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Reading and Using the Study Report and Appeadixes

The Nonroad Engine and Vehicle Emission Study has been bound into two volumes -
the report and its appendizes. 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 basic information
needed to understand what was done to obtain the results presented. More derailed
informationt has been put into a series of sixtecn appendixes, which are bound separately from

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

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

Many acromyms 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 term3 used in the report. -
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Executive Summary

Congressional Mandate

This study is a response to the Congressional directive™ thar EPA quantify the
contribution of nonroad sources to ozone and carbon monoxide air pollution and to other
pollutants believed to endanger public health. The Clean Air Act {CAA), as amended, directs
EPA to complete a study of emissions from nonroad engines and vehicles by November 15.
1991, The CAA fumher reguires EPA to regulate emissions from nonroad engines and
vehicles within twelve months after completion of the study if the Agency determines that
these sources are significant contributors to ozone or carbon monoxide {CO) concentrations in
mere 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 relative to the significance of nonroad
contributions to air quality will be included as part of any regulations proposed for nonroad
engines and vehicles, Opporunities for public comment on any determination of significance

. will be provided through the regulatory process if the Agency proposes nenroad regulations.

Nonroad Engines and Vehicles

The terms "nonroad engines” and "nongoad vehicles” cover a diverse collection of
equipment ranging from small equipment like [awnmowers and chain saws, to recreational
equipmnerit, to farm equipment and construction machinery. EPA considered more than 80
different types of equipment in this report. To ease analysis and reporting EPA has grovped
?.quipmem into 10 equipment categories listed in Table ES-01.

"Baction 2132) of the Clean Adr Act, 2% amended, directs EPA 1o conduct a sy of emissions from nenre)
engines arxd vehicles and to determune if such emissions cause, of significamly conktibute to, air pollution which ma;
be reanomably anticipated to codanger public bealth or welfare.

"Locomotives aod aircraft are ot included in this study becauss the CAA provides for themn separately
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Table ES-01. Equipment Caiegories Incleded in Study

—

Lawn and Garden Equipment

Airport Service Equipment

Recreational Equipment

Recreational Marine Equipment

Light Commercial Equipment
Refs

Nonreoad Equip;:ent Categories_

ipm [ndustrial_E;;uipm:nt
Construction Egunipment
Agricnlieral Equipment
Logging Equipment

Commercial Marine Yesgels I

Nonroad engines art 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 nonroad engines is a complex task. A comprehensive

analysis of the air quality benefits potentially available from reducing nonroad engine

emissions has uever before been yndertaken,

Congress asked EPA to focus on quantifying emissions fram 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 belp resolve local aie

quaiity problems. A comparison between pollution emitted by individual pieces of new
nonroad equipment and pollution emitted by today’s typical in-use passenger car illusirates

the logic behind the Congressional mandate.

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

1 lawnmower VOC 50
1 chain saw VOO 200 I
! outboard motor VOC 200

’l 1 crawler tractor NO, Q_EL_H

¥
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Ezecutive Summm

State and Industry Participation

EPA’s ability to complete this study has been greatly ephanced by contributions of the
nonroad equipment industry and by many state zir qualiry planners. A public workshop was
haid April 3-4, 1991, and mdividual meetings were held with many nenroad manufacturing
groups. An infonmal 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, EFA held a public meeting on the full
draft of this mport.

Study Approach

To estimate the contribution of nonroad sources to air poilution, EPA constructed
nadonal emission inventories of nonroad sources, as well as local invensories for 19 ozone
and 16 carbon monoxide (CO) nonattainement areas. Since it was not possible to construct
inventories for all nonattainment arcas within the time allowed for this study, these areas were
selected to represent a spectrum of demegraphic and geographic characteristics. They also
represent most of the nation’s most severe air poilution problems.

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

Table ES-03. Pollutants Included in the Study

—— s e
Pollutanis
Volatile Organic Compounds (VOCs) Benzene
COxides of Nitrogen (NOy) Aldehydes
Carbon Monoxide {C0) 1,.3-butadiene
Particulate Matter {FM} Gasoline Vapors
Sulfur Dioxide (50,) Nitrosamines
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Monroad Engine and Vehicle Emission Stgdy

Constructing Emission Inventories .
Emission inventories are detailed listings of the amount of pollution generated by

different sources in a given area over a specific peried of time, In coastructing nonroad
inventories, severat factors must be estimated: (1) equipment populations in a given
nonattainment area, (2} annual hours of use of each type of equipment adjusted for geographic
region and for the seasen of interest for each poilutant studied, {3) average rated homepowar
of sach type of equipment, (4) typical load factor for ¢ach type of equipment, and (5) an
emission factor (EF), or average emissions of each pollutant per unit of use (e.g., gthp-hr) for
each category of equipment.

Given the number of engine types and equiptnent included in the study and the limited
amouttt of data available characterizing emissions from nonroad sources, EPA chose o
construct two sets of invertories. In the first set, EPA constucted inventories that incorporate
commercially 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 commercially available marketing research data
base® and publicty available indices of commercial activity 1o 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 does have on in-use nonroad engines shows that in-use emissions

HPower Sysmems Research maimtainy a marketing sesearch data base that inclodes most types of oonrosd
squipment.
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_Executive Summary

could be as much as two times higher for some types of equipment than emission estimates
using emission factors based on new engine test data. Consequently, inventeries 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 & gross adjustment for in-use detertoration. Because of
the uncentainty involved in making in-use adjustments, the report presemts estimates for both
Inventories A and B with and without the adjustment. In-use adjustments assume very litile
deterioration by diesel engines. Hence, category-specific inventories (¢.g., Construction
Equipment} for categories dominated by diesel engines show very little difference berween the
inventarics estimated wsing new engine EFs and in-use EFs. The cstimates using the new
engine EFs should be considered the conservative lower bound of nonroad contribution in

each nonattainment area.

Highlights of Study Resuits
Results are presented for all nonroad sources and for each equipment category.
Nonroad it tories
The results of Inventories A and B are similar. Chart ES-01 shows the median
contributions to total inventories in the 19 ozone and 16 CO nonattainment areas studied. 1n

general, Inventory B estimates lower emissions than Inventory A.
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Chart ES-01. Comparison of Median Contributions - Inventory A & B

e

ga

Median hNomroad Contrlbuticon % of Tortal

WO A YO/, B [ W MO/ B 2Os A 2078
Bal lytant/ |nventory

Waased an Tests of MNew Engires
[:]Estimated In=Uza Effects

Under the most conservative assumptions, using the new engine EFs and choosing the
lowest estimate from Inventories A and B combined, minimum contributions by poltutant for
all cities studied were as follows: 2.9% VOUC, 7.6% NOg, and 2.2% COQ. It is often usaful o
look at the second highesy and second lowest values in the range to avoid any "outliers” that
might skew the data. For example, the second lowest contribution of VOC in any
nonattainment area stadied was 4.5%, for NO, 9.7%, and for CO 2.3%.

It i3 also useful ro look at the nonattainment area with the second highesy contribution
aince Congreas requires EPA to regulate nonread engines if it finds that nonroad engines are
significant contributor to pollation in more than one nonattainment area. Chart ES-02 shows,
for VOO, NOQ,, and CO, thye level of contribution in the nonattainment area with the second
highest contribution from nonroad sources.
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Execulive Summar
S —— ——

light-duty trucks, heavy-duty vehicles). Most lasge sources, like motor vehicles, have
substantially reduced emissions becanse 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
reductions are relatively small compared to past ceductions taken from an uncontrolled
baseline. Since marginal redoctions tend to be costly, the EPA has begun 1o focus on
contrelling 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 programs now
mandated by Congress in the CAA.

Tabie ES-05 shows, using the new engine EFs, 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 Nonattzinment Areas Studied

Number of Areas > 1%
Noaroad Category Inventory A/B I'
vOoC NOy Co
Lawn and Garden 19-§8 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 Ii
Construction Equipment 11-5 19-19 3-0
Agricultural Equipment l-1 12-13 0
Adrpont Service Equipment 0 12-12 0
‘Endustrial Equipment 0 13-13 12-10 |
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Nonroad Engine and Vehicle Fmission Study
Charts ES-03 through ES-08 show VO, NOy, and CO ernission inventories for
nonattatnment 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
¢ach page lists the other sources included in the charts.

The nonroad contribation to the summertime VOC inventory for the New York
CMSA/NECMA is greater than the combined conwribution from all highway vehicles except
light-duty gasoline vehicles. For the Philadelphia CMSA, the nonroad summerntime NO,
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 vehicies.

Nationally, the nonread summertirne ¥OC and NOy contributions are greater than
those from any other single source caregories except solvent ¢vaporation {VO(C) and electrical
generation (NO,). The national nonroad CO contribution is greater than the combined
contributions from all highway mobile sources except light-duty vehicles.

W For each poliutan, the area shown is that for which the nonmad portion of the inventory was nearest Lo the .
miedian value for the different aread inciuded in the sdy,
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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 categorics contributing most heavily to the inventories vary by
pollutant. Both Inventory A and B show substantial summentime VOC emissions from
nonroal sources. These emissions are primatily 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 1o evaporarive emissions from spilling fuel when refucling 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 nenroad NO, emissions is construction squipment. [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, NO, emissions from
construction equipment cxceed 5% of the total inventory. Agricultural, industrial, airport

service, and commercial marine engines are also important contributors of Ny in some areas.
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Monroad Engine and Vehicle Emission Study

Unlike YOC and NO, emissions, no ane category dominates the nonroad CO emission

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

and recreational squipment categories each contribute 2 minimum 1.4-2.2% of total
wintestime CO in at least two areas.

