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1. INTRODUCTION 

Tnere are a number of areas in the United States that do not meet the national ambient air quality 
standards. despite increasingly srringent highway motor vehicle exhaust regulations. To help meet these 
mbient standards. other mobile sources of pollution are being examined. There are a number of sources 
at  air pollution that can be classed as mobile, but that are not currently subject to regulations. Some of 
these sources, such as aircraft and locomotives are transpornion related; others, such as consmction 
equipment and lawn and garden equipment are not. The air pollution from all these sources is related 
to the combustion engines which power them. 

The Clean Air Act Amendmenu of 1990 directed the EPA to '...conduct a study of emissions 
from nonroad engines and nonroad vehicles (other than locomotives or engines used in locomotives) to 
determine if such emissions cause, or significantl connibute to, air pollution which may reasonablv be 
anticipated to endanger public health or welfare.'k-l) AS part of the work to fulfill the requirements of 
the Clean Air Act, this report is the first of two planned repons on emission factors from nonroad 
sources. 

A. Obiective 

There were two objectives for this project. The first objective was to examine the nonroad source 
categories (exclusive of aircraft and locomotives) currently listed in the EPA document commonly 
referred to ac, "AP-42,"@2) and the categories being used by California in their current work in 
regulating nonroad mobile sources, to determine if the individual sources are properly categorized. 

The second objective was to obtain the 'best currently available" emission factors for each of 
these categories. For the gaseous emissions of HC. CO, and N 4 ,  these efforts were to be completed 
and reported to EPA within 30 days from the s m  of work. For particulates and toxics, the emission 
factors were to be compiled and reported within 90 days after the s w  of work. 

B. A~oroafh 

The work was to be divided into two phases with a report at the end of each phase. Since there 
was so little time available for the project, a thorough review of the literme and other data sources was 
not possible. The best that could be done was to use the repons that were on hand (which were many of 
the most useful nonroad emission reports). and to contact those persons in EPA and the California Air 
Resources Board (CARE) that are working on nonroad emission factors to obtain their latest information. 

c. 

This report is the first of two repons planned for this study. It presents an analysis of the 
nonroad categoria currently used, and recommends a new set of categories. This report also presents 
the "best currently available" HC, CO, and N4, emission factors for these categories. A second report 
will be issued at a later date, presenting emission factors for particulates and some toxic compounds for 
the nonroad caregories. 
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=RENCEc FOR SECTION I 

1-1 

1-2 

Clean Air A a  Amendments of 1990. 

"Compilation of Air Pollutant Emission Factors," Volume 11, EPA Report No. AP-42. F O U ~  
Edition, September 1985. U.S. Environmental Protection Agency, Office of Air Quality Planning 
and Standards, Research Triangle Park. NC. 
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11. RECOMMENDED NONROAD CATEGORIES 

The first part of this study was to examine the current categorization of nonroad emission sources 
(both EPA and California Air Resources Board categories) to determine if the emission factors of 
individual sources are properly characterized by these categories. After examination of the categories 
and sources. SwRI was to recommend new categories if needed, and recommend what nonroad sources 
should be assigned to these categories. The EPA nonroad categories are listed in the founh edition, 
Volume 11. of A P ~ z . @ - ~ )  

A. -42  cat 

The AP42 categories are listed in Table U-I, except for aircraft and locomotives. which are 
excluded from this study. A more complete description of the sources in each category, quoted from AP- 
42, is presented below. 

1. Inboard-Powered Vessels 

This category of marine vessels is described in a AP-42 as follows: "...Vessels classified 
on the basis of use will generally fall into one of three categories: commercial, pleacure, or milit ary... 
Commercial vessel population and usage data haie funher been subdivided by a number of industrial and 
government researchers into waterway classifications (for example, Great Lakes vessels. river vessels. 
and coastal vessels)." 

There are five tables of emission factors for Inboard-Powered Vessels. They are: 

0 Average Emission Factors for Commercial Motorships by Waterway 
Classification 

Emission Factors for Commercial Steamships 0 

0 

Diesel Vessel Emission Factors by Operating Mode 

Average Emission Factors for Diesel-Powered Electrical Generators in 
vessels 

Average Emission Factors for Inboard Pleasure Craft. e 

2. Cutboard-Powered VesJels 

The AP-42 section on outboard-powered vessels does not describe which vessels are in 
this category, probably assuming that it is self-explanatory. 

3. Small, General Utility Engines 

AP42 describes this category as follows: "Ibis category of engines comprises small two- 
stroke and four-stroke, air cooled, gaSoline-pOWWed motors. Examples of the uses of these engines are: 

3 



TABLE n-1. NONROAD ENGINE AND VEHICLE CATEGORIES 

Gutboard-Powered Vessels 

Small. General utility Engines 

Marine (except pleasure 
Commercial craft) 
Pleasure 

Small Utilitv. Lawn and 

Military 

Agricultural Equip. 

H.D. Construction Equipment H.D. Construction and 
Agriculture (40 hp and 
above) 

II 
. -  I Garden (unier 25 hp) 

Recommended Categories 

Marine Inboard: 

Slow Speed Diesel 
Med. speed Diesel 
High Speed Diesel 
on0 Cycle 

Marine Outboard 

Small Utility, Lawn and 
Garden (under 25 hp) 

Construction, Mining, and 
Forestry Equipment. 

II 

Nonroad Recreation Vehicles 
(includes snowmobiles. 
motorcycles. Am' s .  jet skis, 
and maybe ultralights) 

Large Utility and Utility 
Vehiclu 

Off-Road Motorcycles 

Off-Highway vehicles 
(includes snowmobiles) 
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lawmowers. small electric generators, compressors, pumps, minibikes. snowthrowers. and garden 
tractors. This category does ~lpt include motorcycles, outboard motors, chainsaws, and snowmobil es..." 

4. Agricultural Equipment 

Agricultural equipment is described in AP42 as: "Farm equipment can be separated into 
two major categories: wheeled tractors and other farm machinery;" and, "Self-propelled combines. forage 
harvesters. irrigation pumps, and auxiliary engines on pull-type combines and balers are examples of non- 
tractor uses of internal combustion engines." 

5 .  Heavy-Duty Consmaion Equipment 

The description of this diverse category in AP42 is: "The equipment categories in this 
section include: track-type tractors, track-type loaders, motor graders, wheel tractor scrapers, off-highway 
trucks (includes pavement cold planers and wheel dozen). wheeled loaders, wheeled tractors, rollers 
(static and vibratory), and miscellaneous machines. The latter category contains an array of less 
numerous mobile and semi-mobile machines used in construction such as log skidders. hydraulic 
excavatorslcrawlers, uenchers, concrete pavers, compact loaders, crane lattice booms, cranes. hydraulic 
excavator wheels, and bituminous pavers. the Th ird Edition' 
[emphasis added]. 

