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Preface

This report supercedes a November 30, 1988 report entitled "Potential
Emissions and Air Quality Effects of Alternative Fuels". 1In addition
to minor editorial changes, the November 30 report has been
supplemented with information regarding the use of alternative fuels
in heavy-duty engines and vehicles. An additional reference has also
been incorporated regarding the information presented in the earlier
report on the presence of non-methane hydrocarbons in the exhaust of
engines using pure methanol (M100) fuel.

The "CMU Study" referenced in this report, refers to work published
by Carnegie-Mellon University in August of 1988. Since then, a
variety of changes to CMU's air quality modeling of methanol vehicle
use have apparently been made. In considering this report in the
context of any CMU work products, it should be noted that the only
detailed information available to the authors was that published by
CMU as of August 1988.
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1. SUMMARY

An analysis of available information on the emission characteristics
and development status of alternatively-fueled vehicles indicates

that:

(O]

Methanol offers no clear advantage over gasoline in reducing
vehicle emission levels. Projections of significant air
quality benefits for methanol have been based on overly
optimistic assumptions regarding the ability to control
reactive organic emissions and oxides of nitrogen (NOx)
emissions from methanol combustion. Gasoline vehicles have
already been certified at the emission levels projected for
the use of "advanced technology" under a recent ARB-sponsored
study by Carnegie Mellon University (CMU). In contrast, no
methanol vehicle has ever demonstrated the level of emissions
control assumed in the CMU study. Continued refinement of
control technology should allow gasoline to retain its current
advantage.

The emission characteristics of natural gas compare favorably
to gasoline, but the relatively low energy density and
refueling time requirements of natural gas are a disadvantage
in many light-duty vehicle applications. Natural gas appears
to be a more promising alternative for transit buses and other
vehicle fleets that use centralized fueling facilities (e.g.,
garbage trucks, certain delivery trucks, etc.).

Liquified petroleum gas (LPG) provides some of the air quality
advantages of natural gas with significantly higher energy
density. However, the potential emission control benefits of
LPG over gasoline are less than with natural gas.

Methanol-fueled engines have lower particulate emissions than
Diesel-fueled engines without traps, and some methanol-fueled
engines also have lower NOx. However, catalytic control
appears necessary to prevent increased emissions of
formaldehyde compared to Diesel engines. Gasoline and
compressed natural gas have at least as much potential to
minimize emissions from heavy-duty vehicles. In addition,
further development of particulate trap technology may allow
Diesel-fueled vehicles to achieve particulate emissions
comparable to methanol-fueled vehicles.

It has long been recognized that the organic compound emissions in the
exhaust of methanol-fueled vehicles are less reactive than the organic
emissions in the exhaust of gasoline-fueled vehicles. As a result, a
number of air quality modeling studies have concluded that ozone
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levels could be reduced by “Onwartiﬂg the motor vehicle fleet to
methanol fuel. However, these studies have typiczally been hased on
the erronecus assumption that the oxi of nitrogen {NOx) emissions
from methanol-fueled vehicles would be the same as from gasoline-
fueled vehicles and that there would be no hydrocarbon emissions.
Under this assumption, the |

lower reactivity of methanol vehicle
exhaust results In reduced oczoune gemeration, if one also assumes that
formaldehyde emissions can be contro lud adequately. In spite of
these commonly used 13, gasoline-fueled wehicles are capable
of achieving essentially equiwalwn reactive organic emission levels
and substantiaily lower oxides of nitrogen emissions.

Research and development e for?s to dete indicate that methanol-fueled
vehicles have not achieved organic and NOx emissions as low as
gasoline-fueled vehicles whmn e7u pped with comparable levels of

7
emission control technclogy. 2rra could not identify one single
test of a methanol prototype that zchieved the emisiicn levels assumed
to be possible under the recent (MU modeling study?® of the air

quality implications of methanel fuel utilization. In contrast, the
test results from the late-model gasoline cars indicate that there are
dozens of gascline-fueled vehicles that are already certified at the
lowest emission levels assumed gasoline-fueled wvehicles in the CMU
study.

At the current state of emissions control technology development,
gasoline-fueled vehicles have achieved more than 50% lower NOx
emissions and equivalent or lower hydrocarbon emissions {computed as
recommended by EPA), compared to methanol-fueled wehicles. This is
illustrated in Figure 1, which shows the 50,000 mile certification
test results for gasoline wehicles compared teo methancl wvehicles after
several thousand miles of cataly oi] OT:

The top portion of Figure 1 lustrates the significant difference in
demonstrated NOx emission control between methancl and gasoline-fueled
vehicles. The best low mileage test results on the methanol
prototypes that have been tested by ARB? have NOx emissions
significantly higher than the best of the currently certified gascline
vehicles.® All popular Wa?UE‘CtUTBIS have demonstrated the capability
to achieve NOx emissions below 0. /mi, In contrast, none of the
methanol prototypes tested by ﬂﬂb have been below 0.3 g/mi, and most
are above the 0.4 g/mi standard.

The fact that the methanol wvehicles currently under test are
"prototypes” should not be considered a disadvantage. Hand-built,
carefully maintained prototype vehicles generally perform better than
mass-produced vehicles. Figure 1 also shows data for a prototype
gasoline vehicle under development by Ford during 1975. At
approximately the same mileage as the methanol vehicles shown in the
figure, Ford was achieving 0.17 g/mi NOx.4 After 13 years of gasoline
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Figure 1

A Comparison of
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emissions control system development, production vehicles are finally
achieving the levels demenstrated with low-mileage prototype vehicles.

For methanol vehicles, the "hydroczrbon” emissions plotted in the
bottom portion of Figure L are based on the EPA method, which includes
only about half of the weight of the methanol and formaldehyde emitted
by methanol-fueled vehicles (by subtracting the oxygen content of the
organic emissions). As the figure shows, the low mileage
"hydrocarbon” emissions cf the methanol prototypes tested by the
California Air Resources Board are generally slightly higher than the
non-methane hydrocarbon (NMHC) emissions of the best gasoline models
that have already been certified at 50,000 miles. Figure 1 also
indicates that HC levels of 0.16 g/mi were being achieved with
prototype gasoline vehicles 13 years ago.*

It should be noted that a significant fraction of the total organic
emissions computed bv the EPA method is unburned methancl, with
relatively low photochemical reactivity. Because of this lower
reactivity, methanol vehicles may be able to have higher total organic
emissions and still have raduced contribution to ozone formation.
However, available test results indicate that combined tectal of the
more highly reactive non-methane hydrocarbon and formaldehyde
emissions from methanol vehicles are about as large as the non-methane
hydrocarbons from the best of the current technology gascline
vehicles.

Ford has recently reported that non-oxygenated organic compounds
(hydrocarbons) from both M85 (85% methanol/15% gasoline} and M100
(100% methancl) fuels are in the range of 0.25 g/mi.® This is in the
same range as the hydrocarbon emissions from conventional gascline
vehicles. The fact that hydrocarbon emissions are emitted during the
combustion of M100 has recently confirmed in research

Corporation.??

Hydrocarbon emissions from vehicles using mixtures of methancl and
gasoline (e.g., "MB85") have besn a recognized source of concerm.
However, it has generally been assumed that hydrocarbons would be
essentially eliminated when pure methanol is used. Two factors have
contributed to the creation of the misimpression that hydrocarbon
emissions are of no concern witch M100. First, most testing of
methanol-fueled vehicles has been done using instrumentation that is
incapable of accurately measuring hydrocarbon emissions. For example,
all test results thus far published by EPA have been based on a
procedure under which hydrocarbon emissions are estimated and not
directly measured. Second, many of the published data regarding
emissions from methanol-fueled vehicles reflect tests of vehicles with
very low-mileage ("green") catalysts. Until about 4,000 miles have
been accumulated, the performance of the catalyst-equipped vehicles
does not reflect the level of control that can be expected in customer
service.

In addition to the fact that emissions cf aydrocarbons continue to
occur on M100 fuel, methanol vehicles emit substantially more



formaldehyde than do gasoline vehicles. Ford has reported pre-
catalyst formaldehyde emission levels of 0.65 grams per mile (g/mi) on
M100 fuel. This is nearly half of the pre-catalyst non-methane
hydrocarbon emissions emitted by late-model gasoline engines.®’ 7 As
illustrated in Figure 2, at this level of formaldehyde emissions,

99 .5% catalyst efficiency would be required to achieve the
formaldehyde emission levels that were assumed for M100 vehicles in
the recent Carnegie Mellon University study. The unrealistic 3 mg/mi
level of formaldehyde emissions for M100 vehicles assumed in the CMU
study is lower than would be expected from catalyst-equipped gasoline
vehicles that emit up to ten times less "pre-catalyst” formaldehyde.
According to a recent Ford technical paper® discussing methanol-fueled
vehicles:

"It does not appear possible that formaldehyde levels can be
controlled to the level of gasoline vehicles. It is simply
expecting too much to believe that a catalyst can maintain such
high levels of efficiency for 50,000 miles."

As with hydrocarbon emissions, formaldehyde emissions reported for
methanol are often based on low-mileage test results that do not
represent the expected performance of vehicles with stabilized
catalytic converter efficiency.

Figure 2
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Using the most accurate and representative test data, it is apparent
that methanol is not an inherently "clean" fuel. As with gasoline-
powered vehicles, the control of emissions from methanol-fueled
vehicles is critically dependent on the use of highly effective
catalytic contrel systems and proper wvehicle maintenance. In fact, it
is possible that methanol vehicles would be more sensitive to proper
maintenance than gasoline vehicles. Injector fouling and cold
starting difficulties with methanol prototypes have been common
problems. Although engineering improvements are being made, starting
difficulties could eventually affect the reliability of methanol-
fueled vehicles in customer service.

Low mileage test results for several prototype methancl vehicles have
demonstrated very low hydrocarbon emissions relative to the current
certification standards. These test results have generated
considerable excitement about the prospects for methanol fuel to
contribute to reduced air pollution levels. However, careful analysis
of the data indicates that the lowest demomstrated emissicn levels
with methanol are alwavs associated with advanced catalytic control
systems that would be equally effective when installed on gasoline
vehicles. Our analysis indicates that the most optimistic assumptions
for methanol-fueled vehicles that can be supported technically show
methanol to have a slight hydrocarbon emissions advantage and a
significant disadvantage for NOx emissions.

