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I. Introduction

MOBILE3 1is a computer program that generates in-use
emission factors by calendar year, ambient temperature and
driving situation in units of grams per mile (g/mi) for all
vehicle classes, which are then used to determine emissions
inventories in wvarious 1localities. Because urban areas are
modelled almost exclusively, urban emission factors are desired
and generated. Because heavy-duty engine testing provides
emissions in terms of grams per brake horsepower -hour
(g/BHP-hr), brake horsepower-hour per mile (BHP-hr/mi) emission
conversion factors are needed to convert the brake-specific
emission levels into the necessary mile-specific (a/mi) units,
as 1llustrated below: '

Emission Factor = Emission .Test Data ¥
Emission Conversion Factor

mi BHP-hr mi

This technical report outlines the methodology used to
determine these conversion. factors, as well as providing the
specific conversion factors for heavy-duty gasoline and diesel
engines, for the model years 1962 through 1997 (see Tables 1
and 2).

The BHP-hr/mi conversion factors were calculated from
brake-specific fuel consumption (BSFC), fuel density, and fuel
economy, (all of which can be measured) because it is difficult

to measure BHP-hr/mi directly. The equation used was:
heavy-duty vehicle conversion factor = fuel density/(BSFC X
fuel economy), with corresponding units of BHP-hr/mi = (lb/gal)/

[(1b/BHP-hr) X (mi/gal)].

The emission conversion factors were first calculated by
specific gross vehicle weight (GVW) class for both gasoline-
and diesel-powered vehicles, as both BSFC and fuel economy vary
with gross vehicle weight and fuel type. Diesel and gasoline
fleet-average conversion factors were then calculated using the
appropriate vehicle miles traveled (VMT) weighting of the
class-specific conversion factors. Gasoline and diesel
fleet-average conversion factors were derived separately
because MOBILE3 treats them separately.

Estimates of historic BSFC and fuel economy fiqures are
available for vehicles of model year 1977 and earlier. Thus,
historic class-specific conversion factors may be easily
calculated using the equation given above. Future conversion
factors will not be affected by changes in BSFC, as any
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Table -1

Pre-1978 Fleet-Average Emission
Conversion Factors (BHP-hr/mi)

Gasoline Diesel
1.29 2.74
1;31 2.74
1.32 2.73
1.33 2.72
1.35 2.76
1.36 2.82
1.37 2.88
1.37 2.94
1.37 3.00
1.37 3.08
1.37 3.15
1.34 3.19
1.31 3.23
1.28 3.27
1.20 3.23
1.12 3.19



Year

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

1997

-3_

Table 2

Post-1977 Fleet-Average Emission
Conversion Factors (BHP-hr/mi)

Gasoline
1.08

1.05

Diesel
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decrease in BSFC. 'will be cancelled out by a corresponding
increase in fuel economy. As fuel density is assumed to be
constant, the only factors affecting future heavy-duty vehicle
conversion factors are future non-engine-related fuel economy
improvements. Future class-specific conversion factors are,
thus, estimated by reducing the 1977 conversion factors in
proportion to the projected increase in fuel economy due to
non-engine-related factors. For. this reason, historic and
future conversion factors are calculated separately; the former
using the above equation, and the 1latter using projected
non-engine-related fuel economy improvements applied to the
1977 conversion factors.

This report beains with a description of the fuel
densities, BSFCs, and fuel economies used to calculate the
historic class-specific conversion factors. Following this
discussion, the VMT-weighting methodology used to obtain the
fleet-average conversion factors is presented and each factor
used in the VMT weighting process 1is described. Future
non-engine-related fuel economy improvements are then analyzed
and their avpplication to historic class-specific conversion
factors described. A discussion of the VMT-weighting factors
for future fleet-average conversion factors concludes the
repvort.

A study was conducted by Energy and Environmental

Analvsis(1] (EEA) for the Motor Vehicle Manufacturers
Association (MVMA) to estimate historic and future emission
conversion factors as defined 1in this report. This study

provides a backaround for estimating these conversion factors
and is referenced throughout this report.

II. Historic Class-Specific Conversion Factors

" Historic class-specific conversion factors were calculated
using three basic parameters: fuel density, brake specific fuel
‘consunption, and fuel economy, as detailed above. These three

fparameters are detailed in the subsequent paragraphs.

A. Fuel Density

. The gasoline and diesel fuel densities used  in the
calculation of historic conversion factors were 6.16 and 7.07
pounds (lbs.) per gallon, respectively. These values were used
by EEA[l] in their calculations and result from a conceptually
indirect methodology, but one using readily available figures.
They divided the number of grams of carbon per gallon of fuel
by the ratio of carbon mass to total fuel mass and then
converted this density from grams per gallon to pounds per
gallon. The values used for grams of carbon per gram of fuel
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(2421 for gasoline, 2778 for diesel fuel) and the carbon/total
mass ratio (.866) were taken from the Code of Federal
Regulations. [2] The resulting fuel densities are within
1 percent of the specific gravities of commercial gasoline and
diesel fuel, as surveved by MVMA([3,4] (.7444 for gasoline and
.8572 for diesel) and were, thus, accepted for use in MOBILE3.

B. Brake-Specific Fuel Consumption

The class-svecific gasoline and diesel BSFCs ("BSFCG" and
"BSFCD," respectively, in Table A-1l) from the EEA report[l] are
similar to those from EPA engine dynamometer tests (see
Table 3). Thus, they were -accepted for use here in calculating
historic class-specific conversion factors. The EEA report did
not address trarisit buses. Since it is desirable to include
the effect of such vehicles on the fleet-average diesel
conversion factor, an historic BSFC for this class of vehicles
had to be derived. As pre-1978 bus engines were almost
entirely 2-stroke naturally-aspirated engines, they were
estimated to be roughly 4-5 percent less efficient than Class
V-VII engines (0.46 1b/BHP-hr) which are a mixture of
naturally-aspirated and turbocharged 4-stroke engines. The
resulting bus engine BSFC of 0.48 1b/BHP-hr was generally
confirmed in a study by Southwest Research Institute,[6] where
the BSFC of an 8vV-71 bus engine was found to be 0.47
1b/BHP-hr. The MOBILE3 BSFCs are shown in Table A-2.

C. Fuel Economy

All fuel economies (except those form Class IIb vehicles
and buses) were taken directly from the 1977 Truck In-use
Survey (TIUS) [2] as detailed in the EEA report.[l] The fuel
econommy for all Class II vehicles was reported by EEA.
However, only Class IIb fuel economy is pertinent to heavy-duty
vehicle emissions, as Class 1IIa vehicles are treated as
light-duty trucks in MOBILE3. The Class II fuel economy of
.11.12 mpg (gasoline) from the 1977 TIUS is a weighted average
of Class IIa and Class IIb fuel economies. EEA[8] supplied
information indicating that Class 1IIb sales make up 10.7
percent of Class II sales. This figure is very similar to that
estimated by a previous EPA study.[9] Using an estimate that
Class IIb fuel economy is 10 percent less than Class I1Ia fuel
economy yields a Class IIb fuel economy of 10.12 mpg, this was
taken to be constant for all years prior to 1978 as the TIUS
data indicated Class II fuel economy was constant.[1l)] The
transit bus fuel economy of 3.68 miles per gallon was estimated
using data from the 1981 Transit Fact Book.[1l0] EEA fuel
economies are shown in Table Aa-1, which uses "MPGG" for
gasoline and "MPGD" for diesel fuel economies, and the MOBILE3
fuel economies are shown in Table A-2.