Tabie ES-04 shows the contributions of the different nonroad engine and vehicle
categories to total inventories of VOC, CO, and NOy emissions. The contributions are
expressed in percent of total emissions from aff sources. The values given are medians of the
contributions in the various nonattainment ansas studied. These are given for both inventorias
A ang 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, NO, and CO
Emission Inventories A and B, with New Engine/In-use Estimate Emission Factors

% Total VOC tpad [ % Total NO; tped % Totsl CO tpwd
l Source Category v A | InmvB Inv. 4 | Inv.B Inv. & lov. B |
Lawn and Garden 2647 | 2441 0.2 0.2 0.6-L.t 0.5-0.9
Airport Service 0.1-01 | 0.-0.L 1.1 L2 0202 | 0.2:0.2
Recreational 0204 | 0203 0.0 0.0 0408 | 0.407
Light Commersial 0610 | 0611 0.2 0z | 2036 | 2037
Tndustrial 0405 | 0404 17 13 1315 1.1-1.4
Coestruction 1.0-1.1 |} 0808 9.7 8.4 0506 | 0405 |
Il:hgﬁﬂllmnl 0.240.2 0.2-0.2 1.6 1.7 01401 108
Logging 0000 | 0000 0.0 0.1 8000 | 0000
Recreational Marine 3440 | 2225 .3 0.2 2.1-0.1 0.1.0.1
Commercial Marine 0.3-0.L | 0.1.0.1 0.1 1.0 0.1-0.1 0.1-0.1
e |
Total Noaroad 9.1-126 | 7.4103 173 133 £994 | 5285
—_— -]

Relative Contributions of Monroad and Other Emission Sources

One of the difficulties in improving air quality is that a multitude of small sources

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

groups of smaller sources (&.g., mator 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-04, New York CMSA/NECMA Summertime VOC Inventory
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Chart ES-05. National] Swnmertime NO; Iaventory
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Chart ES-06, Philadelphia CMSA Summertime NOy Inventory
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Execmive Summary

Chart ES-07. National Wintertime CO Inventory™
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M Sourcea Ares and Foint Sourcea
LDGY - Fght-duty gasoline vebricles Al - petroleum refining
LDV - Hght-duty vehicles A2 . solvem svaporstion
LDGT - light-duty gweoline mrucka A3 - petroleum product storagestransfer
LDT - light-doty trocks Ad - rlecrrical generation
HDGV - hepvy-duty grscline vehicles A3 - indusrial combustion
HDDV . heavy-duty diesa] vehicles A - induzirial proce s
DSLY - diesel vehicles AT - remdential fuel v

“*Comections [or wintertime increases in OO0 emission factors were mot made for either noomoad =ources o
highway vehicles due to limitsiona in cational-kevel dala.
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Because nonroad sources are among the few remaining uncontrelled sources of

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

afready subject to substantial ermission control requiremnents. For example, the CAA requires
extreme ozone nonattainrnent areas to employ Reasonably Available Control Technology
{RACT} on all stationary sources with VOC or NO, emissions above 10 tons per year (tpy).
Annual operation of only 10 crawier sractors or 24 agricaltural wractors will produce 10 wpy 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, comrent-technology
passenger cars driving an average of 13 00 miles each in a year (a total of more than 9
miilion miles) to produce 10 tpy of VOC.

Areas of Further Study

In the process of constructing the study, EPA identificd a munber of areas where
estimates Were developed using lunited data or were not developed at all because of lack of
data altogether. While existing nonroad emission factors estimate tailpipe emissions from
relatively new engines, more work needs to be done to gquantify 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 m this study, the inventories presented in the study, particularly those
caiculated using the new engine emission factory, are likelty to be conservative cstimates of
the nonroad coniribution to air poilution,

“ These pumbers indicate the range between data used to develop A and B national inveniories.
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Chapter 1. Overview and Background

The comerstene of the Clean Al Act (CAA) i3 the affort to attain and maintain
National Ambient Air Quality Standards (NAAQS).' ™™ Prior 1o the enactment of the
1990 CAA Amendments {(CAAA}, efforts to achieve and matntain air quality standards
focused an regulation of emissions from on-highway, area, and stationary sources. 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 artain 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 en currently regulated mobile
and stationary sources of emissions and the promulgation of regulations for new sources. As
part of the effort to identify and control unregulated sources of air pollution, the CAAA direct
the U.S. Environmental Protection Agency (EPA) to study contributions to air quality from
nonroad engines’** and nonroad vehicles!®¥ (other than locomotives or engines used in
lacomotives). S This study is the result of that directive,

1.t. The Air Pollution Problem

The CAA requires the EPA to set air quality standards for common and widespread
pollutants after preparing "ctiteria documents” summarizing scientific knowledge on their
health affects. Currently, six "criteria” poilutants are regulated by primary and secondary

™ Reference citationy are indicated by a superscripted number, A list of citations can be found at the amd of
the report.

1 Zection 216(1G) of the CAA, ax amended, defines “nonroad cogine” as an internal combustion engine
{including the fvel syzem) that is oot used o & motor vehicle of 3 vehicle used sodely for compeugon, or tat is i
subject to standards promulgated ander section 11| (new stationary sources) or section 202 {motor vehicles) of the
CAA. As defined in section 215(2) of the CAA, "motor velicle” means any self-propelled vehicle designed for

{TANSPOTHNE persong of property on a street of highway,

M Section 2160113 of the CAA, a5 amended, defines "nonroad vehicle” as a vehicle that is powersd by 2
ootirtad engine and thal iv pot a motgr vehicle or a vehicle used golely for competition.

£ Emissiony from locotmotives and mew engines used in locomotives are being addressed in a separate st
as required nnder section 213(a)5) of the CAA, as amended.
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Nonroad Fingine and Vehicle Emission Study

NAAQS."™*  As of 1989, over one-half of the population of the United States was still
exposed to lavels 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.2 An area is considered to have failed to
attaint the NAAQS for CO if it exceeds 9 parts per million {ppm) two or more times in a rwo
year period, Carbon monoxide, formed as a resuilt of the incomplete combustion of fuel, is
emitted during the combustion process.

In contrast to CO, ozone is formed in the atmosphere as a result of a complex 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 attainment of the ozone standard. Further, since airborne ozone
and NOy, and possibly VOCs, can be transported from one area to anothet, attainment of the
ozone standard in some areas may require control of NOy and VOC emissions in upwind
regions. '

An area is in nonartainment for ozone if it exceeds 0.12 ppm more than three times in
a three year period. In 1987-1989, 96 U.S. cities excecded the standard for ozene, Of these
citicg, nine were classificd as "severely” polluted, cxpericncing peak ozone levels that
exceeded the standard by 50 percent or more, Based on 1989 air quality data, over 66
million people lived in counties not meeting the ozone standard.® Appendix B contains a
description of ozone formation and 3 bibliography of the literature on ozone. A list of carbon
monoxide and ozone nonatainment areas can be feund in Appendix C.

As with CO and ozone, many areas are in nonattainment for particulate matter (PM).
At the time the CAAA were enacted, 73 aeas failed to meet the NAAQS for PM. Over 28
million people lived in aress not meeting the particulate standard in 1989, '

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

" NAAQS bave been established for particulate matter (PM), suifur dioxide {S0,}, carbon monoxide (CO1.
nitrogen dioxide {N0,), ozooe, and lead.

" The esiimate for particulate mater is considered 3 lower bound esimate, because the PM,, Monitoring
oetwork 1 still evolving.
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butadiepe are emitted by motor vehictes and are considered to be human or probable human
carcinogens. Some air toxics, such as benzene, are compenents of gasoline and can be
emirted as unbumed fuel or as fuel that evaporates. Other air texics, such as formaldehyde.
which results from the same reactions that form ozone, and 1,3-butadiene, are not present in
fuel, but are by-products of incomplete combustion. A summary of cancer risk estimates
associated with moter vehicle poliutants 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 emissions
from nonroad engines and vehicles and to determine if such emissions cause, or significantly
contribute to, air pollution which may reasonably be anticipated to endanger public health or
welfare, Within 12 months after the completion of the study, the Administwrator of EPA must
determnine whether the emissions of CO, NOy, and VOCs from such new or sxisting engines
or vechicles are significant contributors to ozone or CO concentrations in more than one area
which has failed ro attain the NAAQS for ozone or CQ, If an affumative determination is
made, the Administrator is required to promulgate regulations containing standards applicable
to emisszons from those classes or catt:gnﬁﬂs of new nonrcad cngines and vehicles which in
the Administrator’s jrdgment 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 emisgions. The study quantifies, through the use of noncoad 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 regulations premulgared for nonroad engines
and vchicles.

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

analysis and reporting and to assist the disaggregation of nationai or state equipment
populations to the local level, EPA grouped the equipment types into the 19 equipment
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categories listed in Table 1-01. Additional information on these equipment types and

equipment categories can be found in Chapter 2. It should be noted that these categories .
were deveioped only for use 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

e
] Lawn and Garden Equipment
Airpent 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 Study

Although numerous poilutants have the potential to meet the criteria set forth in the
CAAA for inclusion in the smdy, EPA chose to limit the number of pollutants examined in
this stady to those liseed in Table 1-02.

M Asrcraft are already mgyriated undar a separste subpart of the Cl2an Ajr Act and, hemee, ae ool clasxified 23 .
ncorsad smgioes of vehicies. Locomotives were specifically excivded [rom inclusion by Congress in the CAAA.
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Table 1-02. Pollutants Included in Study

Pollutants

Volatile Organic Compounds {VOCs) =|
Oxides of Nitrogen (NOy)
Carbon Monoxide (CO)
FParticulate Matter (PM)
Sulfur Dicxide (SQ,)
Benzene
Aldehydes
1,3-butadiene

Gasoline Vapors

Nitrosamines

Section 213{aj of the CAA, as amended, requires that VOCs, CO, and NO, be
tncluded in the nonroad study, Of the three other NAAQS criteria pollutants (PM, SO, and
lead), EPA chose to include PM and SO,, since both are currently regulated for on-highway
sourtes and have been identified ag contributing to air quality conditions that are gangerous to
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 mode] year (992,

Nonroad sources also emit other pollutants cornmonly referred to as air toxics, which
include carcinogens, mutagens, and reproductive toxins, Cumently, little information exists
regarding air toxic ernissions from nonroad engines and vehicles or the health effects of such
emissions. Moreover, none of these poliutants 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(aud} of
the CAA. In determining which air toxics to examine, EPA considered thme sources of
informanion: 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 I of the CAA, After reviewing the availability of data and the cancer risk

MNovermtber | -



Nonroad jne arned Vehick Emizzion 5

incidenceas, EPA chose to address the following air toxics in this study: benzene:. aldehydes: .

I, 3-butadiene; gasoline vapors; and nitrosamines. Appendix D contains a listing of the air

toxics considersd 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 orone, CO,
or both. Nineteen of the areas were evaluated for VOCs and NOy, 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 air pollution
problems due to their diverse geographic and demographic characteristics.

Table 1.03. Geographic Areas Included in Study

Nonattainment Areas
A, GA MSA T Vomeapolis St Paa, M1 SR
Baftimore, MDD MSA New York-Mgethern NJ-Long Lslawd, NY-NJ-
CT CMSA/NBECMATH
Baton Rouge, LA M3A Philadsiphia-Wilmington Trenton, PA-MJ-DE-
MD CMSA
Boston-Lavwrence-Salem-Lowell-Brockton, MA NECMA | Provo-Orem, UT MSA
Chicago-Gary-Lake Conny IL-IN-WI CMSA, 3t. Louis, MO-IL MSA
Clevetand. Akror-Logain, OH CMSA San Diego, CA Air Basin™® |
Dlenver-Boulder, CO CMSA San Joaquin, CA Air Basin
El Pazo, TX MSA Seattle-Tacoma, WA CMSA
Hartford -New Britain-Middletown-Bristol. CT NBCMA South Coast, CA Ajr Basin
I Houston Galveston-Brazoriz, TX CMSA Spokane, WA MSA l
Miagmi-Fort Landerdale, FL CMSA Springfield, MA NECMA
Milw amkse-Racine, WI CMSA Washington, DC-MD-VA MSA

HH Comolidmed Metropolitan Statistical Area (CMSA) and Morth East County Metropolitan Stasstical Area
{NECMA,) definitions are given in State and County Matropolitan Area Data Book. U5, Bures of the Censuy, 1986,

55 Califortiia air baxing are defined for the purposes of this study as in the 1990 verzion of the 1987 emission .
icveotory prepared by the Callfornia Air Resourcea Board (CARB} for the Stam of California.
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1.6. Pyblic Partlci

EPA recognizes that involvernent by the manufacturing and environmental
communities is essential in enauring 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 conmment 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 public workshop was held on April 3-4, 1991, with over 200 persons in anendance.
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,
artd indusoy r:pl‘csentatives,m“ EPA requested that manufacmrers submit population
inventory and emission data for the nonroad eguipment to be congidered in the study. [n
addition, a briefing for environmental groups on general air quality issues held in Washington,
D.C., on May 14, 991, 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 Instinte
(OPEI), Industrial Truck Association (ITA), Engine Manufacturers Association (EMA}, the
Equipment Manufacturers Institute {EME), Portable Power Equipment Manufacturers
Association (PPEMA), John Deere Company, National Marine Manufacturers Association
{NMM.A), Manufacturers of Emission Conirols Association {MECA), Ford Motor Company,
Ford/New Holland, and Tecumseh Products Company. As these meetings, manufacturers
provided EPA with up-to-date informnation 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 a
variety of manufacturer associations and state agencies, was convened by EPA te provide
technical review and feedback throughout the development of the study. The review group
provided informai feedback on the nonroad population inventory methodology, emission
factors, and per-source usage rates for the study. A complete list of the Technical Review
Group members is included in Appendix F.