6. Snowmobiles 
1 

The category is self-explanatory. AP42 does not describe the category except to note that 
Michigan, in the mid-seventies. 70 percent of all snowmobiles were registered in just four states: 

Minnesota, Wisconsin. and New York. 

B. ir Respures Board 

The California Air Resources Board categories were obtained from a two-page document sent to 
SwRI from CARE, included in Appendix A. CARB categories are also summarized in Table 11-1. The 
iategories are briefly described in the paragraphs below (not in the order listed in the CARE document). 
Appendix A conrains more detailed lists of the equipment in each CARE category, for those categories 

where such detailed information was found. 

1. Marine Vessels 

The category includes tugs, crew boars, harbor craft, large ocean-going vessels such as 
tankers and cargo canying vessels, and commercial fishing flscts. It is understood from conversations 
with CARE emnne l  that this category does a include pleasure craft, either inboard or outboard 
powered. 01-8 

2. Utility Engines 

The category includes lawn and garden equipment such as mowers, tillers, chainsaws, 
h addition, generators, pumps aad other utility type engine up to 2s blowers. and trimmers. 

horsepower are included. 

5 



3,  Consauction and Farm Equipment 

The category includes bulldozers. tractors, skid steer loaders, and backhoes. 

4. Oft-Road .Motorcycles 

The category includes only off-road motorcycles and all terrain vehicles (Am's) not 
registered for on-road use. 

5 .  Oft-highway Vehicles 

This category is somewhat of a hodgepodge. It includes equipment from industrial, 
construction, agricultural, recreational, and utility categories. For the industrial, construction, and 
agricultural equipment, it includes only equipment below 40 horsepower. For tractors, it includes only 
tractors between 25 and 39 horsepower. For all other equipment, there are no horsepower limits. 
Included in this category are: forklifts, airport service vehicles. snowmobiles. mobile cranes, lightduty 
construction and farm equipment, and four-wheel drive vehicles. 

C. Jlecomrnended C- 

AAer reviewing the nonroad categories from AP-42. it does appear that there should be a new 
set of EPA categories for n o m a d  sources, since AP-42 does not claim to cover all nonroad mobile 
sources. The CARB categories. however, do M t  appear to be completely adequate replacemenu. 
Particularly cumbersome in the C A M  categories, is the placement of tractors under 25 horsepower in 
the Lawn and Garden category, tracfors from 25 to 39 horsepower in the Off-Highway Vehicle category, 
and tractors 40 horsepower and over in the H.D Construction and Agricultural category. 

is explained and discussed in the paragraphs below.' 
A set of recommended categories is listed in Table E l .  Each of the recommended categories 

1. Marine Inboard 

There is good reason to change &om type of usage (commercial, military, pleasure, Great 
Lakes, river, or coartal) to type of engine for this category. It appears that regardless of ship usage, for 
ships with a given type and sue of engine. the duty cycle will be similar. Also, the different power 
plants are associated mostly with one sue of vessel. For instance. slow speed diesel engines are mostly 
used in large ocean-going ships. 

2. Marine Outboard 

Outboard engines are different enough to remain a separate category. 

Small Utility, Lawn and Garden 

It is recommended that the California category be adoptsd. In addition to the equipment 
in the CARB category, this recommended category also contains golf cam, since they are similar to 
riding lawnmowen. For CARB. golf cam are in the "Off-Highway Vehicle' category. The current AP- 
42 category contains most of the same equipment but excluda chain saws. M-42 says that 89 percent 
of this class are used in lawn and garden applications. so the name cbange is needed. The CARB 
category is for engines under 25 horsepower. This recommended category has the same horsepower 
limits. 

3. 
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4. Agricultural Equipment 

There are good arguments for retaining agricultural equipment as a separate category as 
done in A P 4 2 .  rather than combine it with construction equipment as C A B  has done. While it is Vue 
that some manufacturers make both agricultural aad construction equipment, it is also true that there are 
manufacturers that make only agricultural equipment. These companies definitely do not have the 
emissions control experience that conswction engine makers have, since construction engines are often 
derivations of on-road engines. The seasonal usage of agricultural equipment, and the generally rural 
locations where it is used, may argue for different standards than construction equipment. Finally, the 
fact that agricultural interests are a powerful political lobby, may mean that agricultural equipment could 
have separate soandards legislated by Congress. 

5.  Construction, Mining, and Forestry Equipment 

This category removes the words "heavy duty" from the current category so that all 
construction equipment would be in this category. The name is expanded to emphasize that mining and 
forestry equipment are also included. Note that this category includes all construction equipment, so that 
it contains the construction and industrial equipment under 40 horsepower that is included in the CARB 
"Off-Highway Vehicles" category. 

6. Nonroad Recreation Vehicles 

This category includes the snowmobile category presently in AP42 and the off-highway 
motorcycles of the California category. In addition, it includes other vehicles that use similar engines 
or engine technology. such as jet skis, A n ' s ,  and maybe ultralight aircraft, if not included in the aircraft 
category. This category does opt include four-wheel drive vehicles that are essentially off-highway 
derivatives of on-highway vehicles. It also does llpf include forklifrs, mobile cranes, or aircraft service 
vehicles which are included in the CARB category of Off-Highway Vehicles. 

7. Large Utility and Utility Vehicles 

At the start of this study, we thought that this category should be called "Other," since 
it seemed like a good idea to have a category in which to put equipment that had been overlooked, or that 
on closer examination. did not fit into the category it was thought to. Upon examining some the nonroad 
equipment not included in the other categories, it was found that this category would include large 
refrigeration units (which includes railroad units, some of which are over 90 hp). aircraft service vehicles, 
forklifts, and some of the equipment from the CARE 'Off-Highway vehicles" category. The CARB 
"Off-Highway Vehicle" category seemed to have too many diverse sources to be a useful category, 
however. "Large Utility and Utility Vehicles" seemed to be a better description of the category, even 
though it is intended to be a category for anything that did not fit into one of the other categories. 
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In. EMISSION FACTORS 

Development of emission factors for nonroad vehicles has received very little attention, mainly 
because the resources required to develop good emission factors were not available. Those studies that 
were done were generally of the nature of "check what is available and report it," rather than to actually 
measure emissions from various sources. This study is the most recent of that type. The emission factors 
found are presented in this section. 

. .  A. Infomat ion R w  ired for €mi- 

Before presenting the emission factors, some discussion about what constitutes an emission factor 
is in order. Emission factors are used for a variety of purposes, but the principal use is probably for 
determining the impact of a given pollution source at a local, regional, or national level. Thus, emission 
factors should represent average mass emission rates from a source when that source is operating in an 
average manner. For automobiles, the emission factor is generally expressed in grams per mile emitted 
over a e iven dr iv-, such as the Urban Dynamomerer Driving Schedule (UDDS). Nonroad 
emission factors are generally mass-based, and are expressed in mass per unit of time, mass per unit of 
work, or mass per unit of fuel used. 

