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Reading and Using the Study Report and Appeadixes

The Nonread Engine and Vehicle Emission Study has been bound into two volumes -
the report and its appendixes. ‘The report contains five chapters which provide information
on the purpose and goals of the study, the approach, the results, and a discussion and analysis
of those results. Throughout the report, the reader is provided with the bagic information
needed to understand what was done to obtain the results presented. More detailed
information has been put into a series of sixtecn appendixes, which are bound separately from

the report.
In both the report and the appendixes, the reader witl find annotated notes, indicared

by a superscript symbol, at the bottom of the page. Thesc notes are provided where it was
felt some explanatory information might be needed. Reference citations are indicated by a
superscript number. A list of the references cited in the repon is located on the last page of
the report. In the appendixes, a list of references can be found at the end of each appendix.

Many acrormyms are used in the report. While they are defined when first used, a list
of acronyms and their meanings is also provided in Appendix A. Appendix A also contains a
glossary of some of the terms used in the report.

iv
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Executive Summary

Congressional Mandate

This study is a response ta the Congressional directive’ thar EPA quantify the
contribution of nonroad sources to ozone and carbon monoxide air pollution and to other
pollutares believed to endanger public bealth, The Clean Air Act (CAA). as amended, directs
EPA to complete 2 study of emissions from nonrcad engines and vehicles by November 15.
1991, The CAA further requires EPA to regulate emissions from nonroad engines and
vehicles within twelve menths after complstion of the study if the Agency determines that
these sources are significant contributors to ozone or carbon monoxide (CO) concentrations in
more than one area which has failed to attain the National Ambient Air Quality Standards
(NAAQS) for these pollutants. This report does not constitute EPA's determination of
significance. Any determination EPA makes reiative to the significance of nonroad
contributions to air quality will be included as part of any regulations proposed for nonroad
engines and vehicles. Opportunities for public comment on any determination of significance

. wil] be provided through the regulatory process if the Agency proposes nonroad regulations.

Nonroad Engines and Vehicles

The terms "nonroad engines” and "nontoad vehicles” cover a diverse collection of
equipment ranging from small equipment like [awnmowers and chain saws, to recreational
equipment, to farm equipment and construction machinery. EPA considered more than 30
different types of equipment in this report. To ease analysis and reporting EPA has grouped
}:quipmm inta 10 equipment categories listed in Table ES-01.™

*Saction 213(2) of the Clean Air Act, ax amended, dircis EPA 10 conduct a study of emissions from nenread
engines and vehicles and to determine if such smissions cause, or significanily conttibute to, air pollution which m
be reasonably anticipated to codanger public bealth or welfare.

MLocomotives and aircralt are pot included in this study because the CAA provides for them separately
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N ad En and Vehicle iggion S

Table ES-01. Equipment Categories Incleded in Study

Nonroad Equipment Categories
| P———CTETT — — — ——— —————|
Lawn and Garden Equipment Industrial Equipment
Ajrport Service Equipment Construction Equipment
Recreational Equipment Agricnimeral Equipment
Recreational Marine Equipment Logging Equipment
Light Commercial Equipment Commercial Marine Vessels |

Nonroad engines are not regulated for emissions, and very few nonroad engines
currently use emission control technology. Because of the diversity of nonroad squipment,
characterization of the emissions from nonread engines is a compiex task, A comprehensive
analysis of the air quality benefits potentially available from reducing nonroad engine
emissions has never before been undertaken.

Congress asked EPA to focus on quantifying emissions from unregulated nonroad
sources after 20 years of highway mobile sources regulation and increasingly costly controls .

on the automotive industry. As a group, nonroad engines represent the last uncontrolied
mobile source. Potential emission reductions from this source may help resolve local aic
quality problems. A compasison between pollution emitted by individual pieces of new
nonroad equipment and pollution ernitted by today’s typical in-use passenger car illustrates
the logic behind the Congressional mandate.

Table ES-02. Examples of Emissions from New Nonroad Equipment Relative to a
Typical In-Use Passenger Car

1 lawnmower VOC 50

1 chain saw VOO 200 it
“ 1 outboard motar vOC 200

1 crawler tractor NO, Qﬂﬂn-.:_“

¥
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Ezecutive Summary

State and Industry Participation

EPA’s ability to complete this study has been greatly enhanced by contributions of the
nonroad equipment industry and by many state zir quality planners. A public workshop was
held April 3-4, 1991, and mdividual meetings were held with many nonroad manufacturing
groups. An informal group of technical experts, including industry and state representatives,
provided valuable data and technical feedback throughout this study process. In many cases
the nonroad manufacturers invested resources to provide detaiied information to help construct

nonroad emission inventories. On October 30, 1991, EPA held a public meeting on the full
draft of this report.

Study Approach
To estimate the contribution of nonroad sources to air pollution, EPA constructed

natonal emission inventories of nonroad sources, as well as local inventories for 19 ozone
and 16 carbon monexide (CO) nonattainment areas, Since it was not possible to construct
inventories for all nonattatnment arcas within the time allowed for this study, these areas were
selected to represent a spectrum of demographic and geographic characteristics. They also
represent most of the nation’s most severe air poilution preblems.

Because Congress specified that EPA study the nonroad source contribution to ozone
and CO nonattainment, the stady primarily focuses on CO and on the potlutants that
conmribute to ozone formation, volatile organic compounds (VYOC) and oxides of nitrogen
(NOy). However, the srudy addresses all the poilutants listed in Table ES-03.

Table ES-03. Pollutants Included in the Study

Pollutanis -
Volatile Organic Compounds (VOCs} Benzene
COxides of Nitrogen (NOy) Aldehydes
Carbon Monoxide {CO) 1.3-butadiene
Particulate Matter {PM) Gasoline Vapors
Sulfur Dioxide (S0,) Nifrosamines

—_— - ——
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Nonroad Epgine and Vehicle Emission Sy

Constructing Emission Inventories .

Emission inventories arc detailed listings of the amount of pollution generated by
different sources in a given area over a specific peried of time. In constructing nenroad
inventories, several factors must be estimated: (1) equipment populations in a given
nonattaimment area, (2} annuai hours of use of cach type of equipment adjusted for geographic
region and for the seasen of interest for each pollutant studied, (3) average rated homsepower
of each type of equipment, (4) typical load factor for ¢ach type of equipment, and (3) an
emission factor (EF), or average emissions of each pollutant per unit of use (e.g., ghp-hr) for
¢ach cawegory of equipment.

Given the number of engine types and equipment included in the study and the limited
amount of data available characterizing emissions from nonroad sources, EPA chose 10
construct two sets of inventories. In the first set, EPA constructed inventories that incorporate
commerciaily and publicly available data so that the method could be repeated by interested
states. The second set of inventories incorporated industry-provided data that might not be
publicly available to states (e.g., confidential sales data to estimate populations), but wouid
give EPA a valuable cross check for the first set of inventories. This report presents both sets

of inventories;

Inventory A which relies heavily on a commescially available marketing research data
bage** and publicly available indices of commercial activity to estimate equipment
populations;

and

Inventory B which incorporates manufacturer-provided data in almost all high usage
categories,

Both inventories use the same emission factors for all pollutants except particulates.
EPA and its contractors, with the assistance of industry, updated nonroad emission factors for
this study using all available test data, inciuding evaporative and refueling (spillage) emission
data. Most of the emission data for nonroad engines are based on tests of new engines. The

limited information EPA doecs have on in-use nonroad engines shows that in-usc emissions

HPower Sysems Research maimtainy a marketing sesearch data base that inclodes most types of oonroad
squipment.
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Executive Summary

could be as much as two rimes higher for some types of equipiment than emission estimates
using emission factors based on new engine test data. Consequently, inventories calculated
using new engine emission factors (new engine EFs) will underestimate the contribution of
nonroad engines to air pollution. EPA has developed a second set of emission factors {in-use
EFs) for VOC and CO that includes a gross adjustment for in-use deterioration. Because of
the uncertainty involved in making n-use adjustments, the report presents estimates for both
Inventories A and B with and without the adjustment. In-use adjustments assume very little
deterioration by diesel engines. Hence, category-specific inventories (¢.g., Construction
Equipment) for cat¢gories dominated by diesel engines show very lite difference between the
myentorics estimated using new engine EFs and in-use EFs. The estimates using the new
engine EFs shoufd be considered the conservative lower bound of nongoad contribution in

each nonattainment area,

Highlights of Study Resvits
Results are presented for all nonroad sources and for each equipment category.

Aggregate Nonroad Contrjbutions to Inventories

The results of Inventaries A and B are _simila.r. Chart ES-01 shows the median
contributions to total inventories in the 19 ozone and 16 CO nonattainment areas studied. In

general, Inventory B estimates lower emissions than Inventory A.
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Chart ES-01. Comparison of Median Cuntributions - Inventory A & B
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Under the most conservative assumptions, using the new engine EFs and choosing the .

lawest estimate from Inventories A and B combined, minimum contributions by poltutant for
all cities studied wers as follows: 2.9% VOC, 7.6% NOy, and 2.2% CO. It is often useful to
lock at the second highest and second lowest values in the range to avoid any “outliers” that
might skew the data. For example, the second lowest contribution of ¥OC in any
nonattainment area stadied was 4.5%, for NOy 9.7%, and for CO 2.3%.

It is also useful to look at the nonattainment area with the second highest contribution
gince Congress requires EPA to regulate nonroad engines if it finds that nonroad engines arc
significant contritutors to pollution in more than one nonattainment area. Chart ES-02 shows,
far VOC, NQy, and CO, the level of conmribution in the nonattainment area with the second
highest contribution from nonroad sources.
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Ezeculive Summar:

light-duty trucks, heavy-duty vehicles). Most lazge sources, like motor vehicles, have
. substantially reduced cmissions because of regulatory requirements over the past two decades.
Because many of the technologically and economically feasible reductions available from
large sources have already been realized, a number of emission control programs recently
mandated by Congress arc aimed at achieving marginal inventory reductions. These
raductions are relatively small compared to past ceductions taken from an uncontrolled
baseline. Since marginal redoctions tend to be costly, the EPA has begun to focus on
controlling many small sources of pollution. Because nonroad engines are uncontrolled, it is
reasonable to expect that introduction of controls on sources emitting 1% of the total
inventory would at least achieve benefits in the range of many other control pregrams now
mandated by Congress in the CAA.

Tabie ES-05 shows, using the new engine EF3, the number of nonattainment areas in
Inventories A and B in which specific nonroad categories contribute at least 1% of total
inventory. Many of these areas exceed the 1% contribution by a wide margin.

Table ES-05, Number of Areas in Which Category Contributes at Least 1% of Total

[ Inventory in the 19 Ozone and 16 CO Nonattainment Areas Studied
NmZ’
Noaroad Category Inventory A/B
vOC NOy Co
Lawn and Garden 19-58 0-0 53
Recreational Marine 17-17 2-1 0
Commercial Marine 1-1 10-9 22 ]
Recreational Equipment 2-0 0 3.2
Light Commercial Equipment 2-2 0 15-15 |
Constryction Equipment 11-5 19-19 3-0
Agricultural Equipment -1 12-13 0
Adrpont Service Equipment 0 12-12 0
“ [Industrial Equipment 0 13-13 12-10 |
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Nonroad Engine and Vehicle Fmission Study

Charts ES-03 through ES-08 show VOC, NOg, and CO ernission inventories for
nenattainment areas typical of those included in the study ¥ For comparison, the national .
emission inventories are also shown.

The nonroad portion of each chart is based on the average berween Inventories A and
B with and without adjustments for increased in-use emissions. The key at the bottom of
each page lists the other sources included in the charts.

The nonroad contribation to the sumemertime VOC inventory for the New York
CMSA/NECMA is greater than the combined contribution from all highway vehicles except
light-duty gasoline vehicles. For the Philadelphia CMSA, the nonroad summertime NOy
contribution is larger than that from all heavy-dury highway vehicles. The nonroad
contribution to the wintertime CO inventory for the Denver CMSA is greater than the
combined contribution from all other sources except highway vehicles.

Nationally, the nonroad summertirne YOC and NO, contributions are greater than
those from any other single source categorits except solvent evaporation (VOC) and electrical
generation (NQ,). The national nonroad CO contribution is greater than the combined
contributions from all highway mobile sources except light-duty vehicles.

W Por each poliutant, the area shown ix that for which the nonroad portion of the inventory was nearest 1o the .
median value for the different areay incinded in the stady.
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Executive Summary

Chart ES-02. Percent Contribution from Nonroad Sources in the Nonattainment Area
with the Second Highest Contribution Level
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The individual nonroad categories contributing most heavily te the inventories vary by
pollutant. Both Inventory A and B show substantial summertime VOC emissions {rom
nonroad sonrces. These emissions are primarily from lawn and garden equipment and from
the recreational marine caregory. About 7.5% of the lawn and garden contribution to nonroad
VOC inventories is due to evaporative emissions from spilling fuel when refueling equipment.

The nonroad portion of total summertime NGy emissions is estimated to be about the
same, on a percentage basis, as the portion of total YOC emissions from nonroad sources. By
far the largest contributor to nonroad NO, emissions is construction equipment. [nventory A
shows in a]l areas studied that construction equipment contributions exceed 6% of the total
NOy inventory. Inventory B shows that in i5 of the 19 areas, NOy emissions from
construction equipment cxceed 5% of the total inventory. Agricultural, industrial, airport

service, and commercial marine sngines are also important contributors of NOy in some areas.
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Nonroad ine and Vehicte Emission Study

Uniike VOC and NO, emissions, no one category dominates the nonroad CO emission

contribution. Light commercial, lawn and garden equipment, industrial, commercial marine,

and recreational equipment categories each contribute 2 minimum 1.4-2.2% of total

winiertime CO in at least two areas.

Tabie ES-04 shows the contriburions of the different nonroad engine and vehicle

categories to total inventorics of VOC, CO, and NOy emisgsions. The contributions are

expressed in percent of total emissions from aif sources, The values given are medians of the

contributions in the various neonattainmnent ansas studied. These are given for both inventories

A and B, using emission factors first based on new engines and second incorporating EPA's
estimate of in-use effects. Finally, the median contribution from all nonroad engines and

vehicles is showr

Table ES-04. Median Contributions of Nonroad Categories to YOC, NOy and CO
Emission Inventories A and B, with New Engine/In-use Estimate Emission Factors

[ = ———-11
% Total VOU tpad % Total NO, tpad % Totsl CO tpwd
Source Category Inv. A Inv. B Inv. & InvLL:IL_ Inv. B
I h——— S
Lawn and Garden 2.6-4.7 2.4-4.1 0.2 02 061t 0.5-0.9
Airport Service ©.1-0.1 0.1-0.1 L1 L2 0.2-0.2 0.2-0.2
Recreational 0.2-0.4 0.2-03 0.0 040 04908 0.4-0.7
Light Commercial 06-1.0 06-1.1 02 1.2 - 2036 2037
Tndustrial 0.4-0.5 0.4.04 1.7 13 1315 1.1-1.4
Coagstruction 1.0-1.1 0808 v X B4 0.5-0.6 0.4-0.5 "
|| Agriculniral 0.240.2 0.2-0.2 1.6 1.7 1101 0101
Logging 0000 | 0000 0.0 0.01 .0-0.0 0.0-0.0
Recreational Mxrine 3.4-4.0 2.2-15% 0.3 0.2 {1.1-0.1 0.1-0.1
Commiercial Marine 0.1-0.1 0.1-0.1 .7 1.0 0.1-01 0101
== ]
Total Noaroad 0.1-13.6 T4=103 172 145 £9.04 5225
— ———

Relative Contributions of Nonroad and Other Emission Sources
One of the difficulties in improving air quality is that a multitade of small sources

contribute ta air pollution. In fact, many of what are considered “large” sources are actually

groups of smaller sources {(¢.g., motor vehicles are categorized into light-duty vehicles,
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Executive Summary

Chart ES-03. National Summertime VOC Inventory
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Chart ES-05. National Summertime NO;y Inventory
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Execulive Summary

Chart ES-07. National Wintertime CO Inventory™
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Because nonroad seurces are among the few remaining uncontrolled sources of

pollution, their emissions appear large in comparison to the emissions from sources that are

afready subject to substantiai emission control requirements. For example, the CAA requires
extreme ozone nonattainmment areas to empley Reasonably Availabls Control Technelogy
(RACT) on all stationary sources with VOC or NOy emissions above 10 tons per year (tpy).
Annuat operation of only 10 crawier tractors or 24 agricaltural tractoss will produce 10 py of
NO,. Typical annual operation of only 74-142 boats with outboard motors or 730-1,630
chain saws will emit 10 tpy of VOC."™" In contrast, it takes 700 new, cument-tschnology
passenger cars driving an average of 13,000 miles esch in a year (a total of more than %
mitlion miles) to produce 10 tpy of VOC.