" Presentation materiala and other comments are available for public mview in Docket #A-91-24.
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EPA published & draft of this report for public review in October 1991, and heid a
public meeting on the nonroad study on October 3G, 1991. This rapont reflects EPA’s .
consideration of comments received on the draft report. A discussion of EPA’s response to
public conuments is found in Appendix Q.
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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 aise considers a third set of inverwories, 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 emission data. Each SIP contains a state-Jeveloped inventory which
considered population and per-source usage rate estimates. However, two factors restricted
the absility of EPA to utilize this inventory as a basis of comparison with Inventeries A and B.
First, the SIPs considered a limited number of nonroad equipment types. Second, a
subatantial amount of new data on nonroad sources was developed after the states constructed
their 1987 draft inventories. Nevertheless, the SIPs still constinze a valuable point of
reference, Further discussion of this inventory is found in Appendix G.

2.1, Structur ission Imveptories
Emission inventories are detailed listings of the amount of pollution generated by

differcnt sources in an area during a specific period of time and are used to 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.

Souree
Light-Dury Highway Vehicles
| Other Highway Vehicles

™ Title [ of the CAA requirea states to develop plans to demoastrate 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 nonroad sources¥;

M, = N x HRS x HP x LF x EF,

where:
M, = mass of emissions of {" pollutant during inventory period
N = source population (units}
HRS = annual hours of use
HF = average rased horsepower
LF = typical load factor
EF, = average emissions of i™ pollutant per unit of use {e.g., grams per horsepower-

hour)

For this srudy, the product of the annoual hours of use, the average rated horsepower.
and the load factor is referred to as the per-source usage rare. The product of the popuiation
and the per-source usage rate is referred to as the activiry level. Nonroad engine emissions
are expressed as tons per year (ipy}), except when emissions are adjusted for seasonal usage

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

2.2, Developing Equipment atid Engine Categories

The development of an emission inventory requires the estimation of activity levels,
which is facilitated by the use of categories that group togethier types of equipmenr, such as
tractors, belers, harvesters, and other types of agricultural equipment, which have commen
function and use 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 cormesponding engine types.

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

1#M¥Note that EPA used grams/hour emission factors for moat recrestional squipment and grams/gallon of Fuct

for rectestional and commercial marine eqaipment
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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 used in more than one industry or
application {e.g., farming, construction, general industry or recreation) and that, consequenily,
the ten equipment categories are net motually 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 is
considered to be valid for that purpose. Equipment types used for similar purposes were
grouped into categories and a methodology was developed for distxibuting state ¢r national
population data to the local level for sach cquipment 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 39 A detailed list of equipment

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

Table 2-82, Nonroad Mobile Source Equipment Categories.

Eguipment Category
Lawn and Garden lawnmowers, snowblowers, trimmess, tillers, chain saws < 4 hp
Airpont Service aircraft and baggage towing tractors, ainport service vehicles
Recrearional ATVs, off-road motorcycles, golf cans, snowmabiles
Recreational Marine inboard and outboard recreational boats
Light Commerciai air and gas compressors, welders, generator sets, pumps ;
Indystrial aerial lifts, forklifts, self-propelied elevating platforms, sweepers
“ Construction asphalt pavers, rollers, scrapers, rubber-tired dozers
Agricultural agriculural tractors, combines, balers, harvesters
Logging chain zaws > 4 hp, delimbezs, log skidders
“ Commercial Marine harbor vesscls, fishing vessela, ocean-going commercial vessels

M4 Thece categories are neither definitions of “farm equipment” or “copstruction equipment” (terms that will
be deRned by BEPA in a future rulemaking) nof necessarily appropriate for the classification of new nonroad eogines .
and new nonroad vehicles for widch regulalions may te promuigated under section 213(aX3) or 213(a}4) of the
CAA

12
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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 e¢ngines where
appropriate. A detailed discussion of the development of emission factors is contained in
Appendix 1.

2.3, Development of Emissjo rs

A key element necessary to detenmine £mission inventories for nonread sources is the
emission factor. An emnission 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 ynit 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 this study, Inventonies 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 selected by EPA is presented in "2.7. Comparison
of Data Used in Inventories A and B." Emission factors for Inventory C required speciai
aggregation to be compatible with SIP guidance.

EPA used data available from past studies and testing, as well as pew information
supplied by the engine manufaciurers, to develop emission factors for taifpipe exhaust,
refueling, evaporative, and crankcase emissions.“** Appendix I describes the vasious
methodologies used to determine and select the most appropriate emission factors for each
type of equipment. The emission factors developed for this smudy were reviewed by the
technical review group.

The test date on which the emission factors are based consist almost exclusively of
t25ts on new engines. While more testing needs 0 be completed before in-use emissions can
be fully characterized, EPA believes that inventories incorporating emission factors based

S BPA comracted with Somhwest Research Institute (SR to perform a study to recommend categorization
of noaroad sources and the best available exhaust emission factors for oonroad sources. SwRI completed this Gk
in tw0 paris. The first part focused on emission facioers for VOO, CO., and MOy, while the second pan focused on
particulate giattey sl air toxic emiston fictors. The final reports, "Non-Road Emisvion Factors Intecim Report”
ard " Noo-Rosd Emistion Factors of Air Toxics™ can be found in the public docket {#A-%1-24), Appeodix | provides
detail o emisgion factors and how they were uted. EPA received emisrion facior information from a oumber ot
industry tources. Appendix ] indicams the sources of additional data

Movember 1991 Ps



Nonroad i and Vebicle Emission Study

solely on new engine data would grossly understate the contribution of nonroad engines to air

peliution. Therefore, to estimate the magnirmde of the effect of in-use emissions, which
includes engine malfunctions, improper mantenance, and engine wear, EPA also developed a
second set of emission factors that takes into account these effacts.

Two sowrces of data were used to estimate in-use adjusonent factors. One source was
recent testing of in-use small utility engines performed by Southwest Research Instirute
{3wRI) under contract by EPA. The limited resting that has been dore thus far suggests that
in-use emissions couid be 2 times higher, for some engines, than the emission factors bhased
on new engines. The second source of data was a joint Engine Manufacturers Association
{(EMA)/EPA program conclucted 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, whije in-use impacts are minimal for pre-conrolled diesel engine emissions (i.e., diesel
engine emissions do not increase with mileage/hours of operation), heavy-duty gasoline
engint emissions increase with in-use operation. A detailed discussion of the in-use
adjustments to emission faccors is contained in Appendix . Inventories A and B were
calculated using both the new engine emission factors and the in-use emission factors. The
results are presented so that the reader can clearly distinguish the estimated in-use portion of

gach inventary.

Another issue which is pecessary to consider in the asssssment of the magnitude of
emussion rates for nonroad equipment is whether the test cycle is mpresentative of in-use
operation. There is an ongoing debate regarding the appropriateness of using a steady state or
a transient test cycle for weatng the emissions of nonroad engines. This is an important issue,
since measured emissions of most pollatanis, especially particulate matter (PM), are sensitive
to the test cycle. For instance, a steady state cycle used on a piece of equipment that
experiences trandient operation in-use may misrepresent the level of in-use emissions. EPA
adjusted the PM, CO, and VOUC 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 equipment types that were adjusted are indicated by
Footnote "a” in Table 2-07a. The adjustments were only made to diesel engines since the
only data available was on diesel sngires. A more detailed discussion of these adjustments
tor transient operation is contained in Appendix I .
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. 2.4.  Development of Activity Levels for Inventory A

Due to limitations in the existing guidance for developing emission 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
lpad factors used in [nventory A are primarily based on a market research dara base
commercially available though Power Systems Research (PSR). This data base is continually
updated through surveys of equipment manufacturers and end vsers. For the study,
population data were disaggregated to individual nonartainment areas wsing commonly

LLLLL L]

available economic indicators and census data. The emissions analysis for
commercial marine vessels was handled separately from other categories of
equipmens, T

The development of emission inventories for recreational boats relied on local

a3 cliscussed in Section 2.8.

registrations of pleasure craft. Because boats are often used outside areas where they are
registered, adjustments to registration data were made based on a survey of boat owners in
eight nonattainmens areas conducted by Irwin Broh and Associates, Inc. for the National

. Marine Manufacturers Association (NMMA).® Annual fuel consumption from the same
survey was aiso used in calculating recreational boat emisgions.

While relying primarily on contractor input, EFA also uged other data and informasion
in calculating Inventory A. Documentation of adjustnents to the contractor data are
contained in Appendix K. Documnentation of adjustnents 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.

T The methodology is documentad in the Energy and Environmenial Analysis final report entitled
"Methodology to Erimate Noomomd Equipment Populations by Mooatainment Areas,” jvailable for review o
Docket ¥A-91-24,

. THIT This is due 10 the fact that the rypes of commercial marine vessels are not as diverse as other nonreay
categories, and to the fact that records of specific Jevels and types of vesscl activities are more readily avaiisble
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1.5.  Development of Activity Levels for Inventory B

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

. Qutdvor Power Equipment Institnte - nonhandheld lawn and garden equipment

. Portabie Power Equipment Manufacturers Association - handheld lawn and

garden equipment

. [ndustrial Truck Associatiots - forklifts

. Equipment Manufacturers Institute - agricultural and construction equipment

. Nattonai Marine Manofacturers Association - recreational marine equipment

. International Snowmobile Industry Association - snowmobiles

. Motorcycle Industry Council - ATVs, off-road motorcycles

Some of the equipment populations used in [nventory B were based on confidential

sales data that are not cornmercially available. Where gaps existed, FPA 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 admst the data provided by manufacturers for use i

constructing [nventory B, The use of and adjustment to manufacturer data is documented in
Appendix N. EPA made seasonal adjustments to data in Inventory B simnilar to those made
for [nventory A, as docuinented in Appendix L. In cases where manufacturers only supplied
annual hours of use at ¢he national Ievel, dwese hours of use were used for all areas without
regional adjostments. Summnaries of the data used to develop Inventory B are presented in
"2.7. Comparison of Data Used in Inventories A and B." Meore detailed information is

presented in Appendix O,
2.6. Com n of Resalis tgber Draft and Finai St

EPA made some adjustments to the data used to constuct Inventories A and B for this
final report in response to public comments on the October draft sdy report. The most
significant adjustments 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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lawrnowers; revisions to the methodology for distributing handheld equipment (trimmers,
blowers, and chain saws) to the locai level, revisions to population estimates for agricultural
tractors and combines, and emnission factors for outboard motors and crankcase srmission from
lawn and garden ecuipment. Some of these adjustment were also made to Inventory A, but
with less impact on overall inventory results. A summary of the comments received to the
October 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 YOC, NOy, and COQ inventories.

