SECTION 8.6
OFF-ROAD RECREATIONAL VEHICLES
OFF-ROAD USE OF MOTORCYCLES & ALL TERRAIN VEHICLES (ATVs)
(Updated - April 1994)

SOURCE CATEGORY CODES AND DESCRIPTION

-47464 Recreational . Off-Road Motor Vehicles . Gasoline Combustion .
Trail Bikes . Motorcycles

83477 Recreational . Off-Road Motor Vehicles . Gasoline Combustion .
~ All-Terrain Vehicles (ATVs)

EMISSION INVENTORY CODES AND DESCRIPTION
850-872-1100-0000 Off-Road Use Of Motorcycles
850-874-1100-0000 Al1-Terrain Vehicles (ATVs)

METHOD DESCRIPTION

These categories are used to inventory the combustion emissions from the
‘recreational, off-road use of motorcycles and all-terrain vehicles (ATVs),
including the emissions of on-road motorcycles used off-road. The baseline
information for these categories including emission factors are presented in
Table I. The results of this inventory are presented in Table II.

(CES 47464) and Table III {CES 83477).

Four types of motorcyclies are considered in this method: on-highway, dual
purpose,'off-highway and competition motorcycles. ATVs are estimated to be
30 percent 2-stroke and 70 percent 4-stroke engines. The motorcycle/ATV
population, annual off-road mileage, and number of hours used per operating
day are required to determine the emissions.
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-On-highway motorcycles (street bikes) meet the highest standards among the
four types. They are allowed to be ridden off-road without an off-highway
Ticense, although they are rot suitable for rough-terrain riding. Off-
highway motorcycles (trail bikes) are designed for rough terrain, but are
not allowed on the highway. The dual purpose bike is designed for rough
terrain, but is allowed on the highway. The dual purpose bike is designed
to meet both the street bike standards and the needs of the trail bike
rider. A competition motorcycle may be one designed for competition only or
any of the other three types, and may not meet street bike or trail bike
standards.

The total population of off-road motorcycles (OFRMs) and ATVs together is
324,200 based on values presented by the Motorcycle Industry Council (MIC)
in 1990.I The ATV fraction of this total is 50.6% based on statewide data
collected by the Department of Motor Vehicles (DMV).2 The total population
of dual purpose motarcycles is 107,000 based on values presented by MIC in
1990.1 The off-road fraction of dual purpose motorcycles is 74% (HIC).1

TEMPORAL ACTIVITY

Most of the annual activity occurs during the spring, summer, and fall
seasons. The weekly activity is uniform on weekdays, but about twice as
high on weekends. Daily activity occurs during the daylight haurs. (These
temporal activities are standard for recreational type activities).

ASSUMPT IONS

1. The total population of OFRMs and ATVs can be represented by MIC’s
estimates for California.l

2. The sptit between OFRMs and ATVs for California can be based on the
percent of registration of each vehicle from DHV.2

8.6-2




10.°

The 2-stroke and 4-stroke population split for motorcycles can be
represented by 30% and 70% respectively based on MIC.1

The 4-stroke population for dual purpose motorcycles used off-road is
74% based on MIC values.!

The average speed is estimated at 20 MPH by Booz-Allen and Hamilton
(BAH) and ARB staff.3 |

The hours of use per day is estimated at 3 hrs/day by BAH and ARB
3
staff.

Usage is estimated at 40 times/year baséd on MIC estimates.I

The 2-stroke emission factors are estimated for HC, CO, and NOx by ARB
staff. The 2-stroke emission factors are estimated for SOx and PM by
ARB staff and BAH.3

The 4-stroke emission factdrs are estimated for HC, €O, and NOx by ARB
staff. The 4-stroke emission factors are estimated for SOx and PM by
ARB staff and BAH.3 - - -

The distribution of emissions and activity'ére'based upon the 1987 area
source methodo]ogy.4 ' -

CHANGES_IN METHODOLOGY

The ATV inventory is a new categofy.' The OFRM'éategory has subdivisions of
2-stroke and 4-stroke éngine types. The emission factors of each engine
type are assumed to be the same for compefition and trail OFRMs. The
emission factors for dual motorcycles are the same as on-road motorcycle
emission factors. '
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DIFFERENCES BETWEEN 1987 AND 1990 EMISSION ESTIMATES

The ATV inventory is a new category in 1990. The TOG, CO, NOx, and SOx .
emissions are much higher in 1990 due to an increase in OFRM population.
RECOMMENDAT 1 ONS

The activity data needs improvement (e.g. miles/yr) and the emission factors

need to be revised. There are great uncertainties in the emission factors,

emission factors based on a breakdown of vehicle population by engine type

and size would give better results.

SAMPLE CALCULATIONS

EMISSIONS ESTIMATE

Calculation of number of miles/year off-road motorcycles used:
20 mph. x 3hrs/day x 40 days/yr = 2400 miles/year

The OFRM and ATV population and emission factors are found in Table I. The
emission estimates for California are shown below.