The engines used in mobile pollution sources emit different amounts of pollutants at different 
speed and load conditions. Thus, emission measurements need to be made at a number of engine speed 
and load conditions. Determining the emission factor requires more than measuring the emissions from 
a source at a various conditions, however. The time the source spends in those various speed and load 
modes must also be known. This time-in-mode information is often referred to as the "operating' or 
'duty" cycle. The duty cycle enables the emissions at the various engine speeds and loads to be 
apponioned correctly. As mentioned above, the 'duty cycle" for automobiles is often the UDDS. 

A third element in the calculation of an emission factor for a specific source is that different 
engines have different emissions. Somaimes this difference is caused by engine type; for example, two- 
stroke diesels have different emissions than four-stroke diesels. and of course, diesel engines have 
different emissions than gasoline-fueled engines. Sometimes there are differences in emissions from one 
manufacturer to another. In automobiles, emission standards that all manufacturers must meet tend to 
limit differences from one manufacturer to another. Nonroad emissions, however, are not currently 
constrained by regulations, and so can have greater differences from manufacturer to manufacturer. 

Thus, to obtain an emission factor for a given nonroad source, for instance lawnmowen, there 
should be available emissions measuremenu over some average lawnmower usage cycle, from both new 
and used lawnmowas, for all the major manufacturers. An average emission factor for lawnmowen 
could then be calculated by sales- (or use) weighting the emissions from each of the lawnmowen tested, 
then summing the weighted values. 

For the nonroad emission sources investigated in this study, there have been few emission 
measurements. data on the "average operating pattern" has not always been collected, and the extent of 
usage of each manufacturer's product is not always known. Thus. nonroad emission factors suffer from 
deficiencies in all three areas of required information. These deficiencies affect the accuracy with which 
emission facton are known. 
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I 7 
B. 

It is i m p o m t  to realize that while this section presenu single values for emission fanors from 
many sources, these values are estimates based on very linle actual measured data. Thus, assessing the 
accuracy of these emission factors is a problem. 

For automobiles. certification resting of new vehicles and laboratory testing of in-use vehicles has 
been undenaken for years IO develop automotive emission factors. Yet in a recent project for the 
Coordinating Research Council (CRC) to determine in-use emissions by measuring pollutant 
concentrations in a tunnel, it was found that the CARE emission factor program, EMFAC7C. 
underestimated emission facton for HC by a factor of approximately 3, underestimated emission factors 
for CO by a.factor of approximately 2,  and condy estimated the emission factors for NO,.(ln-l) 
Other studies of in-use vehicles on the road have also shown that automobile emission factors are 
generally underestimated. This underestimation occurred despite testing of thousands of new and in-use 
vehicles in the laboratory. 

Engine emissions are not just a single number. Rather, they are a distribution, caused by 
differences in engine design, build tolerances, differences in operation, and differences in maintenance. 
For HC and CO especially, the distribution is not the familiar bell-shaped curve of a normal (Gaussian) 
distribution, but rather takes the form of a distribution with an extremely long tail, such as a lognormal 
distribution. It is hypothesized that the underestimation that occurs in automotive emission factors from 
laboratory testing is the result of not being able to sample the "tail' of the distribution. 

For the nonroad sources presented here, with the exception of the marine emissions, almost all 
the measured data was for a few pieces of new equipment. For the emission sources discussed in this 
report, there has been no testing of in-use units to determine the actual emissions of equipment in the 
field. Thus, it is highly unlikely that for any of the nonroad sources discussed in this repon, sufficient 
testing has been done to define the distribution of emissions from any of the categories. Based on the 
comparison of traffic-to-laboratory-test emission factors for automobiles, that the e m i s m  

within 0- 
the value orme nteQ. 

C. m i s s i o n  Factor Measur- 

. .  . .  

A word should be said about the measurement units of the emission f a e t m  in this section. A n  
anempt was made to present the facton in units that would be the most useful in determining local, 
regional, and national impact of these sources. For sources that have a fuel supply for which separate 
statistics are available (such as marine vessels and f a m  equipment), mass of emission per unit of fuel 
burned is generally the best way to express an emission factor. Traditionally, these emissions have been 
expressed in terms of pounds per lo00 gallon of fuel burned. "lis traditioaal unit has been maintained 
in this report. 

For sources that do not have separate fuel accountability, such as utility engines or construction 
equipment, the best unit for the emission factor appears to be grams per 
horsepower hour. Where it was necessary to convert measured data from one SQ of units to the other 

was not available, it was assumed to be 0.4 for diesel 
fuel W a s  assumed to weigh 7.1 pounds per gallon and 

and brake specific fuel consumption 
engines and 0.5 for gasoline 
gasoline 6.2 pounds per gallon. 



ission Factors bv C m  D* .Em 

The actual emission factors judged to be the 'best currently available" are presented in this 
together with some discussion of their origin. The emission factors are from several sources. 

Sometimes the best available factors for a category were those currently in Ap-42, sometimes from 
<mission factors developed in other studies. and sometimes the best available factors had to be developed 
from data on hand at SwRI. For ease of reference, the tables containing the emission factors are grouped 
together at the end of this report subsection, rather than immediately following their text reference, as 
is usually done. 

1. Marine Inboard 

Five sources of marine inboard emission fictors were located. These five sources are: AP- 
42,(1n-2) a 1984 draft report to EPA by Engineering Science,(m-3) a 1985 SWRI re n to EPA,(II14) 

recommended in Section II of this report that the subcategories of this category be changed to type of 
propulsion system. This should work well because propulsion system type is generally related to vessel 
sue. 

a 1988 Radian report to EPA.W-5) and, a CARE listing of marine emission factors CEt 4). It has been 

Steam propulsion is generally found on larger ships, but is becoming less popular. Slow 
speed diesels are used in large ocean-going ships, and medium speed diesels are used in larger tugboats. 
towboats, oil rig crew and supply boats, and larger fishing b o a .  High speed diesels are used in fishing 
boats, small utility boats, and pleasure craft. Gar turbine engines are used in some U.S. Navy ships and 
in a few commercial cargo ships. Otto cycle (gasoline) inboard engines are used almost exclusively in 
small pleasure craft. Thus, each engine type is generally associated with one size range of vessel. 

a. Steam 

Marine steam power emission factors were found in references 111-2, 111-3. 1114, 
and 1114. All the emission factors were essential those currently in AP42; therefore, it is recommended 
that the steam emission factors in AP-42 be used for marine steam engine sources. These factors are 
presented in Table III-I. There is M "duty cycle" available for marine steam engines. but the table 
presents emissions at three conditions: hoteling (at a pier, or at anchor, providing "hotel" services to the 
ship), cruise, and full. 

b. Slow Speed Diesel 

Measured emissions from swen slow speed diesels (two four-stroke and five hvo- 
stroke) were found in Reference III-3. The emissions from these engines were averaged in Reference 
III-4, and recommended for use as marine slow speed diesel emission factors. These data were reviewed 
for this project. It appears that it would be advantageous to split these f a h r s  up into two-saoke and 
four-suoke emission ficton. The resulting emission factors are shown in Table III-2. as the slow speed 
diesel marine emission facton. Again, there is no duty cycle available. The emission factors represent 
emissions over the 60 percent to full power range. 