I
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Table. 3

Brake-Specific Fuel Consumption (1b/BHP-hr)

Average of 4 Engines:

Average of 7 Engines:

Average of 2 Engines:

Taken from Reference 5.

Diesels

Class VI

BSFC =
std. dev.

0.4645
= 0.21

EEA Estimate:

Class VIII

BSFC = 0.440

EEA Estimate:
std. dev. = '

.031

Gasoline

BSFC =
delta =

.69
.029

EEA Estimate:

0.46

0.43

0.70
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The TIUS fuel economies are national fuel economies (i.e.,
the result of a combination of rural and urban driving).
Different fuel economy data from tests made by the Southwest
Research Institute (SwRI)([(ll] over the EPA heavy-duty chassis
dynamometer cycle are given in Table 4. Rural fuel economy was
assumed to be represented by the Los Angeles freeway portion of
the test, with urban fuel economy being that over the entire
urban (composite) cycle. This data shows that the average
composite (urban) fuel economy is 17 percent 1lower than an
estimate of the average Los Angeles freeway (rural) fuel
economy. This indicates that perhaps the TIUS national fuel
economies should be revised downward to better represent urban
fuel economies. However, data from a July 1976 report by Jack
Faucett Associates([l12] (see Table 5) show lower loads in urban
driving than during over-the-road driving, resulting in a 5-10
percent increase in urban fuel economy over rural fuel
economy. Combining the fuel economy effect of the lower urban
load benefit and the national/urban differences based on SwRI
data results in rural fuel economy still being 7-12 percent
greater than urban fuel economy.

Track test data supplied by GM[1l2] (see Table 6) over SAE
truck driving cycles <contradicts this, showing urban fuel
economv to be equal to or greater than rural fuel economy, if,
as GM did, it is assumed that urban trucks are lightly loaded
and over-the-road trucks are full loaded. The 1977 TIUS (see
Figures 1 and 2) confirms this relationship between urban and
over-the-road (intercity) fuel economy.

Upon consideration of the TIUS data, and acknowledging
that: 1) the SwRI data is limited, and 2) the representative-
ness of the LA freeway portion of the EPA cycle as rural
driving is uncertain, the TIUS national fuel economies were
taken as being representative of urban fuel economy as well.
Further investigation into this area is necessary, and it may
be appropriate to adjust national fuel economies in the future
_to represent urban fuel economies if additional data confirm
the need for such adjustment.

: In summary, historic class-specific conversion factors
were based on: fuel densities from EEA,([l]  BSFCs from EEA,[1l]
and fuel -economies from the 1977 TIUS,[(7] with Class 1II
adjusted to represent Class IIb. The only exception was for
transit buses, where the BSFC was based on dynamometer testing
and the fuel economy was based on UMTA data. These historic
gasoline and diesel class-specific conversion factors ("GCF"
and "DCF", respectively) are listed 1in Table Aa-3. The
class-specific conversion factors must then be VMT weighted to
determine historic fleet-average conversion factors, which 1is
described below.

[
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Table 4

Southwest Research Institute Fuel Economy Data

Fuel Cons. Fuel Cons.

"Test ° L.A. FWY Composite - Urban/Hwy wtd.
Engine Model Type (L/100km) (L/100km) FE Ratio FE Ratio
1982 Cummins CSs 44,40 54.59 .813 ~

350 . 834

. HS 42,92 51.26 .837

1979 Cummins Cs 51.04 63.51 .804
NTC290 . 836

HS 49,72 59.12 .841

1979 Ford 370 Cs 43.36 53.86 . 805
.783

HS - 44,08 57.94 .761

1979 IHC 345 cs 52.67 62.64 .841
.884

HS 50.47 56.61 .891
Overall Average Urban/Highway Fuel Economy Ratio .834

Taken from Reference 1l1.



Truck Class

Size
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Class
Ciass
Cléss
Class
Class
Class

Class

Class

Total

1
2

Taken

from Reference 1l2.

Table 5
Averade Vehicle Load (tons)

Local Local All Intercity Intercity
Gasoline Diesel Trucks Gasoline Diesel
.24 - .24 .23 .23
.45 .50 .45 .48 .50
.79 .99 .83 .90 1.00
.98 1.67 1.04 1.14 1.65
1.20 1.89 1.26 1.34 2.38
1.54 2.61 1.86 1.87 3.60
2.12 3.38 3.01 2.48 4.56
.50 6.16 2.07 .88 9.28



Table 6

Average Fuel Ecoromies for different Ioads and Scenarios
. (miles per gallon) .

SAE Drivir:g'Cycle: ' Local Short Range ILong Range

-Percent GVIW: 50 100 % diff. 350 100 . 3 diff. 50 100 % diff.
‘Truck Class |
6 - 6.24 4.42 4] 7.47 6.11 22.2 - — -_—
6 4.43 3.55 25 6.82 5.61 22 — —_ -
8 - - - 6.28 6.44 32 4.95 4.13 20
8 - - - 5.91 4.32 - 37 5.09 4.01 27

% GVIW = percent Gross Vehicle Test Weight

50% GVIW is used to simulate zero payload (roughly)

100% GVIW is used to represent full payload

$ diff. = [(50% GVIW fuel economy/100% GVIW fuel economy)-1.00] X 100

Taken from Refererce 13.
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IITI. Historic Fleet-Average Conversion Factors

Historic fleet-average conversion factors are calculated
by VMT weighting the class-specific, conversion factors. The
VMT-weighting factor for each class is a product of: 1) the
annual VMT per vehicle per year, 2) the urban travel fraction,
3) the HDV sales fraction, and 4) the diesel or gasoline sales
fraction. - The resulting diesel and gasoline VMT-weighting
factors are 1listed in Table 7. The individual factors that
-make wup the VMT weighting factor are discussed 1in - the
paradraphs helow.

