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Reading and Using the Study Report and Appendixes •

The Nonroad Engine and Vehicle Emission Study has been bound into twO volumes ­

the report and its appendixes. The report contains five chapt<:rs whieh provide information

on the purpose and goals of !be study, !be approach, the results, and a discussion and analysis

of those results. 1broughout the rqJOrt, the re~ is provided with the basic information

needed to understand what was done to oblain the results presented. More detailed

information has been put inlo a series of sixteen appendixes, which are bound separately from

the repurt.

In both the report and the appendixes, the rescler will Imd annotated notes, indicated

by a supers<;fipt symbol, at the bottom of the page. These notes are provided where it was

fell some explanatory information mighl be needed Reference ciwiOIlll are indicated by a

superscript number. A list of the references cited in the report is located on the last page of

the report. In the appendlxes, a liSI of references can be found aI the end of each appendto;.

Many lII;r0nynt5 are used in the rqJOrt. While they are defined when 11I"S1 used, a list

of acronyms and their meanings is also provided in Appendix A. AppendU;. A also contains a •

glos&ary of some of the terms used in the report.

•
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Executive Summary

CODl!~5lIional Mandate

This srody is a response to the Congressional directive'· that EPA quantify the

contribution of nonroa<! Sources 10 ozone and carbon monoxide air poUudon and to other

pollutants believed to endanger public health. The Clean Air Act (eAA), as amended, directs

EPA to complete a study of emissions from nonroad engines and vehicles by November 15.

199L The CAA funber require$ EPA 10 reguillte emissions from nonroad engines and

vehicles within twelve months after completion of the study if the Agency determines that

these ilOUIceS are signifIcant conlributors to ozone or carbon monoxide (CO) concentrations in

more than one area which hllll failed to attain the National Ambient Air Quality Standards

(NAAQS) for these pollutants. This report does not COll$titute EPA's determination of

significanec. Any determination EPA makes relative to the significance of nonroad

contributions to air quality will be included as part of any reguiatioOli proposed for nonroad

engines and vehicles. Opportunities for public comment OIl any delem1ination of significance

will be provided through the: n:gulalory process if the Agency proposes nonroad regulalions

Nonroad Engin~ and VdUcles

The terms "nonroad engines" and "nonroad vehicles" cover a diverse collection of

equipment rllIl8ing from small equipmenllike [awnmowers and chain saws, to recrealional

equipment. to farm equipment and construction machinery. EPA considered more than 80

diffelt!nl typeS of equipment in this repon. To ease anal}'$is and reporting EPA bas grouped

equipmem inIo 10 equipment categories listed in Table ES-Ol.tt

"seedon 213(1) of tlle CIeaD Air Act. IS lIII\e1Ided. dj"""" EPA to C<l<Iduct • _y of .missi""" from nrnrO.VI

engines and vel:idellDd 10 deIettnille ifsudl emissi.0IIli c....e. o' .ignifi<:alll1y coottibute 10. air poUUUoQ which m':'
be "'asonahly aoIi.ciplled 1<> eodlDJI'f public beaiI:b or welliue.

November 1991
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Table £S-oI. Equipnwnt Categories Included in Study

Nonroad Equipment Categories •
Lawn and Garden Equipment

Allport Service Equipment

Recrearional Equipment

Recreational Marine Equipment

Light Corrunerdal Equipment

Industrial Equipmenl

COOlltruction Equipment

Agriculrural Equipment

Logging Equipmenl

Commercial Marine Vessels

Nonroad engines are: not regulli«'d for emissions, and very few nonroad engines

currently use emission control technology. Because of the diversity of nonroad equipment.

charactert'7.alion of the emi$sions from nonroad engines is a complex task. A compreltcn5ive

analysis of lite air quality benefIts potentially available from reducing nonroad engine

emissions has never before been undertaken.

Congress asked EPA 10 fOCUll on quantifying emissions from unregulated nonroad

sources after 20 years of ltigltway mobile sources regulation and increasingly costly controls

on the sutomotiV(: industry. As a group. nonroad engines represent the !sst uncontrolled

mobile source. Potenlial emi3sion rt:ductiOOll from !his source may help resolve local air

qnality problems. A comparison between poUulion emitted by individual pieces of new

nOlll'Oad equiplIlllnl and pollution emitted by today'! typical in-use passenger Cll( illustrates

me logic behind the Congressional "'and.....

Table £S-Oz. Examples of ElDissions from New Nooroad Equipment Relative to a
Typical/,..VSI PasRn~r Car

I Hoar 01 Use Pollutant Car Miles

Ilawnmower VOC "
1 chain saw VOC 200

I oUlboard moIor voe 800

I crawler tractor NO, 900

November I 9~ I
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Slate and Industry Participation

EPA's abilil:y to complete this study has been greatly enhanced by contributions "f the

nnnmad equipment industry and by many state air quality plllJUlCrS. A public worbhop was

held April 3-4, 1991, and individual meetings were held with many nonroad manufacturing

groups. An informal group of technical experts, including induslly and slalc representatives,

provided valuable data and technical feedback througholll this study process. In many cases

the nonroad manufacturers invested resources 10 provide deUliled infolT\1alion to help cunstruct

nonroad emillsion inventories. On October 30, 1991, EPA held a public meeting on the full

draft of this report.

Study Approacb

To estimate the contribution of nonroad sources 10 air pollution, EPA conslructed

nwana! emission inventories of nOl\l'lJlld sources, as well WI local invernom:s for 19 ozone

and 16 carbon monoxide (CO) nonanainment areas. Since it was not possible to construct

inventories for all nollllttainmc:m lU'l:as within the lime allowed for this study, these areas were

selected to represent a spectrum of demographic and geographil: clIaracterillti<:s. They also

represent most of the nlU:ion's most severe air pollution problems.

Because Congress specified that EPA study the nonroad source conuibution (0 ozone

lIIld CO nonanainmem, the study primarily focuses on CO and on the pollutants that

contribute to ozone formation, volatile organic compounds (YOC) and oxides of nitrogen

(NO,,). However, the study addresses all the pollutants listed in Table ES-03.

Table ES-oJ, PoUutantl IDcluded ia the Study

Pullutants

•

Volatile Organic Compounds (VOCs)

Oxides of Nitrogen (NO,.)

Carbon Monoxide (CO)

Particulate Matter (PM)

SUlfur Dio:o;lde (SO,)

November 1991

Benzene

Aldehydes

l,3-butadiene

Gasoline VllpOl'S

Nitrosamines
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Construdilll Emis'wn Inventories

EmWion inventories are detailed listings of the amount of pollution generated by

diffe~t sources in a given area over a specific period of time. In constructing nonroad

inventories, sevecal factors must be estintared: (I) equipmelll populations in a given

nonattainment area, (2) annual hours of use of each type of equipment adjusted fur geographic

region and for the season of interelll for eKh pollutant studied, {3) aver~ rated horsepower

of each type of equipmenl, (4) typical load faclor for each type of equipment, and (5) an

emission factor (EF), or average emissions of each pollutant per unit of use (e.g., g/hp-hr) for

each category of equipment.

Given the number of engine types and equipment included in the study and the limited

amount of data available characterizing emissions from nonroad sources, EPA cholIe 10

construct two sets of inventories. In the tint set, EPA construCted inventories that incorporate

commercially and publicly available data 50 that the method could be repeated by interested

states. The IIKOnd set of inventories incorporated industry-provided dlllD. thai mighl not be

publicly available 10 lIlatell (e,g., confidential saiell data to estimate: popuhuions), but would

give EPA a valuable cross check for the fust SCI of inventories. Thill report presents both scts

of invenlories;

Inventory A which refu,s heavily on a commen:iaI1y available marketing research data
base;; and publicly available indices of commercial activily 10 estimate equipmenl
populatiom;

Inventory B which iDcOlpOlates manufacturer-provided data in almost all high usage
categories.

Both inventories use !be same emission fKlon for all poUQtantll except particulates.

EPA and ilS contraetors, with the assilltance of industry, updated nonroad emilIsion factors for

this study using all available test data. including evaporative and refueling (spillage) emission

data. Most of the emission data for nonroad engines are based on teslS of new engines. The

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

"~r SyMClD3 R_h m'i...j"" • marketiDg <e..ucll data _ tlw incl~ moot typeo of oooroOll
equipmelll.

•

•

•
viii November j 9Y I



•

•

•

could be lLlI much as two times higher for some types of equipment than emission estimates

utling emission faClOrs based on new engine tesl data. Consequently, inventories calculated

using new engine emission factors (new engine EFs) will underestimate the contribution of

nonroad engines to air pollution. EPA has developed a second set of emission factors (in-use

EFs) for VOC and CO that includes a gross adjuslmenl for in-use deterioration. Because of

the unccnainty involved in making in-use adjustments, the report presents estimal:es for both

InVentories A and B with and without tho: adjustment. In-use adjustments assume very little

deterioration by diesel engines. Hena:, category-specific inventories (e.g., Construction

Equipment) for categories domlnated by diesel engines show very liltle difference between the

inventorie.ol estimated using new engine EPs and in-use EPs. The estimates using the new

engine EPs should be considetN. the conservative lower bound of nonroad CQI\tributioll in

each nonattainment area,

Higblighu of Study ResulQ

Results are presenled for aU nonroad sources and for each equiprrn:nt category.

4mwe Nonroad CqmributiMs tQ Inventories

The ~sults ofInventoric:l A and B are similar. Chart ES·OI shows the median

contribulions to total invemoncs in the 19 ozone and 16 CO nonattainment areas studied. In

general, Inventory B estimates lower emissions than Invenlory A.

'."00..;..;..;;",.,0;;;,--------------------------------"
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Chart ES·OL ComparisoQ of Median Cuntributioll!l • Inventory A & B
C'

3 20
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c=J~st;meted 1~_Use ~ff~~ts

CO/B

Under tbe most cODllervative assumptions, using the new engine EFs and chOOlling the •

lowest estimate from Inventories A and B combined, minimwn contributions by pollutant for

all cities studied w~ as follows: 2.9% VOC, 7.6% NOx, and 2.2% CO. It is often useful to

look at the second highesl and second lowesl values in the range to avoid any "outliers" that

might skew the data. For example, Ibe iItlcond lowesl oornribution of VOC in any

nonattainment lIn'a studied was 4.5%, for NOx 9.7%, and for CO 2.3%.

It ill also llseful to look PI the nonattainmenl area with the second highest contrmution

since Congreas requixe$ EPA 10 regulale nonroad engine5 if it rmds thPl nonroad engines an::

significant contriblltom to pollntion in more than one nonattainmenl area. Chart ES-02 shows,

for VOC, NO"" and CO, the level of contribution in the nonartainmem area with the second

highest contribution from nonroad sources.

•
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light-duty trucks, heavy-duty vehicles). Most large sources, like motor vehicles, have

substantially reduced emissioll.'l because of regulatory requrn:lJI(:Ilts over the past two decades

Because many of the technologically and economically feasible reductions available from

large SOlll'Ces have already been realized, a number of emission control progrlUn'l reC<'ntly

mandated by Congress an: aimed at achieving marginal inventory reductions. These

reductions are relatively small compared 10 past reductions taken from an uncontroUed

baseline. Since marginal redactions rend 10 be cootly, the EPA hilll begun to focus on

controlling many small sources of pollution. Because noruoad engines are uncontrolled, it is

reasonable to expect that introduction of controls on soun:es emitting 1% of the tOlal

inventory would at least achieve benefits in the range of many other control programs now

mandated by Congress in the eAA.

Table ES-05 shows, using the new engine EFs, the number of nonanainment areas in

Inventories A and B in which Spe,,;iflC nonrolld caregortes contribute at least 1% of total

inventory. Many of these areas ~ceed the 1% contribution by a wide margin.

Table ES·O!. Number or Areas in Which CattllOt>y Contribute! al Leul 1% or Tulal
Inventory in the 19 Ozelle llIId 16 CO Nonattaillmelll Areas Siudled

Number of Areas> 1%
Nonroad Category Inventory AlB

VOC NO, CO

LaWII ami Garden 19-18 0-0 '-3

Recreational Marine 17-17 2-1 0

Commercial Marine I-I 10-9 2-2

Recreat!()lIa! Equipment 2-0 0 3-2

Lighl Commercial Equipment 2-2 0 15-15

COIllItfUClion Equipment 11-5 19-19 3-0

Agricultural Equipment I-I 12-13 0

Airpon Service Equipment 0 12-12 0

tndustrial Equipmenl 0 13.13 12·10

'N"o:.=:O"';::'''oo;,,-----------------~------~-------"'';



Charts ES-03 through ES"08 show VOC, NO"" and CO emission invemories fur

nonattairunent lIRlll!l typical of those included in the study.fI For comparisort, the national

emission inventories lIRl also shown.

The oonroad ponion of each chart ~ based on the average between Inventories A and

B with and without adjustments for increased in-use emissions. The key at the bottom of

each page lists the other sources included in the cham.

The nonroad contribution to the summertime VOC inventory for the New Yol'k

CMSA/NECMA is greater than the combined contribution from all highway vehicles except

light-dut}' gasoline vehicles. For the Philadelphia CMSA, the nonroad sununenime NO",

contribution is Larger than that from all heavy-duty highway Vehicles. h nonroad

contribution to the wintenime CO inventory for the Denver CMSA is greater than the

combined contribution from all other soun:es except highway vehicles.

Nationally, the nonroad sumrnertimc VOC and NO", contributions are greater than

those from any other single source categories except solvent evaporation (VOC) and electriCal

generation (NO,,). "The natimtal nonroad CO contribution 1:1 greater than the combined

contributions from all highway mobile sources except light-duly vehides.

" For eacl> !"'IM..... !be "",a sbown is that for wllIcb!be [lQDJ1lad p<miOll Of !be inveDto.y ",as """"'.. 10 m.
medi.MJ. value for !be differelll areal inclucled iD!be $IIIdy.

•

•

•
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Executive Summ""

Chart ES.oZ. Percent Contribntion from Nonroad Sources in the Nooattaimnent Area
with the Second Highest Contribution Level
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NOnroad Contribution to InVenlOries bY Equjpment CategOry

The individual nonroad <;ategories contributing IOOIIt heavily to !he inventories vary by

pollutallt. Both InVenlory A and B show substantial summertime VOC emillsiOllll from

nonroad sonroes. These emislliom are primarily from lawn and garden equipment and from

the n:creational marine category. About 7.5% of the lawn and ganJen contribution 10 nonroacl

VOC inventories is due 10 evupol'lllive emiJtsiollll from spilling fuel when n:fueling equipm~nl.