The two-stroke emission factors in Table III-2 are similar to those presented in 
a table of diesel propulsion emission factors provided by CARE for HC and CO, but the NO, emission 
factor presented here is much bigha than the factor in the CARE infomation. It is important to note 
that all of the two-stroke and one of the four-stroke were manufactured by M.A.N. It is not 
known how M.A.N. engine emissions compare With other manufacturers. 

11 



C. Medium Speed Diesel (propulsion) 

Radian Corporation, under contract to EPA, developed a set of marine medium 
speed diesel emission factors in 1988. The report of that work is contained in Reference 111-5. The 
Radian report argues that "The great majority of medium speed diesels in marine use in the U.S. are 
asentially. seagoing locomotive engines." ~ l s o ,  that "Since the emission factors for locomotives are 
reasonably well defined. and the duty cycle for marine engines is not coo dissimilar from that of 
locomotives, it was decided to apply the 'best estimate' emission factors developed b y  Radian] for 
locomotives to medium speed marine engines as well.' This argument appears reasonable; therefore. the 
marine medium speed diesel emission factors from that report. as presented in Table 111-2. are 
recommended for use. These emission factors do represent emissions over a duty cycle (average 
locomotive) and are weighted by manufacturers (considering only G.E. k EMD). 

d. High Speed Diesel (propulsion) 

There have been few measuremenu of high speed marine diesel engine emissions. 
Marine high speed diesel engine emission factors were also listed in the Radian report and in the 
Engineering Science report. The Engineering Science diesel emission factors suffer from a number of 
deficiencies as discussed in Reference III-4, and were therefore not used. The estimates of high speed 
diesel emission factors from the Radian study appear to be the best available, and are also presented in 
Table III-2. The methodology used by Radian to produce these emission factors is not spelled out, 
however. The Radian report also states that m'se high speed diesel emission factors should be considered 
only very rough approximations. The duty cycle and engines that these factors represent are unknown. 

e. Gas Turbines 

A small percentage of the U.S. Navy ships are gas turbine powered, and there 
are a few commercial ships that are gas turbine powered. There were no emission tests of marine gas 
turbines found during this study. Many of the marine gas turbine installations use derivatives of aircraft 
gas turbines, and most of these are manufactured by either General Electxic (G.E.) or Pran and Whicney 
Aircrati (P&WA). Therefore, for the marine gas turbine emission factors, it was decided to average the 
aircraft emissions from AP42 for G.E. and PkWA engines since these manufacturers have most of the 
marine installations. The aircraft emission levels of "approach,' 'climbout," and "takeow were used 
to represent the marine emission levels of "hoteling,' 'mise.' and "full,' respectively. These emission 
factors. in terms of pounds per thousand gallons of fuel. are presented in Table III-3. 

f. on0 Cycle (gasoline-fueled) 

on0 cycle (gasoline-fueled) inboard engines are mostly used in pleasure boats. 
No measured emissions from these engines were found. 'Ihe best estimate of these emissions appears to 
be the AP-42 pleasure craft gasoline engine emission factors. These factors, in terms of pounds per 
thousand pounds of fuel, are also listed in Table IIl4. 

- 

g. Diesel-Powered Electric Generators in Vessels 

In addition to the main propulsion engines, exhaust from engine powered electric 
generators is a source of marine emissions. These generators are powered mostly by diesel engines. AP- 
42 includes a table for diesel-powered marine electr id  generators. These factors are best available, and 
are listed in Table UI-5 in terms of pounds per thousand pounds of fuel. 
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2. Marine Outboard 

AS far as can be ascertained there have been no measurements of outboard motor 
since those done at SwRI  in the ear ly  1970's. except for some tests in Germany which would 

not be representative of outboards in the U.S. The SwRI tests are the basis for the emission factors in 
1 \ p 4 .  It is recommended that the current AP42 outboard motor emission factors, as listed in Table III- 
6. be retained. 

3. Small Utility, Lawn and Garden 

CARB has done some testing on this class of equipment, and has published emission 
factors for this category of nonroad sources .P7)  Since this testing represents the most up-to-date 
information available for this category, it is recommended that the CARB emission factors, as listed in 
Table III-7 in terms of grams per horsepower hour, be used for this category of nonroad sources. Some 
work was done to define operating cycles for this equipment. The emission factors can be considered 
ac average emissions over an average operating cycle. 

4. Agricultural Equipment 

No new emission measurements on farm equipment have been found since the factors 
reported in the CALERT report.(II*-8) The current California categories list farm equipment with heavy- 
duty construction equipment. In the recent teport to CARB by EEA(ln-9) on H.D. construction 
equipment, there is a list of HC and NOx emission factors by several model year groups. While these 
emission factors are in the reasonable range, there is no indication as to the methodology used to obtain 
these factors and they are not recommended for use. 

In November of 1987, CARB included a draft of estimated farm e uipment emission 
factors in 1 notice of a meeting on emission inventories of diesel motor vehicles .b10)  The NOx 
emission factors were reportedly developed from the CALERT report, while the HC emission factors 
were from AP42. These emission factors are somewhat higher than those currently in AP-42, however, 
and somewhat lower than would be obtained from the CALERT report, if the farm emissions in that 
report were weighted by percent of total energy output and the weighted sum obtained. 

The end result of this investigation into agricultural equipment emission factors is that 
there still does not appear to be any better emission factors available than presented in the CALERT 
report. .Those emissions, as presented in Table 111-8, in terms of grams per horsepower hour, are 
recommended for use. Since fuel for agricultural use is not subject to taxes, it should be possible to 
obtain the total agricultural fuel used for various areas. The average grams per horsepower hour emission 
factors for diesel aad gasoline have been used to calculate emission factors in pounds per thousand pounds 
of fuel. using the factors listed above. Some work was done for the CALERT repon to define a duty 
cycle for the category, and emissions were generally measured on a 13-mode steady-state test. Therefore, 
these factors can be considered as average emissions over an average operating cycle. 

5 .  Construction, Mining and Foresvy 

Emission factors for this category are in much the same state as agricultural equipment 
emission factors. No new emission measurements were found since the CALERT study. There are 
emission factors in the EEA report to CARB On H.D. construction equipment(m-9). but as explained 
above, they are presented without explanation as to the methodology used to generate them, or indeed 
any indication that they are even based on emission measurements. 
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The best estimate of emission factors in this category are again from the CALERT study. 
mese emission factors were used to update the emissions from a number of sources in the Heavy-Duty 
Conswction Equipment category for the founh edition of AP42. The emission factors currently in AP- 
42 for this category, presented in Table In-9. are recommended to be retained. 