4-stroke (off-road) motorcycle population = 112108

706 {112108)(2400 mi/yr)(2.43 g/mi)/(454 g/Tb)(2000 1b/T) =  720.1 T/yr
€O (112108) (2400 mi/yr)(51.63 g/mi)/(454 g/Th).(2000 1b/T) = 15299.0 T/yr
NOx (112108)(2400 mi/yr)(0.36 g/mi)/{454 g/1b)(2000 1b/T) =  106.7 T/yr
SOx (112168)(2400 mi/yr)(0.02 g/mi)/(454 g/1b)(2000 1b/T) = 5.9 T/yr
PM  (112108) (2400 mi/yr){0.012 g/mi)/(454 g/1b)(2000 1b/T) = 3.6 T/yr
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4-stroke {dual purpose) motorcycle population = 79180

TOG (79180)(2400 mi/yr)(3.23 g/mi)/ (454 g/1b}(2000 1b/T)
€O (79180) (2400 mi/yr)(15.15 g/mi)/ (454 g/1b)(2000 1b/T)
NOx (79180) (2400 mi/yr)(0.69 g/mi)/ (454 g/1b)(2000 1b/T)
SOx (79180) (2400 mi/yr)(0.02 g/mi)/ (454 g/1b)(2000 Tb/T)
PM  (79180) (2400 mi/yr)(0.01 g/mi)/(454 g/1b)(2000 1b/T) =

4-stroke {on-road) motorcycle population = 41968

T0G (41968) (2400 mi/yr)(3.23 g/mi)/ (454 g/1b)(2000 1b/T)
CO (41968){2400 mi/yr)(15.15 g/mi)/(454 g/1b)(2000 1b/T)
NOx (41968)(2400 mi/yr)(0.69 g/mi)/(454 g/1b)(2000 1b/T)
SOx (41968) (2400 mi/yr)(0.02 g/mi)/ (454 g/1b)(2000 1b/T)
PM  (41968)(2400 mi/yr)(0.01 g/mi)/(454 g/1b)(2000 1b/T) =

2-stroke (off-road) motorcycle population = 48046

TOG (48046) (2400 mi/yr)(24.0 g/mi)/ (454 g/1b) (2000 1b/T)
CO  (48046) (2400 mi/yr){32.0 g/mi)/(454 g/1b)(2000 1b/T)
NOx (48046) (2400 mi/yr){0.06 g/mi)/(454 g/1b) (2000 1b/T)
SOx (48046) (2400 mi/yr)(0.02 g/mi)/ (454 g/1b)(2000 1b/T)
PM  (48046) (2400 mi/yr}(0.014 g/mi)/(454 g/1b)(2000 1b/T)

Total emissions ffom all OFRMs are shown below:

T0G 720.1 + 676.0 + 358.3 + 3047.9

= 4802.3 T/yr
CO 15299.0 + 3170.7 + 1680.6 + 4063.8 = 24214.1 T/yr
NOx 106.7 + 144.4 + 76.5 + 7.6 = 335.2 T/yr
SOX 5.9+ 4.2 +2.2+2.5 = 14.8 T/yr
PM 3.6 + 2.1 +1.1+1.8 = 8.6 T/yr
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Total number of 1000 gallons burned (process rate) for OFRMs:

Street/Dual:

(Population of M/C) (2400 m11es/yr)/(90 m11es/ga]10n)(1000 gallons/1000
gallons} = 1000 gallons burned

(79180 + 41968)(26.7 galions/year)/looo (ga]]ons/lODO gallons) = 3231
(1000 gallons) process rate '

Trail/Competition:

(Population of M/C){2400 miltes/yr)/(33 miles/gallon) (1000 gallons/1000
gallons) = 1000 gallons burned

(112108 + 48046)(72.7 gallons/year)/looo (gallons/lOOO gallons) = 11643
(1000 gaI]ons) process rate

Total OFRM process rate:
3231 + 11643 = 14874 (1000 gallons) total process rate

ATV emission calculation:

2-stroke ATV population = 49214

TOG (49214) (2400 mi/yr}(24.0 g/mi)/(454 g/Tb}(2000 1b/T) = 3121.9 T/yr
CO  (49214) (2400 mi/yr)(32.0 g/mi}/(454 g/1b)(2000 1b/T) = 4162.6 T/yr
NOx (49214)(2400 mi/yr)(0.06 g/mi)/(454 g/1b)(2000 1b/T) = 7.8 T/yr
SOx (49214)(2400 mi/yr)(0.02 g/mi)/ (454 g/1b){2000 1b/T) = 2.6 T/yr
PM  (49214)(2400 mi/yr){0.014 g/mi)/(454 g/1b)(2000 1b/T) = 1.8 T/yr
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4-stroke ATV population = 114831