There could be some reduction in evapcrative emissions associated with
methanol use (especially if it is M100). However, evaporative
emissions could also be higher if motorists are able to switch back
and forth between gasoline and methanol with "fuel flexible

vehicles". Refueling emissions ccould be significantly increased for
M85 vehicles because almost double the volume of fuel is required for
equivalent driving distance.

The estimated emissions characteristics for methanol-fueled vehicles
assumed in the recently completed study which CMU conducted for the
ARB were not consistent with the available data base. For example,
the CMU study was based on ARB’s assumption that M100 vehicles would
emit zero non-methane hydrocarbons. 1In addition, one of the scenarios
modelled by CMU used ARB's assumption that the formaldehyde emissions
of M100 passenger cars could be controlled to 3 mg/mi in customer
service, more than 90% below the level of formaldehyde control being
achieved with perfectly maintained prototype vehicles. Contrary to
the data showing consistently higher NOx emissions, the CMU study is
also based on the assumption that NOx emissions from methanol-fueled
vehicles are just as low as from advanced technology gasoline-fueled
vehicles.

In addition to the emission reductions assumed for the use of methanol
in light-duty vehicles, the CMU study was based on similarly
optimistic assumptions regarding the emissions from methanol-fueled
heavy-duty trucks. It also appears as though an assumption was made
that interstate trucks would be using methanol fuel. Despite the many
years of lead time required to design, develop and certify methanol-
fueled motor vehicles, the CMU study is based on the unrealistic



assumption that all new motor vehicles will be capable of using
methanol beginning with the 1990 model year.

The CMU study is also based on the assumption that all refineries in
Southern California will be shut down if motor vehicles are converted
to methanol fuel (even though it might still be economical to operate
the refineries to produce jet fuel, aviation gasoline, fuel oils, lube
oils, and petrochemicals, as well as gasoline and Diesel fuel for use
elsewhere in California, Arizona, Nevada, Oregon, Washington, and
other states and countries.) In addition, the CMU study is based on
the assumption that off-road vehicles (for which the economies of
scale would make methanol conversion very expensive) will begin using
methanol fuel in the immediate future. For one scenario, CMU also
used the assumption that many statiomary sources would achieve
significant NOx emission reductions through the use of methanol.

In summary, Sierra concluded that the following changes were necessary
to the unrealistic set of assumptions used in the CMU study:

1. The earliest feasible date for the widespread introduction
of methanol vehicles was assumed to be 1995 instead of 1990.

2. Instead of zero, methanol vehicle NMHC emissions were
assumed to be 50% lower than "advanced technology" gasoline
vehicle emissions.

3. Consistent with the available data base, methanol vehicle
NOx emission factors were set at twice the levels projected
for advanced technology gasoline vehicles. Methanol/Diesel
vehicles were assumed to have NOx emissions equivalent to
those of advanced technology conventionally fueled vehicles
(wvhere gasoline engines can be used).

4. Off-road vehicles were not assumed to achieve emission
reductions as a result of conversion to methanol for the
foreseeable future.

5. Refineries were projected to continue in operation
regardless of whether methanol fuel is introduced.

6. Other stationary sources were not assumed to achieve
emission reductions as a result of conversion to methanol.

By correcting the completely unrealistic emission factors used by CMU,
Sierra has made substantially different projections of the effects of
methanol fuel use. The effects of these different emission forecasts
are illustrated in Figure 3. As the figure shows, Sierra projects
that there would be no change in the ozone precursors (HC plus NOx)
associated with a shift to either 85% methanol/15% gasoline (M85) or
M100 fuel. Total hydrocarbon emissions are projected to be slightly
lower with methanol fuel, but NOx emissions are projected to be
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higher. In contrast, the assumptions used by CMU lead to the
conclusion that NOx plus HC emissions would be reduced by as much as
25%.

Based on Sierra’s analysis of the available data base, the benefits
claimed for methanol fuel are based on unsupportable assumptions
regarding the emissions from methanol vehicles in customer service.
Therefore, the case has not been made that a substantial investment 1In
the state’s limited resources to switch to methanol for air pollution
control purposes would be effective in improving air qualicy.

The potential for air quality improvement with other alternative fuels
is more difficult to quantify because of the limited data base.
However, natural gas and, to a lesser extent, LPG offer some potential
advantages due to their lower photochemical reactivity. A problem
with the available data base on these alternative fuels is that the
level and caliber of the effort being devoted to research and
development is substantially less than for methanol.



Addendum

In response to the original (November 1988) versign of this report,
ARB has prepared and circulated written comments. ARB has objected
to our comparison of methanol prototypes and certification vehicles
shown above in Figure 1 claiming, "Vehicles generally used to obtain
certification data are hand-built, with a large amount of engineering
effort utilized to ensure that the vehicle will have the lowest
possible emissions." That criticism of our work is completely without
foundation and represents a serious misunderstanding of current
certification practices. Build practices used for certification
vehicles do not include the type of fine-tuning alluded to by ARB.
Certification vehicles must represent mass-produced vehicles; they are
not hand-tailored to achieve the lowest possible emissions. ARB’s
statement about the unrepresentative nature of certification vehicles
is a more accurate description of how methanol prototypes are
constructed.

Both certification gasoline vehicles and methanol prototypes receive
an above-average quality of treatment during mileage accumulation.
But, the gasoline-fueled certification vehicles are not allowed to
receive the extraordinary maintenance that many of the methanol
prototypes have received. Thus, it is the methanol vehicle emissions
that are relatively lower than would be expected in customer service.

Regarding our conclusions about the significant level of reactive
organic emissions from methanol vehicles, ARB has presented data for
four "fuel flexible vehicles" using M85 with hydrocarbon plus
formaldehyde levels ranging from 20-65% of the HC emissions from the
same vehicle running on gasoline. Given the minimal mileage
accumulated on these vehicles (only one above 10,000 miles), the data
would appear to support our position that reactive organic emissions
from methanol-fueled vehicles are substantial. With only 15,000
accumulated miles, one of the test vehicles cited by ARB is emitting
0.14 g/mi. Comparable performance has been demonstrated for gasoline
vehicles. We disagree with the implication of ARB’s remarks that the
performance of FFVs on gasoline should be considered representative of
the best available gasoline technology.

ARB’s comment that "...neither EPA nor ARB have measured significant
HC levels in M100 tests..." implies that Sierra's statement about
significant NMHC levels in the exhaust of methanol vehicles is wrong.
In fact, until just recently, EPA and ARB haven’t even been measuring
HC from M100 vehicles. In commenting on our report, ARB presented new
data showing relatively low NMHC levels from a vehicle running on

* "California Air Resources Board (ARB) Response to the Sierra
Research Report Entitled "Potential Emissions and Air Quality Effects
of Alternative Fuels," Attachment to Letter from ARB Deputy Executive
Officer, Tom Cackette to Dr. Alan Lloyd, Chief Scientist, South Coast
Air Quality Management District, February 9, 1989,
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M100. However, critical information regarding mileage accumulation on
the catalyst was not provided.

Regarding formaldehyde emissions, ARB has disagreed with our
conclusion that formaldehyde from methanol vehicles will never be as
low as from gasoline vehicles using comparable emissions control
systems. ARB cites data from a Toyota prototype as somehow disputing
our position. However, the only methanol vehicles we are aware of
that have formaldehyde emissicns comparable to gasoline vehicles
generally have higher NOx emissions and low-mileage catalysts. ARB's
comments do not disclose the NOx emissions and catalyst mileage on the
vehicle they cite as disputing our conclusions regarding formaldehyde.

After having reviewed all of ARB's comments on our report, Sierra
continues to believe that the estimated emlissions from methanol-fueled
vehicles have been substantially underestimated in the air quality
modeling studies sponsored by ARB.

HHE



2. INTRODUCTION

Under Assembly Bill 234, a new Advisory Board on Air Quality and Fuels
has been created to evaluate alternative fuels. One of the Board's
charges is to:

"Examine the relative environmental, and public health and
safety impacts and tradeoffs resulting from the substitution
of methanol fuel, compared to other alternative fuels,
technologies, and vehicles, including... ...the effect on
vehicular and nonvehicular emissions, ambient air quality,
and visibility."

Depending on how the results of a recent study by Carnegie-Mellon
University are presented, it can be argued that methanol substitution
is one of the most effective ozone control strategies available.
However, Sierra’s initial review of the study indicated that there
appeared to be fundamental problems with several of the assumptions on
which the methanol scenarios investigated by CMU are based. First,
the timing and extent of the methanol phase-in did not appear to be
realistic. Second, many of the scenarios seemed to embody extremely
optimistic assumptions regarding the degree of emissions control that
can be expected for methanol vehicles in customer service.

For example, a complete conversion to methanol is assumed to begin
with the 1990 model year. It is further assumed that methanol will be
used in almost all on-road and off-road vehicles, including interstate
trucks, farm equipment, construction equipment, locomotives, etc. A
phase-out of o0il refinery emissions was also assumed to occur.
(Presumably all of the methanol is produced outside of the basin and
refiners are prohibited from continuing production for export or
producing jet fuel, aviation gas, fuel oil, lube oils, and
petrochemicals.) One methanol scenario evaluated by CMU assumes that
all vehicles will use "neat" (M100) methanol and formaldehyde
emissions are assumed to be lower than from current gasoline vehicles
equipped with catalysts.

If the CMU study is the only comprehensive evaluation of the potential
effect of methanol conversion available to the Advisory Board, the
perception may be created that there are significant air quality
benefits that warrant a mandatory conversion on an accelerated
schedule. To address concerns about the validity of the assumptions
used, Sierra was approached by a group of energy companies and asked
to review the assumptions on which the CMU study is based. Sierra
proposed, and the client group approved, four tasks.
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Task 1. Literature Review - Under this task, Sierra reviewed most
methanol and CNG-related papers published during the last two years.
Technical papers on advanced gasoline technology were also reviewed.
In addition, Sierra reviewed ARB's emission facters for methanol and
gasoline vehicles prepared in support of the CMU study and contained
in ARB's September 1988 report on "California’s Post-1987 Motor
Vehicle Plan.” Under the literature review task, Sierra also compiled
available certification and surveillance data on gasoline and Diesel-
fueled vehicles to determine the maximum degree of conventionally
fueled vehicle emissions control that has already been demonstrated.