I 
! 

6. Nonroad Recreation Vehicles 

This class of vehicles is generally powered by two-stroke gasoline engines. While no 
tmissions measuremenu were found for ATV’s, jet skis, or ultralight aircraft engines. there have been 
emissions measurements of two-stroke motorcycle engines. As aR of the CARE off-highway study. 
emission factors were developed for two-stroke moto rcyc le s . f l~~1~)  These emission factors, as listed in 
Table 111-10, are recommended for use simply because they are all that are available. The emission 
factors for snowmobiles currently in AP4Z should be retained and used for snowmobiles and jet skis. 
The CARB motorcycle emissions were convened to g/hr from glmile based on an average speed of 25 
mph. 

7 .  Large Utility (greater than 25 horsepower) and Utility Vehicles 

Since this category of nonroad sources wap developed during this study, there are no 
emission factors currently in existence for the category as a whole. Most of the equipment in this category 
will be four-stroke gasoline and two-stroke or four-stroke diesel engines. with two or more cylinders. 
Since it is not easy to obtain overall fuel consumption for this category of sources, the emistion factors 
are better expressed in terms of grams per horsepower hour. There are a variety of duty cycles for the 
equipment in this category. Therefore, until there is funher information available on the total number 
of sources. and the amount each type of source in the category contributes 10 the total emissions from 
the category, emission factors should be expressed by type of service. Type of service is broken down 
into: (1) continuous operation at some base power level, and (2) transient service. Continuous service 
is for equipment such as refrigeration units and generators; transient service is for vehicles. 

The emission factors for these categories, shown in Table m-11, were taken from several 
sources. For continuous power, the diesel emission factors were taken as the refrigeration unit emission 
factors in the Radian repon.flI*-5) The continuoUs power gasoline factors were taken as the 90 percent 
power mode from steady state tests of six 1979 model year engines tested at SwRI as pan of the EPA 
Transient Test Procedure development.(UI-12) The individual engine emissions used for these emission 
factors are listed in Appendix E. 

For cyclic power emission factors. the diesel forklift factors were taken from 13-mode 
tesu of six forklift engines tested at SwRI for the U.S. Army from 1984-86.flI1-13, 111-14) The 
individual 13-mode test results for these engines are contained in Appendix E. Both the cyclic power 
gasoline and diesel off-highway emission factors were taken from the CALERT repon.flI1-8) 
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TABLE III-2. MARINE INBOARD DIESEL EMISSION FACTORS 