A, Annual Vehicle Miles Travelled

The annual VMTs per vehicle used for each vehicle class
were those given in the EEA report[l] ("VMTD" for diesel and
"VMTG" for gasoline in Table A-1) and came from the 1977 TIUS.
The relationships of these figures for the various classes
matched gquite <closely EPA estimates of 1lifetime VMTs per
vehicle. [14] Thus, the TIUS figures appeared reasonable for
use in MOBILE3. '

The TIUS 1information did not include |Dbuses, SO an
equivalent annual VMT per bus had to be determined. While the
EEA report uses annual VMT per vehicle to calculate the
weighting factor and an analogous figure was derived and used
for buses, lifetime VMT per vehicle would actually be a more
appropriate measure of a vehicle's contribution to a model
year's lifetime emissions. This is true because the conversion
factors, as set out by EEA, are determined by model year and
apply throughout the entire 1life of that model vear's
vehicles. When vehicles' lives are the same in terms of years,
the two approaches (annual and lifetime VMT) vyield the same
results. However, the 1lives of buses are much 1longer than
other heavy-duty vehicles, so the annual approach would
underestimate their contribution to their model year's
‘fleet-wide 1lifetime emissions. Thus, an eqgquivalent annual
“transit bus VMT was estimated by multiplying the EEA annual
Class VIII VMT per vehicle of 62,500 miles by the ratio of
lifetime transit bus VMTs, to lifetime Class VIII VMT. This
results in a transit bus annual VMT of 45,00-50,000 miles as
illustrated in Table 8, depending on the figure wused for
lifetime Class VIII vehicle VMT. Forty-five thousand annual
miles per vehicle was chosen as the best estimgae %ince the
lifetime VMT of HHDVs (including rebuilds) is more likely to be
near .the upper end of the range estimated in Table 8 as opposed
to the lower end.



Table .7

Pre-1978 VMT Weighting Factors

Class 1962 1965 1967 1970 1972 1975 1977
Diesel _

IIb 000 .00l .00l . 000 .000 .000  .001
III-v  .040  .042  .036  .002  ,002  .002  .000
VI .061 .095 .093 .062  .027 .044 .063
V11 .246 .158 .118 .088 .070 .091 .091
VIII .486 .592 .652 .764 .817 .652 .791
Bus .167 112 .100 .083 .084 .212 .055
Gasoline

IIb .085 .117 .141 .199 .210 .409 .562
III-V. .491 .455  .365 .296 .285 .129 .096
VI .258 .247 .308 .332 .375 .377 .286
VIT .068 .067 .078 .093 .069 .048 .036

VIII .097 113 .108 . .080 . .061 .038 .021
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Table 8

Bus Annual VMT per Year

Annual

Vehicle Miles Total New Miles/Sales Annual -
Year Operated (x106) Bus Sales (Lifetime VMT) VMT * VMT o * %
1971 1,375.5 2,514 547,100 64,638 59,800
1972 1,308.0 2,904 450,400 53,200 46,900
1973 1,370.4 3,200 428,200 50,591 44,600
1974 1,431.0 4,818 297,000' 35,100 30,900
1975 1,526.0 5,261 333,300 39,400 34,700
1976 1,581.4 4,745 666,100 78,700 69,400
1977 1,623.3 2,437 428,500 50,600 44,600
1978 1,630.5 3,805 474,900 56,100 49,500
1979 1,633.6 3,440 366,800 43,300 38,200
Average 1,497.7 3,680 443,600 52,400 46,500
* Annual VMTy calculated wusing a 1lifetime heavy-duty
vehicle VMT of 529,000 from reference 18,
** ' Annual VMT) calculated using a 1lifetime heavy-duty

vehicle VMT of 600,000,

engines.

Bus data taken from Reference 10.

which may even be exceeded by rebuilt
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B. Urban Tfavei Fractions

The EEA report used urban travel fractions (listed as
"UVMTG and UVMTD" in Table A-l) derived from the 1977 TIUS
data. These urban travel fractions were based on the
assumption that trucks operating predominantly in "short range"
and "long range" applications are entirely rural while those
operating predominantly in "local" areas were entirely (100
percent) urban. EEA also examined an alternate assumption that
only 70 percent of all usage was in the predominant usage
category with the other 30 percent being split between the
other two usage categories. 1] EEA found this to have little
effect, so they used the urban travel fractions derived using
the 100 percent asumption. Upon examination, the 70 percent
assumption did appear to have a significant effect for a few
classes. In the example of the weighting procedure presented
below, if 70 percent of a vehicle's VMT occurs in its primary
use category, with the remaining 30 percent distributed between
the other two use categories, the local VMT fraction is 22.2
percent, rather than 13 percent which results from EEA's 100
percent assumption. Acknowledging this, a mid-range assumption
that 85 percent of a vehicle's VMT occurs in its primary use
category, with the remaining 15 percent distributed between the
other two use categories was used for the MOBILE3 urban VMT
fractions. The resulting urban fractions ("UFG" and "UFD" for
gasoline- and diesel-fueled vehicles, respectively) are given
in Table A-2. An example of the weighting procedure |is
presented below.

Local Short Range Long Range

TIUS Primary Use Breakdown '13% 34% 53%
EEA VMT Fractions (100%) 13% 34% 53%
VMT Fractions (70% Assumption) 22.2% 33.6% 44.2%
MOBILE3 VMT Fractions (85%) 17.6% 33.8% 48.6%
.Where:

17.6% = 0.85 x 13% + 0.075 x 34% + 0.075 x 53%
and ‘

22.2% = 0.70 x 13% + 0.15 x 34% + 0.15 x 53%

C. Sales Fractions

The historic sales figures used in the EEA report[l] ("SF"
in Table A-1) were used as a base for the MOBILE3 sales
fractions. The Class II sales -figures were revised to
represent Class IIb sales, as only Class IIb vehicles are
treated as HDVs. Sales figures for buses were taken from the
1981 Transit Fact Book (see Table 8).[10] These sales figures




-16-

were divided by EEA total sales (revised with Class IIb sales
replacing total Class II sales) to derive the sales fractions
listed in Table A-2. : . ’

D. Diesel Fractions and Gasoline Fractions

The  historic diesel sales fractions used in the
VMT-weighting factors ("DF in Table A-l) were those derived by
EEA[1l] from factory sales of U.S. domestic manufacturers and
exports from Canada to the U.S. The gasoline fractions are
simply. 1.0 minus the diesel fraction. These same diesel and
gasoline fractions are also listed in Table A-2, All transit
buses were assumed to be diesel-powered. [10]

IV. Future Class Specific Conversion Factors

Post-1977 class-specific gasoline and diesel conversion
factors (GCF and DCF, see Table A-4) were estimated using 1977
class-specific conversion factors and projected future
non-engine-related fuel economy improvements. Engine-related
fuel economy improvements affect both BSFC and fuel economy
(BSFC decreases as fuel economy increases) and, thus, do not
affect the conversion factor. Future conversion factors are
calculated by dividing the historic conversion factor by 1.0
plus the non-engine-related fuel economy improvement (in terms
of percent) that 1is predicted to occur between the previous
vear and the vear in question. The specific non-engine related
fuel economy improvements are - discussed 1in the following
paragraphs.

A, Future Non-Engine Related Fuel Economy Developments

Several studies of future non-enaine-related fuel economy
improvements were conducted and submitted to EPA for use in
deriving these conversion factors. The data and estimates were
reviewed and that which was substantiated was used here.