The nonrolld portion of lotal 8WIlII'IeRime NOx emiJtsioru; is estimaled 10 be about the

same, on a pereentage buis, as the portion of IOlal VOC emissiOllll from nonroad sources, By

far the largesl conlribulOr to nonroad NOx emissions is cOllllttuetion equipment. [nvcntory A

shows in all In!IS studied thar: construction equipment conlributions exceed 6% of the Iota]

NOx invenlory. InvenlOry B shows that in IS of the 19 are8ll, NOx emissions from

COnllttu<;IWn equipmem exceed S% of the lotal inventory. Agri<:U1lural, industrial. airpon

servi<:e, and comrncn:ia1 marine engines are also irnportJlIlt contribUIOl1l of NOx in some areas
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NOllfOod FDsilll' 0Pd Vebicle EmisIlion SNdy

Unlike vee and NOx emi3llions, no one category dominates the nomoad CO emission

contribution. Light commercial, lawn and garden equipment, indllSlrial, corrnnercial marine,

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

wimenime CO in at least two areas.

Table ES-04 shows the contribulions of the different nonroad engine and vehicle

calegories to total inventories of VOC, CO, and NOx emisl;ioll/J. The contributions ate

expressc:d in percent of total emissions from all sources. The values given are medians of the

contributions in the various nonaltainmem atellll SlUdied. These are given for both inventories

A and B, using emission factors flnt bued on new engines and second incorporating EPA's

estimate of in-use effeClll. Finally, the medlan contribution from aU nonroad engines and

vehicles is shown.

Table ES..(l4. Median Contribotioml 01 NOIIroad Categorielll hi VOC, NOx and CO
Emission InventorRll A and B, with New Engine/ln_use ElIItimate Emission FactOr!

~ TotIol VOC tped ~ TOIaI No.. tped. 'Jo TocaI. CO Ipwd

Source Cal.....,. .... , In.... B In.... A- In... B In•• A In... B

LaWD 0Pd Oanleo 2.6-4.7 2.4.4.1 0.' " O.6-Ll 0.5·0.9

Aifpon $ervi"" 0,1_0.1 0.1·0.1 U U 0.2-0.2 0.2-0.2

Recreational 0.2-.0.4 0.2-0,3 ••• 0.0 0.4-0.8 0,4-0.7

LighI Corrunerdal 0.6-1.0 0.6-1.1 0.' 0' 2.(1..3.6 2.1).3.7

........... ''"'" 0.4-0.4 U U I.:J-LS 1.1-1.4

ClJllatnoCtion 1.0-1.1 0.8-0.8 " •• 0.5·0.6 0.4-0.5

Aplatltunl 0.2-0.2 0.2-0.2 ,.• ,., 1l.I-O.1 Il.I-O.l

Loggiog 0.0-0.0 0.0-0.0 •• om 0,0.0.0 0,0-0.0

RecmIliODll1 MIIIiDe 3.4-4.0 :z.Z-2,s 0; ,., 0.1-0.1 0.1·0.1

Commeteial MIIIiDe 0.1-0.1 0.1.0.1 0' ,., 0.1-0,1 0.1·0,[

Total Nonroad 9.1-12.6 7.4-10.3 17.3 '" 5,9-9.4 5.2-.8,5

•

•

Relative Contributions of Nonroad and Other Emisliion Sources

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

conttlbule to air pollution. In fact, many of what are considel'ed "large" sources are actually

groups of smaller sources (e.g., motor vehicles ~ categorized into Iight-duty vehicles, •

NOVOnlbe, ['!\II
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E><eclllive Summ:lfV

Chart ES-OJ. National Summertime VOC Inventory

\ / /
\ ! \ /., (2' "'"~ 0"..- C" .,.J
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Cbart £5·04, New York CMSAlNECMA Summertime VOC Inventory
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LDQV _ Hght-dtlly SuoliD! vebi.clcli
LOV _ Habt-duly vehicl..
LOOT - ligln-duty psoline ttue:b
LDT -1ight.<Juty 1nI<D
HDGV _ boavy-duty guoIiDe v.biel..
HDDV • lleaYy-duty dieoel vdlicles
DSLV _ diesel vfiIlcl..

AI _ pelrOIeIIm ...lining
A2 - 1IOl_ evoponlion
AJ - petmlleUJII fl'Oduct Slorageltransfe,
A4 _ electrical generation
~ _ industrial combustion
A6 _ industrial pmcesoes
A7 • res:idollli.ll fuel use
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Nooroad Imglne and Vebicle Emis:riO<l Sl!!dy

Chart ES.OS. National Summertime NO" loventory

Chart ES-06. PblIadelpilill CMSA Summertime NOx Inventory

H<X:v (' ""

""('.'''''

•
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LDGV • Iigb(-dmy psoliDe vehicles
LDV _ tigbt-duty vellictelI
LDGT _ Iight-duty paoJllIo trucb
LOT _ Iigbl-dllly !rUoo
fIDGV _beavy-<!uty ,.olioe 'ebide3
HDDY . beavy-duty diesel vehicles
DSLV • clieMl vehicles

AI • petrnleum refinillg
A2 . wlvenl ovaporatioo
A.l • petruleum product stonge/tnllsfo,
A4 - eledricl1 geoeraliOll
AS - indllSlri3l comblJSti<lll
A6 - iWusbUl pro<elll!lll.l
A7 . ""'idediol fuel..,

NOv<'mber I ')'II
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Executi", Summary

Cbart ES·07. National Wintertime CO Inventor,P

Cbart ES.fl8. Denver CMSA Wintertime CO Inventory

"Cc~""" for winu:nime iDcre...... in CO emission facton woo.. IIOt mado for eitber DOIlI'ood '00'0", "r
highway vehicl.. due 10 IimitIlioDl ill aaliwal-Ievel dilla.•

UXlV • U..l-dIIIy 11"- vebi<1o.
LDV • lipn-duly ffili<l..
LOOT • Iit!bt-duty po<>liDo I<Uok>
LDT • 1i5bt.6o<y _
HOOV - heovy-duly lueline ""bioi..
HDDV . he.vy-duty _ ".,,1Ud••
OSl.Y - di-l .driolc.

Al _ petn>loum mIning
A2 . ",,1_ ''''l"".tk>..
A. _potro!cum prod"'" otonseJl"",f"
A4 _.I..<rio.. B.n....;""
M _ indulllrial <om"".i""
A6 _induotrial 1"""<,....
A7 _ ,.";d<nlial fuel u..
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Nonroad Engi... on<! Yebkle EmislliOll Study

Because nonroad sources are among the few remaining uncontrolled sources of

pollution, their etnissiOJl$ appear large in complllison to the emissiollll from sources that are

already subject to substantial emission conlrOl requirements. For example, the CAA requires

extreme ozone nonattairunent areas to employ Reasonably Available Control Te<;hnology

(RAeT) on all stationary so=s with VOC or NOx emissions above 10 tons pet year (tpy).

Annual operation of only 10 crawler tractors or 24 agricultural tract<ml will produce 10 tpy of

NOx. Typical annual operation of ouly 74-142 boats with outboard motors or 730-1,630

chain saws will emit 10 tpy of VOC..•• In contrast, it takes 700 new, current-technology

passenger cars driving an average of 13,000 miles eactl in a year (a total of more than 9

million miles) to produce 10 tpy of VOC.

Areall of Further Study

In the process of conslr\lCting tile study, EPA identified a number of areas where

estimates were developed tilling !iJnited dala or were not developed at aU becllUSe of lack of

data altogether. While exining nonroad emission faclors estimate tailpipe emi.9sions from

relatively new engines,~ work needs 10 be done to quantify the effeClll of in-use

deterioration, crankcase and evaporative emi.9sions, toxic and particulate emissioltll, and

emissions under cold start conditions. Because these erni.ssi01L'l are not totally captured by the

emission factors used in this study, the invenlorie:s presented in the study, panicularly those

calculaled using the new engine emUsjon factoi'll. are likely 10 be conservative estimates of

the nonroad contribution 10 air pol1utlon.

•

•

•
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Chapter 1. Overview and Background

TIle comcrntone of the Clean Air Act (eAA) is the effort to attain and maintain

National Ambient Air Quality Standards (NAAQS).' ttt Prior 10 the enactment of the

1990 eAA Amendments (CAAA), efforts 10 achieve and maintain air qualiry standards

focused on regulation of emissions from on-highway, area, and stationary sources. As a result

of these efforts, significant progress has !Jo,en made in reducing such emissions. However.

due to the growth in air pollution sources. many air qUality regions have failed to anam the

NAAQS, particularly thOIll: for ozone and carbon rnonoxi<k (CO).

The CAAA CQJ\uUn numerous provisiorul that are inR::oded to remedy these continuing

air quality problems, through the application of new controls on cu=ntly regulated mobile

and stationary sources of emissiQIlll and the promulgation of regulations for new sources. As

part of the effon to identify and control unregulated sources of air pollution, the CAAA direct

the U.S, Environmental Protection Agency (EPA) to study contributions 10 air quality from

nonroad engines*** and nonroad vehiclesfll (other than locomotives or engines used in

locomotives).W: lb.is sNdy is the =u1t of that directive.

1.1, Tbe Air Pollution Problem

The CAA requires the EPA to set air quality slandaldll for ~ommon and widespread

pollutants after preparing "criteria documentll" summarizing scientific knowledge on their

health effects. Cunmt1y, six "cri~ria" poilutants are regulated by primary and secondary

pt. ReJilrmce <iIlIti<KIlI ..... iDdkabCd by a ,upem:ripled number. A list of cilatioos can be found at tho end of

~-
'" Seclioa 216(10) of tho CAA. as IIIICDd<:d, dean... "DOnmod eaPuc" .. llII ilIlCmal combu,tion en~"",

(includiDg !be liJc! system) lbal is not "oed iD 0 mota< vebide Of 0 vehi.dc IACd $OJely for c""'p"uliou, or lh:I, i, flU'

,ubject to "at>dards promulgoled under oe<:tion III (Dew "Illionary ,mlll:..) 0' sec\iOII 202 (mOlo, vehide>! of ,m,
CAA. As defined in "",,lion 216(2) of tho CAA, "motor vehide'" meilDS OIly self-propelle<! vebide de,igneJ ;or
trmspoIting penons or propeny oa 0 meet or bigb",oy,

... Sectioa 216(11) of <be CAA, os amended. defines "nonrood ""hide" .. 3 vehicle tbo!;, rowrreJ to;' .\
nonroad eUgiM and thai is 1>01 • motor ""bIcIe or • vehicle ll'Ied solely for competitiou,

iff ErnissiOllO from lo<om_ and new cup"". uoed in 10c0m0li~ are being ~ssed in 0 -"'pam'" >lUlh,
.. ""fI1iIed Ullde, oeclioo 213(0)(5) of !be CAA. as amended.
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NAAQS.···· As of 1989, over one-half of the population of the United Slates was still •

exposed 10 levels of these pollutanlS which werc e<:>nsidered unhealthful by EPA.

Based on air qnality data from 1988-1989, more than 33 million people resided in lhe

41 arealI thai failed 10 meet the NAAQQS for CO.' An area ill considered to have failed to

anain the NAAQS for CO if il exceeds 9 parts per million {ppm) two or more lUnes in a two

ycar period, CllIbon tnOlIOlIide, formed as a result of the incomplete combuslion of fuel, is

emitted during the combustion process.

In conllllSl to CO, ozone is formed in the atmosphere as a result of a complex series

of chemical reactions be!wt:en oxides of nitrogen (NOx) and volalile organic compounds

(VOCs), In mOllI urban nonattainmenl areas, both NOx and VOCs must be substantially

reduced to bring the area into attainmenr of the ozone standard. Further, 3ince airborne ozone

and NOx, and possibly VOCS, can be transported from one area to another, anainmenl of the

ozone siandard in some areas may require control of NOx and VOC emissions in upwind

regions.

An area ill in nonattaiJunenl for ozone if iI exceeds 0.12 ppm mom: than dtree times in

a three year period. In 1987-1989, 96 U.S. cilles exceeded the standard for ozone, Of these

cilies, nine were dassiflCd as "sevemy" polluted, experiencing peak ozone 1eveb thill

exceeded the standard by 50 percenl Or moR:. Based on 1989 air qualiry dala, over 66

million people lived in counlles not meeting the ozone standard.' Appendix B contains a

description of ozone formation and a bibliography of the llterlltunl on ozone. A list of carbon

monollide and ozone nonattainmenI areas can be found in Appenciix C,

All with CO and 0%0fiC, many areas are iII nonattainmenl for particulate matter (PM).

At the lime the CAAA wen:: enacIec1, 73 l\lt;as failed to meet the NAAQS for PM. Over 28

million people lived iII area not meeting the particulale stlllldard in 1989,' tiff

In addjtiOIlIo problem$ lIlIlIociated with nonanainmenl of the NAAQS, EPA i.1

OOIICcmed w.il::l:t the health risks assOCiated with air tallies. Most air IOltics are hydrocarbon

compounds capabl.e of causing adverse health effects. Benzene, formaldehyde, and 1.3-

._. NAAQS bove been estabIisIted fOf partkuLall! mIner (PM). sulfur diori<le (So,}, carbon mooo:ude tco '­
nitros= dioxide (NO,), ozone, arxlleod.

"" 1lle estimlle forp~ mailer ill coosIdered • lower bcUlld eotimate, bee....., !be PM.. moni'oring
""_ ill still evalvin!!.

Novembe, jWI
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butadiene are emilted by mowr vehicles and are conside«:d to bI: human o[ probable human

carcinogens. Some air toxies, ruch as benzene, are compo;ments of gasoline and can be

emitted as unburned fuel or as fuellhat evaporates. Other air to~jcs, such as fonnaldehyde.

which ",suits from tho: same reactions that fonn 0=, and 1,3-butadicne. are not present in

fuel, bot are by_products of incomplete combnlllion. A summary of cancer risk estimates

associated with motor vehicle poliUlanlS of most concern can be fowtd in Appendix C.

1.2. Cona:ressional Mand.te aod Scope of Study

Section 213(a) of the CAA, as amended, direct! EPA 10 conduct a arudy of enilllsions

from nonrolld engines and vehicles and to determine if such emissions cause, or significantly

contribute to, air pollution which may It:asonably be anlici~d to endanger public health or

welfare. Within 12 months after the completion of the study, the Adminislrator of EPA must

determine whether the emissions of CO, NO", and VOCs from such new or existing engines

or vehicles are significant contributors to o:rone or CO concentrations in more than one area

which has failed to attain the NAAQS for ozone or CO, If an affumative detennination is

made. the AdmiJIisttator is required to promulgate regulations containing standards applicable

to emissions from those classes or calegories of new nonroad engines and vehiCles which in

the Administrator's judgmem cause. or contribute to, such air pollution,

1lUs study is the result of the directive in section 213(a) that EPA conduct a study of

nonroad emissiOll8. 1be Iltudy quantifies, through the IJlIe of nonroad equipmem emiBsioo

invenlories, the COIItribuIions of nonroad sources to air quality problelflll. TIle Study does not

make a determination of the significance of emissions from nonroad sources. Such a

detennjnation will be included as part of any regulations promulgated for oonroad engines

and vehic1es.