Task 2, Synthesis of Emission Factors - Based on the results of the
literature review, emission factors were developed for the same basic
categories selected by ARB for use in the CMU air quality modeling
study.

Task 3, Development of Implementation Scenarios - Because the methanol
implementation scenarios used in the CMU study did not appear
realistic, Sierra developed its own estimates of the maximum feasible
methanol phase-in that could be accomplished.

Task 4, Emission Modeling - Using the emission factors and
implementation scenarios developed under Tasks 2 and 3, Sierra
modified ARB's emissions simulation model (EMFAC) to reflect the
various alternatives evaluated. The future year emissions estimates
based on our own emission factors and phase-in schedules were then
compared to the scenarios used by CMU.

Organization of the Report

Following this brief introductory section, Section 3 contains a
discussion of the emission characteristics for gascline and three
different alternative fuels (methanol, CNG, and LPG) for light-duty
motor vehicles. Section 4 covers the application of alternative fuels
to heavy-duty vehicles. Section 5 describes the implementation
scenarios for alternatives to gasoline that were used in the recently
completed CMU study and in this study. Section 6 presents the
emission estimates associlated with the alternative implementation
strategies. Section 7 presents the results of our analysis of how
these different strategies would affect future year emission levels.
Finally, Section 8 contains a list of references used during the
course of the study.



3. EMISSION CHARACTERISTICS
OF ALTERNATIVE FUELS
FOR LIGHT-DUTY VEHICLES

Gasoline and Diesel fuel are complex blends of hydrocarbon molecules
distilled and refined from crude oil. To varying degrees, these
hydrocarbon molecules are photochemically reactive and, if emitted to
the atmosphere, they contribute to ozone formation. Alternatives to
gasoline and Diesel currently under consideration as motor vehicle
fuels include methanol, compressed natural gas (CNG), and Liquified
Petroleum Gas (LPG).

Methanol, CNG, and LPG are sometimes referred to as "clean fuels".
Although there are no formal guidelines for what constitutes a "clean
fuel", the use of this designation seems to be related to the effect
that unburned fuel emissions would have on air quality. 1In addition,
some fuels are considered to be "cleaner burning" than others.

If the air pollution impact of motor vehicle fuel were limited to just
spraying unburned fuel into the air, natural gas would be considered
an inherently "clean fuel". Because natural gas is primarily methane
(CHy), it would not significantly contribute to ozone formation or
secondary particulate. Methanol (CH,0) and LPG (primarily propane and
butane) are photochemically reactive, but less so than gasoline or
Diesel fuel.

Despite the significant differences in the photochemical reactivity of
different fuels, classifying a fuel as "clean" based on its chemical
properties is of questionable value. The only meaningful way to
evaluate the relative merits of alternative fuels is to compare the
emissions from vehicles using the fuels. Without the use of emission
control systems, vehicles using "clean fuels" can emit substantial
quantities of harmful pollutants. During the combustion process,
pollutants are formed that did not exist in the fuel. The combination
of combustion temperature and nitrogen concentration in the immediate
vicinity of the flame creates oxides of nitrogen (NOx) emissions.
Incomplete combustion results in carbon monoxide (CO) emissions.
Incomplete combustion also results in unburned fuel emissions and the
emissions of compounds, like formaldehyde (CH,0), that are created
during the combustion process.

The amount of pollutants created by an engine is a function of the
nature of the combustion process as well as the nature of the fuel.
Regardless of the fuel that is used, lean burn, spark ignition engines
can emit high concentrations of unburned fuel and generate exhaust gas
that is not as suitable for catalytic treatment of NOx. Direct
injection, compression ignition engines tend to generate high levels
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of particulate emlissions on any compression ignition fuel. (Gasoline
combustion in compression ignition engines generates substantial
levels of exhaust particulate, just as Diesel fuel combustion does.)
In contrast, external combustion engines, such as Rankine cycle
(steam) engines emit relatively low levels of particulate even when
using Diesel fuel.

The characteristics of the fuel itself do affect the emissions from
the engine. For example, matural gas combustion tends tc yield very
low levels of non-methane hydrocarbons because the fuel itself is
almost all methane. Methancl also tends tc have reduced levels of
non-methane hydrocarbons, but relatively high levels of formaidehyde
generation are associated with methanol combustion. Gasoline
combustion is more prone to non-methane hydrocarbon emissions, but
formaldehyde emission rates are lower. Methanol also burns with a
lower flame temperature than gasoline, which temds to reduce the
generation of NOx emissions. (However, the high octane of methanol
encourages the use of higher compression ratios, which in turn lead to
higher combustion temperatures and higher NOx emissions.)

Fuel characteristics are also a factor in evaporative emissions.
Because gasoline has relatively high vapor pressure and relatively
high photochemical reactivity, evaporation must be effectively
controlled to minimize adverse air pollution consequences. At the
other extreme, Diesel fuel has such low volatility that evaporative
emissions are not a concern. Being a gas, CNG already requires vapor
tight storage; however, any leakage that might occur would not have
adverse air pollution consequences. Methanol and LPG are in between
these two extremes. Methanol is less volatile and less reactive than
gasoline, but more volatile than Diesel fuel and more reactive than
natural gas. LPG is also more reactive than natural gas.

Demonstrated Levels of Emissicns Control

Gasoline - Efforts to contrcl emissions from gasoline-fueled motox
vehicles began during the 1950’s after Professor A.J. Haagen-Smit
published the results of his research indicating that hydrocarbons and
oxides of nitrogen reacting together in the presence of sunlight, were
the source of "smog" in Southern California. Since then, substantial
progress has been made in controlling emissions from gasoline engines.

Since the implementation of exhaust emissions standards for passenger
cars in the 1966 model year, California’s 1989 model year emission
standards have required exhaust hydrocarbon emissions from new cars to
be reduced from about 9 g/mi to 0.41 g/mi.?® The current standards
also require carbon meonoxide to be reduced from uncontrolled levels of
almost 90 g/mi to 7.0 g/mi. The current NOx standards require half
of each manufacturer’s production to meet a 0.4 g/mi standard and half
to meet 0.7 g/mi. Before controls, passenger car NOx emission levels
were about 3.6 g/mi. Control of evaporative and crankcase emissions
are also required. Prior to the imposition of controls the total
hydrocarbon emissions from evaporation and crankcase blowby gases were
in the range of 6.5 g/mi.?* Table 1 summarizes the current passenger
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car emission standards. Similar levels of control are required for
gasoline-fueled light-duty trucks. Somewhat less stringent standards
apply to medium and heavy-duty gasoline-fueled vehicles.

Table 1

1989 Model Year Emission Standards
For Gasoline-Fueled Passenger Cars

--------- grams/mile S

HC NMHC co NOx
Exhaust Emissions * 0.41 0.39 7.0 0.4/0.7
Evaporative Emissions 0.14 0.14 n.a. n.a.
Crankcase Emissions 0.00 0.00 0.0 0.0
Total Controlled Emissions 0.55 0.53 7.0 0.7

*calculated based on assumed 50/50 split of diurnal and hot soak
emissions under 2.0 g/test standard, 3.05 hot starts/day, and 30
miles/day.

note: "n.a." means not applicable.

The single most effective automotive exhaust emission control device
that has been developed over the last thirty years is the catalytic
converter. However, over half of the reductions that have been
achieved are associated with non-catalytic control approaches. These
include revised combustion chamber geometry, improved ignition
systems, improved fuel metering systems, techniques to reduce fuel
enrichment during cold start and warmup, air injection, and exhaust
gas recirculation. The complexity of exhaust emission control systems
is further increased by the fact that exhaust controls must interface
with evaporative emissions and crankcase emissions controls.

Although significant design differences exist between current model
passenger cars, the major elements of the exhaust emissions control
system used on the "typical" new car are as follows:

1. a combustion chamber designed for low "engine out"
hydrocarbon emission levels,

2. a "high energy" ignition system designed for consistent
mixture ignition and long spark plug life,

3. a "multiport" fuel injection system designed for accurate

fuel metering with minimum needs for fuel enrichment during
cold starting,
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4. an oxygen sensor and feedback (computer) control system to
maintain air/fuel ratio at the chemically correct ratio

needed for best catalyst performance,

5. a 3-way catalyst to provide simultaneous reductions of HC,
CO, and NOx emissions, and

6. an EGR system with flow proportional to engine load to
reduce NOx emissions without significantly affecting HC
emissions or driveability.

When properly maintained, gasoline vehicles can achieve emission
levels that are below the current emission standards to varying
degrees. TFigures 4 and 5 illustrate some of the lowest emission
levels being achieved by a wide range of vehicle manufacturers.
of the results shown in these figures were calculated from the
official certification test results published by EPA. They include
the "deterioration factor" established from a 50,000 mile durability
test. (Final certification values are established by testing "data"
vehicles after 4,000 miles of operation and then multiplying the 4,000
mile test results by the "deterioration factor” established by the
durability vehicles to project the results to 50,000 miles.) A 0.85
adjustment factor has been used to convert hydrocarbon emissions to a

All

non-methane basis.
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Figure 5

Gasoline Vehicle NOx Emissions
for Selected 1988 Models
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As shown in Figure 4, a number of vehicles have been certified to
hydrocarbon emission levels that are well below the current standard
of 0.39 g/mi non-methane hydrocarbons (NMHC). In addition, these
vehicles are below the 0.25 g/mi standard that the ARB staff is
proposing for the 1992 model year.® As shown in Figure 5, much lower
NOx emission levels have been achieved than are required by the
current standard. The best vehicles are also below the 0.4 g/mi
standard that will be phased-in beginning with the 1989 model year.

In addition, several models are already certified below the 0.2 g/mi
NOx level that ARB hopes to establish as a standard for the 1997 model
year.® The emissions results plotted in Figures 4 and 5 represent
some of the lowest emission vehicles currently certified. Other
models are much closer to the emission standards. However,
differences between the performance of gasoline vehicles can be traced
to differences in their emission control systems. The cleanest
vehicles tend to have multiport fuel injection and the largest amount
of platinum group metals in their catalysts.