Chart 2-01. Median Contributions -- Draft Inventery A and B
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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 2-63. Inventory A amd B National Population Estimates
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Tabie 2-03 (Continued)
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Key:
1 = Lawn xnd Garden 4 = Recreational Marioe 7 = Consmuction
2 = Alrpont Service 5 = Light Commercial B = Agticulrural
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 (Continned}
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Key:
1 = Lawm and Gamden 4 = Récrestional Marize 7 = Construction
1 = Airporn Service 5 = Ligin Commercial R = Agricultural
3 = Recreatonal Bouipment 5 = Industrial 3 = Lag@ng

NA = Wt applicable
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Tabjie 2-05. Inventory A and B Typical Operating Load Factor Estimates
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Tabie 2-05 (Continued)
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7 BapreThlll Blign 1A% EEL ] NA HA % T % TR
7 Bacevuam, % it Na Na IV NA N, HA
7 ConcreiwIndustitsl Jaws TI% Ti% Na NA T TR LY MA
__I 7 Cwrramt arad Martr Minars % ] Na Ha 1) [ N MA k
T [’ AV % Na A 41% TR HA A
T Crmders 1% 4% M A HA NA NA NA
i Oit.Highway Trucha % 1% Ha N NA Ha %8 M
7 CrushingPme. Equiprt TR Tk NA HA TR 15% MA ETY
7 Rough Tovewin Perklifa i ko ] NA NHA Lk, ) 4% oA HA
T Rubber Tirod Londent % Aty Ha HA Skl HA HA WA
¥ Twbber Throd Deges " A0k NA HA Na MA HA HA i
T "Trimez sy omchorn/ Bt [ hepem b1 % MA Na 4% Ha Na N
T Crawiar ‘Tractors Sk % Ha HA N A A LA
T Thbet Sier Lomdes 55 AT Na Na, 1% MA HA B
? CH-Highwsy Trmoooek Lo 55% Ha NA HA HA HA LY
T Dvumn i Tornie s e R N HA 1% A1% WA N
7 Other Comrncdon Bamigrent | 82% S MA Na Y e 7Y Wi
A 2%l Trcworn NA Na Na Na, ¥4 ] T NA MA =
1 | Apricumed Traoon W | ToR NA Na 1% 5% [T NA
r L] Agricubheral Moo KA NA Ha HA 43N ailey NA MA
L] Comortrinms % TN Na HA T4% Ta% WA NA
R E [ e HA BiA % som KA Ha
1 Pabrri e i) Ma HA M NA N N
L] Tl >3 hp ™. . HA HA T L] NA WA
.} Swathery e 7 HA MA 5% i NA WA
1 Hydr Pewer Ut % . MA HA (¥ Y MA B
1 Cther Agrrienbieal Fow it 1LY 1% MA Ha (XTI T ™ Ha Na |
= 9 Chatr Snw LY NA NA, Na LY NA HA 1% 3%
L} uwdhdars w3 by HA Na, Na Ra i e Ha Na
9 Tiddurs il ke Ha MA Na NA Ha Mh
] PellorsBunchory 1'% T Na NA Na NA HA MA
HA = N sppnlicable

Key:

1 = Lawn apd Gurden 4 = Recrestional Mrine 7 = Conmructicn
2 = Airpont Service 5 = Light Commercial B = Agriculeral
J = Recreational Equipmtat & = Indusirial 3w Logying

NA = Not applicable
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Methods and Approuach

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

T R ——— A HA Ma, A T3 49 339 51
| Leaf Blooers ¥V arsucma N NA Ha HA T-M ot Pr L T 25248
T | Roar Brgo Eiing Mewem 2250 a3 NA A W 7o A Ha
| Front Mo Ha A HA MaA f Ty FT L] LNy Na
1 | Chwio e <4 bp MA A Na A A A 1330 ERRT)
1 | Sosdden PET™ MA ta, NA rA P FEEE 2.5 1T
] Tilbers <3 hp L 1% MHA MHa MA 1423 -4 | 6-25 173
T | Lawn and Gurden Trastors 1T3-H0 11240 NA Na e FTT ] ua a,
1| Weod Splinem P FrrT] NA Na = T NA, A
1 | Scowblowen O Na HA FA = AT PRT X
1 | Chippera/Stums Orincon 36750 T3 BA NA 185-541 FTT] Na Ay
1 | Cormorcsl Teif Scqutpawn WA Na HA NA 0.1 10951 HA WA
T | Ctirr Lawn md Gardes 101197 161197 HA FA TE ] T Tk 428
Bayripmemt
2 | Alersk Suppen Equiprm WilA% | s51958 A NA w067 #08-797 TA HA
T3 | T Tractors 10R1-1433 | 1omi1e33 | 711.043 TIL3 Ty | Fiaar A y
1 | AN Tormin Vkicke (ATVa} FA WA NA HA FTRAYT ENT 142 711
™ A Ma, NA A ha? 1 A HA
k] HT-Rmmd Mowreyohs MA A Na NA [rmk ] 4-13% 6.1 q-11
1 | Golf G MA, NA NA NA SFZH | ear1ml | aFIIm | e3Tad
h] S wermady] e MA MNA N HA HNA 510 T -
Y | Specialty Veohicks Carte Tt | S48 A NA V.74 T3 [T TRT]
4| Vessel wilnbowd WA | 0L T Ma. T 91537 T NA
Eorrgiratt < 250 hpt
4 | Vemmh wtRirboard Brginer FA NA A MA T FYSTE 110214 §3113
4| Vel wSwmdrie NA HA HA Ha 200575 160416 MA "
Engtas
4 | SaiTmm Awsiliy lobowd 17.50 12192 Na HA ] 15-33 M A
—
4 | Saifrow Axxilery Crtmard NA HA A NA ) IH T4 ih
Bnginars
T | Oweermer 3ro <Mihp | M3 | M T HA T17-184 117154 117- 164 FI7 18
3 | Parwm “Mhg| akam | s 175-2% 175.387 17267 TTE 8 NA Ty
5 | Aw Compremmm < B0 b | 9508 | Aesand HA NA 35556 W1 see Ha A
5 | Ces Compemors < 3 ks MA WA B00LT0 | IS0-500 HA Ha T A
1 | ek <My | AIRTW | 4T NA NA 130243 TR Na A
" 1 | Preseas Waslws < M hp | 95183 18 N NA STRI Te141 NA A
6 | vl Lif TS A0T | AT | Z40M3 | 034N | enam3 | 20m320 Na A
6 | Forkifa EFII7TA] | wS0es0 | 180104 | M30.MS0 | renl.ikSa | 90N NA ET
5 | SweepervBeryie NENE | s | 0.7 0035 01,357 LS NA wa
# Cthetr Genern| [ncumtrial 5Tt 10809 371-108% N WA da1REL FLap -F§ FLAE S 453 AR
Bquiprmeent
§ | Other M Heriig 56463 [T NA A FETWIT] [T A A
Equlpmemt
i ? Aaphalt Favers [ETETT R Ear V(T A T 25 HA HA M
7| TarpryRwmmers HA Na NA NA 110158 110185 10188 TIn. 9
T Plemr Convparwors i RL i 00 N MNA - L P w1 L M)
T | Covrotn Pavers IAESE | A 1018 NA BNA NA HA MA A
“ T | Rolke TS | ear.0id Ha NA X IT T MA A

November 19391




| féy T IQUISALN] oz

aqeandde wp = vy

InZHo = 5 einsnpa) = o maudmba pemopeaney = ¢
TERGMTSY = § JEIAURALCY) IGBTT = § #HAIG Uodity = 7
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Methods and Approach

. Table 2-07. Emission Factors for Inventories A and B

a. DIESEL EQUIPMENT (grams/hp-hr)

I —_ ——
HC
laza Equigranul Trpes Exhiiit | Crask | Evag* | Rafmdlag oo HO, e | Alderpda | S0
1 Lawrnmowars A HA HA N WA WA Na NA Na
i! 1 Lt Blownm/Vacouma Na Na Ha Na, HA Ha Ma ~a Na
1 Rear Engie Riding Mvwera 130 bz HA 0005 .00 3.00 L.0o e na
| Eromt Mowwrs HA HA A Ha Na Ha V.3 o] HA
1 Chain Sawn o d Ty NA HA MNa Ha NA Na Na LY M
i Shrreckdors <1hp HA HA HA MNA N M HA HAa el
1 Tilikery <1 hp NA A HA Na WA NA N NA =a 1|
| Lawn snd Gurdivr Treciers 120 LY o) A 0008 LY 500 1.0 008 n.54
1 Woed Splrws 120 0gz L FY o 500 k00 tn o0 .93
1 Sl e Na Na Na Na HA L1 NA HAa NA
1 Chippers/Starys Chineder 1.20 o HA .00 $.00 LY 1.00 008 9%
1 Comenwerebul Turf Bomiprment Ha HA HA M HA MA A MA HA
1 Ctat Lawn and Garden: Routpmwnt 1.29 0n7 Na LT 0 1. 100 .06 n.a1
z Arreralt Swppint Bl prrsien [ 1.57 fud ] NA 0,003 LY. ] 1400 14848 L 0w
2 Tormimmh Tractins Ll 1. a3 c ] A 0.3 LY ] 14,00 (W.0] L L nai
a Al Termin Veloube (ATYi) * NA HA B Na MA HA BA HhA M
. 1 Mindbikes - Na HA L8 Na A A A Wa WA
1 OfT-Howl Motorcycies - MHA Na, HA Ha HA NA M N el
a Sl Carm - Na HA NA Na NA HA Ha WA LYY
A Smowmoiyes HA HA Ha Na, Ha Ha MA NA M4
k| Specialty Vchicka Curts . 1 LT WA 2.3 500 oo 1500 .04 092
L} Yimnerts w/Trvhened Bngines - 4.9 A HA 0040 30l t¥2.49 JLE. ) i3] LF Y- 1]
L] VYomwhi we/Oitbowrd Bnghves - u» 0.9 NA 0000 ' 3.0l 17245 LiE. ] % 4] 1
* Vel w/Sturmwirlv Faghnes - b8 M HA 0008 370 s 1004 04l La.an
L] Saitbond Anitinry nbowrd Bryriees - 12245 NA NA LY nLn 15329 1085 nel 12,31
L} Salloosl Aun|lwry Cupttmerd Engioem L 1245 14 Na ot nmn 14329 1L 0,97 1320
-} Corerritin Sild < ¥ hp 120 114 NA 0.003 LE ] K00 ¥ 1] LLEE ] n.&1
L} Fummpm < 30 hp 1.0 171 ] WA Q.03 100 K00 1.0 .04 QL]
1 Air Comprems < M0 hp 120 ot NA 0.00% 506 oo 1.00 0.0 1haa
3 Gk ek el < 50 hp Na Na NA Na HA Na Na HAa A
¥ Welders < 30 hp 120 o NA 000 500 .00 | 0 LT yyl
1 Premure Waslers < ¥ hp 1.0 002 NA LY k] 100 L7] L. .06 a3
& Acri Lifte . 157 o003 HA 0,008 [, ] 4.0 L.50 0.2f LR
5 Farkllfta N | 57 n.03 Na 003 6106 100 L.60 nIc EXL
3 SwocperySernbiem M L.57 n.ou N 10N 0% 1a.00 560 2y LD
3 Cither Genem) Tndaryin| Equipment M L.57 181 HA 0.003 ¥ | a0 1.50 na1 o
L] Ochar Maserial Handling Bammmnt L £.AT 1y 5 ] ha, nimt3 5.0 Lanak 1 64F 11 e
! Aaphakt Parers 0.0 W] HA ot ] kW] Lo [l ] L ] -
7 TuaparaT amemirs o.na 000 NA Na, o0.na i3] LY R L
. ¥ Pl Compacurs %] LY Ha, Toyr kA1) .30 LA 9.2¢ ne
7 Conerete Pavers 100 LT rS NA LT 457 {1 8er) L] .30 e
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Morrosd Engine and Vehicle Fmission Study
Tabie 2-073, (Centinued)