1.3, NOIWIad Equipment Catuories Included in tM Study

EPA considered over 80 different types of equipment in this analysis. To ease

analysis and reponing and to asSisl the disaggregation of national or stale equipment

populations to the local level, EPA grouped the equipment types into the 10 equipment

Navember 1991
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categories li:i1ed in Table 1-01. Additional information on these equipment types and

equipment categories can be found in Chapter 2. It sbould be noled that these categories

were developed only for use in this $1Udy and are not intended to represent polenlial

regulatory categories. Aircraft and locomotives were nOI included in this study.*Ut

Table 1·01. Equipment Catelloria Inc:lnded in Study

Categories

Lawn and Garden Equipment

Airport Service Equipmenl

Recreational Equipment

Recreational Marine Equipment

Light Commero::ial Equipmem

Indusaial Equipment

Construclion Equipmem

Agricultural Equipment

Logging Equipment

Commercial Marine Vessels

1.4. PeUnlang Considertd in tbe Study

Although numerous pollutants have !he potential to meet the criteria set fanh in the

CAAA for inclusion in !he study, EPA chose to limit the number of pollutants examined in

this study to those llitted in Table 1..02.

•

•

•

''''il.iR:t3ft "'"~ "'I\dated undI!r • oepanle ",,!>put of die Oean AIr Aa and. he""". "'" _ dasllified .., •
n<><In'IIli ...giool or vebldeI. LocomOliva wen: ope<:ilkaIly excluded from indunoo by Coop" in !be CAM
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Overview ond Background

Table 1-020, PollutaDllIlncluded in Study

Pollutants

Volatile Organic Compound5 (VOCS)

OJ<llles of Nitrogen (NO,J

Carbon Monoxide (CO)

Particulate Matter (PM)

Sulfur Dioxide (SO,)

B_~

Aldehydes

1,3-butadiene

Gasoline Vapors

Nitrosamines

Section 213(a) of the CAA, as amended, requimlthal VQCs, CO, and NOx be

included in the nonroad study. Of the three other NAAQS criteria pollutants (PM, SO, and

lead), EPA chose I(l include PM and SO" since both are currently regulated for on-highway

sources and have been identified lIS contributing to air quality conditions thai are dangerous to

public health or welfare. lbe las! crileria pollutant, lead, although highly roxie, was nm

included in the 8IUdy because the CAAA prohibit !he production of moIor vehicle engines and

nonroad engines tlW requil'e leaded gawline after model year 1992.

Nonroad SOIlfCelI abo emit OIber pollutants commonly referred to lIII air rOxics, which

include carcinogens. mutqeD8, and reproductive toxins. Curently,l.inIe infonnation exisls

regarding air toxic emissions from nonroad engines and vehiclell or the health effeeu of such

emWSi0D8. Moreover, none of these pollulanlll from on-highway soun:es have been regulated

on the basis of cucinosenicity.

EPA's authority to include air toxics in this study is derived from section 213(a)(4) of

the CAA In determining which air toxics to examine. EPA considered three sources of

infomlation: compounds suggested by contractors which show the greatest cancer incidence,

and other risks; pollutants to be included in EPA's eAA·mandated study of mobile

source-related air toxics, and those pollutants emiJled from nortl'mId sources which are founJ

in Title ill of the CAA. After ~iewing the availability of data and the cancer risk
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incidences, EPA chose to addreSll the following air toxies in thiB study: benzene; aldehydes:

I,J-butadiene: gasoline vapor.!: and nitrosamines. Appendix D contains a listing of the air

IOxics considered in this study.

Uf. Geographic ArelU Comidered in the Study

In determining Which gt'ographic areas to include in the study, EPA decided to focus

on the 24 areas, liJIled in Table 1-03, which failed 10 attain the NAAQS for either ozone, CO.

or both. Nineteen of the areas were evaluated for VQCs and NOx, and 16 areas for CO. A

primary reason for selecting these areas is the Ileverity of their local air quality problems.

EPA lIiso believes these areas are representative of other urban areas with air pollulion

problems due to their diverse geographic and demographic characteristics.

Table 1003. Geoarapble Areas Included. In Study

NOll8lUinmeat Areas

Allanta. GA MSA ~L PaIll. MN·WJ MSA

Ballimo.... MD MSA New Yorl<-NOfthem NJ_LooI bllUJ, NY_NJ·
cr OvlSA,lNECMAHfl

Baton Rouge, [,A MSA 1'lIiladelpbl...WDmj......Treuoo, PA·NJ_DE-
MD CM>A

BostoD-L.awn!BO!-Salcm-LoweU.Brodnon, MA NECMA Provo-Omn. ur MSA

ClIio.,.,.Guy-Lake Coll!llY LIN-WI CMSA SL Louis, MO·n. MSA

Clevflan:l-AtrOEl-Lonlo, OR CMSA Soa Dieto, CA AIr Buill"'"

oen......·BouI<ler. CO CMSA Sail JoaquiD. CA Air B_

El Paso, TIC MSA SeIftk.Tacoma, WA OvlSA

Hanfonl.N..... BriIaln-MiddIeIO'IVlt-BI!IIol cr NI!CMA Soolb C.-, CA Air B....

H",,",oo-Galvellal-Brazm1a, TX 04SA Spobne, WA MSA

Miami.Fun l.aIIdIm1IIe. f't. CMSA Spriagfidd, MA NECMA

MiIw..,ue·iladDe. WI CMSA W..hinglOll, [)C·MO-VA MSA

Hfl COIIIIoIidMed MctropoIItao SlItisticlll Area (CMSA) and North East COIIIIIy MeuopoUtao Stalistical AI<,
(NBCMA) <lelioiliOllll are liveD in Stale aad Cougty MetmpolilOD ArN Dal! Boot, U.S. Buteall of die Cemus, 1986.

..... California air bMillS"", defiDed for die purpooe. of Ibis study .. in lhe 1990 ...moo of the 1987 emiosion
invelltOry prepared by tba Callfomia Air Resou=a Boaad (CARD) for !be Swe of califorDiL

•

•

•
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1.6. Public Part!ciDJUoD

EPA recognizes that involvement by tile manufacturing and environmental

cmnmunities is essential in eMuring the effeclive implementation and enforcement of any

polides and regulations which may be developed. Therefore, throughout the nomna<! engine

and vehicle study process, EPA actively solicited information and comment from interested

panies. The information supplied by these panics enabled EPA 10 use the beSI available data

in developing estimates of the contribution of nonroad engines 10 air quality problems.

A public workshop was held on April 3-4, 1991, with over 200 persons in attendance.

The pIllpOse of the workshop was to discuss the nonroad engine and vehicle study and the

Agency's regulatory process. Presentations weze made by EPA, state agency representatives.

and indll5tty representatives..•••• EPA requested that manufacturers submit popuIlllion

inventory and emission data for the nonroad equipment to be considered in the study. (n

addition, a briefmg for enviroruncmtal groups on general air quality issues held in Washington,

D.C., on May 14, 1991, included a ~tation on the nonroad iltIIdy.

Following the public workshop, EPA held individual met!Ungs with a nwnber of

manufaclllrerS and manufacturer groups, including: OuldoorPowe:r and Equipment lnstirute

(OPEl), Industrial Trock Association (ITA), Engine Manufaeturers Association (EMA), the

Equipment ManufaclllrerS Institute (EMI), Portable Power Equipment Manufacturers

Association (PPEMA), John Deere Company, National Marine Manufaeturers AssociatiOll

(NMMA), Manufacturers of EmiHion Controls Association (MECA), Ford Motor Company.

Ford/New Holland, and Tecumseh Products Company. At these meetings, manufacturers

provided EPA with up-to-date information which assisted EPA in the development of the

inventories in the study. Association descriptions and membership lislS are in Appcnfu E,

An informal external technical review group. composed of representatives from a

variery of manufactllre.r associations and state agencies, was convened by EPA to provide

technical review and feedback throughout t\1<: development of the study. The review group

provided infonnal feedback on the nonroad population inventory merhodoiogy. emission

factors, and per-sour<:e usage rates for the study_ A complete list of the Technical Review

Group members ill included in Appenfu F.

._- Presefllati.OfI mllleriab IIIld Olbor com_ are .vailable for public ..view in DocUt _A_9 t-lA
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EPA published a draft of this report for public review in October 1991, and held a

public meeting on the nonroad study on October 30, 1991. This report reflects EPA's •

consideration of corruncnts received on the draft report. A discussion of EPA's response to

public conunents is found in Appendix Q.

•

•
November t991



•

•

•

Chapter 2. Methods aod Approach

The goal of the EPA Nonroad Engine and Vehicle Emission Study was to develop an

inventory of nonroad engine and vehicle ernUsions within the Congressionally mandated time

period. To achieve this goal, EPA used the limited dala thaI was available. Where feasible.

these data were updakd or new dala we~ developed.

In developing emission inventories for nonrnad engines, EPA found thai comparisons

between ~isling data were not always din:a or el\llY. ~ of the biggest challenges was to

find a way 10 present, compare, and analyze data from a variety of sources, Given the

number of typelI of engines and equipment included in the study, and the amount of data

available that characterized emissions from nOlUoad sourees. EPA chose to COlllltroct two sets

of inventories, both of which are presented in this report.

In the fIrst set of inventories (Inventory A), EPA incorporated corrunercially and

publicly available data so that the method of inventory construction could be repealed by

interested states. 11Ic second sel of inventories (Inventory B) incolpOrated 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 mean! of validating the first set of inventories,

A discussion of the methodology and data used for both inventories is presented later in this

chapter. Each inventory is based, at least in pari, on specifIC data &1=:

• Inventory A relies primarily on dlta provided by contractor
studies; in patticular, on popu1a1ion and per-source usage rate
dala derived from rea=m work contracted by EPA for this study,
For most cBlegorics of equipmertt, populations are drawn from a
ConUDddally available market research dala base. Inventory A
also includes some data supplied by states and manufacturers.

• Inventory B incmporates population and per·source usage rate
data supplied to EPA by manufacru.ret"! and manufacturer
associations. For most categories, population estimates were
supplmd by tbe manufacturers or are derived from confidential
sales data provided by manufacru..,rs, 'IVltere gaps existed, data
from Inventory A were used, so that a complete inventory could
be developed,
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Nooroad Fng/ .... m;I Vehicle EmlMion Study

The stud}' abo considers a third sel of invenlOries, InvenlOty C, whil:h ill based on

data developed by individual states for their 1987 State Implementation Plans (SIPs).ltttt

At the time the study was initiated, SIPs provided the most comprehensive soun:e of nonroad

engine and vehicle emission data. Each SIP contains a state-developed invenlOry which

considered population snd per_source usage rate estimate3. However, two factors restricted

the ability of EPA to utilize this invenlOty as a basis of comparison with Inventories A and B.

First, the SIPs considered a limited nwnbe[ of nonroad equipment types. Second, s

subMantiai amount of new diIIa on nonroad sources was developed after the states constructed

their 1987 draft inventories. Nevertheless, the SIPs 8till constitule a valuable point of

reference. Funber discussion of this inventory is found in Appendix G.

2.1. Structure: 01 Em....ion Inventories

Emission inventories are detailed liIItings of the amOWlt of pollution generated by

~ sources in an an:a dllIing a speo::ific period of time and an: used to account for the

variOUll sources of differenl air pollutants. FO[ ~ample, a CO emission invenroty might

appear as shown in Table 2-01.

Table Z-OI. SampJe CO Emission Inventory.

Souree 1987 tpy·

Light-Duly HighwlI)' Vehicles 400

Other Highway Vehicles 200

Nonroad Mobile Sources 300

Other Am. and Point Soun:es 100

Total (All S<lIlK:es) 1000

• Ions per year

ttttt Tillo I of !be CAA fe<JItimI otlIteIIl<> develop plaPS to dom"""trlIle how dley imeod I<> meeI!be NAAQS

November j W I
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In developing emission invenlorie~ for nonroad engUu:s and vehicles, EPA used the

following formula to calculate emissions from most nonroad sourcestlU':

M, -N x NBS xHP x LF >< £PI

where:

~ =
N =
HR' =
HP =
LF =
EF, =

mass of ~missjons of i'" pollutant during inventory period
solUt'e population (units)
annual hours of use
average raled horsepower
typical load factor
average emissions of jib pollutant per unil of use (e.g., grams per horsepower­
ho~)

•

•

For this srudy, the product of the annual houn of use, the average rated borsepower.

and the load factor ill refened to as the per-source usage rate. The product of the population

and the per-source l18age raIe ill refermd to as the activity 1t!V~I. Nonroad engine emissions

are expreslled as tons per year (tpy), except wben WIissions ate adjusled for sea.sonal usage

patterns 10 ll!fleet tons per SunuTIer day (lpSd) or tons per winter day (tpwd).

2.2, Developing EQuip_at and EngIne CatelOries

11Je development of an emission inventory requ~5 the estimation of activity levels,

which ill facilitated by the use of calegories thai group rogttl1er types of equipmenr, such as

tractors, balers, ltarftsUln, and other types of agricultural equipment, wbich have common

function and WJe characteristics. Emission facton. on the other hand, ate generally best

developed for diffaent types of engineJ, such as diesel, guoline, 4-strolte, and 2·stroke, u~d

within aD equipment type. C(lIl.'lequentiy. EPA estimated activity levels by equipm"nr type.

while applying emission fllCl:on oppropriate to corresponding engi1U! types.

EPA developed the Uln equipment categories listed in Table 2-02. The primary

purpolle of equipment categories is to simplify the distribution of equipment populations and

annual usage to the local nonattainment area level. Over 80 different types of equipment

were cOrulidued in this analysis, many of wbich are highly specialized and have low sales

....·Note tbal EPA used gnmsIhour emimoo fitClOlS for molt rec~DIII1equlpmem and gnmll/goUon of fuel
fur ~onal aDd commercial mariDe cqail""""l-

;"..~:=;:,"",o::",,;;;;;,,---------------------------------,: !
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volumes. EPA recognizes !hat many of the 80 equipment types, such as chain saws.

generator 8em, forldifts, and cmwler tractors, are W1Cd in more than om: industry or

application (e.g., fanning, construction, general industry or recreation) and that. consequently,

the ten equipment eategoril:'$ are not mutually exclusive with respect to equipment type.