Based on characterization testing performed during the 1970s,
formaldehyde emissions from gasoline-fueled vehicles are not a
particular concern. EPA test results on 12 non-catalyst vehicles
indicated average formaldehyde emissions to be 30 mg/mi.® Tests of
eight catalyst-equipped vehicles indicated formaldehyde levels below
10 mg/mi.?®

Methanol - Hydrocarbon and NOx emissions for a number of methanol
prototypes tested by ARB? are plotted in Figures 6 and 7. The ARB
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methanol test fleet consists of one (1) 1981 Rabbit; two (2) 1983
Escorts with carburetors; three (3) 1983 Escorts with fuel injectilon;
one (1) 1985 Toyota Camry; one (1) 1986 Toycta Carina; seven (7) 1987
FFV Crown Victorias; and omne (1) 1988 FFV Corsica.

As shown in Figure 6, a wide wvariation in "hydrocarbon” emissions has
been observed using the EPA-recommended method for reporting all
measured organic materials as if they contained only carbon and
hydrogen in the ratic of 1:1.85. Under the EPA scheme, organic
emissions for methanol-fueled vehicles are reported as "organic
material hydrocarbon equivalent®™ (CMHCE). The methanol fraction of
total organic emissions is reduced by 57% to account for the fact that
57% of the weight of methanol is oxygen and "extra" hydrogen atoms.
The "adjusted" methanol value is added to the full-weight of the
non-oxygenated hydrocarbon emissions.

ARB is one of the few places where efforts have been made to measure
the non-oxygenated hydrocarbon emissions (such as NMHC) in the exhaust
of methanol vehicles. Although very low NMHG levels have been
measured on low mileage vehicles, a number of the methanol prototypes
emitted relatively high quantities of NMHC once they had accumulated
more mileage. On M85 fuel, several Ford Escorts have been measured at
0.2-0.4 g/mi NMHC. FFV Ford Crown Victorias and a Chevrolet Corsica
have been measured at about 0.1 g/mi NMHC at low mileage. A Toyota
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Camry was 0.67 g/mi without the catalyst and 0.1 g/mi with catalyst
with less than 20,000 miles. This is one of the few test results
without a catalyst available from ARB.

In general, the NOx emission levels are much higher than the best of
the late-model gasoline vehicles shown above. The two vehicles
labeled "Ford LTD" are dedicated methanol prototypes. As shown in
Figure 7, the vehicles were below 0.4 g/mi when tested by ARB but they
only had accumulated about 2500 miles.

Little data are available to characterize the NMHC emissions of M100
vehicles. ARB has a policy of not testing M100 vehicles, and EPA does
not yet measure the NMHC levels of any methanol vehicles. The result
is that there is a clear data gap for the NMHC levels for M100
vehicles. The only information available at this time the emissions
data reported by vehicle manufacturers in the literature.

Fouled fuel injectors have been a persistent problem with the vehicles
tested by ARB. The emission levels reported in Figures 6 and 7/
reflect numerous injector replacements. (Injectors have been changed
in all of the 1987 FFV Fords, the 1983 Escorts, both Toyotas, and the
1988 Corsica.) In addition, the ARB data are primarily for low
mileage vehicles. Only one of the tested vehicles was beyond 30,000
miles. That vehicle, a 1981 VW Rabbit, was a gross emitter.

In general, severe deterioration of emissions control has been
observed for all vehicles. However, the vehicles receive
extraordinary maintenance to keep their emission levels as low as

Figure 7

Low Mileage ARB Test Results for
Methanol Vehicle NOx Emissions

1.4
1.2 e o
rg - Toyota Camry
o ! o Ferd FFV
s dF
S ‘81 Rabbt - ey
S 0.8 5 O Ford FFV
= O '83 Escort oFord FFV CFord FFV
Z e '81 Rabbit ~ Toyota Carina 5 T
o '83 Escort Ford FFV
® . ; FodFFv O Corsica FFV
8, | 1989 ARB Standard_ B e e
3 | ©83 Escort Ford LTOO. OFord LTD
1997 ARB Target
0.2 | oo o e e o omme o o——— — G — ST GHSD NS - WD . GRS GAND . ... A . G- ... ... —. .
0

-19-




possible. In addition to the fuel injector problems, deterioration of
the Escort fleet led Ford to provide new catalytic converters, EGR
valves, and oxygen sensors as well. Fuel pump failures have also been
a common problem. It is expected that these types of failures can be
eliminated through further development work.

Because formaldehyde is readily formed by the partial oxidation of
methanol, it is mot surprising that methanol-fueled vehicles emit
significantly more formaldehyde than gasoline-fueled vehicles. The
grams per mile are a function of the fuel consumption {(weight and
engine size) of the vehicle. For a mid-size vehicle, uncontrolled
formaldehyde levels on 485 are approximately 0.4 g/mi (400 mg/mi).
With a fresh catalyst, formaldehyde emissions can be temporarily
controlled to 15 mg/mi or less. However, as scon as a few thousand
miles have been accumulated on the catalyst, tallpipe levels rise to
about 35 mg/mi for larger venhicles like the Ford Crown Victoria®.
Smaller vehicles may emit at half of this level with the same catalyst
efficiency.

ARB’s test results for formeldehyde have been quite variable from car-
to-car and from test-to-test of the same car. How much of this
variability is due to sampling problems is not clear; however,
condensation is an expected problem with some of ARB's tests that have
been run without heated sample lines. Chevron reports!'® even with
heated sample lines some condensation may occur upstream of the sample
collection point and measures such as washing the condensate into the
sample are necessary to ensure that all of the formaldehyde emissions
are captured for analysis.

On the FFV Escorts, Ford measured "engine-out” formaldehyde emissions
of 0.178 g/mi on M85 vs. 0.249 g/mi on M100. These results are
consistent with the tailpipe emission measurements Ford obtained with
50,000 mile catalysts: 50 mg/mi for M85 vs. 69 mg/mi for MI100.

Similar results were measured on the FFV Crown Victorias. Engine-out
formaldehyde was 0.44 g/mi on M85 vs. 0.65 g/mi on M100. EPA reported
engine-out formaldehyde emission levels of 300-600 mg/mi for a
protctype LCS-M (Lean Combustion System - Methanol) Toyota Carina.l?

Compressed Natural Gas (CNG) - Natural gazs has several physical and
combustion properties that distinguish it from gasoline. As a gaseous
fuel it does not require any of the heat needed to transform liquid
fuel to a vapor so that a combustible mixture can be formed. This
means that the function of the carburetor is simplified to mixing fuel
and air. Because there is no need to vaporize CNG there 1s also no
need to richen the mixture under cold start conditions to ensure that
a combustible mixture can be formed. Thus, engines operating on CNG
will always have leaner operation under cold start conditions and
lower "engine out” HC and CC emission levels than comparabple gasoline
or methanol-fueled engines.

A disadvantage of gaseous fuels is that they take up more volume
inside the engine and reduce an engine's volumetric efficiency. Thus,
a gasoline engine modified to operate as a dual fuel vehicle will
exhibit comparatively poor performance and fuel economy while
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operating on natural gas. Another feature of natural gas is that it
has a lower flame speed than gasoline. This means that the combustion
process takes longer, the peak cylinder pressure is reduced and that
efficiency and power are lost. A recent Ford paper indicates that a
performance loss of up to 15 percent can be expected in a gasoline
vehicle operating on CNG. One option to offset the power loss
associated with the lower flame speed of CNG 1s to advance the spark
timing. Advancing the spark timing, however, has the disadvantage of
increasing NOx and HC production. Studies have shown that gasoline
engines that have the spark timing adjusted to account for the lower
flame speed of natural gas produce slightly higher HC levels, no
change in CO and significant increases in NOx.

Another option to improve the performance and efficiency of CNG use is
to increase the compression ratio of the engine. CNG's high octane
levels (roughly 120 Research and Motor Octane Number) can support
compression ratios as high as 16:1 without knock problems. Recent
single cylinder engine studies by DOE!? have shown that the highest
thermal efficiency (on the order of 50 percent) was achieved at a
compression ratio of 15.5:1. An evaluation of the emission levels at
higher compression ratios indicated the following:

- There was no clear and consistent trend of changing HC
emissions with changing compression ratio, except that the
higher compression ratios (up to 18.5:1) produced more HC than
the baseline (8.4:1). Another finding, from the perspective of
HC, was that the optimum equivalence ratio appeared to be in
the range of .75 to .80 (defined on the basis of the ratio of
fuel to air). It also appeared that HC levels increased
rapidly as the air/fuel mixture approached the lean limit.

- CO emissions were not significantly affected by compression
ratio and are primarily a function of the equivalence ratio.

- No consistent trend in the sensitivity of NOx emissions to the
compression ratio was found except at equivalence ratios near
the lean limit. At equivalence ratios in the range of .65 to
.75, NOx emissions for higher compression ratios were
significantly higher than those of the baseline case.

- The study also noted that aldehyde emissions were quite low for
all of the conditions tested.

The study concluded that from the perspective of thermal efficiency
and HC, CO and NOx emissions, the optimum equivalence ratio for
natural gas operation appears to be in the range of .75 to .8. These
results indicate that two potential emission issues could emerge from
using a spark-ignition engine optimized for natural gas operation.

The first is that total HC levels are likely to be above federal total
HC standards, however, they should have little trouble achieving
California’s non-methane HC standard. The second and more significant
issue is the elevated NOx levels associated with lean operation at
elevated compression ratios. The primary options available to control
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the elevated NOx levels are (1) the operation of the engine at leaner
conditions; (2) the use of exhaust gas recirculation: (3) the use of
three-way catalysts to catalytically reduce NOx. The first option is
undesirable because it would increase HC and degrade driveability.
The effect of the second is unknown as little research in this area
has been conducted. The catalytic NOx control approach is
incompatible with lean operation. The only way that the third option
could be pursued is with combustion maintained at stoichicmetry as in
current gasoline engines. This approach, however, would reduce
efficiency because the air/fuel ratioc would be moved away from the
optimal lean operating conditions.

