorporate the Future Exhaust and Evaporative
emission limit proposals impacting the future emissions of the equipment?
A: The data shown in this workshop were calculated with the SORE2020 model and
reflect the regulations that have been already adopted. In the event that CARB
adopts amendments to Exhaust and Evaporative emission limit, the SORE2020
model will be revised to reflect those. The SORE2020 model may also be used to
calculate emission reductions that would occur if new standards were to be
proposed.
Q: With the updated SORE2020 Emission inventory, would the SORE emission limit
proposal change or improve, or remain the same as what was previously proposed?
Also, what is the timeline for new regulatory proposal of the SORE emission limit?
A: At this point, the SORE2020 model only reflect the regulations that have been
already adopted. In the event that CARB adopts amendments to Exhaust and
Evaporative emission limit, the SORE2020 model will be revised to reflect those. A
possible timeline for future SORE emissions regulations was discussed in a
rulemaking workshop on September 26, 2019. The information from the workshop,
including the presentation can be found here: https://ww2.arb.ca.gov/soreworkshops.
Q: Is the 2020 model available to the public?
A: The model is not yet publically available. We plan to release a draft version of the
model in May/June 2020 timeframe along with a final release in
September/October 2020.
Q: When will you release the draft 2020 model?
A: As discussed on slide 5, we plan to release the draft version of the model in
May/June 2020 timeframe.
Q: will you provide slides of this training?
A: Slides are available at Mobile Source Emissions Inventory Meetings & Workshops
Page.
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