The estimates of fuel economy improvements were derived
according to GVW class (Classes IIb-IV or 1light heavy-duty
vehicles (LHDVS) , Classes VI-VIIIa or medium Theavy-duty
vehicles (MHDVs), and Class VIIIb or heavy heavy-duty vehicles
(HHDVs)) as specific improvements will affect each <class
differently. These improvements are all detailed and
referenced in Tables A-5 through A-8, and summarized in
Table 9. Improvements to LHDVs are listed in Table A-6, MHDVs
in Table A-7, and HHDVs in Table A-8. Each area of improvement
is discussed in detail below.
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Table 9

Diesel (Percent Improvement)

-Class 8a

‘Total Non-Engine-Related Fuel Economy Improvements

2.399 2.086

Years ' Class 2b Class 6 Class 7 Class 8b
1 1977-1982 2.891 0.317 0.375 0.407 6.038
1982-1987 0.663 5.018 4,904 4,865 1.677
1987-1992 2.066 0.610 0.544 0.474 1.025
1992-1997 2.399 1.104 1.301 1.353 1.900
Gasoline (Percent Improvement)

Years Class 2b Class 6 Class 7 Class 8a
1977-1982 2.919 2.330 2.130 1.876
1982-1987 0.666 3.512 3.459 3.516
1987-1992 2.061 1.906 1.245 2.766

- 1992-1997 2.840 1.667

Buses

0.375
4.904
0.544
1.301
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1. Weight Reduction

In EEA's report for MVMA,(l] EEA cites that a 500 1b.
weight ‘reduction was reported by Ford and GM for 1light-duty
trucks (LDTs) in 1979-80 for a 6.6 percent fuel economy
improvement. EEA[l] assumed that this same weight reduction
would be made on LHDVs and that a similar fuel economy
improvement would occur on these heavier vehicles. They
estimated that 50 percent of the fleet would experience this
weight reduction in each of the 1977-82 and 1987-91 time
periods for a net 3.3 percent fuel economy improvement for each
time period. There were no accompanying data to verify neither
that these weight reductions occurred on LDTs or LHDVs nor that
the 500 1lb. weight reduction caused a 3.3 percent improvement
on LDTs or LHDVs. The weight reduction figures used for LHDVs
in MOBILE3 are listed in Table A-6.

In general, there is greater incentive to improve LDT fuel
economy compared to LHDV fuel economy because: 1) LDTs are
labeled with EPA-measured fuel economy, and 2) LDTs must comply
with NHTSA-set fuel economy standards. Given the 1lack of
substantiation presented, only the first fuel economy
improvement was acknowledged (3.3 percent in 1979-80).
Additional data in this area could change future projections.
No fuel economy improvements were projected due to weight
reduction for MHDVs or HHDVs, based on 1IHC{l1l6] information
which indicated that weight reduction is not valued highly by
purchasers of these vehicles and, thus, is unlikely to occur.
. Were any weight reduction to occur in MHDVs or HHDVs, it would
likely be offset by an increase in payload, thus there would be
no fuel economy benefit.

2. Rolling Resistance (radials. and advanced radials)

EPA used IHC dataf[l7] from vehicle track tests as the
primary basis for reduced rolling resistance benefits (i.e.,
‘use of radials and advanced radials). Fuel economy
improvements were measured @ over three driving cycles
(city/suburb/highway). EPA used the «city figures as the
average speed of this cycle matched that of EPA's urban driving
cycle. .

The percent fleet penetrations for radials reflect those
used in the EEA reports (reference 15, if applicable, or if
not, reference 1), and were supported by historic-  usage and
cost benefit analysis supplied by IHC. There were a couple of
exceptions to this. ©One, no penetration of advanced radials
was made for LHDVs since the annual mileage of these vehicles
is so low and because production technology for this size tire
would have to be oriented specifically for LHDV use. Two, the



-19-

fuel economy improvement associated with use of advanced
radials on MHDVs estimated by IHC (8 percent) was lowered by 2
percent (in the absence of any supporting data), bhecause their
analagous estimate for HHDVs was 2 percent higher than the data
showed. (IHC focused on a blend of city and suburban driving
rather than on city driving alone.)

3.. Aerodynamics

Aerodynamic improvements for MHDVs and HHDVs are taken
primarily from IHC data for city driving.[17] The penetrations
were taken from EEA, and were supported by historic usage and
cost benefit analysis supplied by IHC.

EEA's[15] LHDV aerodynamic-related fuel economy
improvements were based again on GM and Ford LDT body redesign,
and they assume that these improvements will also be seen on
LHDVs. Only body improvements are specified; no add-ons are
expected for LHDVs. . No evidence was submitted that these
improvements carried over the LHDVs, nor that the fuel economy
improvement was 3.4 percent. There 1is no guarantee that LDT
modifications would make their way to LHDVs. Thus, without
data to support this projection, no fuel economy improvement
could be accepted for LHDVs,.

4. Drivetrain Lubricants

Non-engine~-related drivetrain lubricants are projected to
improve fuel economy by 1.5 percent and to affect the entire
fleet by 1997. All sources confirmed this improvement and both
the availabiltiy and cost/benefit of such lubricants appeared
reasonable. .

5. Fan Drives

The fuel economy improvements resulting from fan drives
‘were also taken from IHC's data.[l7] All sources predicted 100
"percent vehicle penetration of fan drives by 1992 and
historical data supported this trend, so this figure was used
by EPA. The 1982 penetration of- 50 percent represents a
compromise of the two available estimates.

6. Overdrive

LHDVs are. the only vehicles for which overdrive
improvements apply. MHDVs and HHDVs already have overdrive and
have used overdrive to boost fuel economy for years, thus there
is very little room for overdrive improvement to increase fuel
economy for these vehicle classes. LHDVs are now imcorporating
overdrive to increase fuel economy. Manual overdrive
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contributes a 5 percent fuel economy improvement according to
both EEA[1l5] and IHC.([1l6] MOBILE3 uses EEA's percent
penetration, which is confirmed by that of IHC. Automatic
overdrive fuel economy improvements are greater than manual
according to EEA(15] and IHC,([l6] but MOBILE3 uses the dame
percent improvement for manual as for automatic overdrive.
There was not sufficient data to justify EEA's high fuel
economy improvements for automatic overdrive and a 5 percent
improvement for essentially the entire LHDV fleet appeared
reasonable for urban use.

7. Electronic Transmission Control (ETC)

EEA[15) estimated a 6.0 percent fuel economy improvement
for LHDVs due to ETC based on LDT experience. In conversation
with Ford, [l19] they indicated that the driving force behind ETC
was stringent emissions standards and that ETC will not be used
in LHDVs until stringent LHDV (i.e., vehicle-based) emissions
standards are put 1into effect. Therefore, no fuel economy
benefit was projected for LEDVs due to use of ETC.

8. Speed Control

EEA[1] and IHC([1l6] projected similar speed control
improvements with EEA projecting slightly higher percent fleet
penetration. Speed <control applies mainly to 1long range
vehicles and over-the-road usage, however, these vehicles do
accumulate for some of their -mileage in wurban areas (7.5
percent was used for MOBILE3 VMT fractions) and some of this
mileage 1is at fairly constant speeds (e.g., freeway travel).
For this reason, the long range speed control improvements were
acknowledged. Even though fuel economy of local or short range
vehicles would not benefit significantly from speed control
improvements, urban fuel economy would increase some due to the
long range vehicle fraction. EEA and IHC's common percent fuel
economy improvement with EEA's penetration were used here.