With the exception of specially equipped 1984 Ford Ranger pickup
trucks, all emissions data for CNG fueled light duty vehicles are
based on gasoline vehicles that have been converted either to
dedicated ONG vehicles or dual fuel vehicles. 1In all cases the
conversions are based on equipment developed by firms outside of the
auto industry. Nome of the vehicles, including the Ranger pickups,
have been completely optimized for CNG.

The earliest data found to provide a gasoline to CNG comparison on the
basis of the Federal Test Procedure (FIP) was developed by EPA in

1973 13  As shown in Table 2, tests were conducted for a 1972
Chevrolet Nova equipped with an automatic transmission and a 250 cubic
inch displacement (CID) engine. The pre-catalyst vehicle had been
converted to dual-fuel operation and was capable of operating on
either gasoline or CNG. The results, averaged over the two tests for
cach fuel, indicated that the use of CNG provided significant
reductions in all three of the regulated pollutants.

Table 2

Test Results for a 1972 Chevrolet Nova
FIP Emissions (gm/mi)

Fuel THC [ol¢] NOx
Gasoline 1.41 6.27 3.70
CNG 0.89 1.57 1.92

As would be expected, the CNG CO levels are substantially lower than
the comparable gasoline engine results reflecting the cold start
advantage of gaseous fuels over gasoline. With a 1972 model vehicle
as the baseline, there were also significant reductions in total
hydrocarbon (THC) and NOx emissions. The hydrocarbon emission
reduction is more significant than indicated by the above data because
of the expected high fraction of methane.
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CNG test results with emission control systems are shown in Table 3,
which contains data for selected dual fueled vehicles tested by the
ARB. The results indicate .that CNG operation results in substantially
higher THC levels (up to 6 times more) than late model vehicles
operating on gasoline. On the other hand, the NMHC levels on natural
gas were generally lower. The CO levels were much lower on natural
gas, and NOx emissions were also lower (0.4 g/mi).

Table 3

Emission Test Results!* For California Light-Duty Vehicles
Converted by Dual Fuel Systems, Inc.

FTP Emissions (gm/mi)

Gasoline Natural Gas
Vehicle HC  NMHC cO  Nox  HC  NMHC €O nNOx
77 200SX 0.20 0.18 6.4 0.9 1.14 0.23 0.2 0.1
80 Citation 0.32 0.28 5.4 0.7 0.69 0.09 0.2 0.3
80 LTD 0.51 0.43 7.8 0.5 1.69 0.22 0.3 0.3
81 Malibu 0.29 -- 4.6 0.6 2.31 0.30 0.1 0.4
81 Dodge PU 0.34 -- 5.0 1.0 2.82 0.37 2.1 0.4

Liquified Petroleum Gas (LPG) - The market for LPG vehicles in the
U.S. has been confined primarily to medium and heavy-duty vehicles;
little data are available to characterize the emissions performance of
light-duty LPG vehicles. Conversations with staff at EPA’'s Ann Arbor
Laboratory indicated that they have not conducted any emissions tests
on light-duty LPG vehicles. Conversations with the ARB indicated that
no original equipment manufacturers (OEM’'s) have certified light-duty
LPG vehicles for sale in California. Several aftermarket
manufacturers, however, have developed conversion kits to alter
existing gasoline-powered vehicles to operate on LPG. Approximately

90 percent of these conversions allow the vehicle to operate on either
gasoline or LPG.

The conversion kits do not alter the spark advance or compression
ratio of the engine. Therefore, when operating on LPG the engines
experience a loss in power (roughly 10 percent is quoted in the
literature). All conversion kits must be certified for sale in
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California. In order to qualify for certification the aftermarket
manufacturers must demonstrate to ARB that the converted vehicle
achieves the same emission levels as the base gasoline engine and
those levels must be within the applicable emission standards. ARB
conducts independent tests on approximately 80 percent of the
certification applications for these vehicles. These test results are
the primary source of emissions informatiom for LPG vehicles.

Conversion kits have been successfully applied to a wide range of
carbureted and fuel injected vehicles with open and closed loop
control systems. A summary of the emlssion levels recorded for two

passenger cars is presented in Table 4. Both vehicles are equipped
with a three-way catalyst and a closed loop fuel control system.

Table &

Emission Test Results
For Selected Passenger Cars
(Federal Test Procedure)

Test Test Exhaust Emissions (g/mi)
Vehicle Fuel THC NMHC co NOx
1984 Ford LPG 0.37 -- 0.8 0.1
1585 Plymouth  LPG 0.30 -- 6.6 0.6
LPG 0.34 -~ 6.1 C.6
Emissions Standards 0.41 0.39 7.0 6.7

The results indicate relatively low THC levels and wide variation in
the CO and NOx levels. These variations are not uncommon for
converted gaseous fueled vehicles and indicate the sensitivity of the
results to emissions and driveability calibrations. It should be
noted that these vehicles were operated under closed-loop controls
typical of a gasoline engine and that no attempt was made to adjust
them for lean operation.
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Table 5 displays the results for selected light-duty pickup trucks
equipped with three-way catalysts and closed loop fuel control
systems. The results indicate that these vehicles had no problem
certifying to any of the applicable emission standards.

Table 5

Emission Test Results
For Selected Light-Duty Trucks
(Federal Test Procedure)

Test Test Exhaust Emissions (g/mi)
Vehicle Fuel THC NMHC co NOx
1984 Ford LPG 0.42 -- 2.56 0.36
Emissions Standards 0.50 9.00 1.00
1985 Toyota LPG 0.12 -- 1.10 - 0.44

LPG 0.17 -- 3.94 0.58
Emissions Standards 0.39 9.00 1.00

It should be noted that all of the results presented are based on
vehicles that have not been optimized for performance. The two
primary options available to offset the power loss due to the lower
flame speed of LPG are the same as those discussed for CNG: advance
the spark timing; and increase the compression ratio of the engine.
Sierra is unaware of any data characterizing the emissions performance
of either option. The emissions effects of both options, however,
would be expected to increase NOx and HC production.
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Potential for Further Control

Several different approaches are available to increase the efficiency
of controlling exhaust emissions with catalytic converters. These
include increased catalyst loading and system changes to reduce the
time required for the catalyst to reach normal operating temperature.
Both of these techniques are applicable to gasoline, methanocl, CNG,
and LPG fueled vehicles. During the critical period before the
catalyst system reaches operating temperature, there are techniques
available to further reduce "engine-out" emission levels through fuel
modification or temporary hydrocarbon emissions storage.

Increased Catalyst Loading - The prinmcipal active ingredients of
three-way catalysts are platinum and rhedium. Platinum is the
ingredient which is principally responsible for the control of
hydrocarbons and carbon monoxide. Rhodium is the ingredient which is
principally responsible for the control of NOx. The amount of rhodium
used in three-way catalysts has a significant effect on the ability of
the catalyst to eliminate NOx. This relationship has been clearly
established from laboratory tests!® as well as from the analysis of
hundreds of tests of certification vehicles.1®’ 17 A 1986 ARB study
indicated that having at least 0.68 grams of rhodium loading increases
the probability of certification to a 0.4 g/mi NOx standard. An
earlier study that Sierra performed for 0TA'® indicated that having at
least 4 grams of platinum substantially improves the chances of
achieving HC emissions below the 0.41 g/mi standard.

Start Catalysts - One means of solving the catalyst warmup problem is
through the addition of a small volume "close-coupled" catalyst.
Small catalysts located as close as possible to the outlet of the
exhaust manifold are referred to as "start catalysts”, "pre-
catalysts", or "warm-up catalysts". The concept is straightforward:

- locate a catalyst as close to the exhaust valve as possible to
minimize heat loss;

- use a monolithic design to minimize warmup time; and

- make the size of the catalyst only as large as is necessary to
handle the exhaust volume that occurs under warmup conditions
to minimize thermal inertia.

Data from tests run by Chrysler and previously reported by EPA!S
demonstrate the potential of start catalyst installations to reduce
hydrocarbon and carbon monoxide emissions by approximately 50%. Some
start catalyst systems have been used on production vehicles.

However, excessive deterioration due tc the exposure to high
temperatures that results from the close-coupling of the converter has
been a problem. Ideally, the start catalyst would be bypassed as soon
as the main catalyst has reached operating temperature. Such a
bypassable start catalyst system was developed by General Motors
during the early 1970s, but the emission standards were eventually met
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without the need for the system and it was never introduced into
production.

In the system developed by GM, a heat riser-type valve in the exhaust
system is closed during cold starting, thereby forcing all exhaust
gases into the heat-riser passages of the intake manifold. A separate
exhaust outlet is provided at the back of the intake manifold and a
small volume start catalyst is mounted as close as possible to the
outlet. Exhaust gases pass through the start catalyst and enter the
exhaust system downstream of the heat-riser valve. From there they
enter the main catalyst. As soon as the main catalyst has reached
operating temperature, the heat-riser valve is opened and the exhaust
gases flow directly to the main catalyst, bypassing the start
catalyst. A schematic of such a bypassable start catalyst system is
shown in Figure 8.

Electrically Heated Catalysts - An alternative approach to achieving
quick catalyst light-off involves the use of catalyst substrates that
are electrically heated before engine cranking. Recent tests by EPA
have shown that this technique can dramatically reduce the hydrocarbon
emissions of both gasoline and methanol fueled vehicles!®. With the
heated catalyst, formaldehyde emissions from an M100 Volkswagen were
reduced to 4-7 mg/mi from 9-13 mg/mi without heating. Total organic
material, hydrocarbon equivalent (OMHCE) was reduced to 0.05-0.09 g/mi
from 0.15-0.21 g/mi without heating. Similar levels of effectiveness
on gasoline fueled vehicles are anticipated.

Figure 8

Bypassable Start Catalyst System
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At the present state of development, electrically heated catalysts are
still at the advanced product research phase. Prototype systems for
extended performance testing have not yet been developed. Durability
is yet to be proven. The power demands on the system are so high
(=4kW for 30 seconds), that a much larger vehicle battery or a
separate battery for catalyst heating would be required. The
increased complexity of the system would also be expected to increase
the potential for system failure in customer service. The incentive
for tampering would alsc appear to be a significant issue because
disconnection of the system could extend the starting performance of
the basic engine. Despite these concerns, the potential benefits of
electrically heated catalysts are so large that increased development
efforts would appear to be a high priority.