Areas of Further Study
In the process of constructing the study, EPA identified a rurnber of areas where
estimates were developed using limited data or were not developed at all becanse of lack of
data altogether. While existing nonroad emission factors estimate tailpipe emissions from
relatively new engines, more work needs to be done to quantify the effects of in-use .
deterioration, crankcase and evaporative emissions, toxic and particulate emissions, and
emissions under cold start conditions. Because these emissions are not totally captured by the
emission factors used in this study, the inventories presented in the study, particularly those
caiculated using the new engine emission factors, are likety to be conservative cstimates of

the nonroad coniribution to air poilation.

*“* These pumbers indicate the range between data nted to develop A and B natioesl inveatories.
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Chapter 1. Overview and Background

The comerstone of the Clean Alr Act (CAA) is the ffort to attain and maintain
Nationai Ambient Air Quality Standards (NAAQS).' ™™ Prier to the enactment of the
19990 CAA Amendments {CAAAY, efforts to achieve and matntain air quality standards
focnsed on regulation of emissions from on-highway, area, and stationary scurces. As a result
of these efforts, significant progress has been made in reducing such emissions. However.
due to the growth in air pollution sources, many air quality regions have failed to attain the
NAAQS, particularly those for ozone and carbon monexide (CO).

The CAAA contain numerous provisions that are intended to remedy these continuing
air quality problems, through the application of new controls on currently regulated mobile
and stationary sources of emissions and the promulgation of regulations for new sources. As
part of the effort 1o identify and control unregulared sources of air pollution, the CAAA direct
the U.S. Environmental Protection Agency (EPA) to study contributions to air quality from
nonroad engines*** and nenroad vehicles!! (other than locomotives or engines used in
locomotives) ¥¥£ This study is the result of that directive,

1.L. Air Pollntion Prob
The CAA requires the EPA to set air quality standards for common and widespread

pollutants after preparing "criteria documents” summarizing scientific knowledge on their
health effects. Currently, six "criteria” poilutarus are regulated by primary and secondary

'™ Reference citationy are indicabed by a superscripted number. A list of cimtions can be found at the end of
the rept.

#t gecron 216(10) of the CAA, a3 amended, defines “ponmad cogine” as an inlermnal combustion engine
{including the foel system) that is oot used in & motor vehicle of 3 vehicle used solely for compeuton, or bl is nut
subject to standards promulgated under section 111 (new stationary sources) or section 202 {motor vehicles) of the
CAA. As defined in section Z16(2) of the CAA, "motor vehicle” means any self-propelled vehicle designed for

{TAnSpOTURE PeTsons of property ofl a street or highway.

" Sartion 216(11) of the CAA, as amended, defines "nonroad vehicle” as a vehicle that is powersd by 4
noaroad engine and thal is pot a motor vehicle or a vehicle used solely for competition.

£ Emissions from locomotives and pew engines used in locometives are being addressed in a separate st
as required under section 213(ax5) of the CAA, as amemied.
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NAAQS.™*  As of 1989, over one-half of the population of the United States was still

exposed to levels of these pollutants which were considered unhealthful by EPA.

Based on air quality data from 1988-1989, more than 33 million people resided in the
41 areas that failed to meet the NAAQQS for CO. An area is considered to have failed to
artaint the NAAQS for CO if it exceeds 9 parts per million {pprn) twe or more times in a two
year period. Carbon monoxide, formed as a result of the incomplete combustion of fuel, is
emnitted during the combustion process.

in contrast to CO, ozone is formed in the atmosphere as a result of a compiex series
of chemical reactions between oxides of nitrogen (NOy) and volatile organic compounds
(VOCs), In most urban nonattainment areas, both NOy and VOCs must be substantially
reduced to bring the area into attainrment of the ozone standard. Further, since airborne ozone
and NOyg, and possibly VOCs, can be transported from one area to another, attainment of the
ozone standard in some areas may require control of NOy and VOC emissions in upwind
regions. '

An area is in nonattainment for ozone if it exceeds (.12 ppm mere than three times in
a three year period. In 1987-1989, 96 U1.S. cities exceeded the standard for ozene, Of these

citieg, nine were classified as "severely” polluted, expericncing peak ozone levels that
exceeded the standard by 50 percent or more, Based on 1989 air qualiry data, over 66
million people lived in counties not meeting the ozone standard.’ Appendix B containg a
description of ozone formation and a bibliography of the literature on ozone. A list of carbon
monoxide and ozone nonartaitiment areas can be found in Appendix C,

As with CO and ozone, many areas zre in nonattainment for particulate matter (PM).
At the time the CAAA were enacted, 73 arcas failed to meet the NAAQS for PM. Over 23
million people lived in areas not meeting the particulate standasd in 19894 "

1In addition to problems associated with nonartainment of the NAAQS, EPA is
concerned with the health risks associated with air toxics. Most air toxics are hydrocarbon
compounds capable of causing adverse health effects. Benzens, formaldehyde, and 1.3-

““** NAAQS have been established for particulate matter (PM), suifur dioxide (S0,}, carbon monoxide (C0
nitrggen dioxide {NO,), ozooe, and lead. .

"' The emimate for particulate matter i3 congidered 3 lower bound estimate, because the PM,, monitoring
oetwork i still evolving.
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butadiene are emitted by motor vehictes and are considered to be human or probable buman
carcinogens. Some air toxics, such as benzene, are components of gasoline and can be
emnitted as unbumed fuel or as fuel that evaporates. Other air toxics, such as formaldehyde.
which results from the same reactions that form ozone, and 1,3-butadiene, are net present in
fuel, but are by-products of incomplete combustion. A summary of cancer risk estimates
associated with moter vehicle pollutants of most concern can be found in Appendix C.

2. Congressi Mandate of Styd

Section 213(a) of the CAA, as amended, directs EPA to conduct a study of emnissions
from nonroad engines and vehicles and to determine if such emissions cause, or significantly
contribute to, air poilution which may reasonably be anticipated to endanger public health or
welfare, Within 12 months after the completion of the study, the Administrator of EPA must
determnine whether the emissions of CO, NOy, and VOCs from such new or existing engines
or vehicles are significant contributors to ozene or CO concentrations in more than one area
which has failed to attain the NAAQS for ozone or CQ, If an affirmative determination is
made, the Administrator is required to promulgate regulations containing standards applicable
to emisszons from those classes or cau:gnﬁﬂs of new nonrcad engines and vehicles which in
the Administrator’s judgment cause, or contribute to, such air pollution.

This study is the result of the directive in section 213(a) that EPA conduct a study of
nonroad emissions. The study quantifies, through the use of nonroad equipment emission
inventories, the contributions of nonroad sources to air quality problems. The study does not
make a determination of the significance of emissions from nonroad sources. Such 2
determination will be included as part of any reguiations premulgated for nonroad engines
and vchicles.

13, N ipment ies Included in ¢ d
EPA considered aver 80 different types of equipment in this analysis. To case

analysis and reporting and to assist the disaggregation of nationat or state equipment
populations to the local level, EPA grouped the equipment types into the 10 equipment
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categories listed in Table 1-01. Additional information on these equipment rypes and
equipment categories can be found in Chapter 2. It should be noted that these categories

were developed only for usc in this study and are not intended to represent potential

regulatory categories. Aircraft and locomotives were not included in this study ¥

Tabie £-01. Equipment Categories Included in Study

Lawn and Garden Equipment
Airpernt Service Equipment
Recreational Equipment
Recreational Marine Equipment
Light Commercial Equipment
Industrial Equipement
Construction Equipment
Agricultural Equipment
Logging Equipment

Commercial Marine Vessels

1.4. Pollutants Considered in the Stgdy

Although numerous pollutants have the potential to meet the criteria set forth in the
CAAA for inclusion in the stady, EPA chose to limit the number of poliutants examined in

this study to those liseed in Tablie 1-02.

A reraft are already regulated ander a separste subpart of the Clean Air Act and, bepee, are not classified as .
nooroad sngines or vehicies. Locomotives were specifically exciuded (rom inclusion by Congress in the CAAA
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Table 1-02. Pollutants Included in Study

Pollutants

Volatiie Organic Compounds (VOCs)
Oxides of Nitrogen (NOy}
Carbon Monexide (CO)
FParticulate Matter (PM)
Sulfur Dicxide (SO,)
Benzene
Aldehydes
1,3-butadiene

Gasoline Vapors

Nitrosamines

Section 213(a) of the CAA, as amended, requires that YOCs, CQ, and NOy be
included in the nonroad study. Of the three other NAAQS criteria pollutants (PM, 3G, and
lead), EPA chose to include PM and SO,, since both are cumrently reguiated for on-highway
gources and have been identified as centributing to air quality conditions that are dangerous 1o
public heaith or welfare. The last criteria pollutant, lead, although highly toxic, was not
inciuded in the study because the CAAA prohibit the production of motor vehicle engines and
nonroad engines that require leaded gasoline after model year 1992.

Nonroad sources also emit other pollutants commonly referred to as air toxics, which
include carcinogens, mutagens, and reproductive toxins. Currently, little information exists
regarding air toxic emnissions from nonroad ¢ngines and vehicles or the health effects of such
emissions. Muoreover, nene of these pollutants from on-highway sources have been regulated
on the bagis of carcinogenicity.

EPA's suthority to include air toxics in this study is derived from section 213(awd} of
the CAA. In determining which air toxics to examine, EPA considered three sources of
information: compounds suggested by contractors which show the greatest cancer incidences
and other risks,’ poliutants to be included in EPA’s CAA-mandated stady of mobile
source-related air toxics, and those pollutants emitted from nonroad sources which are found
in Title III of the CAA. After reviewing the availability of data and the cancer risk
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incidences, EPA chose to address the following air toxics in this study: benzene. aldehydes: .
1,3-butadiene; gasoline vapors; and nitrosamines. Appendix D contains a listing of the air

toxics considered in this study.
raphi onsidered | d

In determining which geographic areas to include in the study, EPA decided to focus
on the 24 areas, listed in Table 1-03, which failed to attain the NAAQS for either ozone, CO,
or both. Nineteen of the areas were evaluated for VOCs and NQy, and 16 areas for CO. A
primary reason for selecting these areas is the severity of their local air quality problems.
EPA also believes these areas are representative of other urban areas with aur pollution
problems due to their diverse geographic and demographic characteristics.

Table 1.03. Geographic Areas Included in Study

Nonatiainment Areas
Allanta, GA MSA T | Minaeapolis-St. Paul, MN-WE MSA
Baitimore, MD MSA Mew York-Morthern NJ-Loog lslawd, NY-NJ-
CT CMSA/NBECMAN
Baton Rouge, LA MS3A Philadelphia-Wilmington- Trenkon, PA-NJ-DE-
MD CMSA
Boston-Lawrencs-Salem-Lowell-Brockton, MA NECMA | Provo-Orem, UT MSA
Chicago-Gary-Lake County IL-TN.-WI CMSA St. Louis, MO-IL MSA
Clevetand. Akron-Lorxio, OH CMSA San Diego, CA Air Baxin™ |
Denver-Boulder, CO CMSA San Joaquin, CA Air Bazin
El Paso, TX MSA Seattle-Tacoma, Wh CMSA
Hartford-New Britain-Middletown-Bristol, CT NECMA | South Coast, CA Air Basin
[ Houston Galveston-Brazoria, TX CMSA Spokane, WA MSA |
Miami-Fort Landerdale, FL CMSA Springfield, MA NECMA
Milwamkse-Racine, WI CMSA Washington, DXC-MD-VA MSA

HH Comolidmed Metropolitan Statistical Arca (CMSA} and North East County Metropolitan Statistical Area
{NECMA) definitions are given in State and County Metropolitan Area Data Book, U.S. Burean of the Censug, 1986,

5 Califria air baxins are defined for the purposes of this study as in the 1990 version of the 1987 emission .
inventory prepared by the California Air Resources Boand (CARB} for the Stam of Califormia.
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1.6. Pyblic Participation

EPA recognizes that involvernent by the manufacturing and environmental
communities is essential in ensuring the effective implementation and enforcement of any
policies and regulations which may be developed. Therefore, throughout the nonroad engine
and vehicle study process, EPA actively solicited information and cornment from interested
partics. The information supplied by these parties enabled EPA to use the best available data
in developing estimates of the contribution of nonroad engines to air quality problems.

A pubiic workshop was held on April 3-4, 1991, with over 200 persons in attendance.
The purpose of the workshop was to discuss the nonroad engine and vehicle study and the
Agency’s regulatory process. Presentations were made by EPA, state agency representatives,
and industry representatives.” . EPA requested that manufacturers submit population
inventory and emission data for the nonroad equipment to be considered in the study. [n
addition, a briefing for environmental groups on general air quality issues held in Washington,
D.C., on May 14, 1991, included a presentation on the nonroad study.

Following the public workshop, EPA held individual meetings with a number of
manufacturers and manufacturer groups, including: Outdoor Power and Equipment Instinite
{OPEI), Industrial Track Association (ITA), Engine Manufacturers Association (EMA}, the
Equipment Manufacturers Institute {EME), Portable Power Equipment Manufacturers
Association (PPEMA), John Deere Company, National Marine Manufacturers Association
{NMMA), Manufacturers of Emission Controls Association (MECAY}, Ford Motor Company,
Ford/New Holland, and Tecumseh Products Company. At these mestings, manufacturers
provided EPA with up-to-date information which assisted EPA in the development of the
inventories in the study. Association descriptions and membership lists are in Appendix E.

An informal external technical review group, composed of representatives from 2
variety of manufacturer associations and state agencies, was convened by EPA to provide
technical review and feedback throughout the development of the study. The review group
provided informai feedback on the nonroad population inventary methodology, emission
factors, and per-source usage ratcs for the study. A complete list of the Technical Review
Group members is included in Appendix F.

**** Presetation materiala and other comments are available for public mview in Docker #A-91-24.
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EPA published a draft of this report for public review in October 1991, and heid a
public meeting on the nonroad study on October 30, 1991. This raport reflects EPA’s .
consideration of comments received on the draft report. A discussion of EPA’s response to

public comments is found in Appendix Q.

MNoavember 1991 A



Chapter 2. Methods and Approach

The goal of the EPA Nonroad Engine and Vehicle Emission Study was to develop an
inventory of nonroad engine and vehicle emissions within the Congressionally mandated time
period. To achieve this goal, EPA used the limited data that was available. Where feasible.
these data were updated or new data were developed.

In developing emission inventories for nonroad engines, EPA found thar comparisons
between existing data were not always direct or easy. One of the higgest challenges was w
find a way to present, compare, and analyze data from a variety of sources. Given the
nurnber of types of engines and equipment included in the study, and the amount of data
avaiiable that characterized emissions from nonroad sources, EPA chese 1o construct two sels
of inventories, both of which are presented in this report.

In the first set of inventories {Inventory A), EPA incorporated cominercially and
publicly available data so that the method of inventory construction could be repeated by
interested states, The second set of inventories (Inventory B} incorporated industry-provided
data that might not be publicly available to states (e.g,, confidential sales data to estimate
populations) but which provided EPA with a means of validating the first set of inventories,
A discusgion of the methodology and data used for both inventories is presented later in thus
chapter. Each inventory is based, at least in part, on specific data sousces:

. Inventory A relies primarily on data provided by contractar
studies; in particular, on population and per-gource usage rate
data derived from recent work contracted by EPA for this study,
For most categories of equipment, poputations are drawn from a
commercially available market research data base. Inventory A
alse includes sorme data suppiied by states and manufacturers.

. Inventory B incorporates population and per-source usage rate
data supplied to EPA by manufacturers and manufacturer
associations. For most categories, population estimates were
supplied by the manufacturers or are derived from confidential
sales data provided by manufacturers. Where gaps existed, data
from Inventory A were used, so that a complete inventory could
be developed.
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The study atso considers a third set of inventories, Inventory C, which is based on .
data developed by individual states for their 1987 State Implementation Plans (SIPs)."™""!
At the time the study was initiated, SIPs provided the most comprehensive source of nonroad
engine and vehicle smission data. Each SIP contains a state-developed inventory which
considered population and per-source usage rate estimates. However, two factors restricted
the ability of EPA to utilize this inventory as & basis of comparison with Inventeries A and B.

First, the SIPs considered a lirnited number of nonroad equipment types. Second, a
subsrantial amount of new data on nonroad sources was developed after the states constructed

their 1987 draft inventeries. Nevertheless, the SIPs stiil constitate a valuable point of
reference, Further discussion of this inventory is found in Appendix G.

2.1. tructur insion Inventories

Emission inventories are detailed listings of the amount of pollution generated by
different sources in an area during a specific period of time and are used te account for the
various sources of different air pollutants. For example, a CO emission inventory might .

appear as shown in Table 2-01.