e —— - ———

7
T Sormpes 0. ]| HA 003 $.00 5.0 12 | 90
T Paving Eouipmemt 13 a0y NA oy 180 1.0 .90 %20 9]
1 Surwing Equiprnent 0.0q T WA MA noo 0K u.nd LE ) " 4
7 Syl Bomercds 1130 0 MA 0.7 100 .00 100 30 a93
1 Trenchers 1.4 003 A 0nay 9.4 10 1ad .20 A
T BorwDril Rige 141 003 NA o pen 9.1 11.m 144 0.0 ot
“_ 7 Exncuritny om a8l Na 020y 520 073 | A4 nm 393
T Cometouci Endestrial Saws T4t 4.0 HA LF ] 5 1ol Lok o 0.93
T Cormtrnit and. Morter Miner (L] on MA 4001 480 1L a0 .20 LIk
1 Crmnm 124 am Na .60 420 1330 144 oz o33
1 Gradars 154 003 HA 0003 140 250 100 oz 87
T HE-Highaay Trecks LY T 502 NA 0004 1M 950 oA 0z 159
1 CrsiringFroc. Bauipawnt 141 ¢01 WA .00 .20 L L1 L4d 0 ¢
1 Rough Teniin Forklifts 14 003 MA 00 10,00 100 1 50 il .91
1 Kbty Tirod Lowders R o0z WA Lt ] A0 1030 1.9 .2 0BG
1 Rabber Throd Dt 171 0 NA 007 b i) 80 0458 "6 093
1 Tratwy/Tondery/Bacihom L4 aa3 HA 1000 &80 1.9 105 0.1 LY ]
1 Crarwrliar Tranciors 128 a0 WA 0.0 M0 10,3 111 ot a.a%
1 Skl Smer Londers e L] WA 0,003 9,00 N 144 LR UEH
7 Cf-Hl ghvwny Trnciors 245 1] HA 0,003 1468 LLOL 107 a3 083
T Durpera Tamcors o oy HA .00 1., 250 144 &0 .9
T Ot (Covatracticn Bomiymmnt 141 o3 MA .00 om nm T4 &30 0.53
3 2-Whwal Trtuom MNA Ha HA MA Ha HA NA HA Na
B Agricnknm] Tracom bEL ] 0.0 HA oM ol 1.1 05 "3 a4t
L Agriculinl Mowers HA WA WA A WA M HA NA A
n Coornbrran 126 am NA 0,003 im0 1150 143 030 T
L1 Sprapem g3 L) 0.0 M 0o E% ] .11 1.7 0.3 092
IR av | o] Ma 0.0 T | m naa| o
“ K Tilkarm =1ty 120 (-} HA CronT 100 7] Tm o 0
i n Swathwis 0,50 o0l WA 0,003 110 1% 151 o3 0.9z
| Hydee Bovar Uaios p ) 004 HA .00 178 i) 151 L) 3]
| vt Agricubmral Bawiprment 152 (1.7} WA 0.0m i3 1112 n 0. o3
9 Clmin Sarwn >dhp NA HA HA NA WA MA NA Ha N
2 Shrodde—rs S hp NA Na N HA Na& HA LY M NA
4 Tridkders 0.5 7] MA B0 o0 I b L) s
L Faiba/Bynchery o 0o MA .00 LR 1.9 bk (%) e

28
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Methods and Approach
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 Cerwrator Soiz « 50 by .5 114 508 141 5300 103 | 006 Hi2 1
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 ' Vehicls ion
Table 2-07h, (Coatinued)
ue

Clam Bemipmant Trpm Exhwuri | Crask | Evap* | PAefoeling 0 NO;, | FM | Aldegde | 50,
T hw Ha NA Ha Ha MHA HA HA MNa LY
7 | Paving Bauipwem sag|  zia 300 sez| towpe| 47| ooe v | was
7 Surfacing Ecuigmsent £.49 114 300 484 [ 19800 ate| ooe AL
T Sipnal Boards G A9 .4 308 & S 19900 479 [E1] LIk § 1,z
1 | Teerchme 849 204 769 o | 1mao0 479 | DDs ezl azs
T} BorefOet) Riga £49 704 ELa2 02| 1w 4T3 | 004 02z | oz
T EX purvmis .49 1.1d 140 DAL |00 47 i) 43 ] [a 303
T | Comeem/indaerial Saw 549 214 413 2T} ewe| 47| ooe g1z naa
7 | Convbt mnd Mortar Mixers 849 L4 375 sma ] oe00 w79 004 aa1| ozs
7| Crera ™ 114 PFEF oa| im0 ate| oos ex| oz
7 | Gk A NA A Ma M Al WA MA A
7 { OfF-Higrway Trucks Na MA NA HA Na Ma | ma Ma | wa
7 | Crushingrec. Peuipmnt 849 14 91| oaz| 19men are| one eaz| na
T w Toremiy Porkl s 54D .04 % K. ] L E 19800 a9 [1]1,.] 037 1.7
1| Blubbir Thwd Londen 158 T paz| Leaoo saz| oo ol o
7 | Wbl Tirad Dusers WA NA HA A Ha NA| NA qa | ma
T | TrmctonyL b s 5.4 204 54,99 aaz| 1m0 arm| onos esa| s
7 Crowlar Tracwrs NA Na MA NA NA HA NA NA& LT
CER [T ) T p—— sas| 214 29.m tad| 10 ars| oo arr]| %
¥ DW-HM Tracers MaA Na M HA MA MNa NA Ma NA
T mwrﬂ‘h.‘ 64D L4 .00 174 T DD 479 0048 0. L]
7 | O Constraction Bauiymmnt sag| ] mmmw ol en| are| ooe nat| o
g | 2-Whwel Tractom a9 1 7.3 19| 1om saz| 008 8y | 82
E | Agrkekenl Trcwn 549 | o odz| 1m0 657 | oos o | e
PR T Y —— T.IE FEL: Lot 18| 2100 s26| noe 02rf  naR
8§ Combim T8 127 | 2043 T 20| s exz| o=
1 | Sompm 11m 247 430 13| cipe|  sz4]| oee ar ]| oix
i | Busn ™ NA Ha HA HA wa| wa NA | MA
1 | Tiflem >ihy | e 163 aztl swoo| 2| om nir|  eam
1 [ Jwstvory e 23wl 1eniz 042 | 21800 5247 o6 T
1 | Hydew Powsr Unite 118 237 15.00 | 2p00 s24 | D08 p2r| o
B | Other Apriveiowa) Bymipswnt T 237 .15 paz| 2t00 s2| oow on| om
7 | crain gawn »hbp Na Na NA NA HA T E MA{  MNa
9 { Shredden ™ | A 100 smy A | e n| o
8 | Sikidens HA

% | BollwrxShaebers MA

Exrmp™ = gicay
* g

== plilon
HA = Nt gyl

30
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Methods and Approach

Table 2-07. (Continued}

c. GASOLINE &STROKE EQUIPMENT - (grams/hp-hr} Adjusted for In-Use Effects

e — . — —
HC
Exhamst | Crank Brap* BNt by co NO, ] Jﬂrﬁrin 5§,
1| TrimeerwEdgerwBrash Cuters b w | ToE rEn 2ol tarss] ok 14n wsa] o
] Laatimswery ] T 1T 1.18 | 5.1} 1T.00 oAl ] LR .17
L Lewf Blowery YV acwums -] H T4 X 1] s} ] S| T2 AT o 154 .51 017
| Rowir Er‘iﬂl Ridimg Mawers ] 19,73 AT 13 an ST Kl LI A} nld 03Ty
1 Fram Mowsers -] 1923 L) 1460 1an STO T L1 X1} ik 24 L i
1 Chain Samm « 4 hp NA HA HA WA B w1 A Ma -;:\“
T [—— im| 2017 | 124a L7% 280 wmI0a|  oar| 26 st | man ]
| Tilbwrs <A ]" B ™7 ridd L.3% .59 BT nAal 1.66 51 Ia”
1 Tawn mnal Ghrdert Ttz L} o4 kN L] T.13 1.8 &7 LY = .36 .14 naz
i Wouod Jpimen b T [P Lig LX- . 17 L2 ] 1.5 5% A
1 Snowblowers b .17 ILdd 150 1 ] AT 0.kl 1,58 i ILI_!_]'
1 Chippara/Torep Crindery e $8.51 (FX o 4.3 042 13800 m .o u-5} ,_,5_1'
il i omrymaerciml Tarf Edquiproiot b 19.74 310 15.50 138 672.60 0.8 038 i IF
1 Dby [ nwen rd G mw h TIT 1244 1.16 .80 %1700 oAl 0.1a LB nis
P T Y — . wer| 2| T eas| zmre| sas|  oes nzz| o
T | Termirsl Tractors . er| 22| T o5z zwt| 6| oo paz| |
3 | All Terrsin Vehicks [ATVa) . b 21000 | 200 500 s | masa | ase| it pas
a Mol Lierm " h 210 .00 150 I1.58 TH32 % 150 14 I.1A |'l__.:;-
3 HT-Komi Moiwreycion " b 5000 00 oo M. 15T 52 D00 1.1% 1.1% hhtg
1 | Dot Com - oo | 3wl 1am sAd|  imszan ]| ze0| 414 LA E nas
3 Iranwmobiles Ha KA MA MA MA, A HNA M LY
[ 5 | speiatry venoier Coren . b o00] a0 1800 Tod|  teszw b aen| 414 LiB] ma
4 | Venmnls wolnbourd Brgirus g 10kgn ua|  2ete sir]  imez| e em A
|l 4 | Vewmis wiurbonrd Bagtees Py 13057 | 1w ™ £75 | eaas | ses| o T aee
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and Vehicle