Nevertheless. the definition of the ten categories is consistent with the methodology used to

distribute equipment populations geographicaUy and 10 estimate activity levels. and so it is

considered to be valid for that purpose. Equipment typos used for similar purpo8eS were

grouped into categories and a methodology was developed for distributing state or national

population data to the local level for each equipment category. While these categories were

used for distributing population data, activity levels were developed for each equipment type.

Grouping equipment types into categories a1so provides a convenient means of reporting the

results in a fonnat which is more readily understoodltlfl A detailed list of equipment

types included in eache~ calegory is found in Appendix H.

Table 2..2, Nooroad Mobile SOUIU EquipJIMnt Categoria.

Equipment CateaorY Eumpla of Indnded Types of EqulpJIMnt

Lawn and Garden lawnmowers, snowblowers, trintmers, tillers, chain saws < 4 hp

Airpon Service aircraft and baggage towing tractors, airport service vehicles

Recreational ATVs, otT-road motorcycles, golf Cartll, snowmobiles

Recreational Marine inboard and outboard recrearional boats

Light Commercial air and gu compressors, welders, generalor seU, pumps

lndostria1 aeriaJ. lifts, fm\dift$, self-prope~ elevating piatfOmtll, sweepers

Construction aspltBll paven, rollers, scrapers, rubber·tired dozers

AgriculhICal PgriculhICai tradors, combines. balers, harvesters

Logging chain saws> 4 hp, delimbers, log skidden

Commercial Marine: harbor vCS8Cls, fishing vC5SelS, ocean-going conunercial vessels

•

•

'"'' 'I1Iese cOlegories are oe:idJe, deltnitlons of "farm cquiprnelll" or "collSlmCtioD equipmenl" (terms that will
be etflllled by EPA in a future rulelllaklllg) nor Dec ..rily appropriale for dJe cLossdicatioll of ,",'" llOIIfOod ,asi""" •
_ '"'''' I>O<IIOad vdli.cles for ",bid! regulllliOlll may be pron"l!goled 1IDIle, section 2I3j;.X3) or 2t3(aX4) of !be
C~
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For the categories in Table 2-02, EPA developed separate emis~ion factor~ for

equipmem rypes using diesel, gasoline 4-~uoko::, and 2-~troke and LPG engine~ where

appropriate. A detailed dlscus~ion of the development of emissiOll factors i~ contained in

Appendix I.

2.3. Development or Emis:dog factors

A key element nece55a<y to detennine emi5Sion in~orieol for nonroad sOurces is the

emis5ion factor. An emission factor Ci the average emission rate when a vehicle or unit of

equipment is operated in an average manner. Emission facton are commonly mass-based and

expressed in units of mass per unit of wolk (e.g., grams pet' horsepower hour), mas~ per unit

of fuel COtlllurned, or, in the case of on-highway vehicles, mass per mi1e traveled,

For this study, Inventories A and e were calculated with a common llel of emission

factors, except fur diellel particulate emission factors, whicb are differenl for the two

invemories. A IiIlt of the emission factors selected by EPA is presenled in "2.7. Comparison

of Dalll Used in Inventories A and e." Emission faclors for Inventory C required sp<:cial

agg:Tegwon to be compatible with SIP guidance.

EPA U5ed data available from past studies and testing, as well as new infonnation

supplied by the engine manufacturers, to develop emission factors for tailpipe exhau51,

refueling, evllpO!lllive, and "nmkcue emissions.1:£U£ Appendix I describes the various

methodologie3 used to determine and select the molIl appropriale emission factors for each

type of equipmenl. The emilIliOll facton developed fur Ibis slUdy were reviewed by the

tedmkal review group.

Tbll teal dl\llt. on whicli the emission factors are based cOllllist almoSI e:<clU5ively of

tests on new engines. Whi1e more testing needs to be completed before in-u5e cmissiom can

be fully cbancterized. EPA believes thai inventories incorporating emission faclors balled

<HH EPA C<lIIlraCICd witlt SOU!hweu R....an:h !tIIlliltJt" (S..Rlj 10 perform I all>dy 10 n:comm"od ouegorit.a~""

of lKIClIOod oourtes 1lIId!be bcsI avallable exlIauo:t "",,,sion fIcIolS for unornld sources. S..Rl completed this "~,

in tIIIo pUI:I. Tbe lim put foaIsed OIl emissioo f."",.. for VOC. CO. 0I1d NOx...lIile!be se<:0Dd pan fO<.1JS<u nn
pllrlicullre matter IUd Ilr loDe emisIloa fIlCInr3. The lioot n:poI1lI, "Noo·Rood llmisIIioa Facr"," tnIerim Report
IlIId "NOct-Rood l\oIissioo Facf"," of AirTo><ics" caD be frond in !be publIe dockeI; j,A·'H·24). Appendix J proviu"
tlelail 00 emissioo facl"," tlDd how tbey were used. EPA receive<! .lIlisIIi"" fIlCInr iofurmali"" frnm • number O[

ind"'lt.,. .oun:e.. Appendix J ia<Ii<:lnes!be source. of IIdditiooaJ darL
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solely on new engine data would grossly understate the conttibution of mmroad. engines to air

pollution. TheR:fore, to estimate the magnitude of the effect of in-use emissions, which

includes engine malfunctions, improper maintenance, and engine wear, EPA also developed a

second set of emission factors lhat takes into account these effects.

Two sources of data were used to estimate in-use adjuslment factors. One source was

recent testing of in-use small utility engines performed by Southwest RC5earch Instinile

(SwRI) under contract by EPA. The limited testing that has been done thus far suggesls Ihat

in-use emissiOllll could be 2 times higher, for some engines, thiut the emission factors based

on new engines. The second source of data was a joint Engine Manufacturers Association

(EMA)/EPA program conducted in 1983 Which developed in-use emission factors for heavy­

duty diael and heavy-duty gasoline engines. The data obtained from litis program suggests

that, while in_use impacts are minimal for PfC""'ontrolled diesel engine emissions (i.e., ~sel

engine emissions do not increase with mileagelhours of operation), heavy-duty gasoline

engine emissiOlL'l irn:n=ase with in-use operation. A detailed discussion of the in-use

adjuslrl1enl$ to emission factors is contained in AppendiJ< I. Inventories A and B were

calculated using both the new engine emission factors and the in-use emission factors. TIte

results are presented SO that the reader can clearly distinguish the estimated in-use ponion of

each inventory.

Another issue whicil is necessary to consider in the assessment of the magnilllde of

emisSion rates for nonroad equipment is whl:thef the test cycle isn:=presentative of in-use

operation. There is an ongoloS debate regarding the appropriateness of U$ing: a Steady state or

II. t:raItlIient test cycle fur testing the emissions of nonroad engines. This is an important issue.

since measured emissions of DlO!It pollwlIl1tS. especially particulate matter (PM), are sensitive

to the test cycle. Por instance, a steady state cycle used on a piece of equipment that

experiences trarWmt operation in-use may miMepresem the level of in-use erttissiom. EPA

adjusted the PM, CO, and VOC emission factors which wen:: developed using steady state

procedures to account for in-use transiem operation for those equipment types e:l:peeted 10

encounter such operation, The equipment types that were adjusted are indicated by

Footnote "a" in Table 2-07a. The adjustments wen:: only made to ~sel engines since the

only data available was on ~sel engines. A more detailed discussion of thr:se adjustments

for transiem operation is contained in Appendix I. •
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2,4. Dt:velopment of Activity Leveb for Inventory A

Due to Iimitati<:>Ds in the exitlting guidance fur developing emission invenlOries for

nonroad mobile sources, EPA contracted 10 develop improv~ methodologies for all nonmad

sources. The equipment populations, annual hours of use, average horsepower ratings, and

load factors used in Inventory A arc primarily based on a market research data base

commercially available though Power Syslet11ll Resean:h (PSR). nus data base is continually

updated through SUrvey5 of equipment manufactun:rs and end users. For the study,

population data were disaggregated to individual nonartainmenl ~as using commonly

available economic indicators and Cell5lL'l data..••••• The emilisiollS analysis for

COmn>eICial marine vessels was handled separately from other categories of

equipmenl,tttttt as discussed in Section 2.8.

The developmenl of emission inventories fur recreational boats relied on local

registraUOU$ of pleasure craft. Becanse boats are often used outside arellll when: they are

registered, adjlL'ltments 10 registration data were made based on a survey of boat owners in

eight nonattainmem areas conducted by Irwin Broh and AslIociate:s, Inc. for the Nar.ional

Marine Manufacturers Association (NMMA)." Annual fuel consumption from the s;une

survey was also used in calculating recrearional boar emissiOIlll.

While relying primarily on oorrtraelor input, EPA also used other dllUl. and information

in calculating Inventory A. Docwnentarion of adjustments 10 the conttaclor data aR

contained in Appendix K. Documentation of adjustment:l to the data to reflect variarions in

USlIllC pattemlI by regiOll of !be cowury and season of the year III contained in Appendix L.

Summaries of the dala used 10 develop Inventory A aR prelIented in "2.7. Comparison of

Data Used in Inventories A and B," with more detailed information presented in Appen<liJI \1.

" •••• "The methodology is~ ill ,he EnerllY an<! Eovil'tlmlemal Analysis final report enti,IH
"M.lbodoiogy to Eotimllle N~ Equipment PopvJotiom by Noaattaiomolll Are..... availalll. for tel'1ew In

Doclet ~A·91-24.

""" lbis is dee 10 !be faa 1bIt Ibe Iypos of e<>mmerctal marioo veo.1I "'" DOt as m...._ .. o!ber n"nr<',,~

c_gories, an<! 10 the foct tbII =<>Ids of "P'clfic le"C!:l iIIId types of _I a<tivilies..., m"", readily .vail,"I<
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2.5, Development 01 Activity Levels for Inventory B

In developing emission inventories for Inventory B, EPA incorporaled data submilted

by the following manufactureI1l and associations:

• Outdoor Power Equipmenl Institute - nonhandheld lawn and garden equipmenl

• Portable Power Equipment ManufaclurefS AssOCiation _ bandheld lawn and
garden equipment

• Industrial Truck Association - folklifts

• Equipment Manufacturers Institute - agricultural and construction equipment

• Natiooal Marine Mwwfaetuter8 Association - recreational marine equipment

• International Snowmobile Industry Association - snowmobiles

• Motorcycle Industry Council_ ATVs, off-road motorcycles

Some of !he equipment populations used in Invenlory B were based on confidential

sales data thai are not conunercially available. Where gaps existed, EPA used data from

Inventory A; however, fut: UlO3t high volume categories !he dllla used in Invenlory B were

submitted by manufacluren.

In some cases, it was necessary to adjuS! !he data provided by manufacturers for use in

COlllltruCting Inventory B. The use of and adjustrneIlt to manufacrorer dlIIa is documented in

Appendix N. EPA made seasonal adjustmenu to data in Inventory B similar to those made

for Inventory A, WI documented in AppendIx L In cases where manufacrurers only supplied

annual hollIS of use at the nalionallevel, these hollIS of use were used for all areas without

regional adjustments. Summaries of !he data IIsed to develop Inventory B are presented in

"2.7. Comparison of Dllta Used in Inventories A and B." More delailed infomwion is

presented in Appendix O.

2.6. Comparison of lnulls bm October Draft and Final St!ldy

•

•

EPA made some adjustments to !he data used 10 cOllllrruct Inventories A and B for Ihis

fmal report in response to public commenlS on the October draft study repon. The mOSI

significant adjustments to Inventory B data. impacting inventory results included revisions 10 •

tile recreational marine invemory lMthodology, revisions tn annual boon of use ror

November 1991



•
Melb<>eb :lOll Approach

lawnmowen, revisions to the methodology for distributing handheld equipment (trimmers,

blowefll, and chain saws) to the locallcvel, revisions to population estimates fOl" agricultural

tractors and combines. and emission factors for outboll'd motors and crankcase emis~ion from

lawn and garden equipment. Some of these adjustment were also made to Inventory A. but

with less impact on overall inventory results. A swmnary of the conunents received to the

October draft is in Appendi:Jt Q.

Charts 2-01 and 2_02 depict the results from Inventory A and Inventory B before and

after adjustments we!!: made to !he draft !!:sults. Each chart shows the median local nonroad

contributions to total VOC, NOx• and CO inventories.

Chart 2-01. Median ConlribulioDll .• Dr.ft Inventory A and B
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2.7. Comparison of Dati Used ip Ia..entories A and B

The: national equipment population estimates II$Od in COllSltIIeting Inventories A and B

are compaml. in Table 2-03. All discuMeo:I above. Invmtory A incorporafed population

eSlimates developed by EPA cootracl:Ofll. while Invemory B incorporafed. to the extent

possible. data from manufaclUler &13OCiatiOllll. Local population estimates used in developing

Invenlories A and B are included in EPA Ttchn/cal Mtrnorandum _Nonroad Invtfltory

Tables: Inventory A and B. November IS, 1991. The equipment popuIatioll$ are pre=,led by

equipmenl and fuel type, including diesel, LPG/CNG. 4-stroke gasoline. and 2-SlrOKe gasoline.