I 

g/hp.hr lb/1000 gal. fuel 

Pollutant Two-Stroke Four-Stroke T w d t r o k e  Four-Stroke 

Low speed Diesel Engines Om than 600 rpm) I_ 
HC 
co 

0.4 0.1 2oa 8a 

1.4 0.7 7 9  37a 

I 
4.7 187 

HC I .o 41 

II ~ 3.0 I19 
I 

HC 

~~~ 

a Assumes BSFC = 0.313 Ibhp-hr and No. 6 fuel oil density = 7.9 Ib/gal. 
b From Reference 111-5. 

3 

0.8 32 

\ 
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TABLE 111-3. MARINE INBOARD GAS TURBINE EMISSION FACTORS ! , 

Hoteling ir Cruise Full 

HC 

co 
NOx 

lb/1000 gal of Fuel lb/1000 gal of Fuel lb/1000 gal of Fuel 

10 2 1 

285 94 88 

43 11s 141 - 

G.E. Engines 

NOx 47 113 146 

10 

Nitrogen oxides 
(NO, as NQ) 

1 

15,7 131 0.179 0.394 

I 

- 
aAverage emission factors are based on the duty cycle developed for large outboards ( 2 4 8  
kilowarts or 265 horsepower). I h e  above factors take into account the impact of water 

must be modified for multiple engine vessels. 
b a s e d  on testr, of automotive engines. Fuel consumption of 11.4 l i t e r h  (3 g a l h )  assumed. 
The resulting factors are only rough estimates. 

scrubbing of underwater gasoline engine exhaust. All values given are for single engine craft and 

II 

1 

TABLE III-4. MARINE INBOARD (MTO CYCLE (GASOLINE-POWERED) 
EMISSION FACTOR9 
(Table is from AP-42) 

II 
/I 

Based on Fuel Consumption Based on Operating Time 

Gasoline Engineb Gasoline Engineb 

149 1240 I .69 (1 Carbon monoxide 

11 Hvdrocarbons I 10.3 I 86 I 0.117 I 0.258 

17 



m-5. MARINE INBOARD DlESEL ELECTRICAL GENERATOR 
EMISSION FACTORS 
(Table is fbrn -42) 

~~ 

Emisions 
suitu; oxlaas Carom n w o  Vitroqtn oxion 

1 .so, a s s 0 2 i 0  monoaid# carwns ' !NO, as NO71 sarea ' Loadd.= 
~ t o u 1 . 0  1 % b a w d  ,b,10' 'g,10' ;Oi lO'  Kgi10' iDI10' kq/10' 10/10' ' kly10' 
.W OUIDUI , 311 liter *I I i tor gal ';ref . gal :iter 

20 0 27 3.2 150 18.0 263 31.5 434 52.0 
25 27 3.2 79.7 3.55 ioa 24.4 LA4 53.2 
50 27 3.2 s3.4 6.40 1 44 17.3 I 477 , 57.2 
7s 27 3.2 28.5 3.42 84.7 ~ :0.2 a95 59.3 

18.3 584 70.0 214 25.6 
10.7 370 or3 219 ' 28.2 

40 0 27 3.2 
25 27 3.2 ' 89.0 
50 , 27 1.2 i 67.6 8.10 28s : 3a.2 228 . 27.1 
75 27 1.2 64.1 7 6 8  231 ' 27.7 233 27 9 

200 0 27 3.2 134 16.1 135 16.2 : 142 17.0 
! 

i 

~~ 

25 27 3.2 97.9 11.7 33.5 ' 4 0 1  ! 141 16.9 
50 27 3.2 ' 62.3 7.47 17.8 ' 2.13 j 140 ; ;6.8 

500 0 27 3.2 5a.4 7 00 209 25.0 153 18.3 
27 , 3.2 . 53.4 6.AO 1W I 13.0 222 18.6 

75  27 3.2 53.7 5.24 59.1 7.38 364 A3.6 

75 27 3.2 26.7 3.20 17 5 2.10 ' 137 :5.4 

50 27 3.2 48.1 5.76 81.9 ~ 9.8 i 293 : 35.1 
25 
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TABLE III-8. MARINE OUTBOARD EMISSION FACTORS 
(Table is eom AP-42) 

! 3aua on fuel conlumorion J ~ M  on VOIR wmii 
Pollutanr 0 ~ lbI103 gll ~ 4ql103liler ginonr 1 glrnctr!c nonr 

:SO. as S 0 , I  
Sulfur OXlrmsO 6.4 0.77 0.49 0.49 

irrwn monomoo 3300 
Hvdrocarmni* 1 I100 
' r~ irogm o a t a s  6.6 0.79 3.50 1.59 

400 250 :50 
130 95 a5 

INO. aiNO.,l 
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AVERAGE EMISSION FACTORS FOR ALL ENGINES 
ICwYP-nRl 

MC CO NOX PM 
AVEGAGE SMALL ENGINE (1 )  37.68 I 430.33, 202 ' 0.74 
AVERGAE M l O S m  ENGINE (21 9.28 I 23293: 203 0.05 
AVERAGE U R G E  ENGINE (3\ 9.60 ! 151.67 ' 230 0.21 

1 I ASSUYES 95% slot VALVE AND ss onv 
21 Asauues - sloe VALVE ANO 101 om 
11 MO OATA A V A I U B L E  fOR U R O E  O W  CMOINES 

'R~OIMO UOWER v n i  EMOI 
RIOINO YOWLR (REAR EM01 
,GARDEN TtucTon 
/ r l l l E R S  

1 GENERAL uinin 
' SNOWTHROWERS 

fHREDD€RSIGRIMDERS 

4 CYC BLOWERSNACUUUS 
4 cvc EOOERSnRlYYERS 
2 CTC EDOERSnRlYYERS 
2 CVC OLOWLRSNACUUYS 

SPECIALIZED run* CARE 

I 
ICtiAlM SAWS ~ 

.. -- 

9 1  
9 1  
96 
17 7 
17.7 

1 7  7;. 
9.1, 
17.7.  
17.7 

- 

C" 

aao 
353 
1sa 
197 
430 
410 
4 10 

I91 

430 

4 ao 

4ao 

NOS- 
2.02 
2.OJ 
2.01 

202 

2 02 

2.01 
2 02 
2 02 

- 

2.a 

2.02 

2 oa 

---- 
P A n i  
0.74 
0 OS 
0 01 
0 21 
0.74 
0.74 
0 14 
0.74 
0 os 
0.74 
0 74 

-- 
tic 
208 
-- 

201 
201 
208 

217 
2 1 1  
29. -- 

4u 
491 
48# 

em 
oQ# 
699 - 

4 
77 

77 
7 7  
7 7  

1 8  
1 6  
1.6 

CONYEllCUL ENISSION fACTOR8 fOR UTlLllV EMOIMES 
i 
1 1  

iomus PER nP.nwR) 
-- 4 CYCLE 2 CICL 

co co 
! I  I WALK OEHINO uowtns 4l8 488 

PRODUCT CAIEGORV 

RIOIMO Yowin ( f R 1  EMO) 
RIOIMO uowm (RUR EWOI 
CARDEM T r u c i o n  
TILLERS 
SNOWTHROWERS 
GENERAL U n L l i  
SHREDOERSlORIMMRS 
SPECMLIZEO WRF CARE 
4XVC OLOWERSNACUUYS 

2CVC EOOCRMRlYYERI 
2.cvc BLOWERSNACUUYS 
CHAIN SAWS 

4 . c ~  EooeRsnnwutns 

---- 

IS1 
ass 
lS7 
418 
430 

3SJ 
3SJ 
IS1 
4l8 

as1 

-- 

MOK 
2.02 
2.01 
2.01 
2.1 
2.02 
2.02 
2.02 
2.02 
2.01 
2.01 
2.02 

P U  nc 
0 74 201 

- 

4w 
488 
4.a 

u1 
eo0 
5 1 1  

- 
MOX 
0.29 

0.29 
0 2 1  
0.21 

0 . n  
o , n  
o . n  

- 
PARI 

7.7 

77 
77 
7 7  

11 
11 
I 1  

-1 
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TABLE m-10. NONROAD RECREATIONAL VWCLES 

TABLE m-11. LARGE UTILITY AND UTILITY VWCLES 
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IV. DISCUSSION WOMMEM)AT(ONS 

One of the tasks of this project was to identify those emission factors that would benefit from 
updating that can be accomplished over the next four to six months. then recommend the specific work 
to be done. and explain how the work would improve the emission factor value. It should be obvious, 
from the discussions in this report, that all of the emission fanors for the nonroad emission sources 
investigated require updating. There is, however, linle that can be done in the next four to six months. 

Except for the initial work done for AP42 and the measurement work sponsored by CARB for 
small utility engines. the work done on nonroad emission facton has all been of the .“review“ narure. 
Six years ago, the author of this report investigated emission factors for several nonroad sourcesW-1) 
for EPA. The SwRI Final Repon for that project noted that more emissions measurements were needed 
for every source studied. Three years ago. in a Radian Corporation repon to EPA on Off-Highway 
equipment, the same recommendations were made.(TV-2) 

It should be pointed out that neither of these studies examined whether or not the benefiu from 
additional measurements would justify the considerable cost. If, however, the emission factors for these 
sources are ever to be known, a long range program to address the deficiencies in the current set of 
emission factors must be planned and funded. Otherwise, five or even ten years from now, “review: 
reports will still be written presenting essentially the same emission factors, with the same comments 
about lack of measured data, and the same recommendations that more measurements are needed. 

In the meantime. are there things that can be done in the next four to six months? There are 
some things that can be done that might improve some of the emission factors. Table IV-l is a 
comparison of impact (in tons per day) of the various California nonroad categories in the California 