TOG (114831) (2400 mi/yr)(2.43 g/mi)/ (454 g/1b)(2000 1b/T) =  737.5 T/yr
€O (114831) (2400 mi/yr){51.63 g/mi)/(454 g/1b){2000 1b/T) = 15670.6 T/yr
NOx (114831) (2400 mi/yr)(0.36 g/mi)/(454 g/1b)(2000 1b/T) =  109.3 T/yr
SOx (114831) (2400 mi/yr)(0.02 g/mi)/{454 g/1b)(2000 1b/T) = 6.1 T/yr
PM (114831) (2400 mi/yr)(0.012 g/mi)/ (454 g/1b)(2000 1b/T) = 3.6 T/yr

Total ATV emission estimates:

TO6  737.5 + 3121.9 = 3859.4 T/y
CO 15670.6 + 4162.6 = 19833.2 T/y
NOx  109.3 + 7.8 = 117.1 ¥/y
SOx 6.1 + 2.6 = 8.7 T/y
PM 3.6 + 1.8 = 5.4 T/y

Total number of 1000 gallons burned (process rate) for ATVs:

(Popuiation of ATVs) (2400 miles/yr)/(33 m1les/gallon)(1000 ga]]ons/looo
gallons)} = 1000 galtons burned

- (114831 + 49214)(72.7 gallons/year)/1000 (gallons/IOOO ga1lons) 11926
(1000 ga]]ons) total ATV process rate

DEFINITION OF TERMS

MIC - MOTORCYCLE INDUSTRY COUNCIL, INC.
DMV DEPARTMENT OF MOTOR VEHICLES
'BAH BOOZ-ALLEN & HAMILTON INC.
ARB AIR RESOURCES BOARD
CM/C MOTORCYCLE
ATV ALL-TERRAIN VEHICLE
OFRM OFF-ROAD MOTORCYCLE
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1. Motorcycle Industry Council, 1991 Motorcycle Statistical ‘Annual,1991.

2. Department of Matdr Vehicles, State of California, "Off Highway
Currently Registered”, Feb. 28, 1991.

3. Booz-Allen & Hamilton Inc., Off-Road Mobile Equipment Emission
Inventory Estimate, Draft January 1992.

4. Air Resources Board, Methods for Assessing Area_Source Emissions in
California, September 199].
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Table I
Baseline Information for OFRMs and ATVs

Assumptions Data Source
Total Population Off-Rd 324200 MIC
ATV fraction of Off-Rd 50.6% 164045 MIC
2-st. pop. ATV (off-road 30% 49214 MIC
4-st. pop. ATV (off-road 70% 114831 MIC
M/C fraction of Off-Rd 49_4% 160155 MIC
2-stroke pop. M/C (off-road) 30% 48046 MIC
4-stroke pop. M/C (off-road) 70% 112108 MIC
Total DMV registration Off-Rd 307985 DMV
Total Population On-Rd 524600 MIC
4-stroke pop. M/C (on-road) 8% 41968 MIC
Total Population Dual Purpose 107000 MiC
4-stroke pop.(Dual purpose) 74% 79180 MIC
Competition vehicle (off-road) 41% of population MIC+STAFF
Real Competition veh. pop. 8-10% of population STAFF
Average Speed 20 MPH BAH+STAFF
Hours used - 3 hrs/day BAH+STAFF
Usage ' 40 times/year ' MIC
Annual miles traveled 2400 mi/year calculation
2-stroke emission factors 24 g/mi TOG STAFF
for off-road M/C and ATV 32 g/mi CO STAFF
.06 - g/mi NOx STAFF
.02 g/mi SOx BAH + STAFF
- ' .014 g/mi PM BAH + STAFF
4-stroke emission factors 2.43 g/mi TOG MIC
for off-road M/C and ATV 51.63 g/mi CO - MIC
: ' ' .36 g/mi NOx STAFF
o .02 g/mi SOx BAH + STAFF
_ o .012 g/mi PM ' BAH + STAFF
4-stroke emission factors - 3.23 g/mi TOG  STAFF
for dual motorcycles : © 15.15 . g/mi CO STAFF
and on-road M/C - _ .69 g/mi NOx STAFF
S ' .02 g/mi SOx . STAFF
.01 g/mi PM - STAFF

0ff-Road M/C: ' _

Current competition pop. 65663 (160155 * 41%)
2-stroke competition pop. 48046
4-stroke competition pop. 17617

nen-comp. pop. 4-st (off-road) 94491

non-comp. pop. 4-st (dual-purpose) 79180

** A study done by the California Department of Transportation in November,
1990, indicates that five out of every six off-road motorcycles and three
out of every five all-terrain vehicles used are currently not registered.
Staff is looking into this information for possible emission impacts.
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FRACTION OF REACTIVE ORSANIC GASES (FROG): .9676
(REACTIVE ORGANIC GASES {ROG) EMISSIONS = TOG X FroG )
FRACTION OF PM10 (FRPMIO): .9940
(PML0 EMISSIONS = PM X FRPM1O)
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TABLE -IIT
1990 AREA SOURCE EMISSIONS
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