COmparisollll of equipment horsepower and load factor estimates used In Inventory A

and Invenlory B are pre!ellted in Tables 2-1)4 and 2·05. respectively, Reponed ranges of

annual hollfS of use eslimates, which vary by region. are compared in Table 2-06. Emission

factors for diesel engines and gllSoline 2- and 4-stroke engines, which were used in both

Inventories A and B, are presented in Table 2-07. Seasonal adjustments. which were used in

both InvenlOries A and B, are PR'sented in Table 2-0ll. expressed in terms of the percentage

of yearly activity occurring during SIlllUllU and winter. •
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Methods and Arpm>ch

•

•

-- - - ,-- ,- ..,....
-~ -- ~.~ ,.. ,.,- _0.. ••• •• lou ",... t... , •• ".,A • • ',-, . ... ,

, 0-.- 0 0 , 0 "n, ".OJ' 1~1""''' LJ",U" ".",.,., "-'''''',-
, ._- 0 0 • • '~""J" "-'" - ',,"'.m n"'."'" "",",,,,",

, ......._......- • 0 0 0 .. '. ......" ".",... ,,.,,.'" l"'.'", -_.- ."" .- 0 0 ,,,,,'..... ", ...... • • '""'''' ,."" ...'-, -_. 0 0 • 0 "- - 0 0 ,,,.... ,"0,=

, -- .,. 0 0 • 0 • 0 ,."."" ""..." '.".,,. ,,.t.'"
, - d. 0 0 • 0 ",.,., ",'0' "'''' ,",It, 'fflJll ,."u
, •• d' 0 0 • • l,"'''' .- ",,", ,- J.",.... L~'.'", --- "'''', ,-, 0 0 ,-- '.'....., 0 • ~"H'" om"'"-, -- .. .. 0 0 '0>,," _'0 • • ~ ,",.,.',
~

0 • 0 0 1."'-", ,.".m '.>00,'" "'.."" n""" , .".", ? ' 0..- "- ","" 0 • ... ,Un 0 0 ".'" '''~, ,-- 0 0 0 0 "'","" ,om 0 0 "'m '''.~l-, ",,",J-"'''''''' '0 '0 • • ,,- "',11' ,- ",''' •• ''''j.-, -- ~ 0' 0 0 'm om 0 0 ,- '".-, 0_- ~ ~ ," .. - ~ 0 0 " ". ",'

, .,,-y- • 0 0 0 I.'...... 1,1_' ..- ,,~... '...".. ',"c~,.TV.,
, - 0 0 0 • o. .- • • •• ",", _-..-. 0 0 • • - OJ,""' ,,,.m m:m '"Ul1 ''','', _.- 0 • 0 0 '. ,m ... .... m,"" ' ".", , . 0 0 0 0 • 0 - ,-- .om ."".~, -_<:- ,- ,- 0 0 "- ". ..- "',,,," ''',,,", ,,,..
0 "--- .- O • 0 0 "'m' -" 0 0 '''''''' ''''.''-0 ,-~ 0 0 0 0 "- •• o~ - '.>0>,'" U.""-0 0_- 0 0 0 0 ',m,,," <1""" 0 • !,l"'" L''''''-0 _.- ~. -- 0 0 "',- .... • 0 "','" ",,,--0 ,-- 0 • 0 0 ','" '." ''','''' ,....... '",''' ,~.~--, -- ... ,-, ,~, • l,''',m U".... ,~ <om '.'".''' ' '" ,-, - '''' ,,~,. <t,'" ,,~ ",,,", ,-, ,,",'" 0 • "'... "", """-.... ,~,,, ,~,." • 0 '....,:w ,,.,,,. • 0 ,~ .." ,. ,
, ,,",e_",. 0 0 .. • 0 , • 0 '" ,
, .- ... ". -- 0 • ,,~ ,- • 0 """, " ,, ..._w_.... '. '. , , "'.'" ',,",'" " , ~ ..,

-~.

0 ,...""'" '." ",,,. ,. ,~ ,~, "" , , .~ ...'
0 -,. ,- ",'" 'e'" ",-,,, '00,,, l>"" , , ,., ,,, '. '
0 , , --- .m <om .., ... ",'" ,~ • , " .., t ,
, --_.- "'" "" 0 0 ",m >..", 1.0" l ••" ".'" , ,-0

-.M__
"0 ,~ 0 • ~ - 0 , "."-, --- ,- oo.. 0 • '- , ,". '

November 1991 ,



No"",od EDei'" aDd VeblcJe £mi,ojn? Study

Table 2-03 (Continued)
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• Table 2.06. Invmtory A and B Annual Use Estimates
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Table 2-08a. Summer and Winter Perceotagu of Yearly Activity.

ColdfNorthern Medium/Central Warm/Southern
Equipment Class

SUlIlllWr Wlnl.. "'m_ Wjn~r Sum"..r Wlnl",., ,., 1%1 ,., ,., ,.,
A~ric"jtural " • ~ • " •
Conlltruclion " '" " " " "
Irtdumial " " " " " :5

L.wn and Garden (.~cl. c~oin " • ~ • " •
sow,)

SnowbJo"""",,Snowmobiles 0 '00 0 '00 " mJ ,
COJDIIIOTCiaI Marine " " " " " "
Airpon Service " " " " " "
'-"nina: (inc1udins chain ......) " " " " " "
LigM C_rcial " " " " " "

Table 2..oSb. Summer and Winter Percentages of Yearly Activity
for Recreational Marine Equipment

Region % During Summer % During Winter

Northeast 68 I

Southeast 48 7

Mid-Atlantic Coast 57 2

Great Lakes 70 0

Southwest " 7

Rocky Mountains 69 0

NOnhwest 57 5

West Coast " 7

November [WI



Nonrood En';"" am Vebi<:1e Ewi..igu Study

Tabk l_Olk. Summer and Winter PercentaR" of Yearly Acttvity
for Recreational Equipment.n;*u

Region % During SUl1lDlCf % During Wintno

E~, 42% 12%

Midwest ,,% 8%

South 36% 15%

West 44% 11%

New England 44% 1'%

Mid-Atlantic Coast '1% 12%

East Central 48% 9%

West Central 44% 8%

Southeast 35% 17%

Southwest 37% 12%

Rocky MQuotains 44% 8%

Pacific <3% 13%

Natiooal Averase 42% 12%

''''''Excluding _mobiles.

November 1991
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Method, and Appro>eh

1.8. Emissio!!l! from Col1llMrcial Marine Vessels

A detailed analY5is of commercial marine vessel activity and emissions was developed

for the following nonanainmem areas:HUU

L Baltimore, MD MSA
2. Baton Rouge, LA MSA
3. Houslon-Galveston-Brazoria, TX CMSA
4. New York-Northern New Jersey-Long Island, NY-NJ-CT CMSA/NECMA
5. Philadelphrn_Wilmington_Trenton, PA-NJ-DE_MD CMSA
6. Seattle-Tacoma, WA CMSA

For~r nonattainment lICelL'l, estimates of emissions from commercial vessels were

based on infonnation obtained from diffenmt sour<:es, including SIP emission inventories and

the 1985 National Emission Repon.'

When the latteJ: was used, marine vessel activity was assumed to be uniform during

tbe year. EmisSions from commeldal marine vessels are shown in Table 2-09.

IINlI 111;0 analyllts ill doc"",_ ;n lbI! BooZ'iI.llen & Hamillon final "'POrt "milled "Commercial ~l,rul'

Vessel CoDlribnliom 10 E!mis!ioo. Invemories," whicb moy al,o be fOlllld In lbI! publli: docke!.

No",,",,"', 1991
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2.9. Emimo!l3 from Other Sources

EPA c"mpared its estimates of emissions from nonroa<! engines and vehicles to

emissions from highway and other area and point SOuICes, At the national level. 1989

emissions were obtained from the National Air Pollutant Emission Estimates: 1940-1989,'

For all but five nonanaintnenr areas,£u£££ emissions from highway and other sources

were available from the following Sources:

VOC; Phase 11 Volatility Control Support Runs. April 5, 1990 _ VOC emissions were

reported in tons per summer day for 1990.

co: Support computer runs for Coid CO Rulemaking docwnentation. Jan. i8.

1991 _CO emisliions were reported in tpy for 1987. To estimate tons per

winler day, highway vehicle CO emissions wert! divided by 365 and corrected

for ~reasc:d driving during the winler. Eminions from other area and point

sources were simply divided by 365,

NO,,: 1985 National Emission Report' - NO" emissions were reported in tons per

year for 1985. To estimate tons per surruner day, highway vehicle NO"

emissions were divided by 365 and cotrected for increased summer driving,

Emissions from other area and pan sources w«e ,imply divided by 3M.

PM; 1985 National Emission Report - PM emlssions were reported in tons per year

for 1985.

SOx: 1985 National Enmsion Reporr - SO" emissions were reported in tons per year

for 1985.

-"""'For live "";IS (Bostotl NECMA. Springfield NECMA. Hartford NECMA, Soulb Coast Air B..,iIl, ""J S.1I1
Joaquin Valley Air Buin), the geogmpbic.al definition of tl>: nonaltainmem ""as dille<ed sfiglllly from du' ">eel

in the anal>"",' discussed above. In the"" CMeS, EPA ..,lied on eslimates of emissions from highway ",,<1 ",h'r
s=. that..- developed in the moot ",colli Stat. lmplemeDllllion Plam.
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For bolh VOC and CO, the original estimates of nonroad mobile source emissions

from the Phase II and Cold CO emWion inventories could not be readily distinguished from

other area sources. To avoid counting nonroad sources among other area and poilu sources,

EPA computed the ratio of nonroad 10 the sum of nonroad and other area and point sources

for both VOC and CO emissions in elICh nonattaimnent area using data from the 1985

National Emission Report. These ratios were applied to the VOC and CO emissions from all

nonhighway souroes reported in the Phlllie II and Cold CO emission inventories. It was thus

possible to estimate emissions from all other area and point sources without including

nonroad engine:l and vehicles.

Emi.'lsions from highway vehicles and other llRla and poin! so=s are shown in

Tables 2-10 and 2-11, respectively. The data oources are also indicated by area in these

tables.

1bese lotal inventories do not include emissions of VOCs from vegetation (biogenic

VOCs). Allhough recent studies have shown that, in some cities, emissions of VOCS from

planls may be more imponant in ozone forma1ion than previous1y tbouglu, EPA has only

recendy completed a comptlteJ: model for estimating biogenic emissions in urban area:;; and

has delennined that reliable biogenic invemories do not exist for most areas. While the

biogenic inventories to be included in furore State Irnplemenlatlon Plans will affect the

fme-tuning of nonattainmenlllRlas' polllJl1on control strategies. the magnitude of vee

inventories from biogenic soun:es will not alteJ: the need 10 mluce anthropogenic VOCs

substantially to bring many urban lI!eU into anainmenl of the ozone standard.

•

•

•
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Table 2·10. Emisllions from Highway Vehicles
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• Cbapter 3. Results

As dc:scribed 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 manufacm"'I1l.

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 highway mobile sources and other area and point sources.

The resUlts Of Inventones A ana 9 are sumnmlied mthiiI CKgp&f. iJEtifMI

presentations of both invenlorles can be found in Appendixes M (Inventory A) and 0

(Inventory B). This chapter also contains a sununary of the results from EPA's analysis of

SIP and CARD invl:lltories.

3.1. VOC. NOv Co. aDd Particulate Nonroad Inventories

•

• Table 3-01 presents nonroad emissions of VOC, NO". CO, and panicu!ate. as

percenta~s of the lotal emi:lsion inventory for each of the: 24 nonattainment areas studied.

For each entry, a range is provided. The lower end of each range was calculated usillg new

engine emission factors, while the upper end ulilized ill-use emission factors.

Due 10 the seasonal na:ture of ozone and CO nonana.irunem in many art!lIIl. EPA made

adjUllttnenl.S 10 the emillsion invenlories developed for VOC. NOs, and CO, The results are

rep'med as percentage tons per summer day for VOC and NO" and percentage Ions per

willier day for CO. Table 3-(Jl also provides a comparison of results from Inventory A ami

Inventory B.

To help visualize the nonroad conuibution to tOlai local emission invenlories. stacked

bar charts an: used 10 display the distribulion of the ""SulIS from Table 3-01 in eight cham

following the table. CaiculatioltS using both new engine and ill-use emission factors are

presenled in each chart to illUslrate the range of potential nonroad emission contributions or

lhe 24 nonanainment art!lIIl included in the inventories. 19 were SlUdied for NO~ and vnc l'~

were studied for CO. and 13 were slUdied for particulates.

Nov....t>e.1991



Nollftlai l!noj'" aD:! Vehicle Em/!lI;on SI!Idy

Table 3.(11. Tofal NOIU'oad EmiMiOlllll by Nonattaimnent Area and PoUutant <%1

Innntol"J A In_OI"J B
NOOItl......eot- VOC NO. CO 'M VOC NO. co 'M

.~ .... tpw" ., .... .... ."" .,
(~) (., {O, {O, (~l (OJ (OJ {O,

~ 10-14· " 7-10 "........ 10-14 " IJ_14 9·12 " 11_14
Bal"" ROIl!" 7·10 " .. ,
.~oo 7-11 " 9_15 12·16 " 8_13

""", .. " , ;., " •e...._ '.' " '.' , 7-10 "
.,

•-, '"
, ,., 0'

.,~ 8-12 " '.' 0' .. " ., 0.'-- 10_14 " '" 11-16 " <U_00_
7-10 " "" "

"'''''' 12_16 " 7_10 "-- 10-14 "
..,

"-"' • v • ,., 0.'
New York '" " 9_14 , ." .. 8-13 ,
Pbiladelpl:ia 9_12 " "" ..-- ,. OA '4 0.3
San Dio80 14-20 " ... , 8-H " 7·11 •
~- '"

, 9-11 ,
South Co.... CA 13_19 " 8·13 , .. " .. 0'
San 10aquin ., " .., 0.' ,. "

,., 0.3
v,,",

SprinlJlleld, MA 9-12 " ." "...... ,. , ,. ,....... 11_14 " ,. , 10-14 " ., ,
Wasbio81on. DC 10-14 " H 1l_16 " '"
'"The range pR:sented is based on calcullllion of emis3iom from new and in-Wle
emission factors.
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3.1. VOC, NQ,., co. and Particulate NQnroad Invegtories by Categories

The foDowing charts summarize the contribution of each category of nonroad

equipmelll to total emission inventories. Each chart presents the VOC, NOx, CO, and

particulate contribution determined by each of the two inventory methods for one equipmem

category.

Nowomber t99t
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3,3, National PM, So... aDd Air Toxig Inventories

Table 3-02 summarizes narional emission inventories for particulate matter,

foo:ma1dchyde, benzene, 1,3-butadlene, gasoline vapors, and oxides of sulfur for aU nonroad

sources. Inventories from highway vehicles and other area and point sources are pre5C11ted

where available and the contribution of nonroad sources to total inventory is calculated. Due

to the extMrne1y limited availability of datil for toxic inventories for highway and other area

and point sources, the data. in the table are from the most recenl year for which data was

available. Therefore, the dala can only be used for approxirnare comparisons of the

contributions from the various SOUI«S of air toxic ernissiom. The nonroad inventories for air

too<ics in Table 3-02 are the in-U8C a4justed Inventory A numbers. The fonnaldehyde and

benzene inventories for highway and other area and poinl: sources were taken from an EPA

tecltnlcal report by P. Carey,t& The PM and SO" inventories were derivN. from EPA's 1989

emisSion mnd$ report." "The highway vehicle value for 1,3-buladiene was based on

asswning thai this toltic aceounIed for O.3~% of the lotal exhausl hydrocarbons emitted from

h.ighway vehicles," The aldehyde emission factors used in this sNdy for nonroad sources

are in telIIl$ of total aldehydes. To compan:: fonnaldehyde inventories from nonroad 10 other

sources, EPA assumed that 60% of the total nonroad aldehyde emissions were

fOlmaidehyde.·······

"'--1be 60% estim~ ...as typicol for e<l$l- ...hicb had separale formaldehyde, as...,11 '" !<>Ial a1d.hyde, ~.:..
emission JI103SUfCmOIlII n:ported In N"",ooJ Emission F""rrm of Air Toxu;s by Melvin N. 1DpILo, Souw....... \:fl..
Reseuctt 1DIti1ule. s...RI 0lI-342li-\Xr.1.