Table 2-07¢. (Continued)
— - - - —— ——— ——
HC
Clas Equigrmiat Trpet Exhoust { Cruck | Evsp* | Rafweling co MOy PM | Aldehydnr
7 | Scrmpot KA NA ™ WA =N A N NA
7 | Paving Bquipnemt b 1361 M 3.00 soz)  wmae| s om; 1z
T | Surtacing Emuipmens b e 300 wad] e[| 1] ox It
7 [ 5lgoel Boad b 1361 | Il s08 ssa|  Feam| :| 2z naz|  fas
— T Trombes 3 2.7 bR LY 155 43" ] 2570 479 i ] L1 nzd
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T | Grach 14 Ha Ha NA ™ HA ' | ma
T ivr-Highway Tracks HA MHA HA NA MNA HA ™A NA Ny
1 CrashingPror. Bamipere [ 274 T4 1.8 ndil I57.80 AT LIk ] . 02t a mul.
7 | hough Temun Foriiin P szl zae|  eaee vazl zmae| s | oo azz| oS
T | Rubiter Tiwd Loaders " BH] LAF] 0pd 042{ 21190| 42| o008 Baz| na
7 | Rber Thirad Domera N NA NA ™ Na, A NA NAL  Na
T | TracsorLonders/Buacklaw v YT a41| a0l 4| ome az1{ o
7 | Crumter Trecwen HA NA NA ™ HA NA NA Na | Na |
7 Shid Swor Loadery 3 .M 14 5 Ll 15T M) Pl LT 21 hls
7 | omHighwsy Traon MA K4 ™ Na NA NA NA T
T | DunpwraTonders b 12e5| 2mM o0 14|  wezm| m]| o2 wa
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B | 2 Wil Tt h 115 T 112 te9f mLFe|  ze8] o3z ese| oo
B Agricyitvm] Treciom . x4 (1] 13111 042 90 7.7 Q.08 .24 0.xa
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¥ | Hydre Povesr Unims b laoa| 2wl 1a0e 1401 4l420]  z] a2 e f oo
B | Ot Apricltersl Basdpmnt . wr| zw| s 042 2040| szel  ooe oaz] new|
¥ | Chain Sewn ndhp HA Na NA MA FA NA NA NA T a |
% | S T B YT 100 m| eom| om| ow nza| nin!
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9 | FellorBurcham NA Na NA MA HA Ha ™ xa .fl_
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" ghw .
ws gigallon
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Methods ard Approach

Tahfe 2-07. {Continoed}

d. GASOLINE 2-STROKE EQUIPMENT {grams/hp-hr} Not Adjosted for In-Use Effacts

T e T —_—
AC
Claml Boulpment Trpea Exhourt | Crank | Brsp* | Rrfockng [ats ) NoO, | P Aldehrdus | 80,

I | TrmmeryExdgnyBrosh Cuters 22458 Ma| o 2o | TEIz| os| g Tk [ 04
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3 Srvewmerbd bes 10900 MA 4.2 nar 15990 1.70 i, A o1t

3 | Spocimity Vihinkn T . 0,00 WA | LeoE | e00p0 [ (50| azn 275 | 09s

4+ | vessls winbowd Engmey - e HA | 28000 L] oesarae | g7 | a0 | 2sa

4 | Vol witurbourd Engines L] THDE M NA BTS] 13T | BT ani0 | 1w

4+ Vemely wiSterndrive Engine m—— TS MA ! E300 FMq 13T M ETT] 400 3071 190

4 | Sailost Amlliry [aoerd Brygires = HA Ha HA Ha MA| RA] HaA Ma | Ma

4 | Builbom Aunibury Outboart Bagines e TiND6 MA WA (R ETET N B el I 50 EX el B

% | Chovmrsor Sen < 50 hy 00 00 MA 306 a3 | smepe]| saa]| T M o3

5 ] Pumm cHhp| a2y 141 2.25 631 | mave| 7oa| oo ex2| oon

5 Air Compressors = 3 hy HA HA HA A MA MA A M Na

5| Gur Compresson ciihp| »= ax| 1M MA wa | vz tod| ops axt| one

5 | Weldww < 50 hp MA Ha HaA HA Wai Wal| ma ta] ba

1 | Presrars Washars <30 hp Ha MA Na Ha MA L NA] WA LTS I P

I & | sl a ] tpv] SHem 49| s mw| oo 02| omo

5 | ForkRfw - e 999 | 500 oarp sam |1t | ooF vz | woo

i | SwenparaGcraitee - 3go{ oo soat cag [ s1 | 1Tsm | ons ax| oo

[ e b Trurks ] Eruip 20 i NA Gar nai 4R e T I s

6 | Other Matorial Harafling Equlpmemt Ma NA Na A Mh| MA [ Na Ma Ma

7 Aaphai Eavers M NA XA NAa o F. M HA L E A

T | TemparaPummtts 20900 Hh 241 34| <m0 | 02| TR 04 | Po2s
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Methods and Approoach

Table 2-07. (Continued)

e, GASOLINE 2.STROKE EQUIPMENT - (gramyhp-hr) Adjusted for In-Use Effects

—— ——— —— — HC % %
Class Equigment Trpes Ethimt | Crank | Emp® | Betading | €0 | NO, | #M [ Aldehpden | 50,
1 THlmperyEdparyBruh Cutiers d 17158 Ha 24 .98 | [3EdEE | el .89 o [ 3
1 Lawmummwera L1 LLE ] HA 1.1& ES0 [ ¥EE [ TR TTD 104 nad
1| Lesr Blowers Vacusme d 43211 NA | 04 61| 11| oes| a0 s | 04
1 Romr Engim: B lding Mowars. HaA HA bLA A i MA HA A Ma
| 1 Eromt Mowarn N HA Ha, A Na NA MNa NA g
i Chmin Sawe = A hp d LFLY: | HA oaz M\ IR0 ] ) IS0 Lok [ D54
1 Sharsedders < 5 by F| 435,80 Na 1.74 150 | YA Q| TIO I0d | pla
I | Then <1k 4 43680 Ha 13 s1e| sman| az9| 70 2| 04
f Lawn und Gurden Tracwors HA A HA HA Na NA MA M Ha
1 Wod SpRctors NA Na LI Ha HA | HA| Ba NA N
1| Spwhiowern a 43530 NA 30 5A? | ®mEs0| o9 | TG 104 | 154
1| Chipprrn/Simmp Crinders HA NA HA HA Ma | MA | HA WA | MNA
1 C bl Turf Equip L1 LE ¥ U NA t1.5¢ 10| znan| o] 70 Tod [ G4
1 Onbrar Liarwn, and Slarden B hpwnd d LE ] Na 1.6 183| 0| o] Mo 104 | NN
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i Tormimml Tomwrt e g LR .99 1113 0.5 ¥4l | 17RO | DOS o]
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] [t rliem NA WA WA HA Na %3 HaA HA N
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1 | Scowmsbies d 22890 Na | 2 o | nLe] 1| oM a0 | 01d
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* Sulfoout oo iy Crortiwme_d By Wik g | f£¥.2) NA HA 14| rozaat | ATT | W00 i Lon
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5 | Pomm <ipr b LK L4l 3% £33 | 2lama| 12| ois anzl omo
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" L] Aetinl Lifa e 50 305 ] 33.08 .60 $1E1 | 1730 | o004 nil 1.
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£ | BvrparsSortibtin - g 30 1458 | 19s7 T wzE] | 170 | o0% n22| oo
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T | Asphwlt Puvers M M Ma MA, Ma L MA | HA wa | omaA
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7 { Conerene Pavers FA HA HA NA Ha| %A | Ma Na | a
1‘ T Rl NA A HA MA Hh MA M N RE]
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Nonrowd Engine and Vehicle Emissiod Studgy

Table 2-07¢. (Continued)}

HC )
Chusa Tapipmand Trpes Exhwoy [ Crush | Eygp qu 0O | Mo, j P | AHsbvde | 0,
7 | Scapem Ma] Hal ma WA Way Mal| ma uA | HA
7 | Paving Bauipremt d 480 ] Maf 3M sqzt ondn| oz | 1o 14| 028
T Surfacing Bamgwoont A M i MNA WA i Ma HA MNA HA HA
7 | Sigml Beanta WA | WA ma Ha|  MNa| NA| WA wa | ma
T Treeeeren HA Ma MHA A M Ha HA HA M
7 | Borewin wige d a3m0 [ wa{ 2242 o042 wdan] o] T 10| 028
T Expgyainni L 7% Ma MNa NA F % Hh MNA HA ] N.i._.
T CoperoteErchusirial Saay WA Ha NA Ha |- Ha MA N N A
ﬂj'r Compemt e Wlortar Mlyes HA A NA A HA ] Ha HA Ha Ha
ﬁ_ 7 Craza Wi Na Hi A Ma N—-tl- M NA MAa
1 Ohrucler. HA NA NA HA Hal mWA Ha Na N
T | OMmHighwar Trahe NA[ MA[ MA HA ¥al ma] wa Mal mA
T | CrostingProe:. S MA] WAl HA M4 Ha| ma| HA qA | ma
n T | Rough Twrwin Porklits NA Ha NA NA MA|l MA| NA NA HA
7 | Rubeer Tiewd Loaden MA| MA| Ma T ¥a] wAl ma HA | Na
ﬁ:r Rubbor Tirad Deupers oAl Hal wa 379 Ha| wa| ma NA L MA
7 | TreuofLomtnyBaihos Hal wNal| ma HA Ma| Ma| HaA NAT NA
H» 1| Crawier Toacams MA| HNaf Ma NA Ma) WAl Na Ma ] wa
[[| 7 | 5% S Loacan BA] Ma] MA HA wa| mal| wa Na| ma
ﬂ:? O Highway Traciors wal wal ma NA Na| MA| ma NA | NA|
T | DumpesTomisrs NA| HAT WA Na wA| wal ma NA | Ha
7 | Cvtwar Covarnction Eripmmns MAE NA| MA HA Hal mal| wa Na| Ma
ﬂj b | Wil Treowon wal mal ma KA Ha| Ma| ma Na | NA |
8| Agicutmral Traon WAl MA[ Ha NA Ha| Mal Ha M| NA |
E Al Mewsrs HA| ®Af  Ha HA wal ma]| ma wa| val
ﬂ‘ i) Coubirm wal mal wa HA Ma| MA| Na NAL NA
5 | Sprayen WA| MNa[ NaA HA NAT Nal HA HA] NA
| * [Bem HA] BA] Na Ma|  ma] wa] wa MA | maA
ﬂ 5 | T >iny Mal WAl waA HA Na| na| ma NA| NA |
1 Swpthers HAa Na HA HA 7% Ha HA HA HA
[[_I Hydr Pomar Unis wal HAL  mMa NA Ha| mal| wa Al ma
B | Orer Agricativei Bouipme Ma] NAl  ma A Na| ma| ma WAl A
Q—I-Eﬂ Sawn =ahpy 4 siwo | Sal oes 22| M0 [ 098 ti9 162] aar
7 | Stowiden R ™ WAl HMal Ma NA Mal wal wa NA| NA
3} Funkiers MA| WNa| HA HA Mal wal ma YD
PR T — wal wal wa NA Mol Ma] ma ta | ua
Brig* = giimy o8 adiiyice) SOF sl ofPCD e hemy'T dalfy Mgl deik
- g 4= gdlumied for - ot gring. aowll utllity sngine dats cacep
=5 Eminrton. fectors for d-atroim propsne-Ziwied anpwan ne M8, or FM adfuremens
i giyalion == i for io-um afferis oy w fesws of 1.2 fee BT and OO
b & adjurmd for ceasr offert yring avall bl gl duie MHa = Nan Applicaie