B. Application of Non-Engine-Related Fuel Economy
Improvements

The above non-engine-related fuel economy improvements
were applied uniformly across the fleet by EEA.[l] (That is,
local, short-range, and long-range use categories all received
the same improvements and rural and urban fuel economies are
both increased to the same degree. This contradicts the logic
that, in nearly all cases where less than 100 percent of the
fleet is affected, a fuel-saving change or device will be
applied first to those vehicles where it is most cost
effective, which are those vehicles with the highest annual
mileage. Based on the 1977 TIUS, as would be expected, the

long-range vehicles had the higher annual mileages, the
I
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short-range vehicle had the next highest, and the 1local
vehicles the 1lowest. Thus, here these improvements were
applied to long-range (over-the-road) vehicles first,
short-range vehicles second, and local vehicles last.

If the percent fleet affected was less than the percent of
vehicles used for 1long range transport then only long range
vehicles were credited with fuel economy improvements. The
percent of fleet affected had to be greater than both the
combined long range and short range vehicle use fractions in
order to credit any fuel economy improvement to the short range
(local) wvehicles. This method credits most fuel economy
" improvements that affect only a small fraction of the fleet to
long range and short range vehicles, which each only account
for 7.5 percent of the urban travel fractions. The fraction of
each class' vehicles falling in each category was taken from
the 1977 TIUS, as outlined in the EEA report.[l] The overall
effect of a given technology is dependent on the degree that
the technolooy 1is applied throughout the class and on the
breakdown of the class between the wvarious use categories.

After all of the future non-engine-related fuel economy
improvements are calculated for each class and time period,
they are applied to the  historic <c¢lass-specific (1977)
conversion factors to yield future class-specific conversion
factors. Some of the fuel economy improvements discussed had
already penetrated a small portion of the fleet by 1977, and
their increasing benefits were realized 1later as a larger
vercent of the fleet 1incorporated those improvements. This
1977 baseline penetration was subtracted from the 1982
penetration to obtain the net percent improvement from 1977 to
1982. This procedure was repeated for each S5-year interval up
to 1997. These future class-specific conversion factors are
shown in Table 10.

v. FPuture Fleet-Average Conversion Factors

A. Calculation of Post-1977 Fleet-Avefage Conversion
Factors

Post-1977 fleet-average conversion factors (see Table 2)
were calculated using the future GVW class-specific conversion
factors (Table 10) and future VMT-weighting factors (Table 11).
The latter were defined in the same manner as the pre-1978
weighting factors and are described below.

B, Vehicle Miles Travelled

The same gasoline and diesel annual VMTs specified in the
EEA report(l] were used here ("VMTG" and "VMTD", respectively,
ip Table A-4). The previously discussed 45,000 annual VMT per
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Table 10

Post-1977 Class-Specific Conversion Factors (BHP-hr/mi)

Class _1982 1987 1992 1997
Diesel

IIb-IV .970 " .964 .944 .922
VI : - 1.865 1,776 1.765 1.746
VII 2.260 . . 2.154 2.142 2.115
VIIIa 3.002 2.863 2.849 2.811
VIIIb 3.190 3.385 3.106 3.048
Bus 3.989 3.802 3.782 3.733
Gasoline

I1b-1V . 845 . 840 .823 .804
VI 1.536 1.484 1.456 1.427
VII 1.690 1.634 1.613 1.569

VIIIa 2.083 2.012 1.958 1.926
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Table 11

Post-1977 VMT-Weighting Factors

Class 1982 1987 1992 1997
Diesel

IIb-IV 126 .189 .259 .247
VI .026 | .043 .041 .047
VII .106 .234 .209 .209
VIIIa .244 .028 .031 .034
VIIIb .420 .421 393 .394
Bus .078 .086 .072 .070
Gasoline

IIb-IV .882 .825 .830 .845
vi .041 | .046 .046 . 046
VII .074 .124 .121 .109

VIIIa .003 .005 .003 .000
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vehicle for transit buses was used here also. These figures
are’ very similar to the pre-1978 annual VMTs and are again
consistent with EPA's own estimates .of 1lifetime mileage
relationships between the various classes.

cC. Urban Travel Practions

As was done with respect to the pre-1978 urban travel
fractions, the urban travel fractions were modified using the
TIUS vehicle use pattern and the 85/7.5/7.5 breakdown between
usage categories. Here, a second change was made as well to
take into account the dieselization of the fleet.

As the diesel engine 1is essentially a fuel-saving
technology, 1like those discussed in the previous section,
future dieselization is  Dbasically applied to long-range
vehicles first. However, a slight deviation was made here from
the strict long-range, then short-range, then local approach.
The 1977 TIUS measured dieselization by class and use category
and some diesels were used in short-range and local applicatons
before all 1long-range applications were dieselized. Thus,
further dieselization was assumed to occur according to the
1977 1long-range/short-range/local diesel breakdown until all
long-range applications were dieselized. After that, diesels
were added according to the 1977 short-range/local diesel
breakdown. The class-wide (gasoline and diesel) urban travel
fractions were held constant using historical values, but the
individual gasoline and diesel - urban fractions changed from
year to year depending on the degree of dieselization. The
gasoline and diesel urban travel fractions used in MOBILE3 are
listed in Table A-4 (UFG and UFD).

D. Diesel Sales Fractions

The diesel penétration (or diesel sales fractions) used
here were taken directly from EEA's report.[1] These diesel
penetrations are somewhat lower than earlier EPA projections.
However, this 1is reasonable given that projections of fuel
availability and price are more optimistic now than they were
2-3 years ago. Also, the figures do closely match information
presented to EPA during recent heavy-duty engine rulemaking
actions. The gasoline fractions are simply one minus the
diesel fractions. These fractions are also listed in Table A-4
("DF") .

E. Sales Fractions

The breakdown of heavy-duty sales between the various
classes (sales fractions) used here for post-1977 ("SF" in-
Table A-4) are based on those contained in the EEA report.([l]



-25-

Bus sales (not addressed by EEA) were derived by increasing an
average historic annual sales fiqure from the 1981 Transit Fact
Book by approximately ten percent over each 5-year period to
represent. projected sales growth, These class-specific sales
(shown in Table 12) were divided by total sales to get the
sales fractions ("SF" in Table A-4).