Nov.mber I ~91



• Table 3-02. Air Tona EmIssion Inventories

•

•

011_ An!. And

Nonroad Soarces High....' SollT<:e!l Polnt Soar<:el,- Tolli tpy
.~ .~ .~., ,..,

'"
,.., ., Total

paJticul_* 457,396 5.5~ J.391.738 16.96 6,384,620 7749 8.239.754

fomu,ldcbyde 41.663 13.05 74,961 23.48 202.670 63.47 319.294

~-
109,783 2:1.37 275,.579 63.68 47AOO IO.~ 432.762

1.3_but1die... 47,816 9,869

psoline vapon 237,048'· 2.&19.727

'0. 230,4~ '" 652,.572 2.81 22,311.998 96.19 23,195,065

• Does not include fusi.m. _ Crnm "",,",ved m'" and ....ai.. whicb ocCOlllll5 fur about 77% of ,Ql1Il

"".pended ponicleo.
•• Doe. DOl include rurmmg I""","" Of hoI",,* evaporative cmisnom,

Nov.....bet 1991



No""'ad En";""""" Vel!ide Enlission Study

3.4. SIP and CARD Inventory AAAlysill

As discussed in Chapter 2, inventories were prepared using data from SIPs and CARB

analyses. The following tables summarize the ~sulls from the SIP- and CARB-based

inventories. It should be noted that tbe emiJlsion factors used to develop SIP- and CARB_

based inventories do !>Ot include in-use or trllIlSiem operation adjuslments. A discussion of

the emiJlsioo factol:S used to dtiveiop these inventor«:s can be found in Appendix 1. A

discussion of the methodology used to create these inventories and a mO~ detailed report of

the results can be found in Appendilt G.
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Table 3-04. CARD·Based Inven'Qry Summary

VOC tpsd NO" tpsd CO tpwd
Air Basin (%1 (%1 '%1

Mountain Counties S 31 6
Sacmmenro Valley 4 19 10
San Diego 3 29 10
San Francisco Bay~a 2 21 , 1
San Joaquin 2 13 13
South Central Coasl 2 13 12
South Coast ) 17 11



Chapter 4. Discussion and Analysis of Results

Chapter 3 presented a swmnary of the inventories calculated from the data collected

for this study. This chapter contains EPA's analysis of these inventories ami its interpretation

of the t!:sults. SpeciHcally, the HIlIt section contains an analysis of nonroad ContributiOOlito

[ota! em1lIstons by pollutant ami equipment categories. A disCussion of the methodologies

used to caku1ate the inventories and !heir potential impact on the results is pt!:sented in The

second section. Last, the contribution of nonroad emissions is compan:d [0 other categories

that are currently ",gulated.

4... DillCussion of Igventory Kesulg

Following are discussions of the resulls for emissions of vee, NOx. CO, and other

pollutants. and the relative contribution of equipment categories. The overall nonroad

emission contributions are summarized by pollutanl.

4.•.•. Volatile Orpnlc CompoallCb (VOC) lnvmtories

80th Inventory A and Inventory 8 estimate that substantial sununertime vee
em1lIsions derive from nonroad sources. Inventory A estimates that 18 of the 19 ozone

nonattainrnent areas examined have nonroad contributions over 6-9% (lower limit representS

new enaine and upPCI limit represents in-lllle emission factors) oftOlai summertime voe
inventories. with a medhm contribution of 9.1-12.6%. The ~atelI in Inventory 8 are aboUI

15-20% lower !ban those in Inventory A. However, InvenlOry B still estimates that 14 of the

19 areas have DODIOad contributions over 6-9%, with a median contribution of 7.4--10.3%.

The largest contributon to nonroad VOC emissions are the lawn and garden and

recreational marine categories. In Inventory A, the median cortIriblllion of lawn and garden

eqllipmenlto Iota! summertime VOC inventories is 2.7-4.7%, with the lowest reported

conlIibution being 1.1-1.9%. Inventory 8 is slightly lower, on average, with estimates of the

median lawn and garden eotttriblltion at 2.4-4.2%, and 18 areas above 1.1-1.9%.

Novemb<r 1,#,)1
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Contributions of reclutional marine equipment to nonroad VOC emissions are siIniiar

to lawn and garden contributions, Inventory A estimates the median conlribulion of

recreation marine equipment 10 be 3.4-4.0%. with 15 of the [9 areas above 2%. Invenlory B

estimates are aboul a third lower, overall. but still estimates a median contribution of 2.2-

2.5%. wirh 10 of the 19 arellll above 2%.

The 1ighl conunercial and COl18lnIction categories each contribute al teast 0.5% of total

summertime inventories in 17 of the 19 nonanainmem areas. Table 4-01 shows the number

of nonattainmem afellll in which the equipment category listed contributes at least 1% of the

VOC inventory.

Table 4·01. Equipment Cakgorles Contributing at least 1% of
Total Summertime VOC IDventory

Number of Areas

Equipment Calegory Inventory A Inventory B

Lawn and Garden 19 18-19

Recreational Equipment 2-3 0-2

Recretltiona1 Marine 17 17

Light Conunercial 2_11 2_12

Construction 11-14 3-6

Agricultural 1 1

Commen:iai Marine 1 1

It Ilhould be ~d that exhaust emissions account for less than three-quaners of lhe

lotal VOC emissions &om the lawn and garden category. "The remaining VOC emissions

from thilI category are due to crankcase, evaporative. and refueling spillage emissions.

Spillage during refueling of the equipment is estimated to contribute 7.5% of the lotal lawn

and garden VOC inv~nlllries and 8.9% of lhe lawnmower VOC inventories.
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4.1.2. Nitrogen ODth (NO~) Inventories

Total sutnrnertime NO" emmions from nonroad sources are estintaled to be larger, all

S percentage of total emissions, dum nonroad VOC emmions. Nonroad NO" emissions in all

of lhe ozone nonanainmem areas in Inventory A are estimated to be gnoaler than 12% of the

total summenime NO" inventory, with a median contribution of 17.3%. Although lower,

Inventory B still estimates thai ItOlIrolId emissions contribule OVeJ: 11 % of tOlal sutrunenime

NO" emissioltS in 16 of the 19 nonattairunem areas $tIldied, with a median comribution of

14.~%.

Construction equipmenl ill the largesl contrlbtrtor to nonroad NO" erniJlsions in 17 of

the 19 nonattainment areas studied. Inventory A eslimll1eS that COltStlUc!ion equipment

contributes at least 6.4% of 100ai surnmertime NO" emmions in each area, with a median

coturibution of 9.7%. InvenlOry B ill more than l~% lower, bul still eslimates that I~ of the

19 areas have COltStlUction equipment contribuliom of over 5%, with a median contribution of

8.4%.

NO" contributions from airpon service equipment, industrial equipmenl, and

agricultural equipment are each estimaled to be 1I lew 1% in most of the nonattainrne:nt areas

studied. However, only in one case (agrlcultural equipment in the San Joaquin Valley) does

lhe conttibution from any of these categories exceed 3.6% in any nonartaimttent area. The

commercial marine vessel contributions are RtOJR: variable, with larger conuibutions in a

limited number of areas. "The inventories estimate conlributions of over 4% in tltree

nonartainmenl: areas for the commert:ial marine category. Table 4-02 shows the number of

nonartainmenl areas in which the category listed contribulCS III least 1% of the No,. inventory,

•
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Table 4-02. Equipment Categories Cuntributing at least 1% uf
Total Summertime NO" IJIventory

Number uf Arellll
Equipmeut Category

Inventory A Inventory B

Airport Service Equipment 12 12

~ati<mal Marine 2 1

Indusuial 13 13

COIlS1I'Uetiun 19 19

Agricultural 12 13

Cummen:ial Marine 10 9

4.1.3. Carbun Munu:Ude (CO) htventorles

Inventory A estimales tbai nunroad emillsiuns cunuibute aileast 9·12% of total

wintertime CO emissions in 7 of the 16 CO n<mtUtainment areas studied, witb a median

c<mtributiun of 5.9-9.4%. Altbough slighlly luwer, with a median cunuibutiun of 5.2-8.5%.

Inventory B estimates that nonroad emissions contribute aileast 6.9-10.5% of total winlertime

CO emissions in 6 areas.

Unlike nonroad emission conll"ibutions to VOC and NO", the nonroad emission

contribution to CO ill DOt dominated by any one or two oqui:pmen:t categories. 1be lawn and

garden, light <;OITtttIIm:ial, indulItrial, reaealional, and oornmetCial ma.riJo,; equipment

<;ategories ead! <;ontribvte a minimum of 1.4-2.2% of total wintertime CO emissions in at

least 2 nonattainment afell8. TIle single largest nonroad contributor to winter CO emissions is

light commercial equipment. Both Inventory A and Inventory B estimate that this category

contributes at least 2.0-3.6% of total emissiom in 8 of the 16 nonattaimnenl areas studied.

Table 4-03 shows the number of n<manainmenl areas in which the category listed contribute,

at least 1% of the CO inventory.
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Table 4-03. Equipment Categoriel'l Contributing at I~ 1% of
Total Wintertime CO Inventory

Number of AnIlS
Equipment Category

Inventory A Invenl.,..,. B

Lawn and Garden '-9 3-6

Recreational Equipment 3-7 2-5

Commercial Marine 2 2

Light Cornmen:ial " 15

Industrial 12-13 10-11

COIl$lI'uclion 3-4 0-1

4.1.4. Partkulate (PM) Inventories

Inventory A estimates that nonroad emissiOIlll conm"bute over 3% of IOta1 PM

inventories in 2 of the 13 PM nonllttainment areas S1udied. widl a median contribution of

1.8%. Inventory B is substamial1y lower, with a median contribution of about 1.0%, and only

estimstes that 1 area has nonroad cotttribuliOllll of over 3%.

Table 4-Q4 shows the l1IIIl1bet of nonanainmenl areas in which the category listed

contribotes at leas! 1% of the PM inventory.

Table 4-D4. Eq.pntent Categoriel'l COIItribtlt..... at least 1'" of
Total PM Inventory

Number of Area

Equipment Cateaory Inventory A Inventory 8

COIl$b'IIction 2 0

COlIB1lercia! Marine I I

•

•
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4.1.5. National Air Toues Inventorill.'!l

Section 3.3 presented estimates of toxic emissions from nonroad sources (Table 3-02\.

The limited availability of toxic emission data for nonroad sources made it difficult to

quantify precisely the invenlOry from these sources. Uncertainties abo exist as to the health

effects (uample: number of canCer incidences per year) of toxic emissions. A sununary table

of cancer risk estimates for air loxies is provided in Table 4-05. In this section, PM is trealed

as a {oxic emission because of its long-term health effects (carcinogenicity) and its status as a

criteria pollutant.

A rougb approximation of the cancer risk from Donroad toxic emissions relative to

highway to:,,;c emissions can be determined from the ratio of nonroad inventory to highway

inventory which is derived from Table 3-02. Table 4-1)6 mows the ratio using this method

for 1986. These risk estimates are intended {O be Il8ed to rank the nonroad toxic pollutants

and should not be viewed all actual nurnbel1l of cancer cues per year. In addition, the model

used to derive the values in Table 4-05 was developed fur national highway vehicles which

are more likely to be used in popu\aIed urban areas than nonroad engines and vehicles on a

national level. Therefore, the accuracy of the nonroad estimates is dependent on the

differences in urban/rural usage of on-highway vehicles and nonroad equipment.

Novem~ 199t
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Table 4.05. Swnmary or Risk EIltimates rrom Motor Vehicle Air ToxiclI.·tttt,tt

U.S. Cancer Inc:idenc:eslYear"
Motor Vehicle Pollntant 1m 199' 200'

1.3-butadiene 236-269 139-172 144-171

Diesel PanicuJate 178-860 106-662 104-518

B.~ 100-155 "'''' 67·114

Fonnaldehyde 46-86 24-43 27-48

Gll!lOline Vapof!l 17-68 24-95 30-119

ASbest08 5-33 ND··· ND

Acetaldehyde 2 1 1

Gasoline Panicula1e 1-176 1-!56 1-146

Ethylene Dibromide 1 • 1 • 1

Cadmi\llll • 1 " "
Dioxins NO NO NO

Vehicle Interior EmisIIions NO NO NO

•

••

•• The risk estimatea for abemos, Q;lmiuan IIld ethylene dibromide are fw urblD~'" only. R..W:s
fw !be otber pol]mom. iD:Jude boIIl urblD and rural exposure.

••• NO _ Not Derermioed.

''''''''The risk e.wnOleo are upper boIlod estimaes, Ibo!n:fon:,!bey are 001 iDteadcd 10 "'1"""111 iChIal numbers
of cancer caoes but ratbe. ClIII be IIIed 10 ""* !be mobik ,0\1= ""nlJlatllS lIIId to guide funber SlUdy, Table I3ken •
fnlm ">\.ir Toxics EmiMi""" and Hnlth Rial<s from Motw Vehicles:' pn:oemed by J.M. AdIo. and PM. C.,.,y ..
the AWMA Annull1 MeetirlJI. 1989.
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Table 4-06. Risk Estimates for Nonroad Toxic EmllISiollll.

NonroadllUgbway Inventory Ratio

1.3-Butadiene 4.85

Particulates 0.33

Benzene 0.'"

Formaldehyde 0.56

As Table 4-.06 .hows. 1,3-butadiene cancer rWl: estimates an: 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-butadiene and the u.se of catalysts. Mo~t on­

highway vehicles use catalysts and have 1,3-butad.iene emissions that are about 0.35% of total

exhaust emissions. In comparison. few nonroad engines are so equipped, and as a result.

have 1,3-butadiene emissioI15 that comprise about L.3% of total exhaust hydrocarbons.

Further discussion of th.ia difference is found .in Appendix 1. TIle se<:ond faclor relates 10

crankcase use. While the majority of on-highway vehicles use a closed crankcase ~ySlem,

most nonroad eng.ine$ do not and, as a result, have higher 1,3-butadiene emissions.

Many toKks such as benzene, l,3-butadiene, aldehydes, and gasoline vapors are

.included .in the broad category of pollutants referred to as volatile organic compounds

(YOCs). Measures!o cornrol YOC emillsions should Rduce eminions of these ll.it toxics.

Ho_ver, the magnitude of reduction will depend on whether the control technology reduces

fhe individual toxies in the same proportion that lotal YOCs are Rduced.