Onboard Fuel Alteration - In the early 1970s, several manufacturers
experimented with gasoline treatment systems to reduce start-up
emissions. For example, Saab developed an om-board fuel distillation
system that segregated lighter hydrocarbons from heavier material and
used the lighter hydrocarbons for cold start and warm up operation.
This gave the engine the benefits of gaseous fuel operation (i.e.,
lack of a need for mixture enrichment). As a result, hydrocarbon and
carbon monoxide emissions were reduced by over 50%. Advances in
catalytic emissions controls allowed all manufacturers to meet the
emission standards without the use of such sophisticated control
systems. As a result development work was abandoned.

Systems for starting methanol vehicles with "dissociated" fuel are
analogous to the onboard distillation approach for gasoline vehicles.
Unlike gasoline, methanol Is a single molecule that cannot be
distilled into more volatile and less volatile compounds. However,
methanol can be broken down into hydrogen (H,) and carbon monoxide by
a high temperature catalytic reaction. A system tested by EPA?°
involved a three step process: 1) methanol vaporization in a stainless
steel boiler; 2) carrier gas (MN,) assisted transfer of the methanol
vapor through an electrically heated superheater; and 3) catalytic
dissociation of superheated methanol vapor across a catalyzed silicon
carbide substrate. It is apparent that dissociation systems are much
more complex than distillation systems for gasoline. The commercial
feasibility of dissociaticn systems appears to be questionable.

Hvdrocarbon Storage - Evaporative hydrocarbon emissions are controlled
by venting vehicle fuel systems to the atmosphere through a canister
£illed with activated charcoal. Hydrocarbon vapors are adsorbed onto
the charcoal and subsequently purged into the engine when the vehicle
is started. Air is drawn through the charcoal bed and into the intake
manifold of the engine. This same concept can be employed to reduce
exhaust emissions during the period before the catalyst has reached
operating temperature.

Prototype systems incorporating onboard storage of start-up emissions
on activated charcoal were built by General Motors and Mercedes during
the early 1970s. The systems were highly effective, reducing HC
emissions by more than 50%. On the GM system, the charcoal adsorber
consisted of a conventional pelletized catalyst container that was

-28-



filled with activated charcoal instead of catalyst beads. The
charcoal bed was located behind the catalyst so as not to interfere
with catalyst warm-up. After enough time had passed for the catalyst
to reach light-off temperature, the exhaust gas was diverted to by
pass the charcoal bed and the hydrocarbons stored on the bed were
purged in the engine. A schematic of the system is illustrated in
Figure 9.

As in the case of the onboard distillation system, development work on
charcoal storage was terminated when it was clear that it would not be
required. In addition, there were practical concerns regarding the
potential damage to the charcoal bed that would result from a failure
of the valve in the exhaust system to switch the exhaust flow from the
charcoal bed. The system may be less effective on methanol-fueled
engines than gasoline-fueled engines because of the difficulty in
purging alcohol from the activated charcoal.

Further development of supplemental control systems is clearly
feasible for both gasoline and alternative fueled vehicles. However,
more sophisticated control systems may be most effective in reducing
emissions from gasoline-fueled vehicles.

Figure 9
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4, ALTERNATIVE FUELS IN
HEAVY-DUTY VEHICLES

Heavy-Duty Engine Emissions With Conventional Fuels

Table 6 shows how the federal emilssions standards established for
heavy-duty gasoline engines compare to uncontrolled emission levels.
(Federal standards were recently adopted by Califernia, in order to
align California and Federal standards.) Since the implementation of
exhaust emissions standards for heavy-duty gasoline engines in the
1970 model year, exhaust emission levels from new trucks have been
reduced by approximately 90% for HC and GO, but prier to 1991, the
standards have allowed NOx emissions to be higher than uncontrolled
levels.34 Reduced NOx emissions compared to uncontrelled levels will
be required starting in 1991.

Table &

Hea Duty Gasoline Engine Emissions
Y

senmem--- g/bhp-hr ----------

HGC CO NOx

Uncontrelled Emissions 10.9 155.0 6.7
1988 Federal Standards 1.1 14 .4 10.6
1991 Federal Standardsf 1.1 4.4 5.0
14,000+ GVW 1.9 37.1 5.0

t Engines intended for use in vehicles over 14,000 1b GVW may
certify to the higher CO and HC standards. These engines may
also be used in vehicles under 14,000 1b GVW, so long as the
total number of such engines is nc more than 5% of all engines
for vehicles under 14,000 lb GVW sold by that manufacturer

Prior to 1988, the federal emissions standards for heavy-duty Diesel
engines required very little control except for that needed to reduce
smoke and particulate emissions. Current standards and those upcoming
for 1990 and later model year vehicles are listed in Table 7.
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Table 7
Heavy Duty Diesel Engine Emissions

---- grams/brake horsepower-hour ----

_HC _CO_ NOx PM
Uncontrolled Emissions37 3.4 4.8 10.7 -
1988 Federal Standards 1.3 15.5 10.7 0.60
Upcoming 1990 Standards 1.3 15.5 6.0 0.60
Upcoming 1991-93 Standards 1.3 15.5 5.0 0.25%
Upcoming 1994+ Standards 1.3 15.5 5.0 0.10

* PM limit is 0.10 g/BHP-hr for urban buses in 1991, and for all
vehicles beginning in 1994.

Emissions measurements for heavy-duty Diesel engines are performed
while operating the engine over the Federal Heavy-Duty Transient test
cycle on an engine dynamometer. This cycle covers a range of speeds
and loads which are considered representative of those experienced by
heavy-duty Diesel engines in urban operation. It was originally
proposed to test heavy-duty gasoline engines using the same test
cycle. However, manufacturers objected that the Heavy-Duty Transient
cycle was unrepresentative of normal operations for gasoline-fueled
vehicles. As a result of these objections, gasoline engines were
permitted to be tested using another transient emissions test cycle
developed by the Motor Vehicle Manufacturer's Association (MVMA) .
Since the MVMA cycle is somewhat less stringent than the Heavy-Duty
Transient cycle, emissions standards for gasoline engines were
adjusted downward somewhat to compensate.

As originally proposed by EPA, emissions standards for heavy-duty
gasoline and Diesel engines were identical, except for the Diesel
particulate standard, which did not apply to gasoline engines. The
proposed HC and CO limits were set at the level believed to be
achievable by gasoline engines using oxidation catalysts, even though
EPA recognized that Diesel engines were capable of meeting much more
stringent standards. The proposed NOx standards were set to be
achievable by Diesel engines, even though gasoline engines might be
able to achieve much lower levels using three-way catalysts. The
reason for this was to establish a "level playing field", so that one
engine type would not be at a competitive disadvantage with another
due to differences in emissions standards.

In its final rulemaking, EPA modified this "level playing field "

approach by creating a special exemption for medium-heavy duty
gasoline engines (those intended for use in trucks over 14,000 1b
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GVW). Because of doubts about the feasibility of catalyst technology
ined with the perception that they constituted

sn of total engine sales), EPA relaxed the

engines to levels which could be achieved

for these engines {(com
a small and shrinking
HC and CO limits for the
without catalytic conwverZers.

Emissions limics for iight-heavy duty epgines (intended for use in
vehicles under 14,000 1b GVW) were kept at the catalyst-forcing level.
Light heavy-duty wvehicles are primarily large pickups and vans, which
closely resemble light-duty crucks in characteristics. These vehicles
were considered to be able to use light-duty oxidation catalyst
technology. Thus, emission standards for light heavy-duty gasoline
engines and all Diesel engines were intended to be equivalent, after
adjusting for the differences in the stringency of the emissions
cycle.

Although most light-heavy duty vehicles are mass-produced pickups and
vans, a limited number of specialized vehicles are also produced in
this weight range. These vehicles are often built on chassis similar
to those used in larger medium-heavy trucks. In many cases, these
chassis were not designed to accommodate the catalytic control systems
used in the mass-produced llght-heavy duty vehicles. Recognizing that
it would not be economic to develop catalyst control systems solely
for these vehicles, EPA permitted & limited number of light-heavy duty
vehicles (up to 5% of preduction) to be equipped with medium-heavy
duty engines.

The feasibility of achieving lower emission levels than required by
the standards that have already been adopted depends on the ability of
manufacturers to develop durable 3-way cata. for heavy-duty
gasoline engines and durabls particulate traps for Diesel engines.
Through the application of more advanced catalytic control technology,
the ARB staff has recently estimated®® that the standards for light-
heavy-duty gasoline vehlcles can Le reduced by about 30% for HC, 50%
for CO and about 70% for NCx. The basic position of the ARB staff,
which Sierra gene 3 ig that the level of emissions
control that

e
g ¥
can b
is essentially the same as can
Given this situation, the potentia
alternative fuels are similar o €
expressed earlier.

soline-fueled heavy-duty engines
chieved from light-duty vehicle.

. benefits (or lack thereof) of

¢ case for light-duty vehicles

o S ]

However, the situation is scmewhat different for Diesel engines. The
basic 1991 federal standards are at roughly the limit of the
particulate emissions that can be achieved without the use of traps.
For 1991 model year transit buses, and for all heavy-duty Diesels
starting in 1994, the federal standards are "trap-forcing®. Since
traps have mnot yet been demonstrated to be reliable in customer
service for the required minimum malntenance interval of 150,000
miles, there is some question whether the standards can be achieved
with conventional engines using Diesel fuel. In addition, the 5.0
g/bhp-hr NOx emissions standard is considered to be near the limit of
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Diesel engine control technology. In a recent study for the Office of
Technology Assessment37, Sierra concluded:

"There 1is no presently demonstrated technology for achieving
heavy-duty Diesel NOx emission levels less than about 4.5 g/BHP-
hr without significant adverse effects on fuel economy and
particulate emissions."

Given the situation for heavy-duty engines described above, it is
obvious why there has been substantial interest in the use of
alternative fuels for heavy-duty vehicles. The remainder of this
section summarizes the capabilities of methanol, CNG, and LPG in
heavy-duty engines. However, it should be noted that gasoline engines
must be considered an "alternative" to Diesel engines.