South Coast Air Basin. This data was taken from a mail-out from the CARB.flV-3) While his 
information is for only one part of one state, the relative importance of each group is probably 
representative of many urban areas of the country. 

As can be seen from the table, the largest contribution to HC and CO is the small utility class. 
This California category is the same as the category recommended in this project. It should be possible 
to arrange for testing of some in-use utility engines, and to integrate these results into the curcent data 
base, within the four-to-six month time frame. This testing would provide information that is now 
lacking on emissions from in-use engines. thus giving more accurate emission factors for the catego? 
that contributes the most HC and CO. 

While it is believed that the repons ex&ed in this study have located all the major government 
and industry studies on nonroad emissions, there is one source that could be investigated in the next four 
to six months that apparently has not been fully covered. That source is masters theses and doctoral 
dissertations. It is possible that, for the engines used in the farm, construction. and large utility 
categories, actual emissions measurements could have been made at universities as part of their masters 
and doctoral degree program. 

These theses and dissenations are collected by at 1-t one abstracting service. A literature search 
of these abstracts might result in additional emissions measurements for some of these categories. While 
there is no guarantee that any information will be found. if additional emission measurements cannot be 
made, then at least a thorough search for all possible measurements could be made. It might be difficult 
to integrate emission results from single engine tests into the farm &.consmaion equipment categories. 
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TABLE IV-1. COMPARISON OF OFF-ROAD Y W C L E  EMISSIONS FOR 
CALIFORNIA'S SCAB IN YEAR 2000 

VONS PER DAY) 

Vehicle Type 

Off-Road Motorcyclesa 

Emission Type 

HC co N o ,  Usage 

2.5 9.3 0.03 daily 

Off-Road Motorcyclesa 

Utility 

Ships 

Trains 

Off-Road Vehicles 

Construction & Farm Equipment 

27 

8.8 32.6 0.1 weekends 

24.7 165.0 0.7 daily 

5.9 13.1 32.1 daily 

1.4 4.3 28.8 daily 

14.0 124.0 32.0 daily 

12.9 43.2 124.5 daily 



T 
which are already aggregates of a number of tests; but it should not be difficult to integrate such test 
r&u into the Large Utility category. 

There is additional work that can be done in the Large Utility and Utility Vehicle category. It 
is arsumed that the EPA has contractors who are developing engine and equipment inventories for the 
various categories of nonroad sources, and that these inventories either are available or will be available 
soon. Once these inventories have identified the engine manufacturers in these categories, SwIU could 
search its records of over twenty years of emissions tests for emissions tests that would be applicable to 
this category. If the teSu were not performed for a government agency, permission from the commercial 
sponsor of the tests would be needed; and if necessary, a protocol could be devised to divorce the 
emissions from a specific manufacturer or engine. Unformnately, there was neither time nor funds to 
conduct such a study in this project. 

To summarize, the following additional work is recommended in the next four to six month time 
frame to improve the nonroad emission factors. 

e 

a 

Conduct emission tests of & small utility engines. 

Conduct a literature search of masters theses and doctoral dissertations for measured 
emissions from engines used in nonroad mobile sources. 

After determining the engine population by manufacturer for the Large Utility category, 
contract with SwIU to review its records of emissions t a r s  for applicable emission data. 

e 

I 
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APPENDIX A 

LIST OF NONROAD VEHICLES AND EQUIPMENT BY CATEGORY 
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California Off-Road Vehicle Categories and Potential Emission Control 

T h e  following includes a listing and description of the six off-road 
vehicle categories, as noted in the California Clean Air Act. In addition, 
the staff has estimated the emission control technologies that may be used 
to comply with upcoming, proposed regulations. Certain categories are less 
developed in terms of regulatory strategy and thus. more tentative in 
predicting potential emission controls. These categories are marine vessels 
and off-highway vehicles. The regulatory strategies associated with the 
following emission controls is subject t o  change as more information is 
received from industry and other interested parties. 

1. Utility Engines 
The category includes lawn and garden equipment such a s  mowers, 

tillers, chainsaws. blowers, and t r i m e r s .  In addition, 
generators. pumps and other utility type engines up to 25 
horsepower are included. 

Major Pollutants of concern: Hydrocarbons. carbon monoxide, and 
oxides of nitrogen'. 

Potential Emission Controls: Leaner fuel operation, improved 
carburetor and combustion design, and conversion of smaller 
residential units to electric. For long term, the conversion to 
LPG and the use of catalysts may be feasible. 

2. Construction and Farm Equipment 
The category includes bulldozers, tractors. skid steer loaders, and 

backhoes. 
Major pollutants of concern: Oxides of nitrogen and particulates 
Potential Emission Controls: Improved combustion chamber design, 

increased fuel injection pressure, improved injectors, and 
turbocharging. 
The use of low sulfur diesel f.uel. 
For the long term. air-to-air.aftercooling, particulate traps. and 
alternate fuels may be feasible. 

3. Locomotives 
The category includes yard, local service. and line haul 

locomotives. 
Major pollutants of concern: Oxides of nitrogen 
Potential Emission Controls: Injection timing retard, use of 

improved injectors on in-use EMD engines, and reduced idling time 
for yard and local locomotives. 
The use of low sulfur diesel fuel. 
For long term. the use of air-to-air aftercooling, selective 
catalytic reduction, and electrification may be feasible. 

4. Marine Vessels 
The category includes tugs, crew boats, harbor craft, large ocean- 

going vessels such as tankers and cargo carrying vessels. and 
comnercial fishing fleets. 

Major pollutants of concern: Sulfur oxides and oxides of nitrogen 
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Potential E m i s s i o n  Controls: Snjection timing retard and 
aftercooling. 
The use o f  low sulfur diesel fuel. 
For long term, the use of selective catalytic reduction may be 
feasible. 

5. Off-Highway Vehicles 
;he category includes forklifts, airport service vehicles, 

snowmobiles. mobile cranes, light-duty construction and farm 
equipment. and four wheel drive off-road vehicles. 