As evidenced by the 1990 Clean Air Act Antendments, Congress recognized the need

to study and regulate emissions of ll.it toxics from molar vehicles and fuels. The

Amendments require that EPA complete a study of emissiollll that pose the grelllest risk to

hwnan health or aboul which significant uncertainties remain by May IS, 1992. Also, EPA

must promulgate vehicle of fuel standards containing reasonable reqUiremenlS to control toxi~

emissions, applying al the minimum fa benzene and formaldehyde, by May 15, 1995,
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4.2. AnalYsis of mventoa Methodologies •
As outlined in Chapter 2, many of the inputs used to generate lnventory A and

lnventory B are based upon diffe~ sources of infonnlllion. Th.is seetion discusses the effeet

that these differences could have on the inventory estimates. The resultll of this study could

also be affeeted by methodologies which overestimate Of unden:stimllle emission inventories,

as well as facton such as photochemical modeling, nonseasonal tempofal adjusrmerns,

photochemical reactivity and lranIIpon. The potentia! impact of these factors on emission

inventofies is also discussed in this sed;;on.

4.2.1. Data DJrftreDcelJ

The n:su1tl1 and analysis presented in Chaplers 3 and 4 reveal lbal: InvenlOry A

generally estimates higher nonroad emissiOtlll than Inventory B. lltilI difference in emissioru;

is primarily due to diffe~ local amountII of boal: IUage and annual fuel cOllllumplion

estimates for the recrcal:ioDaI marine category, activity level estimales for lavmmowers and

populal:ion estimales for the conatruction category. The following highliglus the differences

in each category.

Lawn and Garden EqlllplMIll__Both the Ouldoor Power Equipment Institute (OPEl)

and the Ponable Power Equipment Manufacnners Association (PPEMA) submitted local and

national population estimaleS, lIII11Da1 bow'!I of IUe, average honepower, and load factors for

lawn and garden equipment. lltilI data wu used to estimate the emissions inventOry for

Inventory B. Allbough then: are severaJ. diffetmees between the national popuI.atiOllll, annual

hours of W1e, aveJa8e horsepowen, and load factors for lawn and garden equipment in

Invenlories A and B, these tend to offset one another in most cases, R!sulting in similar

estimates of emissiOllll &om most lawn and garden equipment. The primary exception is

lawnmowers. Inventory A estimates for lawnmower popu1atiOllll, annual hOUC!l of use,

horsepower, and load fllCtor are higher than those for Inventory B by 10%, 20%, 5%. and

20%, respectively, leading to activity level estimates for Inventory A that are, in general,

abOUt 70% higher than for Inventory B. Overall, Inventory A estimates lawn and garden

emissions thal: are about IO-l5% higher than Inventory B.

•

•
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Recreational Equipntent--The Motorcycle Industry Council (MlC) submined survey

results for aetIlal miles driven and 3easOllal activity for off-road mOlorcycles and all-terrain

vehicles. The seasonal activity levels were used by EPA to make seasonal adjusunenl3 for

both inventories. The InlCmlltional Suowmobile Industry Association aSIA) submined

national population and annum hours of use estimates for snowmobiles. The only substanlial

difference betweeu Inventories A and D, is the latter's lower annual us. estimates. While

this caused Inveutory B's emission estimates from recreational equipment 10 be significanlly

lower than Inventory A's, the impact on total nonroad emissiol\$ is small due to the relatively

low contribution of the category.

Kttreational Marine--Both inventories used local boat registration data as the basis

for making population estimates. However, the melhods of allocating the number of boals

actually used in the nonattainrnent areas differ significantly. Invcrnory A relies on survey

results submitted by the National Marine ManufaetllI'elll Association {NMMAl from eight

nonattainment areas to establish the ratio of boats used 10 boats registered in the

nonattainmertt area. For Inventory B, NMMA supplied a method of estimating the ralio of

bow used 10 boats registered based on the amount of water surface =a in the nonallainmem

are per registered boat. The melhodology used for Inventory B yields estimates of boat usage

in the nonattainmern =u that are about HI% lower than those in Invenlory A. Another

factor accounling for the difference between the IWO invenlories is the estimate of annual

gallons of fuel C01lllumed. The average foel use calculated for Inventory A from annual hour

of use, average horsepower, and load factor estimates is very similar to the fue! use survey

results reported by NMMA. However, NMMA believes that the reported fuel use in the

survey is oYef5tated. Thus, for Inventory B, EPA adju9led the average amount of fuel

reponed in the survey by the ratio of a nlUionai average fuel use calculation for outboard

motors, 91 gallons/year, to the average reponed in the NMMA survey for outboard mOlors.

142 gallons/year, before applying the results to the Wlllurveyed areu. Overall, emission

estimates in Inventory B are about a third lower than those in Inventory A.

Iodustnal--The Industrial Truck Associalion (ITA) submitted population, aIU1Ual hours

of use. load factor, and engine type estimales for forklifts. The load factor estimates were

adopted by EPA for bolh inventories. Overall. ITA's estimates yield emission inventory

estimaTes substantially lower than the forklift estimates in Inventory A, primarily due 10 much
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lower armual hours of use estimales. Due to the relatively small amount of emissions from

forklifts compared to some other equipment types, the impact on the overall NOx inventory

was less than 3% (the impact on the VOC and CO inventories ill much lower yet). No

information Wall submined by industry for the other equipment types in !his category.

Constructlon··Equipment Manufacturers Institute {EMIl submitkJd national

horsepower. oalionalload factor. regional hours of use, and ccgional population estimates for

most of the equipment types in this category. Overall, the horsepower. load factor, and

arulUal hours of use estUnates are similar to the estimates used in Inventory A. However,

EMI's population estimates are lower than thos.<: in Inventory A.

Allric:ulturlll, Airport Servic:e. Ligbt Commercial. Louin&. lind ColJIJIJft'(:ia.1

Marine-No .'lUbstantial amount of information was submi~d by industry for these equipment

categories.

4.2.2. FlIctOl'll CIIUl!IiJII Overestimation or Underestimation

•

EPA had sufficient information in s.<:veTa! areas 10 know that methodologies ~d to •

quantify emiSllion inventories could tend 10 o,",rstate or undemate the actual inventories.

Where sufficient data was available to quantify the bias, corrections _re incorpo~d into

the data used for the inventories developed for this srudy. However, in some cases, which are

discussed in this section, sufficienl data wu not a.vailable to make lldjustmerltll.

The estimaIt:s used for NOx emissions &om highway vehicles and other area and point

soun::es are taken &om the 1985 National Emission Repon, While more ~nt NOx dala ill

available on the nationalleveJ, no general source of local NOx emUslOOll ill available after

198~. The level of emUsionll i"n:ml highway vehicles in 1990 is actUally somewhat lower due

to the "'placemettt of older vehicles with new vehicles baving more effective emUsinn

contro!s.ml*tt In this study, use of the 1985 dala has the effect of overestimating NO"

emissions from other sources and. hence, undc:l'Cstimating the proportion of NO" emissions

from nonroad engines.

"""'Based on Natio",,1 Air PvU""'nl Emi.f:ti<NI h,_,,,: J94(j./989, hipway NO. emi3aioo:l <lmppo<.l 16%
bell>""" 1985 ODd 1989.
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No estimates of emissions from personal watercraft (e.g., Jel Skis) are included in litis

study due 10 lack of dala. PSR does not compile information on personal wateruaft and the

survey conducted by Irwin Bmh and Associates for Nt.1MA contained numerous cases where

the respondent Obviously misunderstood the category. TIlls omission has the effecl of slightly

understating the invemory estimates.

TIle emiSSion factors developed by EPA for this study include new and rnO,," extensive

lest data than previously ineolpOrated into emission factor estimates. For the flISt time, the

emission factors also consider evaporative and refueling emissions. In addition. in-use

<kterioration estimates wen: incorporated into a second set of emission estimates for each

inventory. Nevertheless, the potential for inaccurades still exist due to lack of dala in some

=~

Factors thai may CllI5e the emission factors and, hence, the inventories to be

understated ~,

•

•

•

•

•
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Spillage factor. Applicalion of !he spillage faclor for on_highway vehicles to

large nonroad engines cou1d resuh in undeR!slimation of emission factors, since

on_highway usen are likely 10 be more cOllllcious of spilling fuel on lhemseh"es

and/or damaging !he car's flllish. Further, spillage from all equipment is likely

to be undere8timaled due to the fact mal: all refuelings were assumed to be

complete fill-ups.

Evaporative emissions. The absence of data on hOi soak. or running loss

emissions fur nonroad vehicles and vapor displacement for gas can refueling

may have resulled in underestimation of total evaporalive emissions.

Wintertime CO emissions. All emission factor testing has occurred at typical

summertime lemperalUres (roughly 7S0F). CO emissions, however. increase at

colder lemperatures due to additional fuel enrichment and longer warmup

limes. 1ltis effect was not accounted for in the determination of CO lpwd for

noncoad engines due to lock of dala. The proportion of cold Slart operation all

noncoad engines is unknown, bUI is likely to be much lower than for
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automobiles due to the !e!ndency for mOllt nonroad engines to be used for

extended periods of time. It should be noted that the on-highway mobile

source inventories U$¢d to deterntine the relative contribution of nonroad

emissions did include the effect of wintertime temperatures on emiMiollll.

• Cnmkcase CO and NOx emissiollll. fuclusion of crankcase CO and NOx

emissions could n:sult in slight undeR:stimation of nonroad emissions, even

though their contribulion is relatively small.

4.2.3. Additional COA'liderations

Several factors ilial could pofenlially offsel the conlribulion of nonroad engines to air

quality nonattainmenl were nOI incorporated inlO this srudy. Some were not in<.::luded becaw;e

it Wl\li delermined that to do so would not improve the validity of the resullll, while for others,

insufficient infunnation was available to dl!ve1op methodologies within the timeframe

mandaled by COIIgresS. Thi.s section discusses these faclors, the reasons why they wen:

excluded, and the potential impacI (if any) on the teIlullJl.

Noo-Seuonal Temporal Adjutmenb-As previOWlly discu9$(:d, EPA adjusted

IlOnroad equipment activity levels for gellllOnal varialion in usage. The inventories in this

srudy are expressed in avex. daily etnissionll during swnmer (tpsdl and winter (tpwd),

which are the seUOJlll lIIIsocialCd most lIttotIgly with ozone and CO nonllttainmenl,

respectively. As discWlSW in Appendix L, ozone and CO exceedences occur during both

weekdays and _kends. Conaequendy, varialiooa in soun:e activity during the week and

during the day wem not cooaidered.

Photochemkal MocIeUDI-As hall been nOled elsewhere in this repon, the fonnation

of ozone is an extremely complex procesa. It is difficull to undemand the exact role played

by emissiol1ll from the thousands of sources inside and upwind of a panicular nonattainment

an:a without a detailed photochemical model thai takes into account not only manmade

erniasioru; but also local wind and weather patterns and biogenic emisaions. Only recendy

have reliable pholochernical. models come info widespread WlC. The Regional Oxidanl Model

(ROM) for large, multi_SIaIe areas and the Urban Air5hed Model (UAM) for individual urban
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areas ~Jlft'sent the state of the an in air quality modeling for attainment planning. Congress

hall mandated that the worsl nonanainJnent areas use photochemical modeling as a 1001 in

developing individual cusTomized plans for attaining the ozone standard.

EPA has not included photochemical modeling in this study for two reasons. First.

developing and calibrating the"" models for even om: nonattainmem area would n01 have been

possible wilhin the deadline and budget for completion of this ,mdy. Second, lhe detailed.

localized infonnation available from phOlochemiCai models of individual cities would have

added little additional relevant infonnation to the overall question of the importance of

nonroad emissions to attainment problems nationwide. Photochemical models an: useful in

deciding such questions as "On the margin, which kind of additional control would be more

effective in reducing ozone in a particular an::a, NOx or VOC7" Thus photod>cmical modeling

is important in severe nonanainment an:1IS, wrn.m very large cmiJlsion reducti<>ml arc needed

and each additional emission reduction stratcgy is likely to be costly. Detailed photocbemical

modeling of all nonattainment cities ~ nut required to reach the conclusion thai the ozone

problem in urban areas across the United StatcS is serious and attainment of the ozone

standard will n:quire large reductions of both VOC and NOll; emislIi<>ml nationwide; thaI

conclusion has already been n:ached in the establil;Junent of the CAA ilself. The

photochemical modeling of alternative erniBsion control strategies contained in the recent

ROMNET report" offers additional support: ROMNET found that reductions in both VOC

and NOll; emissions beyond the minimum n:qui=nent5 of the CAA and across the

northeastern U.S. would be n:quired to bring the major Easl Coast cities into attainment of the

. ~one standard Thus, EPA ill satisfied dw if nonroad sources are found to be a significanl

contributor of either NOll; or VOCs, then they are a significant contributor 10 nonanainment (If

the 0It0tle standard.

PltotocbemlQI Reactlvlty__An issue related to photochemical rnodcling is whether

nonrolld VOC emissions are, on average, more or less photochemically reactive than

emiJlsions from other sources, As ill cvident from the discussion of tOJlic emissions from

nonroad engines, very little datil CJlis!s on lite amount of individual species of voes emitted

by ROnroad engines. For the purpo:ses of this study, EPA has assumed that thc pholochcmlcal

reactivity of nonroad VOC emiJlsions ill the same, on average, lIS VOC eminions from other

sources. This is a reasonable assumption given thst most nonroad engines are related to on-
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highway engines md that on-highway engines are the single: most importanl source of VOC

emissiOIl8 in nonattainment art:a5.

TraDllpon-During !he past few years, it has become more apparent that ozone is a

regional and not a local air quality problem. Recent studies EO " ,. have shown that

ozone and ozone pte<;UllIOlll can travel long distances and affect air quality in areas at least

two hundred miles from !he source of ozone-forming emissions under some circumstances.

Obviously, ozone docs nO! respect the political boundaries endO$l':d by city, county, stale, or

nonartainment area lines.

•

no

Ozone transport complicates the assessment of nonroad emission contribution to urban

nonattainmeDt. To keep this study to a manageable size, EPA decided to include only

equipment usage within the nonattainmenl areas in the inventory estimates, However, EPA is

aware that emissiOltll from equipment outside !he nonattainmenl: area boundaries also will

affect the ozone level wilhin nonanainmenl areas. Because enU8lIions from equipment used

outside 110nattaitnnent area boundaries may affect air quality, but are not accounted fnr in the

invemnries included hue, the contribution of this equipment to urban nonattainment will be

underestimated in this study. Undemstimation of the air quality impact of nonroad equipment •

will be greatest for those IypelI of equipmem that have a substantial ponion of their Ullage

outside urban areas, such as agricultural. equipment and recreational equipmertt (including

marine pleaslin' craft).