Eey:

L = Lawn and Garden

2 = Alrpart Service

3 = Recrestiornl Equipipent

4 = Recreafional Marine
5 = Light Commerciai
§ = Industrial

T = Construction
§ = Agriculigral
9 = Logging
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Methods amd Approach

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

rre——— T — —r— o —— —
Cold/Northern Medium/Central Warm/Southern
Equipme
quip nt Class Summer Winter Summer Winter Sumirer Wintsr
(%) (T} 1% (%) (%) )
|m=ﬂﬁﬁ
Agriculbural 50 & 40 & s H
i Construction 43 1n k1! 15 33 0
Industrial 10 0 25 25 15 25 !
Lawn and Garden (excl. chain 50 fi a0 6 34 5
saws)
Snowhlowers/Snuwmobiles i 100 0 1060 1] 1(k i
Commercial Marine 15 25 25 15 25 25
Airport Service 25 25 25 25 25 15
Logging (including chain saws) 25 25 23 28 25 2%
Light Commercial 25 25 25 25 15 25
| —re——r |

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

e
% During Summer % During Winter
| Northeast 68 l |
| Southeast 48 7
Mid-Atlantic Coast 57 2
Great Lakes 0 )
Southwest 43 7
Rocky Mourrains &9 0
Northwest 37 5
West Coast 43 7
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Nonroed Engioe and Vehicle Emission Stody

Table 2-08c. Summer and Winter Percentages of Yearly Activity
for Recreational Equipment. H#4%

Enst 41% 12%
Midwest 46% 8% [
South 36% 15%
West 44% 11%
New England 44% 14% I
Mid-Atlantic Coast 41% 12%
East Central 4B% O ¥
West Central 44% 8%
Soatheast 5% 17%
Southwest 3% 12%
Rocky Mountains 44% 8%
Pacific 43% 13%
National Average 42L 12%

W Bxcluding spowmobiles.

38
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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: #1355

Baltimore, MD MSA

Baton Rouge, LA MSA

Houston-Galveston-Brazoria, TX CMSA

New ¥York-Northem MNew Jersey-Long Island, NY-NJ-CT CMSA/NECMA

Phitadelphia-Witmington-Ttenton, PA-NJ-DE-MD CMSA
Seattla-Tacoma, WA CMSA :

A

For dfher nonattairiment areas, estimates of emissions from comumercial vessels were
based on informnation obeained from different sowrces, including SIP emission inventories and

the 1985 National 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.

SR This analysis is docomented in the BoozsAllen & Hamilton final report entiled "Commercial blanne
Vessel Contributions 1o Emission Iaventories,” which may alzo be found in the public decket.
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Table 2-09. Emissions from Commercial Marine Vessels .
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. 2.9, _Emissions from Other Sources

EPA compared its estimmates of emissions from nonread engines and vehicles 1o
emissions from highway and other area and point sources. At the national level, 1989
smissions were obtained from the National Air Pollutant Emission Estimares: 1940-19589 "
For all but five nonattainment areas (5% emissions from highway and other sources

were available from the following sources:

VOUC. Fhase if Volatility Conrrol Support Runs, April 5, 1990 - VOC emissions were
reported in tons per summer day for 1990,

CQ:  Support computer runs for Coid CO Rulemaking docurnentation, Jan. 18,
1991 - CO crmussions were reported in tpy for 1987, To estunate 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 3635,

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

PM:  [985 Narional Emissiont Report - PM emissions were reported in tons per vear
for 1985,

SO0y 1985 National Emission Report - 50, emissions werc reponed in tons per year
for 1985.

L8Ry Bve artag {Boston NECMA, Springfield WNECMA, Hartford NECMA, South Coast Air Basin, and San
¢ Joaquin Valley Air Basin), the geographical definition of the nonattainment arcas differed slightly from that use:
in the analyses discussed above. In these cases, EPA relied on estimates of emissions from highway and nthe

sources that were developed in the most recems Siate [mplememation Plans.
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For both VOC and CO, the original estimates of nonroad mobile source emissions
from the Phase I and Cold CO emission inventories could not be readily disunguished from
other area sources, To avoid counting nonroad sources among other area and point sources,
EPA computed the ratic of nonroad to the sum of nonroad and other area and point sousces
far both YOC and CO emissions in each nonattainment area using data from the 1985
National Emission Report. These ratios were appiied to the VOC and CO emissions from all
nonhighway sources reported in the Phase II and Cold CO emission inventories. It was thus
possible to estirnate emissions from ail 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 mdicated by area in these
tables.

These total invertories do not include emissions of VOUCs from vegetation (bicgenic
VOCs). Although recent studies have shown that, in some ciues, emissions of VOCs from
plants may be more important in ozone formation than previously thought, EPA has only
recentdy completed a computer model for estimating biogenic emissions in urban areas and
has determined that reliable biogenic inventories do not exist for mest arcas. While the
biogenic inventories to be included in fature State Implernentation Plans wiil affect the
fine-taning of nonartainment areas’ pollution control 'su-ategias. the magnitude of VOC
inventories from biogenic sowtes will not alter the need o reduce anthropogenic VOCs
substantially 1o bring many urban areas inte anainment of the ozone standard.
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Table 2-10. Emissions from Highway Vehicles
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Table 2.11. Emissions from Other Area and Point Sources
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Chapter 3. Results

As described in Chapter 2, EPA developed two new sets of inventories for nonroad
engines and vehicles. Inventory A was developed from data supplied by EPA contractors,
and Inventory B incorporated information supplied by manufacturers.

Both inventories were developed by multiplying the activity levels by the appropriate
emission factors, Where possible, the resulting data were compared to emission inventories

for highwey mobile sources and other area and point sources.

"The Tesults of INventories A and B are SUMMAnized o OIS CHAPTEr.  Data oo

presentations of both inventorles can be found in Appendixes M (Inventory A} and O
{(Inventory B). This chapter also contains a surmmary of the results from EPA’s analysis of
SIP and CARB inventories.

1.  ¥YOC, NO and Particulate Nonroad Inventories

Table 3-G1 presents nonroad emissions of VOC, NQg, €O, and particulates as
percemtages of the total 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-nse emission factors.

Due to the seasonal nature of ozone and CO nopattainment in many areas, EPA made
adjustments to the emission inventories developed for VOU, NOy, and CO. The results are
reporicd as percentage tons per summer day for VOU and NO, and percentage tons per
winter day for CO. Table 3-01 also provides a comparison of results from Inveniory A and
Inventory B.

Teo help visualize the nonroad contribution to total local emission inventories, stacked
bar charts are used to display the distribution of the results from Table 3-0i in eight chans
foliowing the table. Calculations using both new engine and in-use emission factors are
presented in each chart to illusirate the range of potential nonroad emission contriburions. Ot
the 24 nonamainment areas included in the inveatories, 19 were studied for MO and VOC. |5
were studied for CO, and 13 were studied for particulates.
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Tabfe 3-01. Total Nonroad Emissions by Nonattainment Area and Pollutant { %)

Inventory A Inremtory B
Nooatabaemt 'Voc Ne, <O  PM | voc NO, cCO M
tpad tpad  tpwd  tpy tpsd tpad  tpwd  tpy
|L=_ ") (% (W) (%) | (F (%) (%) (%)
- — Y ——— Ty TR - - -
Atlaata 10-34* 13 T-10 13
Bahinore 10-14 19 11-t4 .12 1% (1-14
Baton: Rouge 7-10 13 4-6 8
Boston T-11 19 9.15 12-16 15 8-13
Chicago 59 16 pl 5-B 12 1
Cleveland 7 15 5-8 2 7-10 12 4.7 i
Denver -9 | 3-8 0.5
ES Paso 8-12 22 5-8 o4 &9 15 +7 0.2
Hartford LD-t4 2% 213 11-18 3% 4-11
Houstco 10 13 6-3 19
Miami 12-16 13 1-10 16
Wik aukee i0-14 16 213 13
Minneapolis 47 1 36 01 |
MNew York 9-13 20 9-14 3 811 14 3-13 .
Philadelphia 9-12 17 &8 14
Provo-Orem 34 3.4 2-4 0.3
San Drego 14-20 9 %14 2 g-11 H 7-11 1
¢ Seatthe 12 5 Q-1 3
South Const, CA 13-19 29 .13 2 69 20 &9 o7
San Joaquin 4-5 19 510 0.6 3-4 17 3-8 0.4
Valley
Springfleld, MA 9-12 13 913 15
Spokane 1.4 2 24 !
S0 Louix 11-14 12 5B p L0-14 10 47 {
Washinglo, DC | 10-14 17 58 16 13 69 h
*The range presented is based on calculation of cmissions 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.  National PM, 50, apd Air Toxjcs Inventories %

Table 3-02 summarizes national emisgion inventories for particulate matter,
formaldehyde, benzene, 1,3-butadiene, gasoling vapors, and oxides of suifur for all nonroad
sources. Inventorics from highway vehicles and other area and point sources are presented
where available and the contribution of nonroad sources to total inventory is calcuiated. Due
1o the extremely limited availability of data for toxic inventories for highway and other area
and point sources, the data in the table are from the most recent year for which data was
available, Therefore, the data can only be used for approximate comparisons of the
contriputions from the various sources of air toxic emissions. The nonroad inventomes for air
toxics in Tabie 3-02 are the in-use adfusted Inventory A nuembers. The formaldebyde 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
emission trends report.!! The highway vehicle value for 1,3-butadiene was hased on
assuming that this toxic accourted for 0.35% of the total exhausi hydrocarbons emitted from
highway vehicles.”” The aldehyde emission factors used in this study for nonroad sources Py
are in teons of total aldehydes. To compare formaldehyde inventories from nonroad to other "
sources, EPA assumed that 60% of the total nonroad aldehyde emissions were

formaldehyde.