Major pollutants of concern: 
Potential Emission Controls: Leaner fuel operation, improved air 

intake systems.and improved combustion design. Certain vehicles 
may be converted to LPG and electric. 
The use of low sulfur diesel fuel. 
For long term, the use of catalysts may be feasible. 

Oxides of nitrogen and hydrocarbon 

6. Off-Road Motorcycles 
The category includes off-road motorcycles and all terrain vehicles 

not registered for on-road use. 
Major pollutants o f  concern: 
Potential Emission Controls: Conversion of 2-stroke to 4-stroke 

engine usage and improvhd combustion, fuel delivery, and air 
injection systems. 

Hydrocarbon and carbon monoxide 

I 
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TABLE A-1. DFFAILED LI- OF EQUIPMENT IN NONROAD CATEGO= 
(NOT INTENDED TO BE ALL INCLUSIVE) 

AP42 

"BOARD-POWERED 
VESSELS: 

commercial vessels 
military vessels 
pleaure crat? 

OUTBOARD-BOARD 
POWERED VESSELS: 

CARB 
IARINE: 
W S  
harbor craft 
crew boars 
large oceao going vessels 
commercial fishing vessels 

pecifically included: 
pleasure craft 

PROPOSED 

"E, INBOARD: 
;team: 
US. Navy vessels 
U.S. Flag ocean going 

vessels 
slow Speed Diesel: 
ocean going tankers 
ocean going bulk carriers 
ocean going cargo vessels 
ocean going ferries 
cruise ships 

Medium Speed Diesel: 
u s  
crew boau 
oil rig supply boats 
ferries 
cruise ships 
US. Navy vessels 
U.S. Coast Guard vessels 
large fishing boats 
large yachts 

High Speed Diesel: 
fishing boats 
U.S. Navy boats 
U.S. Coast Guard boars 
yachts 
smaller work boats 
sail  b o a  (aux. power) 

Otto Cycle Engines: 
pleasure craft 

Gas Turbine Engines: 
US. Navy vessels 
Commercial vessels 

MARINE, OUTBOARD: 

A-4 
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; W L , G E N € R A L  UTILKY 
ZNGINES: 
lawnmowers 
small electric generators 
compressors 
pumps 
minibikes 
snowthrowers 
garden tractors 

jpecifically does 
nclude: 
motorcycles 
chainsaws 
outboard motors 
snowmobiles 

CARB 

;MALL UTlLm. LAWN 
iND GARDEN (UNDER 25 
iP): 
walk-behind mowers 
Riding mowersllawn 
tracton 
Garden tractors 
Snow blowers 
Edge trimmers 
String trimmers 
blowers 
tillers 
chain saws 
other lawn and garden 

pumps 
generators 
compressors 
grinden 
welding machines 
stump beaters 
vibratorslfinishers 
portable saw mills 
portable refrigeration 
units 
other miscellaneous 
utility equipment 

implements 

AGRICULTURAL EQUIP.: 
Wheeled tractors 
Other fann machinery: 

self propelled combine 
pull rype combine 
corn pickers 
pick-up bailas 
forage harvesters 
irrigation pumps 

A-5 

PROPOSED 
SMALL UTILKY. LAWN 
4ND GARDEN (UNDER 25 
HP): 

walk-behind mowers 
riding mowersllawn 
tractors 
garden tractors 
snow blowers 
edge trimmers 
string trimmers 
blowers 
tillers 
chain saws 
other lawn and garden 
implements 

Pumps 
generators 
compressors 
grinders 
welding machines 
stump beaters 
vibratorslfinishers 
portable saw mills 
portable refrigeration 

U n i t s  
other miscellaneous 

utility equipment 
golf cam 

AGRICULTURAL EQUIP.: 
Wheeled tractors (> 25 hp) 
Other farm machinery: 

self propelled combine 
pull type combine 
corn pickers 

, pick-up bailers 
forage harvesters 
irrigation pumps 



TABLE A-1 (CONT'D). DEXAILED LIST OF EQUIPMENT IN NONROAD 
CATEGORIES (NOT INTENDED TO BE A I L  INCLUSIVE) 

-42 

3.D. CONSTRUCTION 
SQUIP.: 
tracked tractors 
tracked loaders 
motor graders 
wheel tractor scrapers 
off-highway trucks 
cold planers 
wheel dozers 
wheeled loaders 
wheeled tractors 
rollers 
log skidders 
hydraulic 
excavatorslcrawlers 
trenchers 
concrete pavers 
compact loaders 
crane lattice booms 
cranes 
hydraulic excavator 

bituminous pavers 
wheels 

CARB 

H.D. CONSTRUCI'ION A N D  
AGRICULTURE EQUIP. (40 
HP & ABOVE): 

forklifts 
aerial lifts 
airpon service vehicles 
mobile cranes 
generator s a s  
construction tractors 
agricultural tractors (> 25 

crawler d o r m  
hydraulic excavators 
pavers 
combines-harvesters 
fruit-nut harvesters 

hP) 

SNOWMOBILES 
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PROPOSED 

30NSTRUCIION, MINING, 
4ND FORESTRY EQUIP.: 
tracked tractors 
tracked loaders 
motor graders 
wheel tractor scrapers 
off-highway trucks 
cold planm 
wheel dozers 
wheeled loaders 
wheeled tractors 
rollera 
log skidders 
hydraulic 
excavatorslcrawlers 
trenchers 
concrete pavers 
compact loaders 
crane lattice booms 
cranes 
hydraulic excavator 

binrminous pavers 
skid steer loaders 
ro l lm  
compacron 
backhoeloaders 

wheels 

NONROAD RECREATION 
VEHICLES: 

nomad motorcycles 
all main vehicles 
snowmobiles 
jet skia 
ultralight aircraft 

Specifically does 
include: 
off-mad derivatives of 
highway vehicles 



T 

AP42 CARE 

OFF-ROAD 
MOTORCYCLES: 

off-road motorcycles 

all-terrain vehicles 
(OFRMs) 

( A M )  

- 
PROPOSED 

LARGE UTILITY & 
UTILrrY VEHICLES (> 25 
np): 

off-road derivatives of 

forklifts 
aerial lifts 
airport service vehicles 
Pumps 
generators 
compressors 
grinders 
welding machines 
sump beaters 
vibrators/finishers 
portable saw mills 
portable refrigeration 

other miscellaneous large 

highway vehicles 

units 

utility equipment 
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CARB 

TABLE A-1 (CONT’D). DmAILED LIST OF EQUIPMENT IN NONROAD 
CATEGORIES (NOT -ED TO BE ALL INCLUSIVE) 

PROPOSED 
- 

29-42 

3FF-HIGHWAY VEHICLES: 
Equipment under 40 hp: 

forklifts 
aerial lifts 
airport service vehicles 
mobile cranes 
generator seu 
skid steer loaders 
rollers 
compactors 
construction tractors 
agricultural rramrs ( > 25 hp) 
backhoe-loaders 
crawler dozers 
hydraulic excavators 
pavers 
combines-harvesters 
Fruit-nut harvesters 

Other equipment (no hp limit): 
golf cans 
snowmobiles 
four-wheel drive vehicles 
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APPENDIX B 

SUPWRTING DATA FOR LARGE UTILITY AND 
UTZLITY VEHICLE EMISSION FACTORS 



TABLE El. 90% POWER MODE EMI88IONS FROM EPA H.D. GASOLINE 
&MODE TESTS FOR SIX 19'79 GASOLINE-FWELED TRUCK ENGINES 

ENGINE HC co NOx - NO. alkw-hr glbho-hr glkw-hr dbhc-hr O/kw-hr glbho-hr 

1 
1 
6 
6 
7 
7 
8 
8 
10 
10 

1.3 0.97 
1.3 0.97 . 
1.1 0.82 
1 .o 0.75 
0.5 0.37 
0.4 0.30 
1 .o 0.75 
0.6 0.45 
1.1 0.82 
1.1 0.82 

37.5 28.0 
38.6 28.8 
42.6 31.8 
37.8 28.2 
34.5 25.7 
31.6 23.6 
29.3 21 .e 
27.8 20.7 
39.1 29.2 
57.0 42.5 

9.1 6.79 
9.1 6.79 
6.8 5.07 
7.5 5.59 
4.9 3.65 
5.3 3.95 
6.5 4.85 
6.2 4.62 

15.0 11.19 
16.5 12.30 

AVERAGE 0.70 28.02 6.48 
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I 
TABLE B-2. INDIVIDUAL 13-MODE "EST RESULTS FOR SIX 

FOIUUD" ENGINE TEST9 

ENGINE 

PERKINS 

DEUTZ 

D E U R  

PERKINS 

ISUZU 

TELEDYN 

AVERAGE 

DATE - 
7/26/03 . 2.740 

911 3/03 0.305 

9/22/83 0.409 

12/7/03 1.060 

8/22/85 0.532 

11/7/85 U4.Q 

0.910 

a2 m 
4.079 6.406 

1.051 4.295 

1.691 4.302 

2.396 0.647 

3.600 3.126 

m m  
2.907 4.957 

0.474 

0.532 

0.507 

0.444 

0.541 

0.499 
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