It is difficull to quantify !be IIIlden=stimation of the nonmad impact on urban

nonattainment that ill due to transport for _00 reasOIl8. First, EPA does not have current

detailed infonnation on nOlttOad popo1ationa and Ullage rates QUllIide the areas considered in

this study. County-by-(;OUItty invernories fnr nooroad equipment ate contained in national

emission data baRS, such as the inventories used in the National Acid Precipitation

Assessment Program (NAPAP), but these invernones are at a rather broad level of

categorization (such as "IIOIU'Oad.weiICf'), and use some omolete emilllIion factoi'll. Second, it

is difficult to estimare exacdy what proportion of the emissions outside nonattainmem areas

affect nonattainment area air quality. It would Seem reasonable to assume that emissions

from source:! 50 miles from a nonattainmenl area would have a greater impact than an

identical 50un:e 150 miles from the nonattainment area, but ctlm'ntly no ac<:epted "distance

discount factor" ill available lluu: could be applied to inventories outside nonattainment areas, •
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Third, the impa<;t of trarulported emissions in any given area may vary considl:rably with

meteorologjl::aI conditions. panicu1arly wind speed and direction. A srody of transport in

California found that, in some air basins, transport may have an "ovenvhelrning" impact on

ozone levels Wlder one set of meteorological conditions, but an "incOfIIIequential" impact

under another sel of meteorological conditions. Finally, local topography would be expeclecl

10 influence the panem and importance of transport in diff~nl areas. Transpol1

characteristics in a nonattainment area surrounded by mountains and valleys would be

different from those in nonattainml:nt area surrounded by flat land.

To adequately as_. the impact of tran8pOrt on individual areas. detailed regional

oxidant models (ROMs) mUllI be COll8ttlleted. These modeb include thOWlands of parameters,

such as spatially dUlributed emission inventories for marunade and biogenic emissions over a

wide anoa, detailed meteorological data, and IOpograpbkal characteristics. Construction of

these models was beyond the scope of this study. However, EPA's Office of Air Quality

Planning and SIalldards, in associlllioo with EPA regions and state authorities, has recently

completed a five_year study of transport and ozone formation in ~ Northeast, the Regional

Oxidant Modcl for Northeast Transport (ROMNET). ROMNET concluded that emissions

outside the: hc:avily U<banized northeast coastal "Corridor" contributed. to nOllllttairunent in the

Corridor. The ROMNEl' epon stlltes: "The n:sults suggest thlll: without stringent upwind

controls, ozone levels in parts of the Corridor may not be reduced to below the concentration

speciited in the NAAQS even with stringent controls a10ng the entire length of the: Corridor."

(p. ES-ll).

The ROMNET inventories and modeling results may be used to make an

"order--of-magnitude" assessmenl of the potential impact of transported nonroad emissions on

nonattainment. By looking at the effect of reducing upwind emission inventories on ozone

levels in particu1ar nonattainment lIRas and at the: proportion of nonroad emissions in lile

upwind inventories, a rough estimate of \he impact of transported nonroad emissions on these

cities under one set of meteorological conditions may be obtained. According to control

measue simulations in die ROMNET study, a eduction of 65% of the non-Corridor voe

inventory and 60% of the non-Corridor NO~ inventory resulted in an average peak ozone

reduction of 8,6 ppb in the Corridor lIS a whole and 11.5 ppb aver. peak ozone redUClion 1I1

the nonanainmem lIR"'l of WashingtonlBaitimore and Philadelphia. Thill implies that I% of

;N"~:~"''';:;"''''"'--------------------------------''
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the non-Corridor VOC and NO" inventories account for 0.14 ppb of the peak. ozone

concentration in the Corridor cities on average and about 0.18 ppb of the peak ozone

concentration in the Washingtoll/Baltimore and Philadelphia ateas. The ROMNET Study

assumed dUll- nonroad engines accounted for 2.3% of the non-Corridor VOC inventory and

4.4% of !he non_Corridor NO" inventory in 1985. Very roughly, this implies that transported

pollutants from nonroad sources account for 0.5 ppb of the peak ozone concentrations in the

Corridor cities as a whole and 0.6 ppb of the peak ozone concentration in the Baltimorel

Washington and Philadelphia ateas under the meteorological conditions modeled. If nonroad

sources are not controlled, transported pollutants from non-Conidor nonroad soun:es would

account for roughly 0.3-0.45% of the orone leve1l11ong the wt COllllt during nonattainment

episodes after implememation of the other measun:s in the 1990 CAAA. These estimal:cs ate

not included in me estimates of the impact of nonroad emissions on urban nonattainment in

the rest of this report, because they were available for only a few cities undeJ: specific

circumstarK:es and becalllle the ROMNET nomoad emission estimates are likely to be greatly

understated.

EPA and state and local air quality IIlIlhorities ate continuing their study of the llnpaet

of transpotted emissions on urban nonanainment. Efforts are currently underway to further

characterize ozone formldion and transport in the Northeast, and comprehensive ROMs

covering the Mi~st and Southeast are also planned. A comprehensive study of owne

transport in the Lake Michigm area has been launched by EPA's Region V and the states

surrounding Lake Michigan.

A more complete description of existing transpon studies ill cootained in Appendix P.

4.3. Analysis qt Nonroad Emier!on Impact

•

•

'"

A greld deal of effon and money has been expended on reducing emissions from a

wide variery of sources, from the automobile to area sources such as dry deaning and

bakeries. The CAAA of 1990 mandate additional conrrols in many areas and more stringem

controls on mo!lt of the equipment currently R:gulated. The pulpOse of this section is to help

put the nonroad emission contribution into context by comparing nonroad emissions to

currently regulated sources. •
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The nonroad emission inventories developed for this study estimate thaI the median

nonroad contribution to total voe and NOx emissions for the nonanainment areas studied is

over 7% for voe and over 14% for NOx. Based on emission inventories for all sources

given in Narioool Air Pollutant Emission EsrimdteJ: 1940-1989, the only source categories

with larger voe contributions at the national level are on_highway mobile sour<:es and

solvent evaporatiDn. Also at the national level, the only source categories with grealer NO x

contributions are on-highway mobile Sources and electrical generation. Among the SourCe

categories with lower estimated contributions are industrial combustion, industrial processes.

petroleum reflJling, and petroleum product siorage and trllllllfer. All of these other source

categories are currently subject 10 emiBsion conlrol Mgulalionll. The estimated contribUTions

of dx:se categories are presented in Table 4-07.

Table 4"'. Contribution to Total Inventory

PoUutant SGu~ Cate&O'Y % cOIltriblltion1ttffff

VOC On-highway Mobile "Solvent Evaporation 24
N<mrool 7-13
Peuolewn Refining 3
Peuoleum Product 7

Skn"age and Transfer

NO, On-highway Mobile 29
Electrieal Generation 32
N<mrool 14-17
Industrial Combustion 14
Industrial Processes 3

Anothl:r eompllrisoo of nonroad emissions 10 olber soun:es can be made by examining

lhe 1990 CAAA requittments for Reilllonably Available Control Technology (RAcr) on

stationary sources. RACf conuols will now be required on all stationary srn.m:es with eitner

VOC or NO>; emission above SO tpy in serious nonattainrnent areas, Z5 tpy in severe areas,

IHHH Nonroad bMed on mediaa CIIII1ribuli"" determined by Ibis study; _gel! n:lle<:llbe I...."'''' and s",alle.«
lo>cal COIIUibUliom coiadOled by !nvenlories A m:I B willi new edPJe and in-use emiasj"" facrOlS. All ,-"her
conrdblltion estimates lUe baRd "" dala tram N~tiaMl Ai, PolI~tion Emi.uion E"i"",'~.: 19>4{)·/989, and arc gi, en
allbe naliO<lllllevel for 1989.
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and 10 tpy in extreme areas. This means, for example, that an area designated as an ex!Ieme

owne nonauaimnent area is requ~d to install RACf control on every stationary soun:e Over

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

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

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

national inventories.

Table 4-08. ComparilioD of Ozone Precursor Emissions from Various Vehicles
aDd Equipment

Vehiclelll or Equipment No. for 10 tpy

Off-highway trucks 1.6-2.1

Crawler trllCtors 10

On-highway heavy-duty 20
diesel truck"'

Agricultural trllCtors 24

Boats with outboard motors 74-142

Passenger Cars"' 700

Chain saws 73Q..l,630

Lawnmowers 1,68(}..2,380

Siring trimmers 2,81Q..4,630

"' Based on fusl-year ernissioOli of a cumnt
technology vehicle.

Because CO llOIUItta1Dueut is usually~ localized than 01:01le nonattainrnent,

comparisons of nalional CO emissions may be misleading. A comparison of nonroad and

highway CO emissions may, however, be made at the locall~1. Inventories developed for

this study indicate: that tItc median nonroad conttibution to local wintertime CO emissions

ranged from 5.2% to 9.4%, while the median contribution from highway vehicles was 81 %.

•

•

•
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Chapter 5. CooclusioDS

A significant quantity of new infunnation Wall generated by CARB, EPA, EPA

contractors, and the industry in ~sponse to California's proposed nonroad regulatioll$ and this

study. EPA used this new infonnation and existing data to develop Inventories A and B As

a result, these: inventories provide a more comprehensive picture of nonroad emission

contributions to YQC, NO", CO and PM. than previously available. Among the findings of

this study are the following;

L Median nonroad conttibutions 10 the total emission inventory for the 24 areas are

estimated to be:

voe ('!II) NG,; (%) CO (%0) PM (%)

Inventory A 9.1-12.6 17.3 5.9-9.4 18
Inventory B 7.3-10.3 14.5 5.2-ll.5 10

2. Congress mandated thai EPA study ernissionll from nonroad S<JI.U'Ce'!I to detennm.,

whether such emissions cause or significantly contribulc to air quaiity problems, and

in particular whether they are contributors to Ol:onc or CO concentrariom in more than

one CO or ozone nonartainment area. Of the nonattllinment areas studied, the second

highest contribution to total inventories from nonroad engines and vehicles for VQC.

NO,.. and CO is as follOWll:

voe (%) NOs (%) CO(%)

lnvenrory A 13.1-18.7 29.3 9.Q.14.2
Inventory B 11.4-16.0 31.1 8.5-13.3

•
3. The results diKussed throughout this repon do not include the ttanspon of o~one mlO

the nonattaimnenl areas. The effeCi of ozone transpon would be to increase the

emission contribution of typically nonurban equipment, such lIll agricultural,
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recreational mllJine, and logging equipment While this effect may be relatively small.

It is nol insignificant

4. Only on-highway vehicles, electric generation, and solvent evaporation have NOx

and/or VOC emi.'lsions that exceed those of noru:oad equipment.

Recommendations for Invmtory Improvements

The study identified a number of llR'Wl when: inventory estimates could be affected by

the absence of data or the usc of limited information. Nonrolld inventory estimates could be

enhanced by collection of additional data, particularly in the area of emi.'lsion factors. For

example, existing nonroad emis5ion data allows an adequate assessment of tailpipe emi.'lsions

from relatively new engns. More information, however, ill needed 10 quanlify other types of

emissions, such as evaporative, crankcase, and toxic emissions, and the effect of in-usc

deterioration. Specifically, data should be obtained for the following areas:

I. In-use emlssions. Additional testing needs to be conducted on in-use engines

to further quantify the effeeu of deterioration on the different types of nonroad

engines.

2. HOI soak and running loss evaporntive emissions. Currendy, no !w{ soak and

nmning loss evaporative emia:lion data exist for nonroad engines. Such

emissiona are substanliaI for on-highway vehicles and can vary significantly

ac:cord.iPg 10 !be type of equipmem on which an enaJne is installed. Therefore,

tests should be conducted 10 determine whetb« these emillsiOllll from nonroad

equipment need 10 be controlled.

•

•

'"

3 Toxic emissions. EPA used the limited dala lhat was available on loxie

emi.'lsion from nonroad engines 10 make lhe assumptions regarding such

emissions. Such assumptions, particularly those for 1,3-butadiene, should be

verified through further testing.

November j 991
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6. Emission dllUl representativeness. Cun'Imdy, nuaroad emission data are

unifonnly applied to all similar nunroad engines. More accurate emission

faetQI'S 00Il1d be developed if emission testing were perfonned on engines

repnesentative of the population.

•

•

•

4.

7.

N....-ber 1991

COllc!usions

Crankcase emilSionll, Purther studies should be conducted to improve the

measurement of crankcase emission levels from nonroad engines and to

detennine which engines use open and closed crankcases.

Cold start emissions. Currently, no MIll. are available on the contribmion of

cold stazts 10 nonroad emissions. Work should be undertaken 10 assess the

proportion of cold start fuel enric~t opo::ratiQn on different types of nonroad

equipment, and then to measure the impact of such operation on lotaL

emissions.

Cycle ~resentaliveness. Steady Siale test cycles do not adequately represent

VOC. CO, and particulate emissions generated during in-use transient

operation. To the extent that nonroad equipment encounters transient operation

m-Wle, steady Slate cycles could significantly understate emissions, especially

particulate matter. 1lIe adjustments made in rro. study to account for traru;iem

ope:tation were based on veIY limiIed test data which applied ollly 10 <liese!

engines. More work mould be done to auess the typical operating cycles of

nonroad equipment. Such <;hara<:teriutions would facilitale the assessment of

the amount and importance of transient operation 011 nonroad engines, as well

as improve load factor eslimales.
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• Makeup of the Non-road Diesel Engine Industry
(over 37kW (50 Hp)

Aver Load
Population HrsfYear -"" -ill g/Bhp-hr

Agricultural Tractors 2,519k 411 98 70% 11.2
Tractors/Loaders 189 700 71 38 10.1
Terminal Tractors 65 1,:roO " 82 14.0
Concrete/Industrial Saws 61 487 56 73 11.0
Swathers 50 100 82 62 11.5
Forklifts 47 850 83 30 14.0
Paving Equipment 44 507 99 53 11.0
Rollers 43 682 99 " 9.3
Sweepers/Scrubbers 37
Rough Terrain Forklifts 25
Other Agrlc Equipment 18
Chippers/Stump Grlnders 17
Asphalt Pavers 12 814 77 56% 10.3
Sprayers 10 68 92 50 7.8
All Others 12

----------
50·100 Hp 3,149k

• Combines 285k 812 107 51% 14.0
CrawlersJTractors 159 1,021 134 57 10.3
Grad9tS 64 924 147 54 9.6
Excavators 52 1,190 143 " 10.8
Sktdders 31 1,398 131 49 11.3
Ganl Industrial Equip 18 812 107 51 14.0
Other Construction Eq 12
Aircraft Support Equip 10
Crushing/Processes 7
Mati Handling 5

----
100-175 Hp 643k

Rubber·tlred Loaders 130k 1,398 175 54% 10.3
Cranes sa 701 194 43 10.3
Off·hlway Tractors 39 859 214 65 11.9
Off·hlway Trucks 19 3,293 658 25 9.6
Scrapers 19 1,385 290 60 a.7
Fel1@rslBunchers 19 1,110 183 " 11.3
Rubber·tlred Dozers a 81a 356 " 9.6
Bor~ Drill Rigs a 389 209 75 11.0

====• over 175 Hp 334k