Table 2-01. Sample CO Emission Inventory.

Source
Light-Dury Highway Vehicles
| Other Highway Vehicles

1 Tite [ of the CAA requires states to develop plans to demonstrate how they intend to meet the NAAQS.
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In developing emission inventories for nonroad engines and vehicles, EPA used the

following formula to calculate emissions from most nonfoad sourcesH¥+:

Mt=NxHRSxHPxLFxEFI

where:
M, = maess of emissions of {" pollutant during inventory period
N = source population (units}
HRS = annual hours of use
HP = average rated horsepower
LF = typical load factor
EF, = average emissions of i® pollutant per unit of use {¢.g., grams per horsepower-

hour)

For this study, the product of the annual hours of use, the average rated horsepower.
and the load factor is referred to as the per-source usage rate. The product of the popuiation
and the per-source usage rate is referred to as the activity level. Nonroad engine emissions
are expressed as fons per year (1py), except when emissions are adjusted for seasonal usage

patterns to reflect tons per summer day (tpsd) or tons per winter day {tpwd).

2.2, Developing Equipment and Engine Categories

The development of an emission inventory requires the estimation of activity levels,
which is facilitated by the use of categories that group together types of equipmenr, such as
tractors, balers, harvesters, and other types of agricultural equipment, which have common
function and ase characteristics, Emission factors, on the other hand, are generally best
developed for different types of engines, such as diesel, gasoline, 4-stroke, and 2-stroke, used
within an equipment type. Consequenty, EPA estimated activity levels by equipmenr type,
while applying emission factors appropriate to corresponding enigine types.

EPA developed the ten equipment categories listed in Table 2-02. The primary
purpose of equipment categories is to simplify the distribution of equipment populations and
annual usage to the local nonattainment area level. Owver 80 different tvpes of equipment
were considered in this analysis, many of which are highly specialized and have low sales

1t Note that EPA used grams/hour emission factors for moat recreationa] ¢quipment and grams/gallon of fuct
for recrestional and commercial marine cqaipment
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volumes. EPA recognizes that many of the 80 equipment types, such as chain saws,

generator sets, forklifts, and crawler tractors, are nsed in more than one industry or
application (e.g., farming, construction, general industry or recreation) and that, consequently,
the ten equipment categories are not mutually exclusive with respect to equipment type.
Nevertheless, the definition of the ten categories is consistent with the methodology used to
distribute equipment populations geographically and to estimate activity levels, and so it i3
considered to be valid for that purpose. Equipment types used for similar purposes were
grouped into categories and a methodology was developed for distributing state or national
population data to the local level for sach equipment category. While these categories were
used for distributing population data, activity levels were developed for each equipment type.
Grouping equipment types into categories also provides a convenient means of reporting the
results in a format which is more readily understood ¥ A detailed list of equipment

types included in each equipment category is found in Appendix H.

Table 2-82, Nonroad Mobile Source Equipment Categories.

Examples of Included Types of Equipmen
Lawn and Garden lawnmowers, snowblowers, trimmess, tillers, chain saws < 4 hp
Ajrpont Service aircraft and baggage towing tractors, ainport service vehicles
Recrearional ATVs, off-road motorcycles, golf carts, snowmaehbiles
Recreational Marine inboard and outboard recreational boats
Light Commerciai air and gas compressors, welders, generator scts, pumps ;
Industrial arrial lifts, forklifts, self-propelied elevating platforms, sweepers
" Construction asphalt pavers, rollers, scrapers, rubber-tired dozers
Agriculural agricultural tractors, combines, balers, harvesters
Logging chain saws > 4 hp, delimbezs, log skidders
“ Commercial Marine harbor vessels, fishing vessels, ocean-going commercial vessels

4 Thace categories are neither definitions of “farm equipment” or "copstruction equipment” {terms that will
e dsfined by EPA in a future rulemaking) nor necessarily appropriate for the classification of new nonroad eogioes .
and new nomroad vehicles for wiich regulations may be promuigated under section 213(aX3) or 213(aj4) of the
CAA
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For the categories in Table 2-02, EPA developed separate emission factors for
equipment types using diesel, gasoline 4-stroke, and 2-stroke and LPG engines where
approptiate, A detailed discussion of the development of emission factors is cottzined in

Appendix I.
2.3,  Development of Emissio rs

A key slement necessary to determine smission inventories for nonread sources is the
emission factor. An emission factor is the average emission rate when a vehicle or unit of
equipment is operated in an average manner. Emission factors are commonly mass-based and
expressed in units of mass per unit of work (e.g., grams per horsepower hour), mass per unit
of fuel consumed, or, in the case of on-highway vehicies, mass per mile traveled.

For thig study, Inventories A and B were calculated with a common set of emission
factors, except for diesel particulate emission factors, which are different for the rwo
inventories. A list of the emission factors sclected by EPA is presented in “2.7. Comparison
of Data Used in Inventories A and B." Emission factors for Inventory C required special
aggregation to be compatible with SIP guidance.

EPA used data available from past s;tudies and testing, as well ay mew information
supplied by the engine manufacturers, to develop emission factors for taiipipe exhaust,
refueling, evaporative, and crankcase emissions. £t Appendix I describes the various
methodologies used to determine and select the most appropriate emission factors for each
type of equipment. The emizssion factors developed for this smdy were reviewed by the
technical review group.

The test date on which the emission factors are based consist almost exclusively of
tests on new engines. While more testing needs o be completed before in-use emissions can
be fully characterized, EPA believes that inventories incorporating emission factors based

1 EpA comkracted with Southwest Research Institute (SwRI) to perform a study 1o recommend categonization
of noaroad sources and the best available exhaust emission factors for noaroad sources. SwRI completed this tisk
in two pans. The first part focused on emission faciors for VOC, CO. and NO;, while the secood pan focused on
particulate matter wd sir toxic emission factors. The final reports, "Non-Road Emizvion Factors [ntenim Report
and "Nog-Rosd Emisgion Factors of Air Toxics” can be found in the public docket {#A4-$1-24). Agpendix | provides
detail on emission factors and how they wers used. EPA mceived smistion facior information from a number o
industry sources. Appendix ] indicants the sources of additional dara
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solely on new engine data would grossly understate the contribution of nonread engines to aur

poliution. Therefore, to cstimate the magnitde of the effect of in-use emissions, which .
includes engine malfunctions, improper maintenance, and engine wear, EPA also developed a

sscond set of emission factors that takes into account these effects.

Two sources of data were used to estimate in-use adjustment factors. One source was
recent testing of in-use small utility engines performed by Southwest Research Instirute
{SwRI) under contract by EPA. The limited testing that has been done thus far suggests that
in-use emissions could be 2 times higher, for some engines, than the emission factors based
on new engines. The second source of data was a joint Engine Manufacturers Association
(EMAYEPA program conducted in 1983 which developed in-use emission factors for heavy-
duty diesel and heavy-duty gasoline engines. The data obtained from this program suggests
that, while in-use impacts are minimal for pre-controlled diesel engine ermissions (i.c., diegel
engine emissions do not increase with mileage/hours of operation), heavy-duty gasoline
engint emissions increasc with in-use operation. A detailed discussion of the in-use
adjustments to emission factors is contained in Appendix I. Inventories A and B were
calculated using both the new engine emission factors and the in-use emssion factors. The .
fesults are presented so that the reader can cleardy distinguish the estimated in-use portion of
each invemory.

Another issue which is pecessary to consider in the assessment of the magnitude of
emission rates for nonroad equipment is whether the test cycle is mpresentative of wn-use
operation. There is an ongoing debate regarding the appropriateness of using a steady state ot
a transient test cycle for testing the emissions of nonroad engines. This is an important issue,
since measured emissions of most pollotanis, especially particulate matter (PM), are sensitive
to the test cycle, For instance, a steady state cycle used on a piece of equipment that
experiences transient operation in-use may misrepresent the level of in-use emissions. EPA
adjusted the PM, CO, and VOC emission factors which were developed using steady state
procedures to account for in-use transient operation for those equipment types expected to
encounter such operation, The equiprment rypes that were adjusted are indicated by
Footnete "a" in Table 2-07a. The adjustments were only made to diesel engines since the
only data available was on diesel engines. A more detailed discussion of these adjustments
for transient operation is contained in Appendix L .

14
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. 24. velopment of Activity Levels for Inve A

Due to limitations in the existing guidance for developing emissicn inventories for
nonroad mobile sources, EPA contracted to develop improved methodologies for all nonroad
sources. The equipment populations, annual hours of use, average horsepower ratings, and
load factors used in [nventory A are primarily based on a market research data base
commerctally available though Power Systems Research (PSR). This data bage is continually
updated through surveys of equipment manufacturers and end vsers. For the study,
population data were disaggregated to individual nonattainment areas using commonly

LLLLL L]

available economic indicators and censux data. The emissions analysis for
commercial marine vessels was handled separately from other categories of
equipment,''"™™ ag discussed in Section 2.8.

The development of emission inventories for recreational boats relied on local
registrations of pleasure craft. Becanse hoats are often used outside areas where they are
registered, adjustmments to registration data were made based on a survey of boat owners in
eight nonattainment areas conducted by Irwin Broh and Associates, Inc. for the National

. Marine Manufacturers Association (NMMA).® Annual fuel consumption fram: the same
survey was atso used in calcolating recreational boat emisgions.

While relying primarily on contractor input, EPA also used other data and informaiion
in calculating Inventory A. Documentation of adjustments to the contractor data are
contained in Appendix K. Documentation of adjustments to the data to reflect variations in
usage patterns by region of the country and season of the year is contained in Appendix L.
Summaries of the data used to develop Inventory A are presented in "2.7. Comparison of
Data Used in Inventories A and B," with more detailed information presented in Appendix M.

""" The methodology iz documented in the Energy and Environmemal Analysis final repont entitled
"Methodology to Eatimate Nooroad Equipment Populations by Nooattainmert Aress,” available for review o
Docket #A-91-24,

. MM This is due 10 the fact tha the types of commercial marioe vessels are ot as diverse as other nonreid
categoriet, and to the fact that records of specific jevels and types of vessel activities are more readily avaiiable

MNovember 19G1



Noproad Engine and Vehicle Emisgion Study

25 Development of Activity Levels for Inventory B

in developing emissien inventorics for Inventory B, EPA incorporated data submitted
by the following manufacturers and associations:

. Outdoor Power Equipment Institute - nonhandheld lawn and garden equipment

. Portable Power Equipment Manufacturers Association - handheld lawn and

garden equipment

. [ndustrial Truck Associatiots - forklifts

. Equipment Manufactarers Institute - agricultural and construction equipment

. National Marine Manofacturers Association - recreational marine equipment

. Intemnational Snowmobile Industry Association - snowmobiles

. Motorcycle Industry Council - ATVs, off-road motorcycles

Some of the eguipment populations used in Inventory B were based on confidential

sales data that are not commercially available. Where gaps existed, EPA used data from

Inventory A: however, for most high volume categories the data used in Inventory B were

submitted by manufacturers. .
In some cases, it was necessary to adjust the data provided by manufacturers for use i

constructing Inventory B. The use of and adjustment to manufactuzer data is documented in
Appendix N. EPA made seasonal adjustments to data in Inventory B similar to those made
for Inventory A, as documented in Appendix L. In cases where manufacturers only supplied
annuzl hours of use at the national Ievel, these hours of pse were used for all areas without
regional adjostments. Summmaries of the data used to develop Inventory B are presented in
"2.7. Comparison of Data Used in Inventorics A and B." More detailed information is

presented in Appendix Q.

2.6. Tom n of Resalts tober Draft and Final St

EPA made some adjustments to the data used to construct Inventories A and B for this
final report in response te public comments on the October draft study report. The most
significant adjnstments to Inventory B data impacting inventory results included revisions to .

the recreational marine inventory methodology, revisions to annual hours of use for

16
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lawnmowers, revisions to the methodology for distributing handbeld equipment {trimmers,
blowers, and chain saws) to the local level, revisions to population estimates for agricultural
tractors and combines, and emission factors for outboard motors and crankcase emission from
lawn and garden ecuipment. Some of these adjustment were also made to Inventory A, but
with less impact on overall inventery results. A surmmary of the comments received to the
Qctober draft is in Appendix Q.

Charts 2-01 and 2-02 depict the results from Inventory A and Inventory B before and
after adjustments wete made to the draft results. Each chart shows the median local nonroad
contributions to total VOC, NOy, and CO inventories.

Chart 2-01. Median Contributions -- Draft Inventery A and B

20
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Chart 2-02, Median Contributions — Final Inventory A and B
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2.7. Comparison of Dats Used jp Inventories A and B

The national equipment population estimates used in constructing Inventories A and B
are compared in Table 2-03. As discussed above, Inventory A incorporated population
estimares developed by EPA contractors, while Inventory B incorporated, to the extent
possible, data from mamfacturer associations. Local population estimates used in developing
Inventories A and B are included in EPA Technical Memorandum - Nonroad Inventory
Tables: inventory A and 8, November i5, 1991, The equipment populations are presented by
equipment and foel type, inciuding diesel, LPG/CNG, 4-stroke gasoline, and 2-stroke gasoline.

Comparisons of equipment horsepower and lead factor estimates used in Inventory A
and Inventory B are presented in Tables 2-04 and 2-05, respectively. Reported ranges of
annual hours of use estimates, which vary by region, are compared in Table 2-06. Emission
factors for diesel engines and gasoline 2- and 4-stroke engines, which were used in both
Inventorics A and B, are presented in Table 2-07. Seasonal adjustments, which wers used in
both Inventories A and B, are presented in Table 2-08, expressed in texms of the percentage
of yearly activity occwrring during summer and winter. .
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Table 2-83. Inventory A and B National Population Estimates
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Tabie 2-03 (Continued)
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Key:
1 = Lawn xnd Garden 4 = Recreational Marine 7 = Consmuction
2 = Alrpont Service 5 = Light Commercial & = Agricuiturad
3 = Recreational Equipment 6 = Industrial 9 = Logging .
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Table 2-04. Inventory A and B Average Rated Horsepower Estimates
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Table 2-04 (Continoed)

—— — ——
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T Crushing/Hheee. Bowipamsit 137 0 1o Na HA 500 [ A HA
7 Rongh Turrain Forklifis : 930 MO Ha, Na no AR D HA Ha
T Rubler Tirsd Lowdery 1%=0 50 HA NA 8.0 [N Ha hF3
T Eubler Tined Dozers 1IN0 3580 ™A 28 Na M& HA Nay
7 Tractors/LomdiryTac e e o Na HA 53.0 NA HA NA
1 Crawkr Tratorn 1578 180 MA MHA Na A Ha A
T Sl Sirr Lowcdars ALo “a HA Ha 30 HA HA NA
1 Of-Highway Trackn 1148 40 NA Ma MA WA Na M
7 Durrepwre Tevicnt il 3.0 NA HA L1 " NA Ha
T Ot Cormiruction Bauipune 151 % LELg Ha Ha 1300 1M A, A
T 1-Whusl Tracinry ™A NAa NA A ™o 1.0 M A
B Mgpramittarat Traciory " "o KA HA ET.0 .0 HA A
E Agricnhuml Mowens Ha HA Ma MA 140 L. MA N
] Comizins 1525 1340 Ha MA 13140 LELE NA A
R w0 [T Hi HA FTT M0 1A, NA
L} Blmbiars T40 L HA HA HA Ha A NA
[] Tithert »Smp T.0 15 Wi HA L) [T MA NA
B Sormturre a0 TLu HA Ha jle 7] LX) NA NA
] Hydra Pewer Undi kL1 40 HA HA 144 140 NA A
n Onhwr Agricwiteral Emiparmit oo mno MNa NA 5 0 HA N
g Chartn. Baws >4y MA MA Na Na . NA Ma &0 Gk
L Frumelrjern >3 hp NA MA A MNA 0 EQ HA N
I 7 | Stddens o [ETF HA HA Na NA MA N
? Einlmrn/lars: v 1$3.0 jL-F WA MA HA Ma NA Ma
NA = Not applcishs

Key:

1 = Lawm and Garden 4 = Recrestional Marine 7 = Construction
2 = Airporn Service 5 = Ligiw Commercial B = Agricultural
3 = Recreational Bouipment 4 = Industrial 9 = Logging