There is nothing inherent in gasoline engine operation that prevents
the successful application of gasoline engines to heavy-duty vehicles
that currently use Diesel engines. The greater durability associated
with Diesel engines today is associated with engine design features
(e.g., removable cylinder liners) that could be duplicated in gasoline
engines specifically designed for heavy-duty service. 1In addition,
there is a relatively small difference in the peak efficiency of
gasoline and Diesel engines. Although the Diesel has certain
advantages (e.g., unthrottled operation and higher efficiency at part
load) that make it more desirable than gasoline engines in the current
heavy-duty market, the gasoline engine may compare quite favorably to
"Diesel-type" engines running on alternative fuels.

Heavy-Duty Methanol Engines

Options for methanol utilization in heavy-duty engines include both
pre-mixed charge, spark ignition and direct injection, compression-
assisted ignition operation. Heavy-duty spark ignition methanol
engines resemble those used in light-duty vehicles. These engines may
use either a stoichiometric mixture (generally in combination with a
three-way catalyst) or a lean mixture (with an ocxidation catalyst).
Lean-burn engines are generally preferred for heavy-duty use, due to
their greater efficiency and compatibility with existing Diesel engine
designs (i.e., a lean-burn engine requires a relatively large
displacement, as does a Diesel).

As a liquid, methanol can also be injected directly into the cylinder
in the same way as Diesel fuel in a Diesel engine. However, because
methanol does not self-ignite readily under the conditions found in
Diesel engines, some other means of ignition must be provided.
Ignition techniques used in present direct-injection methanol engines
include glow plugs, spark plugs, and chemical additives to promote
self-ignition. In this report, we refer to these engines as
"compression-assisted” ignition. Direct-injection, compression-
assisted ignition methanol engines offer better efficiency than that
achievable with even a lean-burn, high-compression spark ignition

»
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For this reason, development of heavy-duty methanol

methanol esngine
ocussed primarily on this approach.

engines has £

Uncontrolled Emissions - Nearly all development of heavy-duty spark
ignition methanol engines has taken place in countries such as Brazil
and New Zealand, where emissions are of secondary or no concern. Few
emissions data on these engines are available, therefore. Limited
emissions data for = lean-burn, spark ignition ezngine using vaporized
methanol, developed by Daimler-Benz, show HC emissions around 3 g/BHP-
hr and CO emissions around 2 g/BHP-hr. NOx emissions over most of the
power range are In the vicinity of 2 g/BHP-hr, but they increase
dramatically to around 15 g/BHP-hr at full leac. This is due to
mixrure enrichment. The Daimler-Benz engine maintains an equivalence
ratio of around 0.7 over most of the power range, but this increases
to nearly 1.0 at full power.

Methanol can also be used in stoichiometric, closed-loop combustion
systems such as those found in light-duty vehicles. There is little
information available on the aldehyde emissions or durability of these
systems under heavy-duty operating conditions, however.

Due to its pocr cetane number, methanol will not self-ignite reliably
in a Diesel engine; thus, some form of ignition assistance is
required. Ignition appreoaches that have been demonstrated include
spark plugs, glow plugs, and the use of igniticm-improving additives
mixed with the methanol. 411 of these approaches can produce thermal
efficiencies as high as or higher than those of a conventional Diesel
with lower NO» emissions and virtually nc particulate matter.
Emissions of unburned fuzl, CO, and formaldehyde have been higher than

those of Diesel engines in most cases, nowever, at least in the
absence of a catalytic converter.

The heavy-duty methancl engines that have attracted the most attention
in the U.S. are the methanol §V-92 TA transit bus engine developed by
Detroit Diesel Corporation and the methanol D2566 FMUH bus engine
developed by MAN. More than 50 examples of the DDC engine and a
similar number of MAN engines are now deployed in demonstrations
throughout the U.S. Detroit Diesel representatives have stated
publicly that the firm plans to offer only methanol engines for
transit buses subject to the strict bus emissions standards effective
in 1991.

The two-stroke Detroit Diesel bus engine relies on control of the
scavenging airfiow to maintain high enough temperatures for methanol
combustion. This is supplemented by glow plug ignition at light load.
The resulting control system is rather complex. This was apparently
responsible for the very high unburned fuel and CO emissions exhibited
by the carly DDG engines. Continuing development of this engine has
produced significant improvements in emissions, but unburned fuel
(UBF) and £O emissions are still high compared to those of a Diesel.
The MAN engine uses a more conventional spark ignition system and
catalytic converter, and has demonstrated consistently good emissions
performance in a number of tests, however, NOx emissions are
significantly higher than achieved with tne DDC methanol engines.
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A number of other heavy-duty engines are undergoing more limited
demonstrations. These include a glow-plug ignited methanol version of
the Caterpillar 3406 truck engine, and another glow-plug ignited
version of a Deutz Diesel mining engine. The use of ignition-
improving additives has been tested in Cummins L10 and Daimler-Benz
engines, among others.

Table 8 presents the results of a number of emissions tests on
different heavy-duty methanol engines without catalytic converters,
taken from a variety of sources. As this table shows, emissions of
unburned fuel, aldehydes, and carbon monoxide from many of these
engines are quite high, compared to those of a typical Diesel.

Table 8

Emissions from Different Heavy-Duty Methanol Engines
Without Catalytic Converters

Emissions (g/BHP-hr)

Description UBF* CO NOx PM Form. Cycle
Detroit Diesel

Early engine?5 9.7 8.6 2.1 NR 0.48 Hot Transient
SCRTD Engines?8 1.0 9.0 2.0 0.06 0.10 Transient
Spark-TIgnited

MAN D256627 5.89 8.24 6.98 NR NR 13-Mode
1-Cyl Test Engine?® 6.2 8.5 6.5 NR NR Sim. Trans.
Glow-Plug

1-Cyl Test Engine2?® 1.1 5.0 4.0 NR NR Sim. Trans.
Cat 340629 4.45 12.35 3.05 0.15 0.47 Transient
Deutz F8L413F30 1.1 NR 3.9 0.12 0.1 Transient
Fuel Additjives

1-Cyl Test Engine?® 1.3 4.8 8.5 NR NR Sim. Trans.
Cummins L1031 1.0 NR 5.0 1low NR Transient
Typical Diesel

1985 0.7 2 8 0.5 0.05t Transient
1991 0.3 2 5.5 0.2 0.03+ Transient

*Unburned fuel, measured/expressed as OMHCE.
tTotal aldehydes.

Demonstrated Performance with Control Devices - The high levels of
unburned methanol, CO, and aldehydes emitted by many heavy-duty
methanol engines will necessitate the use of catalytic converters for
emissions control. Data on the effectiveness of catalytic converters
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Table 9

Emissions From Different Heavy-Duty Methanol Engines
With Catalytic Converters

o

missions (g/BHP-hr)
Description URE* €O NOx% PM Form. GCycle

Detrolt Diesel?®

Early eng./PtPd Cat 1.9 1.4 2.3 R 0.78  Hot Transient
Early eng./PdAg Cat 6.2 4.9 2.3 NR 0.21  Hot Transient
Spark-fgnited
MAN D25667%7 0.04 0.31 6.61 ©.04 001 Tramsient
MAN D2566%7 0.03 0.2 6.5 0.0Z NR ADB Bus
*Unburned fuel, measured/expressed as HC.
in this role are limited and somewhat contradictory. The spark-

ignited MAN methanol engine 1is normally eguipped with a precious-metal
catalytic converter which has proven extremely effective. Comparing
the data in Table 9 with the corresponding uncontrclled data in Table
8, it is apparent that the MAN catalytic converter is exhibiting an
efficiency well in excess of 90% for both HC and CO, and probably for
aldehydes as well. Nearly all of the emissions of these pollutants
that are measured are being generated in the cold-start portion of the
he catalyst’'s efficiency under warmed-up
conditions is nearly 100%. The emissions measurements shown in Table
9 were taken using a nearly new catalytic converter, however, and thus
probably overstate the level of emissions control attainable over the
useful 1ife of the engine.

Experience with a catalytic converter on the Detroit Diesel bus engine
has been much less favorable. This two-stroke, aftercooled engine has
an extremely cool exhaust, which reduces catalyst efficiency. Even
so, a conventional platinum/palladium (Pt/Pd) oxidation catalyst gave
good conversion efficiency for HC and CO in the hot transient test.
Unfortunately, it was found that--under some conditions--this catalyst
can actually produce formaldehyde by partial oxidation of methanol,
resulting in a net 70% increase in the already-high formaldehyde
emissions from this early-version engine. Substitution of a
formaldehyde-specific palladium/silver (Pd/Ag) catalyst gave a 50%
reduction in formaldehyde, but 2 much lower efficiency in reducing CO
and HC emissions.

Potential for Further Centrol - The success of the catalytic emissions
control system on the MAN spark-ignited methancl engine demonstrates
that extremely low emissions levels can be achieved, given sufficient
catalyst loading and a high-enough exhaust temperature. Other four-
stroke heavy-duty methanol engines should be able to achieve similar




levels of control. The feasibility of reaching such low levels with
the DDC two-stroke engine is much more questionable, due to its lower
exhaust temperature and relatively high unburned fuel emissions (at
least in the older versions).

Heavy-Duty CNG Engines

Uncontrolled Emissjon Characteristics - Three basic types of natural
gas engines have been used in heavy-duty vehicles. These are:

1. Heavy-duty gasoline-type engines, modified for use with CNG:

2. Heavy-duty Diesel engines, modified for lean spark ignition
combustion; and

3. Heavy-duty Diesel engines using fumigation (mixing natural gas
with the intake air).

The emissions performance of heavy-duty gasoline-type engines
generally resembles that of the light-duty CNG engines discussed
above. Such engines may be either dual-fuel (CNG/gasoline) or
dedicated to natural gas. In the latter case, a substantial increase
in compression ratio is desirable, in order to improve the thermal
efficiency and power output, and reduce exhaust temperatures. For
maximum power, gasoline-type CNG engines are generally calibrated for
stoichiometric rather than lean operation. This calibration also
permits the use of a three-way catalyst for NOx control.