=26 -

Table 12

Post-1977 HDV Sales Volume (gasoline and diesel)

Light . Medium Heavy
Year IIB-1IV \Y VI VII VIIIa VIIIa Buses
i982 305,000 1,333 23,099 53,248 6,350 64,180 5,000
1987 428,000 - 35,000 1,210,000 10,000 115,000 5,500
1992 450,000 - 37,000 130,000 13,000 140,000 6,000
1997 470,000 - 41,600 " 135,000 14,00 150,000 6,500

Taken from Reference 1,

except for buses.
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VI. Summary of Results

The fleet-average emission conversion factors (in units of
BEP-hr/mi) wused in MOBILE3 are 1listed in Tables 1 and 2.
MOBILE3 pre-1978 class-specific conversion factors are listed
in Table A-3. The non-engine-related fuel economy improvements
detailed in Tables A-5 through A-9, and summarized in Table 9,
were applied to the 1977 class-specific conversion factors to
develop the post-1977 class-specific conversion factors listed
"in Table 10. The past and future class-specific conversion
factors were weighted by urban vehicle miles travelled to
calculate the fleet average conversion factors. The weighting
factors used are detailed in Tables A-1 through A-4 and Table
A-6. TFigures 3 and 4 illustrate the comparison between MOBILE3
and EEA {11, historic and future gasoline and diesel fleet
average conversion factors.

The projected future fleet-average conversion factors show
a steady decrease as time goes on, due to increased fuel
economy. Diesel conversion factors decrease more rapidly than
gasoline conversion factors. MOBILE3 conversion factors are
higher than those projected by EEA for three primary reasons.
One, EEA 1included Class 1IIa vehicles 1in their pre-1978
analysis, which 1s inappropriate since these vehicles are
treated as light-duty trucks in MOBILE3. Two, the MOBILE3
urban YMT fractions for the heaviest diesel classes are larger
than those of EEA, due to an attempt to more reasonably
extrapolate urban VMT from primary truck usage (local, short
range, and long range). Three, EEA estimates somewhat greater
fuel economy improvements and applies these fuel economy
improvements equally to 1local, short-range, and 1long-range
vehicles. In MOBRILE3Z3, the - somewhat lower fuel econonmy
improvements are applied to 1long-range vehicles first, then
short-range, and then local. This lowers the impact of the
fuel economy improvements since long-range vehicle usage only
comprises a small fraction of urban VMT.
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VII. Recommendations

. The  future gasoline and diesel conversion factors
presented here are based on estimates and projections. There
are several areas where the present degree of uncertainty is
fairly high and where further data could significantly improve
the accuracy of the results.

The most important area of concern is fuel economy. Better
documented data on current urban fuel economy is needed, since
the TIUS only addresses nationwide fuel economy and the
accuracy of the submittals by surveyees is unknown. Equally
important is the need for further information on the effects of
future technology on urban fuel economy improvements. This is.
the main factor 1in projecting future conversion factors,
assuming fuel density will not change significantly in the next
25 years. The urban fuel economy impact of technological
developments in areas such as radial tires, 1lubrication,
aerodynamic drag reduction, and speed control are not well
known and the penetration of these technologies into the
heavy-duty vehicle market is quite dependent on future £fuel
prices and manufacturers' marketing strategies. Any new data
in these areas will be very wuseful in improving future
projections of the emission conversion factors.

A second important area for further study is the estimation of
the urban VMT fraction for the various classes of heavy-duty
vehicles. Again, the TIUS only vields a surrogate for urban
VMT fraction and more accurate estimates could be quite
different.
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Appendix



CLASS

YEAR

VMTG

VMTD

UVMTG -

UVMTD
MPGG
MPGD

BSFCG
BSFCG

SF
DF
GF

UFG
UFD
" GCF

DCF

GCFD
GCFN
DCFN
RCFN

TEG

34 .

Definitions of Headings for Appendices

Class of heavy-duty vehicle that data applies to.
Year data applies to.

Gasoline annual vehicle miles travelled per vehicle.
Diesel annual vehicle miles travelled per vehicle.
Urban fraction of gasoline vehicles miles travelled.
Urban fraction of diesel vehicles miles travelled.
Miles per gallon for gasoline fueled vehicles.

Miles per gallon for diesel fueled vehicles.

Gasoline fueled vehicle's brake specific fuel
consumption (lb/BHP-hr).

Diesel fueled vehicle's brake specific fuel
consumption (lb/BHP-hr).

Sales fraction.
Diesel fraction of sales.
Gasoline fraction of sales.

Urban fraction of gasoline vehicle miles travelled,
same as UVMTG.

Urban fraction of diesel vehicle miles travelled,
same as UVMTD.

Gasoline conversion factor, class specific

Diesel conversion factor, class specific (BHP-hr/mi).

Gasoline conversion factor - denominator (product of

VMTG, SF and GF).

Gasoline conversion factor - numerator (product of
GCFD and GCF). :

Diesel chversion factor - denominator (product of
VMTD, UFD, SF and DF).

Diesel conversion factor - numerator (product of
DCFD and DCF).

Percent divided by 100 of fuel economy improvement

over ©previous vyear listed for gasoline fueled
vehicles.
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TED " pPercent divided by 100 of _fuel economy improvement
- over previous year listed for diesel fueled vehicles.
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Table A-4

MOBILE3 Post-1977 Input Data

CLASS  v2 vMle  VMTu UFG UFOD sF U
1977 11614 llole 690 63U .419% 04000

71982 11614 lliols .68/ ,033 566 0.102
1947 lilols llole ,697. ,033 ,6U0 0.¢250
1992 11616 . 1llols 703 .033 58U 0.300
1997 llmis llole J71lvu 033 .,5/76 0.300
L1977 91754 22108 66U 420 249 0,100
1982 Yfse LIL1S soB7 o2+l ,050 0,377
L9HT 9734 ldBéo /a3 9492 049 (ewdl
1932 9754 188c6 /79 456 ,043 0,500
1997 9756 18243 029 473 ,09%0 V.990
L9777 112e¢3 25883 030 L3377 L0559 0.578
1982 112¢3 23097 581 335 ,116 Ueda0
1987 112¢3 25¢50 723 .387 .,168 0.0ul
1962 112¢3 24636 ,135 ,392 ,168 0,620
1997 112¢3 23488 779 4396 ,lon 0,7U0
1987 135560 27037 850 359 ,014 O.B8/75
1992 19960 264393 850 L3960 L0177 0.94l
1997 15500 25779 8395V d39¢ L0117 le00v

OLLOLEPOWITXENNNN~NOCOCTOCOTTNNNNNNIY

1977 0 625V0 u0U L1700 ,241 1.V00
1902 0 bZovu sV 0170 .140 l.UUQ
1987 U 62500 LU0U L1756 .lel 1.000
1992 0 625UU0 JUUU  L1l75 140 1l.000
1997 g 62alu OUOU 0176 cld‘ IOUUO
10 L9977 0 “5uu0 U0V 1400U JUU& leUUu
10 1942 0 45uud «v00 1.u00 011 14000
10 l9ys7 0 @5uvy «u0V l.u0U L0OQ™ ledu0
10 1va? U 45000 +U0U l.u0Uu V03 1,000
1vu 1y97 U @95U00 90U 1e¥0U 00 1evwuU
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Table A-5

_ Abbreviations for Referencing
Future Non-Engine Related Fuel Economy Improvements

EEA = Energy and Environmental Analysis, due.
(contracted by MVMA)

IHC = International Harvester Corporation

GM = General Motors

ORNL = Oak Ridge National Laboratory (ORNL/TM-8843,
Roberts and Greeve)

MOBILE3 = Estimates used in MOBILE3

(%] = Referenced source of estimate



Table A-6

Class IIB-IV--Light Heavy-Duty Vehicles
Future Non-Engine Related Fuel Economy Improvements

Weight Reduction

. % Penetration (cumulative)

Source $ Imprv. - 1877 1982 1287 1992 1997
EEA [1] 6.6 0 50 50 100 100
f15] 6.6 based on LDTs, no data to justify historical

or future EEA weight decrease.