MNA = Noi applicable
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Tabjie 2-05. Inventory A and B Typical Operating Load Factor Estimates
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L Lawnmewstn Ma Ha HNA NA % W Yol 0%
I Liur Blawen/ V¥ scuums Na Na Bl NA k] I Mk o )
| Rexr Engine Riding Moawre FLLY 15% Mo HA £ % Ha Na
1 Fromt Meower NA NA Ha A ok 1% Na Ha
1 Chain Saent <d hp HA HA i Nk WA WA b ok
1 St <5hp Na NA Na Ha Ll ko) 15 1%
1 Tilkets = 5 hp NA A HA L L} R LW AP L]
| Lawn and Crurders Trwctor 0% kLo HA NA % bl N A
1 Womad Splieters i 5k NA HA % 0% HA HA
! Smowhiowirs HA A HA HA % M% 5% 1R
I Clippena/Anny Grinden R Y KA HA LT 1% M BT
1 Comarrreciul Turt Bey iprestm HA NA HA Ma Wk wE MA )
1 b Lavem wnd arden % S NA HA MR % L] hors ]
Faqairment
1 Atreruft Support Bopad gl 5% 1% WA HA wh % Ma MA
] Termiml Trasicors L7y ] 1k TN T T T HA Ha
3 All Torrain Vehicim (A1 V) HA NA HA A, N HA Ha HA
3 Blimihviican MNA ™A HA NA WA NA NA Na
3 (H - Romd Moz e L 1o NA HA Ha L} Ha B NA
3 Tolf Carts Ha HA Hh NA HA MA M NA
3 Boawmmisiee NA NA HA NA Ha Ha i %
3 Spacialty Velickon Cariy Ha, HA MA Ha A NA Ma LT
L) Vaastls wilnboard Bnglres HA EA Ha N NA, MA HA Ha
L[] Vermels w/Cudteourd Boginee Ha HA Na HA Ha Na NA LTS
L) Youmis w/3trmdivy Brigtinos HA HA HA A HA MNA A M
4 | Sl Auxifery bbmand Na HA Na bhA Ha HA HA Na
Boginm
L) Saibhona Anzitary (v toerd NA HA Ha MA N LA Na HA
Erngham
5 Conerstir Suia = M hp Ti% Ti% BA HA . 1, ) % A%
1 P < 3 bp TR Tith % 5 e e HA N
5 iy Covvpradnors = M} bp 4% Ll Ha WA 5% S5 Ha NAa
] [ T———— FET T 7Y Sk S, MA NA Ha Ma
5 Waidern <y | 4% 4% HA HA FIE % A )
|| 5 Promsirs Winlhurs <Mik| W% W% NA Na 1% ELLS HA WA
L] Anriil 1 A% i A A% LN A% NA Ha
b ForkRfa % Lo 10% vk M R NHa HA
] JwevparsSoryieme Lo 4R Lk ] T T T A hL]
§ Otbair Gasvarnl [naimceirial % I HA A HE% b o 1%
L o
L] Ctver Mwiorin} Heredting ok Rl N A e 1% Ma NA
Bauiptm
T Awpiml Pavers [ 5% WA A E6% NA MA A
T Tumpery/Barmrers HA Ha M HA 5 bk LEL F5m
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H Paving Bauipment 1% [T A N & [T 19% e 9%
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Tabie 2-05 (Continued)
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H CHf-Highwsy Trmooons A% S5 HA MNA - HA HA WA Na
T Dvumn i Tornie s e e MA HA il% A1% NA HA
7 Orthwr Comamrncdon Bawiprmnt | 2% 5% HA MNa e T kA A
L} - Wiwwl Trcwr NA Na MA Ra, ¥4 ] o NA A "
] Aprieaitars] Traomn . TR ETY NA, % 7Y A, MA
L} Agricubheral Moo KA A Ha HA 43% ailey NA HA
K ] Cimriiviren e TO% Na HA T4% Tt Na N
a Sprayes o o HA HA b 0N KA Ha
n Bralemt Er E ) MA HA M NA WA WA
L] Tl >5bhp ™. . HA A TR L) NA WA
.} Swathars e 7 MA 5% EF 0 NA WA
1 Hydro Proter U AT% T M Ha % Y MA MA
1 Ctiwer Agrientmial Boubpewst F13. ) R 1L HA % % HA A I
9 Cha 3wy nalp| NA HA A Wi NA HA % 0%
o Turwddars >5 hy HA KA Wi Ha R e NA NA
g Fhiddurs T 3 HA MA MA MNA Ha WA
% PellorsBunchory TI'% TN NA NA Na HA HA NA
HA = Nt wpplicabie
M
Key:
1 = Lawn apd Gwrden 4 = Recrestionat Marine 7 = Constructicn
2 = Airport Service 5 = Light Commercial B = Agricultaral
3 = Recreational Equipment 6 = Industrial ¢ = Logging

NA = Mot applicablke

24 Movember L1



Table 2-06. Inventory A and B Annual Use Estimnates

Methods and Approuch

1| Cawnomreeees A NA Ma A T3 EET] 3391 #1.51
T | Leaf Blowers Varaums N NA Ha NA T8 FTeT) 7.0 Y]
T | Biear Brgit Biding Movers 550 a3 HA NA - FT T A Ma
T | Fron: Meme Ha A Ha WA 1546 2045 Y wa
1 Chain e < 4 bp MA W MHA HA Ha MNA 1321 1.2y
T | St <5 hp NA Ty Na MA 3 173 2.5 3T
T | Tiern <35 tp LT HA Ha Na TET] T 16-25 TR
T | Lewn and Gundmm Trastors 172340 11240 NA Na 6 FTT ] A oA
T | Wed Spim P FTrT NA Na 1527 ez7 WA A
1 | Scowbiowen HA NA HA FA =1l E12 FET) 818 |
1 | Chippera/Stemy Orinco 36751 [TX T HA NA 185-541 3d-35 NA Ay
1 | Commoneinl Tuif Seulpawnt WA N MA HA 410.731 410931 WA HA
T | Otter Lawvn mod Ohardes 101197 101197 HA FA e [TET) e 4.0
Bayripmemt
2 | Abers Suppen Equiprmt 11356 | A1 WA NA G- TIT 08797 A HA
T3 | Tl Tractoes I0N1-1433 | IoM1-1433 | 711.043 TR Ty | i1 HA Ha
1 | Al Tormin Vabioke (ATVa} FA WA NA HA 2 201 2142 311
3 | Minirive HA N, NA Ha 867 1Y NA HA
3 HT-Rmmd Mowreyohs MA M A NA 42139 9-13 6.1 9-12
1 | Golf Cerm MA NA Na Na BF-1231 | 6FF-1231 | aFLIz31 | E3Taid
Y | Snewmobila CTY NA Na Na NA WA Tm a-ny
A Spacialty Vohickes Carty A IT0-ie A MNA 18.74 3514 174 55.74
4| Veascl wilnbownd M35 | -1 Ty HaA 157524 I WA NA
Eirrgirat £ 250 hpt
4 | Yemmi wiCutoend Brogivar FA NA HA MA T FYRIT) 110214 #3003
3| Vewal wSmdriee Na HA HA Ha 08574 160416 NA WA
Engitas
4 | Tailwm Auziliey okowd 17.50 12192 Na MA ] 1938 m WA
Borgireen*
% | Salfbow Axxiliery Chrtimand Na NA A WA [ .M EAT ih
Brvginars
T | Cawarmer Mo <Mhp | M) | Ms NA HA T17-164 T17-1654 117-104 FI7 18
3 | Pampe < Mg | 3k | 2iBaM 17261 175267 179267 TTE 8 NA Ty
5 | Av Compremerm < 50 hp | 395934 | 95a%d HA NA 350566 e Ha BA
5 Gaa Copmpesmrrs < 30 by HA A BIO0-AR0 | HS0-RF00 HA MA M MA
1 | weker <Hhp | AINTH | 4IRS NA NA 130245 138243 Na A
" 1 | Pressurs Woaslwes <30 hp| 9518 51| NA NA EFRFL T 141 HA A
3 | Amml Lt AT | A | mes | mssamn | e | wian Ty A
[ Forklifta [EERELT [T 1010 LT 1od. 1 k54 12010 N Ha |
§ | SwoepmvSorybbe 1A3191% | 1S | sen.7 00357 901.957 11347 A wao
§ | Cther Genral Incustrial G-l I Ha Ty 3T FrET) FrpEy) k3 -ARd
Bquiprmeent
& Oty Ml Hurelllnnyy E.- =t LY NA HNa, 35424 INM5-all Y A
Equlpmemt
i T 1 Aephakt Parm Adarid | SLLTI6 NA A Z55 0 A A A
v Tartpary K umomery MHA N MA MA 110- 158 110 LS | L0188 1IN, 45
T | Plae Compacue ET A1 NA NA ™0 . I CR
T | Coweras Pover TS | 1008 NA MA HA HA Ma i
7 | otk SIS | eari0d T} A [T T NA P
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MNoaroad ine and Vehicle Emission S
Table 2.06 {Continued)

T T Serapem 6700k | 6610647 NA | HaA NA | NA Na | NA

1 Puving Equipmment AT Ty NA HA 4103 #3203 205 203

T | Surfsmy Bquiptem b HA HA HA FETE: 1T8F12 M Ha

T Rigrnl Besoreds LAR-9TE LIEE p Na Ha LB ) 133130 Na HNa

7 Trenchers 405637 01993 HA HA T 112 Mh HA

T BormDeil] Rigs 161-150 5] A5 N NA 0L 2 50 | 2 &k 126 50-1 18

T Eacamittrs -l 1H-1338 NA NA LI i R NAa

T Comerninduatrial Sawd 400-503 00407 M WA aZ) -5 431634 NA N

T Crrait ané Mirtnr Mixers (R 157-304 Ma, HA 43.9% 291 MNA HA

H Craavs s-$i4 S0 014 HA MA FAY 124417 MA A
|| T ODracim -ar Ei1-11 H} A HA WA NA Ha HA

T OM-Highway Traoka 11491871 1149.3831 NA MA HaA HA NA HNA

H Crastring/Proc, Boufpmant menas | omnsd Ma MA T T2 A LT

T Ruough Twrain Pordifts ANTIE HEL- 1004 MA MNA pL T T WA HA A

T Rubbew ‘Tirid Losdore S 200 SEIRE 2 NAa NA 4703w HA H& NA

T Rubter Tured Dogwry 71004 S4T-10M NA MA A HA Na NA

T Tracissrs/Loudin s/ Tk hoss Tr-1Hn L.Lx B 1) NA Na 192-522 Ha, HA MA

7 Crawher Trimsiors %510 m-140 NA Na HA Ha Na MA “

1 Sid Jwer Loaders 124039 517 HA MA 1M-¥1d NA NA HA

T | gty Tracems TS T HA HA A NA NA HA

1 Dumperrs Tewslora 28665 T MA A &0 15 6014 NA, HA

T Chapr Constreation YER-ATA EL. 7o) NA HA 1-m1 2§17 Na NA

Baripment

a 1-Whae| Tracm MNA Wa NA HA 177348 17T7-Mll MNA NA

1 Agrrmtoors] Trecon B ) b BT Na NA pL B 190437 HA NA
il | Agrtlogral Movry NAa KA Na HA L r il -1 M Ha

1 Comitrrms T 10 Ti- 1 NA Ni sl-55 a1-14 11 WA

A Sprayors 3121 [ENTT Ha HA 1.1m 47-t Ha ETY
2 | Barew 52-141 30834 WA Ha NA NA Na HA 'I

) Tillors >S5 hy 139297 5108 HNA NA 4712 1 Ha NA

® Swmthan -1 100-129 HA MA& 4.1m LN HA NA

E Hydre Powsr Lwits L2 ) S20-IN0 HA Ha kAT 34713 NA Na

.} Crtwer Agricalbersi Bowiperses M43 Pt NA HA TT-140 TT.148 A i

S Chain Saws = d by WA Ha HA NA HA HA 142-2H .o

7 | Shoedders =3 by KA ¥a Ha Ty 158192 TS Na a4

k. Shbkidere o5 1413 T NA NA NA NA MNA HA "

o Exliern/Bunchors 01457 - 1457 HA N HA ™A NA WA

W = Mot ppleabi
* m Vehww reporied wie pallonsfyear - ot oo et

Key:

L = Lawn and Garden 4 = Recreational Marine 7 = Comstruction
2 = Airpon Service 5 = Light Commercial § = Agnculoxal
3 = Recrestiontal Equipment 6 = Industrial 9 = Logging

NA = Not applicable
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Methods and Approach

Table 2-¢7. Emission Factors for Inventories A and B

a. DIESEL EQUIPMENT (grama/hp-hr)

e — ——
HC
e B quriprisid Trpes Exhsitit | Trank | Bvag* | Rofding Lo ] N, 4] Aldryde £,
1mm Ma ¥a N: Hi HA HaA wa, HA A
1 Lawromwars NA Ha NA WA HA HA MA NA NA
1 Lat Blowon Vacouma HA Na Ha N NA MA MA WA N
I l Rear Engwr Riding blvnwra 130 fir2 MA LX .00 300 Lo ] ng
| Front Mawar Na HA o8 A Ha HA MA WA HA
1 Chuin Sawn =dhy MNA MA A HA MA NA A M M
1 Shcekbers <ihp HA HA HA, NA HA HA HA Na siad
1| Tilers citp na|  ma NA ™ HA Nal A Nal N
| Lawn mnad Gurdie: Trectzry 120 LY o) MA 0004 S0 k00 [0 Ly n.44
1 Wood Spimas 1.0 LiLirs Ha oo R L] L he ] L. o s .y
1 Sk Na Ma NA HA HA MA NA Ha WA
1 Chippery/Stamy Crrisater 1.2 oo HA 1.003 500 LB | 1.00 008 093
1 Conmverehd Torf Bouipememt M HA HA MNA MA MA MA HA MA
! et Liwr s Garder: Bautpient 1249 om KA £ 0% LR 0% 100 .00 nan
2 Aireralt Suppin Bopl priwen . 1.57 o Wa, 0007 LY ) 1400 148 .06 05
2 Torminmi Tty . 137 03 BA 050 LT LY, ) L. () ng3
a Al Terrmin. Vukdahe (ATVd) . MA HA Bk Ha HA WA WA HA L1
1 Minbsikss . A HA 78 KA WA HA MA A Wb
3 Oft-Rowd Mowrsyces . HA A HA Ha KA MA Ma NA A
3 Golf Cariw - HA HA HA NA& MA HA MA WA A
3 Snowmolrien HA HA HA Ma, MA Ha MA N A
k| Speciakty Vehiche Cana . i ) 00 WA %1% 500 oo 1.00 n.0% 092
. Yimeclt w/Inboard. Bngines - . A HA 0040 | tirdam | oM ey | aam
¢ | Vel w/Outbowrd Bngloes = um| omf Fa ooos| »o1| 1mae| om ner | 11m
£ Vrmd w/Stemodrive Bagines - o Mk HA 0000 0| IR | 1o ner| LW
L Saifoad Ao itinry Enboard Brgiees el 12245 MA WA ome | MAR| 3| 10w ng2| 1rm
L] Sailbosd Aun(lry Quthbrard Emgim - 1245 241 Nh ocat | 27T LIS DA% 092] 1
5 Goreritor Suta < 7 hg 120 1) MA a.003 1.0 KO0 [ 004 n.g?
L Furpm < 30 hp 1m 111 o7 0,003 100 koo 1.0 4.4 L3
1 Air Comprems < 3 hp 1 11/ Ma 0,003 00 oo 1.00 0.0 1
- (il g < 50 hp Ha WA NA NA HA A Na A M
¥ Welders < 30 hp 120 0 Na .00 5.00 .00 | 00 LT nyl
1 Premare Wastwrs = 3 hp 120 0z NA 0.003 L. K0 L0 .06 LEE]
& Acrii Lt . 147 003 WA 0.001 606 1400 . 0.2t LR
[ Farkilfa . | ¥7 0.3 M LT E 6105 1400 L&D nie A
& Swmepery/Sern bl 1 LT .4 N n.ony 106 la.0 S0 n2 I
3 T Genernl Tnawrin] Equipment L 3T .83 HA 0.n03 2] EX.3 150 na i
§ e Marrial Handling Bamopmramt L 057 ol iz} L i3 5.0% L 0¥ | 63 n.11 e
7 Aaphakt Purers .80 i HA 0003 310 Lo o0 L nea
7 TurparaTanmers 0.0 000 NA MA o.0a ki Qa0 1A L
7 Pluie Compacors o o472 Ma, bl 110 .30 Lk Ly ne
T Conerete Panvrrs 1.0 Lilird Na L 457 [{iher} 090 210 e
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Momrosd Engine and Vehicle Fmission Study

Tabie 2-87a. (Centinued)

