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CEAPTER 1. SCOPE AND PURPOSE

The Air Resources Board (ARB) is required to maintain an
inventory of air pollutant emissions by category of emitters;
typical process categories are shown in Table 1-1. Utility
equipment is an important class in the group called "Other Mo-
bile Sources" and is the subject of this study. In the para-
graphs which follow the utilify equipment\category is defined,
the current invenfory methodology is described and the objec-

tives of the study are summarized.
DEFINITION OF UTILITY EQUIPMENT

The definition of utility equipment is derived from the
definition adopted by the Bureau of the Census and modified by
the Mobile Source Control Division staff of the ARB for use in
emission inventories. The category includes equipment powered
by internal combustion engines, but excludes all electrically
powered devices since they are virtually non-polluting. The
utility equipment category excludes all equipment powered by
engines of more than 25 horsepower because they fall into one
of the following categories:

On-road vehicles

Off-road vehicles

Mobile equipment

Fuel combustion, other mfg/ind.

Fuel combustion, other services and commerce
Miscellaneous processes, farming operations

Miscellaneous processes, construction and
demolition



Table 1-1

EMISSION INVENTORY CATEGORIES

STATIONARY SOURCES STATTONARY SOURCES (Cont'd.)

Fuel Combustion

Agricultural

0il and Gas Production

Petroleum Refining

Other Mfg./Ind.

Electric Utilities

Other Services and
Commerce

Residential

Other

Pesticide Application

Farming Operations
Construction and Demolition
Entrained Road Dust - Paved
Entrained Road Dust - Unpaved
Unplanned Fires

Solid Waste Landfill

Other.

MOBILE SOURCES

Waste Burning

Agricultural - Debris
Range Management
Forest Management
Incineration

Other

Solvent Use

Dry Cleaning
Degreasing
Architectural Coating
Other Surface Coating
Asphalt Paving
Printing

Domestic

Industrial Solvent Use
Other

Petroleum Process, Storage
and Transportation

Oil and Gas Extraction
Petroleum Refining
Petroleum Marketing

Industrial Processes

Chemical

Food and Agriculture
Mineral Processes
Metal Processes

Wood and Paper

Other

" On Road Vehicles

Light-Duty Passenger

Light- and Medium-Duty Trucks
Heavy-Duty Gas Trucks
Heavy-Duty Diesel Trucks
Motorcycles

Other Mobile

Off-Road Vehicles
Trains

Ships

Aircraft - Government
Aircraft - Other
Mobile Equipment
Utility Equipment |




The utility equipment group is divided into three main cate-
gories: (1) lawn and garden, (2) chain saws, and (3) home
utility. The lawn and garden category includes walk-behind
mowers, riding mowers/lawn tractors, garden tractors, edgers,
trimmers, blowers, and other miscellaneous lawn and garden
implements. The chain saw category includes all gasoline-
powered chain saws. The home utility category is a misnomer
because it includes equipment that is used commercially as
well as at home. It includes pumps, genefators, compressors,
grinders, refrigeration units, welding machines, and other
miscellaneous utility engines.

Utility equipment may be used by households or commercial
establishments. In general, the category includes all small
gasoline-powered equipment except for off-road mobile sources

such as mopeds, snow-mobiles, and the like.
CURRENT INVENTORY METHODOLOGY

Ideally, an inventory of emissions from utility equipment
usage should be compiled from data on equipment population in
California counties, usage of each type of equipment, and emis-
sion factors for each type of equipment. Unfortunately, the
only information available prior to this study was equipment
sales for the entire United States and usage and emission fac-
tor data for a very small sample of equipment. Theré are no

specific data from California. The existing CARB inventory



was compiled from published data by making certain assumptions

that are described in the following paragraphs.

Equipment Population

The Bureau of the Census15 publishes yearly figures on the
number of internal combustion engines under 50 hp that are pro-
duced in the U.S. The number of enginés used in lawn and garden
equipment is also given, and chain saws are identified as a
percentage of the lawn and garden total. ~Information on ship-

4

ments of specific categories of lawn and garden equipment is

published in other Census Bureau documents].'4’16

This informa-
tion is not broken down into shipments to individual states

but is given for the nation as a whole. Some method must be
devised for estimating the California portion of the total U.S.
shipments before this Census Bureau information can be utilized.
The ARB staff estimated the percentage of total U.S. shipments
coming to California for the following types of equipment:
walk-behind power mowers, riding mowers/lawn tractors, garden
tractors, tillers, miscellaneous lawn and garden, chain saws,
and general utility. To accomplish this they used information
from the Engine Manufacturers Association (EMA) and the Outdoor
Power Equipment Institute (OPEI) as well as their own best

1,5,6

judgment. From these data the ARB staff computed the an-

nual California sales of each type of equipment for each year

from 1964 to 1980.
In order to calculate the equipment population from yearly

sales data, some estimates of equipment life and attrition were
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needed. Separate attrition factors were developed for residen-
tial and commercial usage. The lawn and garden factors were
based on an industry marketing study that showed that lawn mow-
ers were replaced every five to six years. Factors for chain
saws were based on a consultant's report to the Consumer Product
Safety Commission that gave a five-year life for chain saws.9
The same factors were also used for the miscellaneous lawn and
garden category. Factors for commercial riding mowers and til-
lers were developed by the ARB staff. The attrition curves
were applied to phe yearly saies data to derive the equipment
population figures shown in Table 1-2. This whole process is
quite tedious since it involves applying 12 attrition factors
to sales data for each of 17 years and summing the results for

each equipment category.