MOBILE3 6.6 0 50 50 50 50

Radials & Advanced Radials

] $ Penetration {(cumulative)
Source $ Imprv. 1977 1982 1987 1992 1997

EEA [1] 4.0 (radial) 35 47.5 60 72.5 85
EEA [1] . 8.0 (adv.rad) © 12.5 25.0 37.5 50
IHC [17] 1.4/2.0/2.5 (radial) (city/suburb/hwy)

MOBILE3 1.4 (radial) 35 | 55 70 80 S0
MOBILE3 0.0 (adv. rad)

Aerddynamics (add-on) None

Aerodynamics (body)

$ Penetration (cumulative)

Source ¢ Imprv. 1977 1982 1987 1992 1997
“EEA [1] . 3.4 0 50 50 . 100 100
MOBILE3 0

Drivetrain Lubricants

% Penetration (cumulative)

Source $ Imprv. 1577 1982 1987 1992 1997
EEA [1] 1.5 0 0 33.3 66.7 100
MOBILE3 1.5 0 0 33.3 66.7 100

Accessbries (None)




Table A-6

Class IIB-1IV--Light Heavy-Duty Vehicles
Future Non-Engine Related Fuel Economy Improvements

Weight Reduction

¢ Penetration (cumulative)

Source $ Imprv. 1977 1982 1987 1992 1997
EEA [1] 6.6 - 0 50 50 100 160"
(15] 6.6 based on LDTs, no data to justify historical

or future EEA weight decrease.

MOBILE3 6.6 0 50 50 50 50

Radials & Advanced Radials

$ Penetration (cumulative)

Source $ Imprv. 1977 1982 1987 1992 1997
EEA [1] 4.0 (radial) 35 47.5 60 72.5 85
EEA [1] 8.0 (adv.rad) O 12.5  25.0  37.5 50
IHC [17] 1.4/2.0/2.5 (radial) (city/suburb/hwy)

MdBILE3 1.4 (radial) 35 55 70 80 90
MOBILE3 0.0 (adv. rad)

Aerodynamics (add-on) None

Aerodynamics (body)

% Penetration (cumulative)

Source 2 Imprv. ‘ 1977 1982 1987 1992 1997
EEA [1] 3.4 0 50 50 100 100
"MOBILE3 0

Drivetrain Lubricants

$ Penetration (cumulative) .
Source % Imprv. 1977 1982 1987 1992 1997

EEA [1] 1.5 0 0 33.3 66.7 100
MOBILE3 1.5 0 0 33.3 66.7 100

Accessories (None)




Table A-6 (cont'Qd)

Class IIB-IV--Light Heavy-Duty Vehicles (ccnt'd)
Future Non-Engine Related Fuel Economy Improvements

Automatic Overdrive

$ Penetration (cumulative)

Source % Imprv. 1977 1982 1987 1992 1997

EEA [1] 9.6 o Q,_ 16.7 33.3 50.0
[15] 10.0 |

MOBILE3 5.0 0 0 16 32 48

Manual Overdrive

$ Penetration (cumulative)

Source $ Imprv. 1977 1982 1987 1992 1997
EEA [1] 5.0 0 10 20 30 40

(15] 5.0 0 12.5 25 37.5 50
MOBILE3 5.0 0] 10 20 30 40
ETC.

% Penetration (cumulative)

Source $ Imprv. 1977 . 1982 1987 1992 1997
EEA [1] 6.0 0 0 0 25 50

MOBILE3 0.0



Table A-7

Class VI-VIIIa--Medium Heavy-Duty Vehicles
Future Non-Engine Related Fuel Economy Improvements

Weight Reduction (none)

Radials

$ Penetration (cumulative)
Source $ Imprv. 1977 1982 1987 1992 1997
EEA [1] 4 6 13.5 13.5 6 0
IHC [16] 6

IKC [17] 3.2/4.9/5.3 (city/suburb/hwy)

ORNL [18] 10.6 50 (max. penetration)
GM [13] 3-5/4-8/5-9

MOBILE3 3.2 ' 7 14 14 7 0

Advanced Radials

$ Penetration (cumulative)

Source % Imprv. 1977 1982 1987 1992 1997
EéA (1] 8 ’ 0 0 6.25 15 30
IKC [16] 8 0 0 0 6 14.75
MOBILE3 6.0 0 0 6 15 30
Aerodynamics (body) =~ none

Aerodynamics (add-on)

% Penetration {(cumulative)

Source % Imprv. ‘ 1977 ©1982 1987 1992 1997
 EEA [1)] 6 3 6.3 - 8.3 11.3 16.3
EEA (15] 6 3 A 18

IHC [16)] 4.8 3 5 7 13 - 23

IHC [17] 2.5/6.8/12.3 (city/suburb/hwy)
GM [13] 1.1

MOBILE3 2.5 3 5 7 13 20



Table A-7 (cont'd)

Class VI-VIIla--Medium Heavy-Duty Vehicles (cont'd)
Future Non-Engine Related Fuel Economy Improvements

Drivetrain Lubricants

$ Penetration (cumulative)

Source £ Imprv. 1977 1982 1987 1992 1997
EEA [1] 1.5 0o 33 67 100
IHC [16] 3.0 0 0 12.5 50 100
IHC [17] 1.5

MOBILE3 1.5 ‘o0 o 33 67 100

Fan Drives

% Penetration (cumulative)

Source 2 Imprv. 1977 1982 1987 1992 1997
EEA [1] 4.0 18.0 73 100 100 100
IHC [1l6] 4.0 0.0 15.0 80 100 100
IHC [17] 5.3/5.1/4.2 (city/suburb/hwy)

ORNL [18] 16.0 lOO% maximum penetration
MOBILE3 5.3 18 50 100 100 100

Speed Control

$ Penetration (cumulative)

Source $ Imprv. 1977 1982 1987 1992 1997
EEA [1] 6.0 o 5 6.7 10 15
IHC [16] 6.0 0 0 2 5 10

MOBILE3 6.0 0 -0 5 10 15



Table A-8

Class VIIIb--Eeavy Heavy-Duty Vehicles

Future Non-kEngine Related Fuel Economy Improvements

Weight Reduction (none)

Radials

Source $ Imprv.
EEA [1] 6.0
EEA [15] 6.0
IHC [16] 8.4

IHC [17] 6.8/10.8/9.9
ORNL [18]