- ———— - ———
7 Rallers 0.8 0,02 HA nRo3 3.0 2.50 0T 0.20 150
T Sompes . 0.7 oLl HA 003 500 5.0 128 1.0 a0
T Paving Eouipmem 12 am NA di ) 180 .o .90 220 287
7 Surweing Exuiprment .00 00 A MA noo 0o 0.0 oo " 4
7 Slgmal Buwerds 110 0 MA 0,007 103 100 100 L ngi
T Trenchers . 1.4 003 T 0.1 9.4 1082 (" .20 94
T BoreDrill Rige * 141 00 Na o s 9,10 11.m 144 ) oy
"_ T Evcuruy . o 081 KA S00Y 520 Lo.7a | Ad n. 43
T e tou Tndenrial Saws a T4t 4.0 HA LF ] 520 1ol L o 093
T Crwmtrnt and. Morter Miners 101 om} WA T 4800 1L 0.90 .20 0a3s
1 Cranm L 1.24 o N A.403 420 1230 144 020 o33
1 Gradary L 154 003 HA 0.003 L1 280 100 0.1z 87
T HT-High#ray Trecks . L F) LY} MA 2004 1.m 950 o0 0z 159
1 CraviringProc. Bouipownt . 141 ¢n A .00 420 Ll L Ad 0 ¢
1 Reugh Terrain Forklifty . 14 om A ) 10,00 100 .60 020 2.8
1 Kby Tired Lowden . R o0z NA .00y A0 1030 1.9 .2 0BG
1 Rubey Thred Dotars . o a2 NA 0007 1m0 980 045 16 043
1 Tracurs/Loadery/Backhom . 140 aa3 NA 0003 &0 1210 1435 o0 L o
3 Cravwbar Tramtors . 126 LR ] Ha 00003 im0 193 (R ot LR
1 Skid Smer Losders L .10 .0 WA 0,003 9,00 580 144 LR UL
7 - gy Trarirs . A6 11 HA 0,003 1468 LT.9L 103 am 0.8
T Durpara Tamciors . [} ) LY -] HA 3] 1., .60 14 20 nAg
T Crver Covutructicn Bouiprmnt . 141 ona M 003 L) nm T4 220 043
£ 2-Whwal Tracior MA HA HA MA HA HA MA Ha xa
B Agricaknr] Traron . Ik 000k MA [T T9d " 05 LEY] a4t
K Agriculoinl Mowers NHA WA WA HA NA M HA NA NA
] Combirm a 128 am WA 0,002 420 1150 143 030 T
A Sprayen A 01.0uk Ma o.Das 3TH i | 1.5 .30 092
I 224 | 04|  MA n.oos | | 1w nse|  mm
i[5 it =1ty 120 moz| da 00T swo|  sm| o nos |  om
1 n { swmin ase| om ™ 0,003 0] nm| s ozl sz
| Hydre Bovwer Uaio FE) 0,04 A LX) 178 m 151 .30 3]
3 Uity Agricibimral Bamhprrent F -] 004 WA 0.0m ¥ 1112 n .M L
9 Clmin Sawn =d hp NA WA WA NA WA MA KA Ha A
9 Shroddery > 5hp KA M M HA NA HA HA WA KA
4 Tridkders . 0.5 0k MA ooy L] I b LR s
2 FailmraBunchers ’ . on 0o MA o000 LR ] 1.9 bk b0 age
Evap* w piday
= ghr
" gpalien
4= Bxhaset RC, 0, and FM acinwnd for Eriemidebest Hieiid, aedior rermiers boad operstion
HA w Hot wpphicwbie T — |

28
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Mathodt apd Approseh

Table 2-07. (Continoed)

. b, GASOLINE 4-STROKE EQUIPMENT (gramshp-hr) Not Adjusted for In-Use Effects

——
o Bqmipment Tryes
— ——
I TrimmeryEdgrraBrush Cuars 2418 Tok 0.5 FIE- 5334 | aa 53 nav 1
i Luampmawery 1™ 12,88 LI% R.60 43000 102 o4 53 @ aT
{ I Lesf BloovenYacuums |20 .20 o.41 E.&F 380.30 104 | 0a9 033 n.37
I Nartr Bropane: Widing Mowers 930 ant £ a7l 330 xpa|  no% 4 At
H Frane Mower LE 107 1880 130 I 00 209 ops 024 n !
| Chmin Saws 24k NA HA A N M A WA P A
| Rhrechdere <3 hp ¥ L 174 7.6 AN D0 102 Lt ) LE] nad
L Tl =¥ b 3T TR 1244 3% ¥ 43,00 rfsr] T4 LR nT
| Tame ant Cherden Trictors L) 1 I LA ELTE. ] 11 L) .14 0T
1 Weod Spheors 7 1244 L.I§ .50 43000 2m| om 053 0.7
L Enawblewers 31T 124 1,50 b2 r ] A ML 0 LML ] .13 na?
1 ChipperuSiump Orinden o] 1na LTE 04| MuD0 2| om 221 ox
1 o eiml Turf Bauiy A0 rie 12,50 LIRS0 RN I T nal aar
1 ther Lwwn end Dhwrden Equeiprent .0 11,04 114 .50 A0 D 207 nos 0.5 a7
2 Adrerait Support By pment 605 il e 048 15900 LA L] 0.0 811 nx
F Terminmk Traetors L1 T 17.13 032 15500 B L] 0.0 22 nz1
3 Adt Trtuin Vahicha {ATV4) . 100,00 1200 500 EAM L] 1500 2.0 1.3 11K AT
i Minibiksa * 100.00 1.0 1.5 FAR. | TR0 2,00 113 .18 .55
. 2 T Komd Woterryoie . 100000 .00 5100 057 915.00 9. 1% 1.Lh Ak
3 Colf Carts . 1000 1am L B} Tl 91300 2.0 113 1.1 nss
3 Freowrmnbd e HaA Na Na A, A HA NA MA N
] Spocimby Vehicks Cwrin . Lo 1 1800 T gTi00 F.00 111 I.LE ns4
{ L3 Viersdhs wylnboard Ergtnes - T as MA i iBL] 513 111403 4379 074 L¥ 0 190
4 Vewels 2/ Ciahord Englees . T M Wa k7S 14l1 89 L% ] .74 307 L. |}
4 Veamls wyiSterndrive Enginm e L ¥A £3.00 536 | 1740m | om EXip) T
& Sailrat Auxilry Esbosnd Bmgines == TL WA 18.00 TS| 127140 I Je B 107 1
. Sailboun Aunilbary Ouiboard Bugiee - £ ™o HA wra| | ssss) ada wr| e |
3 erwrator Sy < S hyp w50 114 08 X ] 25100 103 105 [ ¥ ¥] nl
5 Pummpw < 30 hp LX) 14 125 LAk ] 33300 03 0.0 0,22 n
1 Adt Compraasons =M hp LA ] 114 LF:| ] e 15300 M 0. .l 2T
1 Cur Commprinwns < 30 hp NA Ha NA WA ™A HA NA L8 M
5 Wabders < 30 hp 950 104 14 172 113,00 103 08 0.2z nxt
1 Premure Wsbrrs < 50 .50 LA L 121 .33 308 107 06 132 na"
] Acrial Lifs LY. ] 1.0 308 LLEL ko T 114 LY n32 n1?
5 Forilifa .68 bl 3.0 049 [0 LAY .08 nax rna?
£ YwrrperyScribler 5.58 120 19,87 mak ] 116 1.0 nix T
% Other Genernl Incusrind Equipment 5,50 .70 X nai W3 516 e naz "t
" L) Crehwer Belwnerin| Hocwiing Equiprmemt .50 L TH.CH R L] 190 00 LNL. "nm 0.2 nit
T Anphmtt Pavers .49 14 1143 n.a3 |70 4.79 0.6 BIIE e }
7 Tumnpers B ummmirs 549 i bE ] LT 194,00 73| am6 [k e
7| Elum Compatons das| il 1 sia| 1wpa)  ave| ons g22{ -~ |
. 7 Coerae Favery HA Ha Na MNa N Ha NA Ny Ml
“ 7| Rl .29 308 g 181| 20200 sa| ooe a2 |
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N ' Vebjcls ion Study
Table 2-07h. (Coutinuzed)
|_=:F__=_= — e .
Aldripiey
1 Scrmrcry Ha NA Ha Wi HaA NA Na Na Na
7 | Fuving Bauipwem san| 2 300 soz| twoe| 47| oo par | was
? | Surfacing Bxigrent A9 L4 300 T T aze | ome ez | o2
T | Signal Bowrds can| zt4 3.08 age | o] aze| o0 02| o
1 | Teerchme Iy 104 7.69 o | 1mao0 419 | DDs ezl azs
7 Bore/Drill Rigk §49 FAL ELAL 042 L% .00 T8 .05 n02: 0.zl
T | Exervews g 204 | 1zan o4z I9w0 ae| oo g | ol
T Corecerwtn) Iratlmrinl Saws 549 114 4l 2T Lo 479 LT ) 411 .
T st el boviar Wixers 549 14 373 4 35, K1) % Q.0 122 nzx
T Crwrana LF ] .14 E L L] 42 19500 479 uti .11 35
7 G N NA A HA Ma ua | ma HA A
T | O Higlwery Tricks Ha MA ™ HA NA Ha |  MA Ma | wa
T | Crushingtrec. Buuiprmest S48 14 9., aaz| 1oton are| oxe ez oz |l
1 | Rough Tormin Povklifs 549 z14]  tms gaz| 19em0 ate| ooe ez | o
1 | Blubber Thwl Losders 158 T paz| e300 saz]| oo ol o
7 | Mol Tirsd Dasers WA NA HA NA Ha WA NA qa | ma
T | ety LB s ) 244 54,99 aa2| 180 arm| onos oy o
7 | Crmmier Traete ba, Ha KA NA ba, qa | Na Y
T | Teid S Lomdies san| 214 29.m oad| 1etoo ars| oo orr]| azf
T | - Higreey Trae pa Na MA HA MA Ha| Ha Ma A
T D rapmsrsy Tweschurs 64D 14 500 174 .o 479 004 (1) AL
7 | Dot Conmtraction Bauiymmnt sae| 4] mm a1 | w7 ooe nar| w2
£ | 2-%hwol Trartem a9 1 7.1 10| 1eam 52| 008 x| om
E | Agriuakunl Trcon 549 | odz| 1m0 557| oos o | e
b | Agricuben bowen T.IE FET kot 1| nEoe 326 | ooe 02rf  naR
8 Combimm T 127 | 2043 IR 20| s enz| oo
1| Sprwyms 11 141 4.0 1| aece]|  124] oo ax] oix
i | Busn Na NA Ha KA HA wWa| wa NA | MA
1 | Tiflem iy e | 1za 182 ast] swoo| o2l om niz|  aam
1 | Jwstvor 1ie|  23v|  1eniz 04| 21200 s24] oo p2r | nae
1 | Hyden Powsr Untts 1.8 137 1500 I 52| oow oar| o
b | Other Apriveioes) Bamipeaant T 237 .15 pat|  2to0 s2| oow o] oo
7 | Chain Sawn >4 by Na Na NA NA HA T ED Hai Na
9 { Shredden ™ | 1w 100 sl mno | e pas| o
4 | Siiddens MA HA Na HA HA Na| NA A A
% | Bellr ot NA Na Na MA Ha A | Ma NA N4
Exrmp™ = gicay

i
F
H T

30
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Methods and Approach

Table 2-07. (Continued)

t. GASOLINE 4STROKE EQUIPMENT - (grams/hp-hr} Adjusted for In-Use Effeces

HC
Exbsaat | Crank | Erap* Ralari by co NO, ™ Jﬂrﬁpln Fihy
1 TrimmeryBdgtewBrsh Cutiers b TR 708 0254 2t W] ok 148 wsa| nae
] Lastime wery -] TRIT 11 1.18 1.0 E17T.00 oAl b N LXK 117
L Lesf BlowersVacwums ) Ly .40 041 E51 7237 041 14 s o
| Fwir Erqie B [ding Bowers ] 19,13 agr 13 an Ll U] ] [12.1] LI A} nld 3T
1 Framt Mowsrs ] | %1% ant 14.60 13 L L] T.El ek a24 was
i Chain Samn < 4 hp MA MA HA NA L 1Y A A Ma A
1 Shredders cimp| B 17| e L7 1.5% k17 00 0 1466 I
I Tilbes <im| & T | rLaa L3% .59 TR ) nsl 166 | . sr| oot
1 T sl Ghwndert Timptem L} o kA [ T3 LB ST 4 LY.~ ) .36 14 nai?
1 Wood 3ol b T 1L Lig A0 a7 0kl 150 05y a0t
1 Snonblcwern b T ILd 130 a2 T m 0,81 158 . .53 i al
1 ChippenSmmy Grinders e 65 | 1La LR 0.42 15,00 1 .05 0y oam
| IR Commercinl Tat Bouipoist b 74 310 15.50 13m 67250 M 0.3 LT w3t
1 Dty L wwen sl Garvint Buquipemedr h TRIT 138 1.16 140 #1700 oAl 0.1a M nle
2 direraft Swpport Bopd prmn ¢ 102 10 Tad4 0ug T 516 006 0.1z a
1 Termirml Trastos e 1002 1320 IT.12 053 bl T} 116 .08 faz | prT
1 A1l Terrain Vehicks [ATVa) +h PALE Y £ LWL LU 150 a4 T8 DAl
2 Wi bfierm "k oo | 300 130 TLEE [ MI 160 T aap ni
1 CHT-Road Mer=yeho - tso0e | 300 00 mne | 1wTRm .00 RE ] Tae | e
] Thotf Carte =k 210,08 300 14.00 544 [E.5r ] 60 414 114 s
E Irranmmehiln MA KA MA MA L EY MA HNA MA N
| E Spaciahty Veiurkey Curts b nooe | 3300 100 T4 ESZ0 160 FRF] Lim] ut
] Yenarty wlnbtand Engirwe - g 10k Ha | 24010 111 iz anTe CRT] 07| 1
|l 4 Vermmnls W rhord Bigtivss - g 157 | Na ETS | otk | et 014 T 1ee
a Vapmh. wiStarmdriva Frginm - iy A 5300 s26F 1smaa| s o WTl le
4 Suifbost Auxibary Inbowrd Engire - 1084 NA 1500 RN IREL =N B A 0.1 Ll
4 Sadfbmmt Autiley Owibeand Englnee - tmar | mw Mk | | s .74 am! e
5 - <smm| b 1o 3T o 2143 470,70 an LET) 03| oat
1 Pumnps 0w | b 1923 LT EEL] 613 £10.70 T 3] LR N
1 Al Conpromrs. cwm| B TE] . 3T 1 130 #3000 o 012 L
¥ Ciaa 1 orerprasmns =3 ey [ WA A, WA WA A Na Ma Ha L EY
) Wk | b 19.98 e o7t 172 M 0.5 231 12| oa-
s Premurs Wisthisit <sohg| ® 1995 14 178 £33 #7070 .l .2z nia| -~
& Merial Ly @ 1002 220 55,08 L¥T %70 LY o ot nm| e
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Nonroad Engine and Vehicle Emission Study
Table 2-07¢. (Continued)
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Methods ard Approach

Table 2-07. {Continued}
d. GASOLINE 2-STROKE EQUIPMENT {grams/hp-hr} Not Adjosted for In-Use Effacts
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Honmyad Engine and Vehicle Emission Study
Table 2-07d. (Continued)
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Methods and Approach
Table 2-07. (Continued)

e, GASOLINE 2-STROKE EQUIPMENT - (gramuhp-hr) Adjusted for In-Use Effects
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Nonroad Engi and Vehicle Emissio Study

Table 2-07¢. (Continged}

——
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Methods ami Approach

Table 2-08a. Summer and Winter Percentages of Yearly Activity.

Errre——— — — — —
Cold/Northern | Medium/Central | Warm/Southern
Equipment Class Summer Winter Summer Winter Sutnmer Winter
(%) (e} (%) L% (%) £
I Agriculbural 50 & 40 & s H
I Construction 43 mn k) i3 33 0
Industrial 0 0 25 2% 5 25
Lawn and Garden (excl, chain 50 ] 40 6 34 5
£AWE)
Snowblowers/Snowmobiles 0 100 ] 100 i1 1k
Commercial Marine 15 23 15 15 25 25
Alrport Service 5 25 25 25 25 15
Logging (incloding chaih saws) 15 25 23 25 25 25
Light Commercial 25 15 25 25 25 25
e

Table 2-08b. Summer and Winter Percentages of Yearly Activity
for Recreational Marine Equipment

% During Summer % During Winter

| Northeast 68 L |
| Southeast 48 7

Mid-Atlantic Coast 57 2

Great Lakes 70 0

Southwest 43 7

Rocky Mounrains &9 0

Northwest 57 5

West Coast 48 7
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Nonroed Engioe and Vehicle Emission Study

Tabie 2-08c. Summer and Winter Percentages of Yearly Activity
for Recreational Equipmmt_mtt:

Region % During Sumuner | % During Winter .
Enst 41% 12%
Midwest 46% 8% [
South 36% 15%
West 44% 11%
New England 44% 14% |
Mid-Atlantic Coast 41% 12%
East Central 4B% O ¥
West Central 44% 8% '|
Southeast 5% 17%
Southwest 3% 12%
Rocky Mountains 44% 8%
Pacific 43% 13%
National Average 42% 12%

Wt Exeluding snowmobiles.
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Merhods amd Approach

2.8. Emissions from Commercial Marine Vessels

A derailed analysis of commercial marine vessel activity and emissions was developed

for the following nonattainment areas: #3954

Baltimore, MD MSA

Baton Rouge, LA MSA

Houston-Galveston-Brazoria, TX CMSA

MNew York-Northem New Jersey-Long Island, NY-NT-CT CMSA/NECMA
Philadelphia-Witmington-Trenton, PA-NJ-DE-MIY CMSA
Seattla-Tacoma, WA CMSA :

A

For dihear nonattairument areas, estimates of emissions from comumercial vessels were
based on information obtained from different sources, including SIP emission inventories and
the 1985 Narional Emission Report.”