LEL L L L L]

" The 60% estimate wan rypical for engines which had separate formaldetiyde, an well 3% total aldehyde, @s
emisgion measurementy reported in Nowrood Emissign Factors of Air Toxicr by Melvin N. Ingalls, Southwest 7
Research Institute, SwRI 08-3426-005.
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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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. 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-
based inventories do not include in-use or wansient operation adjustments. 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 more detailed report of
the results can be found in Appendix G.

Table 3-03. SIP-Based Inventery Summary

o4 November |991




Results

Table 3-04. CARB-Based Inventory Sammary

Air Basin

Mountain Countigs

it Sacramento Valley

San Dhego

San Francisco Bay Area
San Joaquin

South Ceniral 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 calculated 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 poliutant and equipment categories. A discussion of the methodologies
used to calculate the inventories and their potential impact on the resules is presenied in the
second section. Last, the contribution of nonroad emissions is compared to other categories

that are currently regulated.

4,1. Discyssion of Inventory Results

Foliowing are discussions of the results for emissions of VOC, NO,, CO, and other
pollutants, and the relative contribution of equipment categories, The overall nonroad

emission contributions are summarized by pollurant.

4.1.1. Volatile Organic Compounds (VOC) Inventories

Both Inventory A and Inventory B estimate that substantial summertime VO
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 represents in-use emisgion factors) of total summertime VOC
inventories, with a median contribution of 9.1-12.6%. The estirnates in [nventory B are about
15-20% lower than those in Inventory A. However, Inventory B still estimates that 14 of the
19 arcas have ponroad 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 to total summertime YOO inventories is 2.7-4.7%, with the lowest reported
centribution being 1.1-1,9%. Inventory B is slightly lower, on average, with estimates of the
median lawn and garden contribution at 2.4-4.2%, and 18 arcas above 1.1-{.9%.

November 19|




Discussiva and Analysiz of Besulis

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 (NOg) Inventories

Total summertime NC, emissions from nonroad sources are estimated to be larger, as
& percentage of totat emissions, than nonroad VOC emissions. Nonroad NO, emissions in al
of the ozone ponatainment areas in Inventory A are estimated to be greater than 12% of the
total summertime NO, inventory, with a median contribution of 17.3%. Although lower,
Inventory B still estimates that nonroad emissions contribtte over 11% of toral summertime
NO, emissions in 16 of the 19 nonattainment areay studied, with a median comribution of
14.5%.

Censtruction equipment is the largest contribitor to nonroad NO, emissions in 17 of
the 19 nonattainment areas studied. Inventory A estimates that construction equipment
contributes at least .4% of total summertime NO; emissions in each area, with a median
contribution of .7%. Inventory B is more than 15% lower, but still cstimates that 15 of the
19 areas have construction egquipment contributions of over 5%, with a median contribution of
8.4%.

Ny contributions from airport service equipmient, induatrial equipment, and .
agricultural equipment are each estimated to be at least 1% in most of the nonattainrment areas
studied. However, only in one case (agricultural equipment in the San Foaguin 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 contribtions in a
linited number of areas. The inventoriea estimate contributions of over 4% in three
nonattainment areas for the commercial marine category. Table 4-02 shows the number of
nonattainment areas in which the category listed contributes at least 1% of the NO, 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

T | Number of Areas |
Equipment Category ”Inventnry A | Inventory B
=
Lawn and Garden -9 20
II'REmntiunﬂl Equipment 7 =
Commercial Marine 2 2
Light Commercial 15 B
Industrial 1213 U
Construction >4 —L

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 nonattainment areas stydied, with a median contribution of
1.8%. Inventory B is substanmtially lower, with 2 median conarbution of about 1.0%, and oniy

estimnates that [ arez has nonroad cortributions of over 39%.

Table 4-04 shows the number of nonartainment areas in which the category listed

contributes at least 1% of the PM invemiory.

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

Total PM Inventory

Equipment Category Inventory A

! Construction

E Commercial Marine i
L ——————————
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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.* Tt

Motor Vehicle Pollutant (986 1995 2008 |
1.3-butadiens 216-269 139.172 144-171
Diese! Particulate 178-860 106-662 104-518

| Benzene 100-155 60-107 67-114
Formaldehyde 46-86 24-43 2748
Gasoitre Vapors i7-68 24-95 30-119
Asbestos 5-33 D&+ ND
Acetaldehyde 2 1 1
(asoline Particulate 1-176 1-156 1-146
Ethylens Dibromide 1 <1 < |
Cadmium <1 <1 <1
Dioxing MND ND ND
Vehicle Intertor Emissions ND ND NI

. The tisk ssiomates are 95% upper confdence limdu,

* The risk cstimates for aabestos, cadminm =t cibylene dibromide are for wban exposure only. Risks
for the other pollutanty inclinds Both urban and rural exposure.

e ND = Not Determined.

M The riak estimates are upper bound estimates; therefore, they am 0oi intcoded 1o represemt actual numbers
of cancer cases but rather can be used to rank ihe mobile source polivtans 2od w guide further smdy. Table 1aken .
from "Air Toxics Emissions and Health Risks from Mtor Vehicles," presented by LM, Adber and .M. Carey ar
the AWMA Annual Meeting, 1989
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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 Meihodol

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

inventories is also discussed in this section.

4.2.1. Data Dilferences

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 annual fuel consumption

estirnates for the recreational marine category, activity {evel estimates for lawnmowers and

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

Lavwn and Gurden Equipment--Both the Outdoor Power Equipment Institute {OPEIL)
and the Portable Power Equipment Manufacturers Association (PPEMA) submitted local and
national population estinates, aanmal hours of nse, average horsepower, and load factors for
{awn amd garden equipment. This data was used to estirnate 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, thede tend to offset one another in most cases, resulting in similar
estimates of emissions from maost 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 8 by [0%, 20%, 5%, and
0%, respeciively, leading to activity level estimates for [nventory A that are, in general,
abour 70% higher than for Inventory B. Overall, Inventory A estimates lawn and garden
emissions that 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 to lack of data. PSR does not compile information on personal watercraft and the
survey conducted by Irwin Broh and Associates for NMMA contained numercus cases where
the respondent obviously misunderstood the categoty. This omission has the effect of slightly
understating the inventory sstimates.

The emission factors devetoped by EPA for this study include new and more extensive
test data than previcusly incorporated into emission factor estimates. For the first timne, the
erussion 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 cmission factors and, hence, the inventories ta be

understated arc:

- Spillage factor. Application of the spillage factor for on-highway vehicles 1o
large nonroad engines could result in underestimation of emission factors, since
on-highway users are likely ta be more conscious of spiliing fuel on themseives
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 30ak or running loss
emissions for nonroad vehicles and vapor displacement for gas can refueling

may have resulted in underestimation of total evaporative emissions.

* Wintertime C0 emissions. All emission factor testing has occumed at typical
summertime temperatures {roughly 75°F). CO emissions, however, increase ar
colder temperatures due to additional fuel enrichment and longer warmup
times. This effect was not accounted for in the determination of CQ tpwd tor
nonroad engines due to lack of data. The proportion of cold start operation on
nonroadd engines is unknown, but is likely to be much lower than for
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automnobiles due to the tendency for most nonroad enginkes to be used for
exrended periods of time. [t should be noted that the on-highway mabile

soumce myentories used to determmne the relative contribution of nonroad

emissions did include the effect of wintertine emperatures on &missions.

. Crankcase CO and NO, emissions. Exclusion of crankcase CO and NO,
ernisgions could result in slight underestimation of nonread emissions, even

though their contribusion 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 so would not improve the validity of the results, while for others,
insuffictent information was available to develop methodelogies within 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 Adjustients—As previously discuased, EPA adjusted

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

study ar¢ expressed in average daily emissions during summer (tpsd) and winter (rpwd),
which are the seasons associated most strongly with ozone and CO nonartamment,
respectively. As discussed th Appendix L, ozone and CO exceedences occur during both
weekdays and weckends. Consequently, 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 fommation
of ozone is an exirernely compiex process. It is difficult to understand the exact role played
by ernissions from the thousands of sources ingide and upwind of a particular nonattainment
area without a detailed photochemical model thar takes into account not only manmade
emissions but also local wind and weather pattemns and biogenic emissions. Only recently
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 andd usage rates cutside 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
California 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
urier another set of meteorological conditions. Finally, local topography would be expected
to influgnce the partern and importance of transport in different areas. Transpon
characteristics {n a nonattainment area surrounded by mountains and valleys would be
different from those in nonastainment arcas surounded by flat land.

To adequatcly assess the inrpact of transport on individual areas, derailed regional
oxidant models (ROMs) must be constructed. These models inciude thousands of parameters,
such as spatially distributed emission inventoriss for manmade and biogenic emissions over a
wide area, detailed mereorological 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 Medel for Northeast Transpont {ROMMNET). ROMNET concluded that emissions
outside the heavily urbanized northeast coastal "Corridor” contributed to nonattainment in the
Corridor. The ROMNET report states: "The resunits suggest that without stringent upwind
contrels, 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-magninzde” assessment of the potential impact of wransported nonroad emissions on
nonattainment. By looking at the effect of reducing vpwind ernission inventories on ozone
levels in particular nonattainment areas and at the proportion of nonroad emissions in the
upwind inventaries, a rough estimate of the impact of transported nonroad emissions on these
cities undar one set of meteorclogical conditions may be obtained. According to control
measure simulations in the ROMNET study, a reduction of 63% of the non-Corridor VOC
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 n
the nonattainment arcas of Washington/Baltimore and Philadelphia. This implies 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 Un-highway Motile 25
Solvent Evaporation 24
Nonroad 7-13
Petroleum Refining 3
Pewroleurn Product 7
Storage anvd Transfer
NO, On-highway Mobile 29 Il
Electrical Generation 32
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 extreme areas. This means, for example, that an area designated as an extreme .
0zone nonattainment area is required to install RACT contrel on every stationary source over

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

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

the nonread 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 Equiprnent No. for 10 tpy
Off-highway trucks 1.6-2.1
Crawler tractors 16
On-highway heavy-duty 20
diesel ouck*

Agriculturaf tractors 24
Boats with outbeard motors 74-142
Passenger Cars® 700
Chain saws 730-1,630
Lawmnmowers 1,680-2,380
String trimmers 2.310-4.630

* 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 medizn contribution from highway vehicles was 8§1%.
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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 marne, and logging equipment. While this effect may be relatively smalil, .

it is not insignificant.

4, Only on-highway vehicles, electric generation, and solvent evaporation have NO,

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

Recomme i for Inventor Vel

The study idemtified a number of areas 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
deteriorarion. 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 s0ak and running loss evaporative emissions. Cumently, no hot soak and
munning 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 nonroad
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, shouoid be
verified through further testing. .

(111
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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.

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.

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.

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 Bi4
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