GM [13] 3-5/4-8/5-9
GM [13] 6.4
MOBILE3 | 6.8

Advanced Radials

Source . 2 Imprv.
EEA [1] 12.0
IHC [16] 12.4

IHC [(17] 10.2/15.0/13.8

MOBILE3 10.2

% Penetration (cumulative)

1977 1982 1987 1992 1997
26 65 45 20 0.
26 70 max. penetration

- 50 50 25 0
(city/suburb/hwy)

100 percent max. penetration

100 percent max. penetration
25 65 45 20 0

$ Penetration (cumulative)
1977 1982 1987 1992 1997
0 1.7 25 50 70
o 1.5 31.5 56.5 81.5
(city/suburb/hwy)
0 1.7 25 50 70



Table A-8 (cont'd)

Class VIIIb--Heavy Heavy-Duty Vehicles (cont'd)

Future Non-Engine Related Fuel Economy Improvements

Aerodynamics (body) - none

Aerodynamics (add-on)

Source % Imprv.
EEA [1] 6.0
EEA [15] 6.0
IHC [16] 5

IHC [17] 2.4/6.7/10.9

GM [13] 4.3-9
ORNL [18]
MOBILES3 2.5

Drivetrain Lubricants

% Penetration (cumulative)

1977 1982 1987 1992 1997

Source $ Imprv.
EEA [1] 1.5
IHC [1l6] 3.0
(171 1.5
MOBILE3 1.5

Fan Drives

:‘Source % Imprv.
EEA [1] 6.0
EEA [15] 4.0
IHC [16] 6.0

IHC [17] 6.8/6.7/6.9
ORNL (18]

MOBILE3 6.8

10 22 34 48 60

58 (maximum penetration)

10 17.5 60 60 60
(city/suburb/hwy)

11.2 24.4 50 max. penetration
10 22 34 48 58

% Penetration (cumulative)

1977 1982 1987 1992 1997
0 _ 0 33 67 100)
0] 0 12.5 50 100

100 (maximum penetration)

0 o 33 67 100

$ Penetration (cumulative)

1977 1982 1987 1992 1997
45 98 100 100 100
48 48 48 48 48

- 98 100 100 100

(city/suburb/hwy)

47.7 100 (maximum penetration)

48 98 100 100 100



Table A-8 {(cont'd)

Class VIIIb--Heavy Heavy-Duty Vehicles (cont'd)
Future Non-Engine Related Fuel Economy Improvements

Speed Control

$ Penetration (cumulative)

Source ¥ Imprv. 1977 1982 1987 1992 1997
EEA [1] 5.0 8 - 6 - 18 30 50
IHC [16] 5.0 - - 12 24 44
MOBILE3 5.0 8 8 16 30 50



Table A-9

EEA Post-1977 input Data

CLASS YEAR VMG vnTD UVATS yuntn TEC T 5F oF CF
CIR:3 1779 t1s14 11514 h.7% .09 8.998¢ 8.408a .%ac : i 1.PRda
nibs4 1530 11414 11414 8.79 8,739 8.87%3 v .6863¢ 3.2735 32?212 9.335c4
C.B34 1998 1is14 11614 8.7% 8.77 8.1019 9.1919 9.%544 @.3836 3.7088
(iR 1997 114614 11614 8.79 8.79 d.3319 8.44143 6.%8a2 A.3889 9.78e9
T.B24 - P 11414 11s14 .79 8.79 9.0419 8.7413 8.5 az 3. 3008 é.76689
L 1979 997) 979 8.73 4.90 9.9693 ¢.4G6a9 ?.0847 2.4008 1.8008
CEds 1982 9379 9979 2.73 0,99 8.6274 9.9342 5.8929 9.9¢60 1.0090
Leves 1987 9979 7979 é.94 8.R4 A.9454 3.8%7a 8.%ang 8.8989 1.5009
Ceghs 197 3979 79 ¥.989 8.99 0.2449 8.8%%8 ¢.5088@ A.90d% 1.6300
S 1977 1977 379 .99 - 3.3 8.8440 3.9%%g #.200¢ 8.0008 1.00090
LPBeS P-T Y977 I¥7? 8.69 6.00 '3.8449 a.A5% 8.08080 8.0066 1.9848
LERRG 1979 7733 ] 2.7% a.% 9.00089 8.084a9 #.193¢ 8,170 8.3288
13gvh 1l 374 3.7% d.4% 3.4274 0.3342 2.8514 8.3779 9.6228
- TRETS 1757 Y | L é.55 2.8454 6.8%7d W.3394 3.4:08 3.%5789
SET-ES IRE 478 .75 .66 8.9%63 8.9340 A.04g1 8.%5089 2.5999
L AL 195° y7.5 a,7% 9.67 B3.9443 3,.2%%3 I L TN 2.5504 9.4%00
LpYEe Loni 173 v.is 2.57 3.5449 d4.8%5%a 8.8564 0.%5e0 9.458@
AR 7 1'/7y lic. BTl 6. 57 @, Aved 3. HEAR H,8%59S AL a0eg $.4099
CHan7 1554 1100 4,71 3,39 3.8.74 8.934, #1179 5.5508 9.4289
ErEY 1207 Voo ; w7 v.4d B, 34%4 B.RS7R 2.167S A.LOB8 - §.4000
L7 LAV b YRS ! a7 d.41 8.8343 f.84L9 #.1628 8.656¢ - @,.3%99
AR/ 175! | I R 27 H.71 3.43 9.8449 #.45%9 8.1647 $.7084 9.2¢a9
LAKE7 el 1ol L3453 .71 3.43 .044¢9 8.95%9 B8.1547 g.7849 9. 3899
a0l 1979 1458 27959 B#.71 8.37 8,088 6.8884 8.8215% 38,7789 8.2.300
CRs 1y&s 105599 ML X0 a.71 .41 #.8274 8.9342 f.0144 3.6379 e.1119
Lestl 1757 1.5 637 8.7t g.41 8.043%% 8.8578 9.9141 8.07%@ 8.12%8
CdE.] 1YY 1o2%A PSR a.71 .42 0.98348 3.8348 #.8159 8.9411 8.9589
LASG ] 1997 1T 15779 9.71 8.43 3.8448 9.8554 a,8173 1.8944 8.8463
LI Lnal [P 15777 4.7 B.473 9.0449 8.9%559 g.0173 1.8909 @.9090
1979 “ 3R d.9@ #.13 9.0099 #.0040 d.i159 1.80089 #.88a8
178¢ ¢ ALSAH .60 4.13 0.4009 @.a%72 9.1415% 1.9000 9.08¢0
1va7 o L1588 a. oM #.13 9.2000 3.83%@ B.1624 1.6089 9.5886
173¢ o ALSAR .98 A3 ©.0609 2.8744 3.1813 1.8899 9.8309
17377 v LAY €. A1z 6. 8088 f.6558 #.13%2 1.6600 A, pdg0a
l962 ] A LS ¥ .99 3.13 A, oeee B.05%u 3,1552 1.80d¢ ¢. 6004