When the latter was used, marine vesse! activity was assumed to be uniferm during

the year. Emissions from commercial marine vessels are shown in Table 2-09.

$HH Thig analysis i9 docamented in the BoozsAllen & Hamilton final report entiled "Commerciai Manne
Vessel Contributions to Emission laventories,” which may also be found in the public decket.
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Table 2-09. Emissions from Commercial Marine Vessels
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Methods and Approach

. 2.9, Emissions from Other Sources

EFA compared its estimates of emissions from nonroad engines and vehicles to
emissions from highway and other arca and point sources. At the national level, 1989
emissions were obtained from the National Air Pollutant Emission Estimates: 1940-1989 "
For all but five nonattainment arcas,*¥* emissions from highway and other scurces

were available from the following sources:

VOC: Phase if Volatitity Controf Support Runs, April 5, 1990 - VOUC emissions were
reported in tons per summer day for 1990.

CQ:  Support computer runs for Cold CO Rulemaking docurnentation, Jan. 18,
1991 - CO crmissions were reported in tpy for 1987, To estimate tons per
winter day, highway vehicle CO emissions were divided by 365 and comected
for decreased driving during the winter. Emissions from other area and point
. sources were simply divided by 365,

NOQ,: 1985 National Emission Report’ - NO, emissions were reported in tons per
year for 1985. To estimate tons per summer day, highway vehicle NOy
emissions were divided by 365 and corrected for increased summer driving.
Emissions from other area and part sources were simply divided by 365

PM: 985 National Emission Report - PM emissions were reponted in tons per vear
for 1985.

80y 1985 National Emission Report - 50, emissions werc reported in tons per year
for 1985.

LRy Bve areas {Boston NECMA, Springfield WNECMA, Hartford NECMA, Scuth Coast Air Basin. and San
. Joaquin Vatley Air Batin), the geographicel definition of the nonattainment arcas differed slightly from that usea
in the analyses discussed above. In these cases, EPA relied on estimates of emissions from highway and vther

sources that were developed in the most recems Siate [mplememanion Plans.
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iooroad Engine and Vehicle Emiszion Study

For baoth YOC and CO, the original estimates of nonroad mobile source emissions

from the Phase 0 and Cold CO emission inventories could not be readily distinguished from
other area sources. To aveid counting nonroad sources among other area and point sources,
EPA computed the ratio of nonroad to the sum of nonroad and other area and point sources
for both VOC and CO smissions in each nonattainment area using data from the 1985
National Emission Report. These ratios weee appiied to the VOC and CO emissions from all
nonhighway sources reported in the Phase IT and Cold CO emission inventories. It was thus
possible to estimate emissions from all other area and point sources without including
nonroad engines and vehicles.

Emissions from highway vehicles and other area and point sources are shown in
Tables 2-10 and 2-11, respectively. The dara sources are also indicated by area in these
tables.

These total inventoriea do not include emissions of VOCs from vegetation (biegenic
VOCs). Although recent studies have shown that, in some cities, emissions of VOCs from
plants may be more imporant in ozone formation than previously thought, EPA has only
recently completed a computer model for estimating biogenic emissions in urban arcas and
has determined that reliable biogenic inventories do not cxist for most arcas. While the
biogenic inventories to be included in fature State Implementation Plans will affect the
fine-tuning of nonattainment areas” pollutjon control .strategias, the magnitude of VOC
inventories from biogenic sources will not alter the need to reduce anthropogenic VQCs
substantially 1o bring many urban areas invo artainment of the ozone standard.
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Methods and Approach

Table 2-10. Emissions from Highway Vehicles
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Nonroad Engioe and Vehicle Emissico Study

Table 2-11. Emissions from Other Area and Point Sources
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Chapter 3. Results

As described in Chapter Z, EPA developed two new sets of inventories for nonroad
engines and vehicles. Inventory A was developed from data supplied by EPA contractors,
and Inventery B incorporated information supplied by manufacturers.

Both inventories were developed by muitiplying the activity levels by the approprate
emission facters, Whers possible, the resulting data were compared to emission inventories

for highway mobile sources and other area and point sources.

e rcsults of Inventories A and B are siummarized M TS CHApel. Datmmug o
presemtations of both inventories can be found in Appendizxes M (Inventory A) and O
{Inventory B). This chapter also contains a summary of the results from EPA’s analysis of
SIP and CARB inventories.

3.1.  VOC, NO,, CQ. and Particulate Nonroad Inventories

Table 3-G1 presents nonroad emissions of VOC, NOy, CO, and particulates as
percentages of the fotal emission inventory for each of the 24 nonattainment areas studied.
For each entry, a range is provided. The lower end of each range was calculated using new
engine emission factors, while the upper end utilized in-use emission factors.

Due to the seasonal nature of ozone and CO nonattainmem in many areas, EFA made
adjustments to the emission inventories developed for VOC, NOy, and CO. The results are
reporicd as percentage tons per summer day for VOC and NOy and peccentage tons per
winter day for CO. Table 3-01 also provides a comparison of results from Inventory A and
Inventory B.

To help visualize the nonroad conribution to total local emission inventories, stacked
bar charts are used to display the distribution of the results from Table 3-01 in eight chars
foliowing the table. Calculations using both new engine and in-use emission factors are
presented in each chart to illustrate the range of potential nonroad emission conriburions. )
the 24 nonattainment areas included in the invenatories, 19 were studied for NO, and VOC. 14
were studied for CO, and 13 were studied for particuiates.
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MWonroad ine and Vebick Emission Seudy

Table 3-01. Total Nonread Emissions by Nonattainment Area and Pollutant {%)

’me==ﬁlﬂ=—= . —— —— 1
Inventory A lnrentory B
Wonattamment
Area Yoo NGy, L0 PM voC NOy CD P
tpad tpad tpwd  Ipy tpsd tpad  tpwd tpy
|L=_ {%) (%} {%) (%) (%) (%) (%) (%)
e — - —— - = - — - - .-
Atlanta i0-14* 13 7-10 13
Bahimore 10-14 19 11-t4 9.12 18 1114
Baton Rouge 7-10 13 4-6 8
Bostoa T-11 19 9-15 12-16 25 g-13
Chicago 6-9 16 2 5-8 12 1
Cleveland 79 15 5.8 2 F-10 12 4.7 i
Prenver &9 | 5-8 0.5
ES Paso §-12 22 5-8 0.4 #-9 15 47 0.2
Hartfoml 10-t4 25 2-13 11-16 L1 4-11
Houstoo 1-19 1% 4R 19
Miami 12-16 18 7-10 16
Mitov aukee 10-14 16 9-13 13
Mirmeapotis 47 1 36 0.7 i
New York 913 20 9-14 3 811 14 3-13 2
Philadetphia 9-12 17 &8 14
Prove-Clrem 14 04 2-4 0.3
San Dvego 14-20 £ 0-14 2 g-11 k3| T-11 1
| Seadthe 912 5 Q-1 3
South Const, CA 1319 29 -3 2 69 20 &9 a7 “
San Joaquin 4-5 19 510 0.6 3-4 17 5-8 0.4
Valley
Springfleld, MA 9-12 13 913 15
Spokane 2-4 2 2-4 |
Su Louis 11-14 12 58 i LO-14 1] 47 l
Washington, DC 10-14 17 5-8 Ll-16 L3 69 |
"The range presented is based on celculation of emissions from new and in-use
emission factors.
- — - ——
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Besulis

3 hi N: and Particulate Non vertories b e

The following charts summarize the contribution of each category of nonroad
equipment to total emission inventories. Each chart presents the YOC, NOy, CO, and
particulare contribution determined by each of the two inventory methods for one equipment

category.
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3.3, Natiopal PM. SOy, and Air Toxjcs Inventories %

Table 3-02 summarizes national emission inventories for particulate matter,
formaldehyde, benzene, 1,3-butadiene, gasoline vapors, and oxides of suifur for afl nonroad
sources. Inventories from highway vehicles and other area and point sources are presented
where available and the contribution of nonread sources to total inventory is calculated. Due
to the extremely limited availability of data for toxic inventories for highway and other area
and point sources, the data in the table are fram the most recent year for which data was
available, Therefore, the data can only be used for approximate comparisons of the
contributions from the various sources of air toxic emissions. The nonroad inventories for air
toxics in Tabie 3-02 arc the in-use adiusted Inventory A numbers. The formaldehyde and
benzene inventories for highway and other area and point sources were taken from an EPA
technical report by P. Carey.® The PM and SO, inventories were derived from EPA’s 1989
emisgion trends report.!  The highway vehicle value for 1,3-butadiene was hased on
assuming that this toxic accourted for 0.35% of the total exhaust hydrocarbons emitted from
highway vehicles,”? The aldehyde emission factors used in this study for nonroad sources &
are in termns of total aldchydes. To compare formaldehyde inventories from nonroad to other )
sources, EPA assumed that 60% of the total nonroad aldehyde emissions were

LEL L L L L]

formaldehyde.

" The 60% estimate wan typical for enginey which had separate formaldebyde, an well as total aldehyde, @s
emigsion measurements reported In Noaroad Emizsion Factors of Air Tozics by Melvin N. Ingalls, Southwest i
Research Iostitole, SwRI 08-3426-00%.
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Table 3-02, Air Toxics Emisgion Invenlories

— L — —— ———
Ciher Area Apd
Noswroad Sources Highway Sources PFolat Sources
. Toixl t
Towe % of % of Tof | O
tpy Total tpr Totul tpr Total
— T
pariculae* 457396 553 | 1292738 1696 | 6,224,620 774% | 3239754
formaldehyde 41,663 13.05 74,961 2148 201670 8347 15294
|| benzene 109,783 2337 175,579 63.68 47 400 10.95% 412762
1 3-butadiene 47516 9,869
gasoline vapors | 237,048%4 2819727
50, 230,493 .50 652,572 281 (22311994 96,19 | 23,195,065
*  Does nok inclyde fogitve dost fom unpaved roads and aimtrips which accounts for about 77% of ol
suspended particles.
** Dpes oot include oyeming losted or bot sosk evaporative emissions.
. - = - ———
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XX IP and C Inventor is

As discussed in Chapter 2, inventories were prepared using data from SIPs and CARB
analyses. The following tables summarize the results from the SIP- and CARB -based
inventories. It should be noted that the emission factors used to develop SIP- and CARB-
hased inventories do not include in-use or ransient operation adjusiments. A discussion of
the emission factors used to develop these inventorics can be found in Appendix 1. A
discussion of the methodology used to create these inventories and a morc detailed repost of
the results can be found in Appendix (.

Table 3-03. SIP-Based Inventery Summary

m
YO NO, co
CMSANECMA
tpy tpad | tpy tped | tpy  tpwd
(%} (%) (%) 1%} %} (%)
Atlanta, GA 3 3 7 3 I
Beauwnant-Port Artur, TX 1 18
Boston, MA 1] 9 ]
Chicago, 5 16
Connecticut 10 21 4 "
DaHas, TX 4 14
Denver, 00 3
Dulghh, MM f
El Paso, TX 3 18
Fort Collins, CO 4 |
Hardord, CT 7 25 4
Heouston, TX 4 )
Louisville, KY 12 44 ﬂ
Minneapotia, MN 16
New Jersey L] 13 14
Scattle, WA 9
Springficld, M 12 9
Staw of Mass. 8 8 ]
TN
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Results

Table 3-04. CARB-Based Inventory Sammary

Air Basin

Mountain Counties

it Sacramento Valley

San Dhego

San Francisco Bay Area
San Joaquin

South Cenral Coast

South Coast

| VOC tpsd | NOy tpsd
(%)

TR W S Sy ¥

CO tpwd

(%) (%)

31 ;

19 10

29 w |
21 1

13 13

13 12

17 1

Nevrember 1991
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Chapter 4. Discussion and Analysis of Results

Chapter 3 presented a summary of the inventories caleulated from the data collected
for this study. This chapter contains EPA’s analysis of these inventories and its interpretation
of the results. Specifically, the first section contains an analysis of nonroad contributions to
total emissions by pollutant and equipment categories. A discussion of the methodologies
used to calculate the inventories and their potential impact on the results is presented in the
secord section. Last, the contnibution of nonroad emissions i3 compared to other categeries

that are currently regulated.

4,1,  Discussion of Inventory Results

Foliowing are discussions of the results for emissions of VOC, NOy, CO, and other
pollutants, and the relative contribution of equipment categories. The overall nonroad

emission contributions are summarized by pollutant.

4.1.1. Volatile Organic Compounds (VOC) Inventories

Both Inventory A and Inventory B estimate that substantial sammertime YOUC
emissions derive from nonroad sources. Inventory A estimates that 18 of the 19 ozone
nonattainment areas examined have nonroad contributions over 6-9% (lower limit represents
new engine and upper limit representy in-use emission factors) of total summertime VOC
inventories, with a median contribution of 9.1-12.6%. The estimates in Inventory B are about
15-20% lower than those in Inventory A. However, Inventory B still estimates that 14 of the
19 areas have nonroad contributions over 6-9%, with a median contribution of 7.4-10.3%.

The largest contributors to nonroad VOC emissions are the lawn and garden and
recreational marine categories, In Inventory A, the median contribution of lawn and garden
equipment 1o total summertime VOC inventories is 2.7-4.7%, with the lowest reported
contribution being 1.1-1.9%. Inventory B is slightly Jower, on average, with estimates of the
median lawn and garden contribution at 2.4-4.2%, and 18 arcas above 1.1-1.9%.
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Contributions of recreational marine equipment to nonroad VOC emissions are sunilar
to lawn and garden contributions, Inventory A estimates the median contribution of
recreation marine equipsnent to be 3.4-4.0%, with 15 of the 19 areas above 2%, Inventory B
estimates are about a third lower, overall, but still estimates a median contribution of 2.2-
2.5%. with 10 of the 19 areas above 2%.

The light cotunercial and constmiction categories each contribute at least §.5% of total
suminertime inventories in L7 of the |9 nonattainment arcas. Table 4-Q1 shows the number
of nonattainment areas in which the equipment category listed contributes at Ieast 1% of the

VOU inventory.

Table 4-01. Equipment Categories Contribating at least 1% of
Total Sammertime YOO Inventory

Number of Areas
Equipment Category Inventory A | Inventory B

Lawn and Garden 19 18-19
Recreational Equipment 2-3 0-2
Recreational Marine 17 17
Light Comumercial 2-11 2-12
Construction 11-14 5-6

Agricultural 1 1
Commercial Marine 1 1 “

It should be noted that exhaust emissions account for less than three-guarters of the

total VOC emissions from the lawn and garden category. The remaining VOC emissions
from this category are due to crankcase, evaperative, and refueling spillage emissions.
Spillage during refueling of the squipment is estimated to contribute 7.5% of the total lawn

and garden VOUC inventories and 8.9% of the lawnmower VOUC inventones.
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4.1.2. Nitrogen Oxide (NOy) Inventories

Total summertime NO, emissions from nonroad sources are estimated to be larger, as
a percentage of totak emissions, than nonroad VOC emissions. Nomroad NOy emissions in all
of the ozone ponattainment areas in Inventory A are estimated to be greater than 12% of the
total summertime NQ, inventory, with a median contribution of 17.3%. Although lower,
Inventory B still estimates that nonroad emissions contribute over 11% of total summertime
NQ, emissions in 16 of the 19 nonattainment areay studied, with a median comribation of
14.5%.

Construction equipment is the largest contributor to nonroad NOy emissions in 17 of
the 19 nonattainment arcas studied. Inventory A estimates that construction equipment
contributes at least 6.4% of total summertime NO; emissions in each area, with a median
contribition of 2.7%. Inventory B is more than 15% lower, but still estimates that 15 of the
19 areas have construction equipment contributions of over 5%, with a median contribution of
8.4%.