Process Rate

Hourly use rates for each type of equipment must be known
before emissions can be computed. Usage (process rate) is tab-
ulated in Hp hours because emission factors, from which emis-

sions are computed are expressed as 1b/103

HP hr. 1In additionm,
usage is computed separately for 4-stroke and 2-stroke engines
because there are two separate emission factors for these en-
gine classes. Therefore, to completely define usage, it is
necessary to know the horsepower rating and load factor of the
equipment as well as the number of hours it is used.

Hours of use each year were estimated by the ARB staff from

published data, in-house surveys, and information presented
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at workshops. Estimates were made for residential and commer-
cial use. The data base ranged from results of informal sur-
veys of less than a dozen respondents in any category to esti-
mates based on judgement alone. The estimated values are shown
in the first five columns of Table 1-3.

Average horsepower ratings and load factors for each equip-
ment category were derived from data presented by the EMA and
OPEI at workshops held by CARB in August 1980;6 and June 1981,5
and from information published:in "Lawn and Garden Marketing"
magazine.

The process rate for each equipment category, expressed
as HP hr/yr for a single unit of equipment, can be computed
from the information in columns one through six of Table 1-3.

Process rates are computed separately for residential and com-

mercial usage.

Emission Factors

Emission factors were taken from AP—4217 which is based on
experimental work carried out by the Séuthwest Research Insti-
tute8 (SWRI). Five engines were tested: One 2 Hp 2-stroke
engine, and four 4-stroke engines ranging from 3.5 to 18 HP.
The engines were operated on small electric dynamometers at a
variety of speeds and load conditions. The tests were not in-
tended as a statistical sample of engines and use patterns.

For purposes of determining emission factors, composite emis-
sions from a 13-mode test were‘used; and engine groups were de-

fined as follows:
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Lawn and garden, 2-stroke 100% Tecumseh AHSZO‘Type-l448
Lawn and garden, 4-stroke 907 Briggs & Stratton 92908
107 Briggs & Stratton 100202
Miscellaneous, 4-stroke 107% Briggs & Stratton 92908
14% Wisconsin S-~12D
74% Briggs & Stratton 100202
2% Kohler K482
The emission factors for these three categories are summarized
in Table 1-4. The SWRI study also determined evaporative emis-
sions as a function of fuel voiatility and the number of tank

fillings per year, but for reasons given on page 82 they will

not be discussed in this study.

There are no emission factors for chain saws given in AP-42,
so the ARB staff used factors from the AESI study of three saws.2
Emissions were measured as the saws were being used to cut 10"
logs. Horsepower ratings for these saws were estimated by AESI
to be 5.5, 6, and 6, which differs substantially from the cur-
rent ARB estimate of 3.0 (see Table 1-3). The emission factors
in Table 1l-4 appear to have been derived from the AESI factors

by assuming a 3 HP rating for the average chain saw.

Computation of Emissions

Emissions are traditionally computed for each of the equip-
ment categories shown in Table 1-3. However, emission factors
were developed for somewhat different categories of équipment
as shown in Table 1-4. The ARB staff reconciled these two sets

of categories by making the following assumptions:
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1. 4% of each subcategory of lawn and garden equipment
has 2-stroke engines; the remainder is 4-stroke.*

2. The emission factor for "lawn and garden, 4-stroke"

1s representative of all the lawn and garden sub-
categories.

3. The emission factor for '"Miscellaneous, 4-stroke"
1s representative of the "home utility" category

The statewide emissions for each equipment category were com-
puted from equipment population data from Table 1-2, process

rate data from Table 1-3, and emission factor data from Table
1-4. Sample calculations are ghown in Table 1-5. Numerical val-
ues expressed as fons/year are shown in Table 1-6. Emissions

of particulates and sulfur oxides are generally negligible.
Emissions of other pollutants are small but in some situations.
may be of sufficient significance to justify efforts to improve

the accuracy of the estimates.
OBJECTIVES OF THIS STUDY

The purpose of this study is to provide "hard" data on
utility equipment use in California with particular emphasis
on household and commercial equipment population and usage pat-
terns. As discussed earlier in the chapter, the existing in-
ventory is based on a reasonable, but completely subjective
division of equipment into household and commercial categories.
Usage patterns are based on extremely small samples or are esti-

mated without any data at all. The equipment populations are

estimated from yearly sales data and manufacturers’ estimates of

In the opinion of the authors, all 2-stroke engines should

have been assigned to the walk-behind mower, edger/trimmer, and
miscellaneous categories.
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