NQ, contributions from airport service equipment, industrial equipment, and
agricultural equipment are sach estimated to be ar least 1% in most of the nonattainrnernt areas
studied. However, only in one case (agricultural equipment in the San Joaguin Valley) does
the contribution from any of these categories exceed 3.6% in any nonattainment area. The

commercial marine vessel contributions are more variable, with larger contributions in a
linited number of areas. The inventories estimate contributions of over 4% in three
nonattainment areas for the commercial marine category. Table 4-02 shows the number of
nonattainment areas it which the category listed contributes at least 1% of the NOy inventory.
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Table 4-02. Equipment Categories Contributing at least 1% of
Total Summertime NO, Inventory

Equipment Category Number of Areas
Inventory A | Inventory B
=Tf':?p::rt Service Equipment 12 12
Recreational Marine 2z 1
fndustrial 13 13 )
Construction 19 19
Agriculturai 12 13 l
Commercial Marine 10 9

d.1.3. Carbon Monoxide {CO) Inventories

Inventory A estimates that honroad emissions contribute at least 9-12% of total
wintertime CO emissions in 7 of the 16 CO nonattainment arcas stadied, with a median
contribution of 5.9-9.4%. Aithough slighty lower, with a median contribution of 5.2-8.5%,
Inventory B estimates that nonroed emissions contribute at least 6.9-10.5% of total wintertime
CO emissions in & areas.

Unlike nonroad emission contributions to VOC and NO,, the aonroad emission
contribution to O is not dominated by any onc or two equipment categories. The lawn and
garden, light commnercial, industrial, recreational, and commmercial marine equipment
categories each conmibute a minimum of 1.4-2.2% of total wintertime CO emissions in at
least 2 nonattainment areas. The single largest nonroad contributor to winter CO smissions is
light commercial equipment. Both Inventory A and Inventory B estimate that this category
contributes at least 2.0-3.6% of total emissions in 8 of the 16 nonattainment areas studied.
Table 4-03 shows the number of nonattainment arcas in which the category listed contributes

at least % of the CO inventory.
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Table 4-03. Equipment Categories Contributing at least 1% of
Total Wintertime CO Enventory

Number of Areas
Fquipment Category
Inventory A | Inventory B
Lawn and Garden 5-9 ==;—ﬁ |
II Recreational Equipment 3-7 2-5
Commercial Marine 2 2
Light Commercial 15 15
Industrial 12-13 10-11
Construction 34 0-1
e .

4.1.4. Particulate {PM) Inventories

Inventory A estimates that nonroad emissions contribute over 3% of total PM

inventories in 2 of the 13 PM nonartainment areas studied, with a median contribution of .
1.8%. Inventory B is substantially lower, with a median contribution of about 1.0%, and only
gstimates that [ area has nonroad cortributions of over 3%,
Table 4-04 shows the number of nonattainrent areas in which the category listed
contributes at least 1% of the PM inventory.

Table 4-04. Equipment Categories Contributing at least 1% of
Total PM Inventory

Number of Areas

Equipment Category Inventory A

Inventory B

Construction 2 0

E Commercial Marine i 1 |
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4.1.5. National Air Toxics Inventories

Section 3.3 presented estimates of toxic emissions from nonroad sources {Table 3-02).
The limited availabiliry of toxic emission dara for nonroad sources made it difficult to
quantify precisely the invemtory from these sources. Uncertainties also exist as to the health
effects (example: number of cancer incidences per year} of toxic emissions. A summary table
of cancer risk estimates for air toxics is provided in Table 4-05. In this section, PM is treated
as a toxic emission because of its long-term health effects (carcinogenicity) and 1ts status as a
criteria poilutant.

A rough approximation of the cancer risk from nonroad toxic emissions relative to
highway toxic emissions can be determined from the ratic of nonroad inventory to highway
inventory which is desived from Table 3-02. Table 4-06 shows the matio uging this method
for 1986. These risk estimates are intended to be used to rank the nonroad toxic pollutants
ard shoutd not be viewed as actual numbers of cancer cases per year. In addition, the model
used to derive the values in Table 4-05 was daveloped for nattonal highway vehicles which
are more likely to be used in populated urban areas than nonroad engines and wehicles on a
nationai level. Therefore, the accuracy of the nonroad estimates is dependent on the
differences in whan/rural usage of on-highway vehicles and nonroad equipment.
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Table 4.05. Summary of Risk Estimates from Motor Vehicle Air Toxics. *7TH1Y

Motor Vehicle Pollutant 1986 1995 2008 |
1,3-butadiens 236-269 139-172 144-171
Dlesel! Particulate 178-860 106-662 104-518

Il Benzene 100-155 60-107 67-114
Formaldehyde 46-86 24-43 27-48
Gasoitre Vapors 17-68 24-95 30-119
Asbestos 5-33 ND#*+ ND
Acetaldehyde 2 1 l
Gasoline Particulate 1-176 1-156 1-146
Ethylens Dibromide 1 < 1 < 1
Cadmium <l < [ <1
Dioxing ND ND ND
Vehicle Intertor Emissions ND ND ND

. The risk sstbmates are 95% upper coniidence limdu.

* The risk estimates for anbestos, cadmium ad ctbylene dibromide ace for urban exposure oanly. Risks

for the other pollutanty inclinds both urban and rural exposure.

Ll L ND = Not Determined.

M The risk estimates are upper bound eslimates; therfore, they are oot intcoded to represent actuad numbers
of cancer cases but rather can be used to rank (he mobile source poliutams and 1o guide fusther sudy. Table laken
from “Air Toxics Emissions and Health Risks from Motor Vehicles," presented by LM, Adber and P.M. Carey al

the AWMA Annual Mesting, 1989

12
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Tabie 4-06. Risk Estimates for Noaroad Toxic Emissions.

B Nonread/Highway Inventory Ratic
1, 2-Butadizne 4.85
Particulates 0.33
Benzene 0.40 h
Formaldehyde 0.56

As Table 4-06 shows, 1,3-butadicne cancer risk estimates are extremely high for
nonroad sources compared to on-highway sources. This is due primarily to two factors. The
first factor relates to emission levels of 1,3-buadiene and the use of catalysts. Most on-
highway vehicles use catalysts and have 1,3-butadiers amissions that are about 0.35% of 1otal
exhaunst emissions. In comparison, few nenroad engines are so equipped, and as a result,
have 1,3-butadiene emissions that comprise about 1.3% of total exhavst hydrocarbons.
Further discussion of this difference is found in Appendix 1. The second factor relates to
crankcase use. While the majority of on-highway vehicles use a closed crankcase system,
most nonroad engines do not and, as a result, have higher 1,3-butadiene emissions.

Many taxics such as benzene, 1,3-butadiens, aldehydes, and gasoline vapors are
included in the broad category of pollutants referred to as volatile organic compounds
{VOCs). Measures to control VOC emissions should reduce emissions of these air toxics.
However, the magnimde of reduction will depend on whether the control technology reduces
the individual toxics in the same propaortion that total VOCs are reduced.

As evidenced by the 1990 Clean Air Act Amendments, Congress recognized the need
1o study and regulate emissions of air foxics from motor vehicles and fuels. The
Amendrments require that EPA complete a study of emissions that pose the greatest risk to
human health or about which significant uncertaintiss remain by May 15, 1992, Alse, EPA
must promulgate vehicle or fuel standards containing reasonable requirements to contol toxi

emissions, applying at the minimurn to benzene and formatdehyde, by May 15, 1995,
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4.2, Imventory Meithodol

As outlined in Chapter 2, many of the inputs used to generate Inveatory A and
Inventory B are based upon differemt scurces of information. This section discusses the effect
that these differences could have on the inventory estimates. The results of this study could
also be affected by methodologies which overestimate or underestimare emission inventories,
as well as factors such as photechemical modeling, nonscasonal temporal adjustments,
photochemical reactivity and transport. The potential impact of these factors on emission

inventories is also discussed in this section.
4.2.1. Data Differences

The results and analysis presented in Chapters 3 and 4 reveal that Inventory A
generally estimates higher nonroad emissions than Inventory B. This difference in emissions
is primarily due to different local amounts of boat usage and annuat fuel consumption
estimates for the recreational marine category, activity ievel estimates for lawnmowers and .

population estimates for the construction category. The following highlights the differences
in each category.

Lawn and Garden Equipment--Both the Outdoor Power Equipment Institute (OPEL)
and the Portable Power Equipment Manufacturers Association (PPEMA) submitted local and
national population estimates, anhwal hours of use, average hersepower, and load factors for
lawn amd garden equipment. This data was used to estimate the emissions inventory for
Inventory B. Although there are several differences berween the national popuiations, annual
hours of use, average horsepowers, and load factors for lawn and garden equipment in
Inventories A and B, these tend to offset one another in most cases, resulting in similar
estimates of emissions from most lawn and garden equipment. The primary exception is
lawnmowers. Inventory A estimates for lawnmower populations, annual hours of use,
horsepower, and load factor are higher than those for Inventory B by [0%, 20%, 5%, and
20%, respectively, leading to activity level estimates for fnventory A that are, in general,
about 70% higher than for Inventory B. Overall, Inventory A estimates lawn and garden
emissions thar are about 10-15% higher than Inventory B. .
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Recreational Equipment--The Motorcycle Industry Council (MIC} submitted survey
results for actual miles driven and seasonal activity for off-road motorcycles and all-terrain
vehicles, The seasonal activity levels were used by EPA to make seasonal adjustments for
both inventories. The International Snowmobile Industry Association (ISEA) submitted
natianial population and annual hours of use estimates for snowmobiles, The oniy substantial
difference between Inventories A and B, is the latter’s lower annual usage cstimates. While
this cansed Inventory B's emission estimates from recreational equipment to be significantly
lower than Inventory A's, the impact on total nonroad emissions is small due to the relatively
low contribution of the category,

Recreational Marine--Both inventories used local boat registration data as the basis
for making population estimates. However, the methods of allocating the number of boats
actually used in the nonattainment arcas differ significantly. Inventory A relies on survey
results submitted by the Narional Merine Manufacturers Asgociation {NMMA) from eight
nonartainment areay to establish the ratio of boats used to boats registered in the
nonattainment arza. For Inventory B, NMMA supplied a method of estimating the ratio of
boats used to boats registered based on the amount of water surface area in the nonattainment
are per registered boat. The methodology used for Inventory B yields estimates of boat usage
in the nonattainment areas that are about 10% lower than those in Inventory A. Another
factor accounting for the difference between the two inventories is the estimate of annual
gallons of fuel consumed. The average foel use calculated for Inventory A from annual hour
of use, average horsepower, and load factor estimates is very similar to the fuel use survey
resules reported by NMMA, However, NMMA believes that the reported fuel use in the
survey is overstated. Thus, for Inventory B, EPA adjusted the average amount of fuel
reported in the survey by the ratio of a national average fuel use calculation for outboard
motors, 91 gallonsfyear, to the average reported in the NMMA survey for outboard motors.
142 gallons/year, before applying the results to the unsurveyed areas, Overail, emission
estimates in Inventory B are about a third lower than those in Inventory A.

Industriai--The Industrial Truck Association (ITA) submired population, anmial hours
of use, load factor, and engine type estimates for forklifts. The load factor estimales were
adapted by EPA for both inventories. Overafl, [TA’s estimates yield smission inventory

estimates substantially lower than the forklift estimates in Inventory A, primarily due to much
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lower annual hours of use estimates. [hie o the relatively small amount of emissions from

forklifts compared 10 some other equipment types, the impact on the overall NOy inventory
was less than 3% (the impact on the VOC and CO inventories is much lower yet), No
information was submined by industry for the other equipment types in this category.

Construction--Equipment Manufacturers Institute {EMI) submitted national
horsepower, national lead factor, regional hours of use, and regional population estimates for
most of the equipment types in this category. Overall, the horsepower, load factor, and
anmual hours of use estimates are similar to the estimates used in Inventory A. However,
EMI’s population estimates are lower than those in Inventory A.

Agricultural, Airport Service, Light Commercial, Logging, and Commercial
Marine--No substantial amount of information was submitted by industry for these equipment

categories.

4.2.2. Factors Causing Qverestimation or Underestimation

EPA had sufficient information in several arecas to now that methodologies used to

guantify emission inventories could tend to overstate or understate the actual inventories.

Where sufficient data was available to quantify the bias, comrections were tncerperated into
the data used for the inventories developed for thiz sudy. However, in some cases, which are
discussed in this section, sufficient data was not available to make adjustments.

The estimates used for NO, emissions from highway vehicles and other area and poimt
sources are taken from the 1985 National Emission Report. While more recent NOy data is
available on the national level, no general source of local NO, emisgions is available afrer
1985. The level of emissions from highway vehictes in 1990 i3 actzally somewhat lower due
to the replacement of older vehicles with new vehicles having more effective emission
controls ¥¥% T this study, use of the 1985 dara has the effect of overestimating NOy
emissions from other sources and, hence, underestimating the proportion of NO, emissions

from nonroad engines.

1 Ba0ed on National Ar Pollutant Emistion Extimares: 1940-1989, highway NO, emissions dropped 15%
berween 1985 and {999,
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No estimates of emissions from personal watercraft {e.g., Jet Skis) are included m this
study due 1o lack of data. PSR does not compile information on personal watercraft and the
survey conducted by Irwin Broh and Associates for NMMA contained numerous cases where
the respondent obviously misunderstood the category. This omission has the effect of slighdly
understating the inventory sstimates.

The emission factors developed by EPA for this study include new and more extensive
test data than previously incorporated into emission factor estimates. For the first time, the
emission factors also consider evaporative and refueling emissions. In addition, in-use
detetioration estimates were incorporated into a second set of emission estimates for each
inventory. Nevertheless, the potential for inaccuracies still exist due to lack of data in some
areas.

Factors that may cause the ¢mission factors and, hence, the inventories to be

understated arc:

- Spillage factor. Application of the spillage factor for on-highway vehicles ro
large nonroad engines could result in underestimation of ¢mission factors, since
on-highway users are likely ta be mare conscicus of spiliing foel on themselves
andfor damaging the car's finish. Further, spillage from all equipment is likely
to be underestimated due to the fact that all refuelings wese assumed to be
complete fill-ups.

* Evaporative emissions. The absence of data on hot soak or running loss
emissions for nonroad vehicles and vapor displacement for gas can refueling

may have resulted in underestimation of total evaporative emissions.

* Wintertime CO emissions. All emission factor testing has occurmed at typical
summertime temperatures (roughly 75°F). CO emissions, however, increase at
colder temperatures due to additional fuel enrichment and longer warmup
times, This effect was not accounted for in the determination of CO tpwd for
nonroad engines due to lack of data. The proportion of cold start operation cn
nonroad engines is unknown, but is likely to be much lower than for
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automabiles due to the tendency for most nonroad engines to be used for
extended periods of time. [t should be noted that the on-highway mobile

source myventories used to determmne the relative contribution of nonroad

emissions did include the cffect of wintertime emperatures on emissions.

. Crankcase CO and NOy emissions. Exclusion of crankcase CO and NOy
ernisgions could result in slight underestimation of nonroad emissions, even

though their contribution is relatively small.

4.23. Additional Considerations

Several factors that could potentially offset the contribution of nonroad engines to air
quality nonattainment were not incorporated mto this study. Some were not inciuded because
it was determined that to do se would not improve the validity of the results, while for others,
insuffictent information was available to develop methodelogies withia the timeframe
mandated by Congress. This section discusses these factors, the reasons why they were
excluded, and the potential impact (if any) on the results.

Non-Seasonal Temporal Adjustments—As previously discuased, EPA adjusted

nonroad equipment activity levels for soasonal variation in usage. The inventories in this

study are cxpressed in average daily emissions during summer (tpsd) and winter (tpwd),
which are the seasons associaed most strongly with ozone and CO nonartairument,
respectively. As discussed tn Appendix L, ozone and CO exceedences occur during both
weekdays and weckends. Consequenty, variations in source activity during the week and
during the day were not considered.

Photochemical Modeling—-As has been noted elsewhere in this report, the formation
of ozone is an extremnely compiex process. It is difficult to understand the exact rote played
by ermissions from the thousands of sources ingide and upwind of a particular nonattainment
area without a detailed photochemical model thar takes inte account not only manmade
cmissions but also local wind and weather patterns and biogenic emissions. Only recenty
have reliable photochemical models come into widespread use. The Regional Oxidant Model
(ROM) for large, mulri-state areas and the Urban Airshed Model (UAM) for individual urban .
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arcas represent the state of the art in air quality modeling for attainment planning. Congress
has mandated that the worst nonattainment areas use photochemical modeling as a tocl m
developing individual customized plans for attaining the ozone standard.

EPA has not included photochemical modeling in this study for two reasons. First,
developmg and calibrating these models for even one nonarteinment area would not have been
possible within the deadline and budget for completion of this study. Second, the detailed,
localized information available from photochemical models of individual cities would have
added little additionai relevant information to the overall question of the importance of
nonroad emissions to attainment problems nationwide. Photochemical models are nseful in
deciding such questions as "On the margin, which kind of addirional control would be more
effective in reducing ozone in a particular area, NO, or VOC?" Thus photochemical modeling
is important in severe nonarainment arcas, where very large emission reductions are needed
and each additional emission reduction strategy is likely to be costly. Detailed photochemical
modeling of all nonattaimment cities is not required to reach the conclusion that the ozone
problem in urban aress across the United States i3 serious and attainment of the ozone
standard will require large reductions of both VOC and NO, emissions nationwide; that
conclusion bas already been reached in the establishment of the CAA itself. The
photochemical modeling of altemative emission control strategies contained in the recent
ROMNET report”? offers additional support: ROMNET found that reductions in both VOC
and NO, emissions beyond the minimum requirements of the CAA and across the
northeastern U.S. would be required to bring the major East Coast cities into attainment of the

" ozone standard. Thus, EPA is satisfied that if nonroad sources are found to be a gignificant
conttibutor of either NOy or VOCs, then they are a significant contributor to nonattatnment of
the ozone standard.

Photochemical Reactivity--An issue relared to photochemical modeling is whether
nonroad VOC cmissions are, on average, more or less photochemically mactive than
emissions from other sources. As i3 cvident from the discussion of toxic emissions from
nonsoad engines, very little data exists on the amount of individuat species of YOCs emitted
by nonroad engines. For the purposes of this study, EPA has assumed that the photochemical
reactivity of nonroad VOC emissions is the same, on average, as VOC emissions from other

sourced. This is a reasonable assumption given that most nonroad engines are related to on-
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highway engines and that on-highway engines are the singie most important source of VOC .

emissions in nonattainment areas.

Transport--During the past few years, it has become more apparent that ozone is a
regional and not a local air quality problem. Recent studies * " ' have shown that
ozone and ozone precursors can travel long distances and affect air quality in arcas at least
two hutidred miles from the source of czone-forming emissions under somme circumstances.
Obviocusly, ozene docs not respect the political boundaries enclosed by city, county, state, or
nonattairrnent area lines,

Ozone transport complicates the asscssment of nonroad emission contribution to urban
nonattainment. To keep this study to a manageable size, EPA decided to include only
equiprment usage within the nonattainment areas in the inventory estimates, However, EPA is
aware that emissions from equipment outside the nonattainment area boundaries also will
affect the ozone level within nonartainment areas. Becanse emissions from equipment used
outside nonattainment area boundaries may affect air quality, but are not accountad for in the
inventorics included here, the contribution of this equipment to urban nonattainment will be
undercatitnated in this study. Underestimation of the air quality impact of nonroad equipment .

will be geeatest for those fypes of equipment that have a substantial portion of their usage
outgide urban areas, such as agricultural equipment and recreational equipment (including
marine pleasure craft).

It is difficalt to quantify the underestimation of the nonroad impect on urbyan
nonattainment that is due to trangport for several reasons, First, EPA does not have current
detailed information on nonpoad .populatium and usage rates outside the areas considered in
this study. County-by-county inventories for nonroad equipment are contained in national
emussion data bases, such as the inventories used in the National Acid Precipitation
Assessment Program (MAPAP), but these inventories are at a rather broad level of
categorization {such as "nonroad-diesel"}, and use some obaolete emission factors. Second, it
is difficult to estimate exactly what proportion of the emissions outside nonattainmenr areas
affect nonattainment area air quality. It would seern reasonabie 10 assume that emissions
from sourves 50 miles from a nonattainment area would have a greater impact than an
identical source 150 miles from the nonattainrnent area, but currently no accepted "distance
discount factor” is available thar could be applied to inventories outside nonattainment areas. .
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Third, the impact of transported emissions in any given area may vary considerably with
meteorological conditions, particularly wind speed and direction. A study of transport in
Califomia found that, in some air basins, transport may have an “overwhelming” impact on
ozone levels under one set of meteorclogical conditions, but an “inconsequential” impact
urkier another set of meteorological conditions. Finally, local topography would be expectad
to influsnce the partern and importance of transport in different areas. Transpon
characteristics in a nonattainment area surrounded by mountains and valleys would be
different from those in nonattainment arcas swrounded by Bat land.

To adequatcly assess the inrpact of transport on individual areas, detailed regional
oxidant models (ROMSs) must be constructed. These models inciude thousands of parameters,
such as spatially distributed emizsion inventories for manmade and biogenic emissions over a
wide area, detailed meteorological data, and topographical characteristics. Construction of
these models was beyond the scope of this study. However, EPA’s Office of Air Quality
Planning and Standards, in association with EPA regions and state authorities, has recently
completed a five-year study of transport and ozone fermation in the Northeast, the Regional
Oxidant Mode] for Northeast Transport {(ROMNET). ROMNET concluded that emissions
outside the heavily urbanized northeast coastal "Cormidor” contributed to nonattainment in the
Corridor. The ROMNET report states: "The resnits suggest that without stringent upwind
controls, ozone levels in parts of the Cormider may not be reduced to below the concentration
specified in the NAAQS even with stringent controls along the entire length of the Corridor.”
(p. ES-11).

The ROMNET inventorics and modeling results may be used to make an
"order-of-magnitzde” assessment of the potential impact of transported nonroad emissions on
nonattainment. By looking at the effect of reducing vpwind emission inventories on ozone
levels in particular nonattainment areas and at the proportion of nonroad emuissions in the
upwind inventories, a rough estimate of the impact of transported nonroad emissions on these
cities under one set of meteorclogical conditions may be obtained. According to conirol
measure simulations in the ROMNET study, a reduction of 65% of the non-Corridor VOUC
inventory and 60% of the non-Corridor NO, inventory resulted in an average peak ozone
reduction of 8.6 ppb in the Corridor as a whole and 11.5 ppb average peak ozone reduction in
the nonattainment arcas of Washington/Baltimore and Philadelphia. This immplies that 1% of
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the non-Corridor VOC and NQ, inventories account for 0.14 ppb of the peak ozone

concentration in the Corrider cities on average and about .18 ppb of the peak ozone
concentration in the Washington/Baltimore and FPhiladelphia areas. The ROMNET Study
assurmed that nonroad engines accounted for 2.3% of the non-Cotridor VOC inventory and
4.4% of the non-Corrider NQy inventory in 1985, Very roughly, this implies that transported
pollutants from nonroad sources account for 0.5 ppb of the peak orone concentrations in the
Corridor cities as a whole and 0.6 ppb of the peak ozone concentration in the Baltirmors/
Washington and Philadelphia areas under the meteerclogical conditions modeled. If nonroad
soutces are not controlled, transported pollutants from non-Caorridor nonroad sources would
account for roughly 0.3-0.45% of the ozone level along the East Coast during nonattainment
episodes after implementation of the other measures in the (990 CAAA. These estimates are
not included in the estimates of the impact of nonrecad ermissions on urban nonattainment in
the rest of this report, because they were available for only a few cities under specific
circumstances and because the ROMNET nonroad emission estimates are likely to be greatiy
understated.

EPA and state and local air quality anthorities are continuing their study of the impact

of transported emissions on urban nonatainment. Efforts are currentdy underway to further
characterize ozone formation and rangport in the Northeast, and comprehensive ROMs
covering the Midwest and Southeast are also planned. A comprehensive study of ozone
transport in the Lake Michigan area hag been Iaunched by EPA's Region V and the states
surrounding Lake Michigan.

A more complete description of existing transport studies is contained in Appendix P.

4.3. Analysis of Nonrosd Emission Impact

A great deat of effort and money has been expended on reducing ermissions from a
wide variety of sources, from the automobile to area sources such ay dry cleaning and
bakeries. The CAAA of 1990 mandate additional controls in many areas and more stringent
controls on most of the equipment currently regulated. The purpose of this section is o help

put the ronread emission contribution inte context by comparing nonroad emissions to

currently regulated sources, .
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The nonroad emission inventories developed for this study estimate that the median
nonroad contribution to total VOC and NO, emissions for the nonattainment areas studied is
over 7% for VOUC and over 14% for NO,. Based on emisgion inventories for all sources
given in Maronal Air Pollutant Enmtission Estimates. 1940-1982, the only source categories
with larger VO contributions at the national level are on-highway mobile sources and
solvent evaporation. Also at the nationai level, the anly source categories with greater NO,
contributions are on-highway mobile sources and electrical generation. Among the source
categories with lower estimated contributions are industrial combustion, industrial processes,
petroleum refining, and petroleum product storage and wransfer. Ail of these other source
categories are currently subject to emission control regulations. The estimated contributions

of these categories are presented in Table 4-07.

Table 4-07. Contribution to Total Inventory

Poilutant Source Category ! % contribution’tittt “
vOoC On-highway Mobile 25
Solvent Evaporation 24
Nonroad 7-13
Petroleum Refining 3
Pewroleurn Product 7
Storage anvd Transfer
NOy On-highway Mobile 29 Il
Electrical Generation iz
Nonroad 14-17
Industrial Combustion 14 i
Industrial Processes 3

Another comparison of nonroad emissions to other sources can be made by examining
the 1990 CAAA requircments for Reasonably Available Control Technology (RACT) on
stationary sources. RACT controls will now be required on all stationary sowrces with either

VOC or NO, emission above 50 tpy in serious nonattainment areas, 25 fpy in severe areas.

THHH Nonroad based on median contribution determined by Lhig stody; ranges relect the largest and smadlest
local contributions calcudated by Inventoriex A and B with new #ngine and in-use emissicn factors. All wrher
comribution estimates are based on data from NMotional Air Pollution Emizsion Esnimcres.; 1 940-1989, am are oiven
at the national level for 1989,
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and 10 tpy in extrerne areas. This means, for example, that an area designated as an extreme .
0ZoTe nonattainment area is required te install RACT control on every stationary source over

10 tpy. By comparison, Table 4-08 provides the number of new vehicles or pieces of

equipment that it would take to generate 10 tpy, based on their typical yearly operation. For

the nonroad sources, the chart indicates the range between data used to develop A and B

national inventories.

Table 4-08, Comparison of Ozone Precursor Emissions from Various Vehicles
and Equipment

Yehicles or Equipment No. for 10 tpy
Off-highway trucks 1.6-2.¢
Crawler tractors 10
On-highway heavy-duty 20
diesel ouck*

Agricultural tractors 24
Boats with outbeard motors 74-142
Passenger Cars* 700
Chain saws 730-1,630
Lawnmowers 1,680-2,380
Siring trimmers 2,3104.630

* Based on first-year emissions of a current
technology vehicle.

Because CO nonattainment is usually more localized than ozone nonartainment,
comparisons of national CO emissions may be misleading. A comparison of nonroad and
highway CO emissions may, however, be made at the local level. Inventories developed for
this study indicate that the median nonroad contribution to local wintertime CO emissions
ranged from 5.2% to 9.4%, while the median contribution from highway vehicles was 81%.
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Chapter 5. Conclusions

A significant quantity of new information was generated by CARB, EPA, EPA
contractors, and the industry in response o California’s proposed nenroad regulations and this
smdy. EPA used this new information and existing data to develop Inventories A and B. As
a result, these inventories provide a mote comprehensive picture of nonroad emission
contributions to ¥YOC, NOy, CO and PM, than previously available. Among the findings of
this study arc the foliowing:

1 Median nonroad contributions to the total emission inventory for the 24 areas are
estimated to be:

NO; (%) | CO (%) | PM (%)

9.1-12.6 173 5.9-94 1.8
7.3-10.3 14.5 3.2-8.5 1.0

2. Congress mandated that EPA study emissions from nonroad sources to determine

whether such emissions cause or significantly contribute to air quality problems, and
in particular whether they are contributors to ozone or CQ concentrations in more than
onie CO or ozone nonattainment area. Of the nonattainment areas studied, the second
highest contribution to total inventories from nonroad engines and vehicles far VOC,
NO,, and CO is as follows:

| Inventory A | 13.1-18.7
| Inventory B 11.4.16.0

3. The results discussed throughout this report do not include the transport of ozone intw
the nonattainment areas. The effect of ozone transport would be to increase the

smisgion contribution of typically nonurban ¢quipment, such as agricultural,
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recreational marine, and logging equipment. While this cffect may be relatively smail, .

it is oot ingignificant.

4, Onlv on-highway vehicles, electric generation, and solvent evaporation have NOy

and/or VOU emissions that exceed those of nonroad equipment.

Recommendations for Inventory Improvements

The study identified a number of arcas where inventory estimates could be affected by
the absence of data or the use of limited infonmation. Monrcad inventory estimates could be
enhanced by collection of additional data, particularly in the area of emission factors. For
example, existing nonroad emission data allows an adequate assessment of taiipipe emissions
from relatively new engines. More information, however, is needed to quantify other types of
emissions, such as evaporative, crankcase, and toxic emissions, and the effect of in-use
deterioration. Specifically, data should be obrained for the following areas:
1. In-use emissions. Additional testing needs to be conducted on in-use engines .
to further quantify the effects of deterioration on the different types of nonroad

engines.

2. Hot 30ak and running loss evaporative emissions. Cumentdy, no hot soak and
nmning loss evaporative emission data exist for nonroad engines. Such
emissions are substantial for on-highway vehicles and can vary significantly
according 1o the type of equipment on which an engine is installed. Therefore,
tests should be conducted to determnine whether these emissions from nonread
equipment need to be controlled.

3 Toxic emissions. EPA used the limited data that was available on toxic
emission from nonroad engines to make the assumptions regarding such
emissions. Such asswnptions, particularty those for 1,3-butadiene, shouid be
verified through further testing. .
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4 Crankcase emissions. Further studies shoukd be conducted to improve the
measwrement of crankcase emission leveis from nonroad engines and to

determine which engines use open and clesed crankcases.

5 Cold start emissions. Currently, no data are available on the contribution of
cold starts to nonread emissions. Work should be undertaken to assess the
proportion of cold stant fuel enrichment operation on different types of nonroad
cquipment, and then to measure the impact of such operation on total

emissions.

6. Emission data representativeness. Currently, nonroad emission data are
uniformly applied to all similar nonroad engines. More accurate emission
factors could be developed if emission testing were performed on engines

representative of the population.

7. Cycle representativeness. Steady state test cycles do not adequately represent
VOC, CO, and particutate smissions generated during in-use transient
operation. To the extent that nonroad equipment encounters transient operation
in-use, steady state cycles could significantly understate emissions, especially
particulate matter. The adjustments made in this study te account for transient
operation were based on very limited test data which applied only to diesel
engines. More work should be done to asseas the typical operating cycles of
nonroad equipment. Sach characterizations would facilitate the assessment of
the amount and imponance of transient operation on nonroad engines, as well
a3 improve load factor estimates.
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Makeup of the Non-road Diesel Engine industry
(over 37kW (50 Hp))

Population Hra/Year

Agricultural Tractors 2,319k 411
Tractors/Loaders 189 700
Tearminal Tractors 65 1,200
Concrete/Industrial Saws 61 4387
Swathers 50 100
Forklifte a7 850
Paving Equipment 44 07
Aollers 43 692
Sweepers/Scrubbers 37
Rougb Terrain Forklifts 25
Other Agric Equipment 18
Chippers/Stump Grinders 17
Asphalt Pavers 12 B4
Sprayers 10 a8
All Others 12

50-100 Hp 3,149k
Combines 285k 812
Crawters/Tractors 159 1,021
Graders 64 924
Excavators 52 1,190
Skidders n 1,398
Genl Industrial Equip 18 812
Other Constructlon Eq 12
Aircraft Support Equip 10
Crushing/Processes 7
Mati Handling 5

100-175 Hp 643k
Rubber-tired Loaders 130k 1,388
Cranes a8 701
Off-hiway Tractors 39 859
Off-hiway Trucks 19 3,293
Scrapers 16 1,385
Fellers/Bunchers 16 1,110
Rubber-tired Dozers 8 186
Bors Drill Rigs 8 389

aver 175 Hp 334k

Aver Load
Hp (B
g8 T0%
7t 38
896 a2
56 73
a2 62
33 30
99 53
99 59
7 56%
92 50
107 51%
134 57
147 54
143 59
131 49
107 51
175 54%
194 43
214 G5
B58 25
290 &0
183 N
356 59
200 75

g/Bhp-hr
1.2

10.1
14.0
11.0
11.5
14.0
11.0

9.3

10.3
7.8

14.0
10.3

8.6
10.8
11.3
14.0

10.2
10.3
11.9
9.6
8.7
11.3
9.6
11.0