Table 10 shows the results of several transient emissions tests on a
gasoline-type dedicated CNG engine with two different closed-loop and
one open-loop control system, all set to maintain a stoichiometric
mixture. ‘

Table 10
Uncontrolled Emissions From

A Heavy-Duty Gasoline-Type CNG Engine
(Source: U.S. EPA33)

Emissions (g/BHP-hr)

Description THC NMHC €O NOx PM
TNO Closed Loop 3.57 0.83 23.29 6.87 .01
IMPCO Closed Loop 3.73 0.85 25.25 7.12 <.01
IMPCO Open Loop 3.55 0.82 31.90 6.62 .01

-37-

T e

= e = L8




The design of heavy-duty Diesel engines makes them well-suited for
modification to lean combustion using natural gas. Compared to
gasoline-type engines, Diesels use much lower equivalence ratios (more
excess air) and higher compression ratios--precisely the
characteristics needed for lean CNG operation. Hany Diesel engines in
New Zealand, Italy, and other countries have been modified for lean
CNG operation by replacing the fuel iniection system with a high-
energy lgnition system, and adding an air-gas mixer to the intake.

In most of the Diesel engine conversions perfermed to date, emissions
were of secondary or mo concerm:, SO that the mixture and spark timing
were optimized for bast efficiency, without regard te NOx. Table 11
shows the results of emissions reasurements made on several lean-burn
engines which had pot been optimized for emissions control.

Table 11
Uncontrolled Emissions From

Diesel Engines Converted to Lean-Burn CNG

Emissicns (g/BHP-hr)
NMHC CG ]

Description THC CG NOx PM Cycle
IVEC03? 1.6 NR 1.3 17 .02 AD Bus
Cummins L10%3 2.28 NR 2.06 B8.27 NR 13-Mode
Cumming V9033¢ 2.08 NR 2.75 15.52 NR 13-Mode

Unfortunately, none of the available emissions measurements were made
using the Federal Transient Test Procedure. The IVECO engine was
tested using a transleat test cycle which simulates city bus
operation, while the two Cummins engines were rested with the old
steady-state 13-mode procedure.

partial substitution of natural gas for Diesel fuel can be attained by
simply mixing the gas with the intake air. Imjection and combusticn
of the Diesel fuel then ignites and burns the gas as well. Since the
gas supplies much of the energy for combustion, the Diesel fuel
delivery for a given power level is reduced. This results in reduced
smoke and particulate {PM) emissions at high load, and can increase
the smoke-limited power of the engine. However, incomplete combustion
(especially at light ioads) usually increases CO and HC emissions
considerably. While work 1s underway to ameliorate this problem, the
high HC and CO emissions from this approach presently rule it out for
emission-controlled engines.

Demonstrated Performance With Control Devices - For gasoline-type
heavy-duty engines, the most feasible emissions control technique 1s a
three-way catalytic converter. Such systems are capable of attaining
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very low levels of all pollutants, and have proven themselves in
light-duty operation both on gasoline and gaseous fuels. The
durability of three-way catalysts under the higher thermal loads
experienced in heavy-duty service is not yet established, however.

Table 12 shows transient test results for three versions of a
gasoline-type CNG engine equipped with a new three-way catalytic
converter (results for the same configurations without the catalyst
were given in Table 10). As this table indicates, the new catalytic
converter reduced total HC by 62-71%, non-methane HC by 75-82%, CO by
66-72%, and NOx by 53-81%. This level of control could probably not
be maintained over the long term, however, due to the accelerated
aging of rhodium catalysts at high temperature. A long-term control
efficiency in the range of 40-60%, corresponding to NOx emissions of
around 3-4 g/BHP-hr, appears more reasonable.

Table 12
Emissions From a Heavy-Duty Gasoline-Type CNG Engine
Equipped With a Three-Way Catalytic Converter
(Source: U.S. EPA33) ‘

Emissions (g/BHP-hr)

Description THC NMHC co NOx PM
TNO Closed Loop 1.01 0.17 6.64 1.16 .01
IMPCO Closed Loop 1.41 0.22 7.12 3.34 .01
IMPCO Open Loop 1.03 0.15 10.77 1.33 <.01

In the case of lean-burn CNG engines, NOx cannot be controlled
effectively using a three-way catalyst. NOx control in these engines
is achieved through a combination of an ultra-lean mixture (for low
flame temperature) and optimized ignition timing. For a typical
uncontrolled lean-burn engine with equivalence ratio around 0.8, NOx
emissions are typically around 15 g/BHP-hr. Reducing the equivalence
ratio to 0.66 (50% excess air) reduces NOx emissions to about 3-5
g/BHP-hr. Similar reductions are possible through retarding the
ignition timing. Both modifications tend to reduce fuel efficiency
somewhat, however.

Table 13 shows the results of these emission control techniques on two
different lean-burn engines. Although neither engine was fully
optimized, the results are nonetheless quite dramatic. In both cases,
NOx emissions were reduced by around 60%, with little or no adverse

impact on other emissions. Fuel consumption was increased somewhat in
each case, however.

Potential for Further Control - In the case of gasoline-type CNG
engines, the emission results shown in Table 12 are among the lowest
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ever generated by any type of engine on the Transient Cycle. These
emission levels would be more than satisfactory if they could be
maintained throughout the useful life of the engine. To do so will
require advances in the rechnology of high-temperature tolerant
reduction catalysts, or else advanced catalyst-protection schemes Cto
ensure catalyst durabllity. Such systems are already under
development for use in heavy-duty gasoline vehicles; ornce developed,
their application to CNG engines should pose no special problems.

Table 13

Fffact of Emlssions Controls om Emissions From
Diesel Engines Converted to Lean-Burn CNG

Emissions (g/BHP-hr)
Description THC NMHG Cco NOx ™ Cycle

Cummins L1O

No control’? 2.28 NR 2.06 8.27 MR 13-Mode

Partly cptimized®® 2.80 NR 2.22 3.40 NR 13-Mode
Cummins V9033%

MBT Timing 2.08 NR 2.75 15.52 NR 13-Mode

Retarded Timing 1.23 NR 2.58 5.89 MR 13-Mode

T1f desired, the HC and CO emissicn Jevels shown in Table 12 cculd be
reduced still further through the use of a dual-bed
(reduction/oxidation) catalyst, with secondary air injection between
the two beds. This technology has been used on some passenger cars
equipped with three-way catalysts since 1980.

For lean-burn CNG engines, a substantlal base of design experilence
with very low emission levels exists, due to the development in the
last decade of advanced low-emission natural gas engines for
stationary applicatioms. By means of optimized combustion chamber
shapes and turbulence and special high-energy ignition systems,
manufacturers of these engines are able to ignite mixtures with
equivalence ratios as low as 0.6, resulting in NOx emissions less than
2 g/BHP-hr in statlonary applications. Using stratified charge
techniques, even leaner mixtures can be burned, and some manufacturers
of such engines are able to guarantee NOx emissions less than 1.0
g/BHP-hr for steady-state operation. For driveability reasons,
engines used in wvehicular applications may regquire a slightly richer
mixture (and thus produce higher NOx emissions), but a number of
workers in the field consider emissions of 3.0 g/BHP-hr or less of NOx
on the transient cycle to be readily achievable.
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Given sufficient NOx control through mixture and timing optimization,
HC and CO control with the lean-burn engine could be achieved easily
using an oxidation catalyst. This should reduce the total HC and CO
values by 50 to 70% from those shown in Table 13, with non-methane HC
(typically 20% of the total) reduced by an even greater fraction.
Such catalysts are less sensitive to high temperatures than the
rhodium used for NOx reduction, and the lean-burn engine’s exhaust is
much cooler in any case. Thus, temperature and durability would
present no significant challenges for lean burn engine catalysts.

Heavy-Duty LPG Engines

Uncontrolled Emission Characteristics - Heavy-duty LPG engines closely
resemble those used for compressed natural gas. The two types that
have been developed are:

1. heavy-duty gasoline-type engines, modified for use with LPG;
and

2. heavy-duty Diesel engines, modified for lean, spark ignition
combustion.

Because of its lower octane value (compared to natural gas) and poorer
lean flammability, LPG is not considered a good candidate for
fumigation of Diesel engines.

The emissions performance of heavy-duty gasoline-type LPG engines is
generally similar to that of the gasoline-type CNG engines discussed
above. Heavy-duty transient-cycle emissions measurements on an
uncontrolled gasoline-type LPG engine are unavailable, but would be
expected to resemble those for CNG engines. The major difference
between the two would be in the non-methane HC emissions, which would

make up a much larger fraction of total HC emissions in an LPG-fueled
engine.

As was also the case with CNG fuel, Diesel engines are well suited to
being converted to lean spark ignition operation using LPG. If the
mixture and ignition timing of the resulting engine are optimized
solely for performance, very high NOx emissions may result. Table 14
shows the results of transient emissions measurements on two such

Table 14
Uncontrolled Emissions From Diesel Engines
Converted to Lean-Burn LPG

Emissions (g/BHP-hr)

Description THC co NOx PM Cycle
IVEC03? 1.2 2.1 19 .02 AD Bus
MAN Bus Engine*° 0.5 1.3 19 NR 13-Mode




engines. As with the CNG engines, NOx emissions from these
uncontroiled engines are very high.

Semonstrated Performance With Control Devices - Three-way catalytic
converters and closed-loop mixture controls have been applied both to
gasoline-type and to some converted Diesel LPG engines, especially in
Furope. Table 15 shows transient test results for an 1l-litre
converted Diesel engine operating in this mode. A large number of
such engines are currently going into service in Vienna, Austria. The
emissions are closely comparable to those for gasoline-type CNG
engines operating in the same manner, with the exception that the non-
methane HC will doubtless form a much larger fraction of the total.

As with the CNG engines, the ability of the reduction catalyst to
maintain this level of NOx contrel long-term is questionable--NOx
emissions of arcund 3-4 g/BHP-hr over the engine’s useful life appear

] /.

more realistic.

Table 15

Fmissions From a Heavy-Duty LPG Engine
Equipped with a Three-Way Catalytic Converter?®

Emissions (g/BHP-hr)

Degcription THC €O NOx M Cycle
11 liter 1.05 7.31 6.90 .05 Transient

As in the case of lean-burn CNG engines, HOx emissions from lean-burn
LPG engines cannot be controlled effectively using a three-way
catalyst. NOx ¢

7,

trol in these engines is therefore achieved through
-fuel mixture and ignition timing. Control of HC
rhen obtained through the use of an oxidation

optimizing
and CO emis
catalyst.

Table 16 shows emissions results for several lean-burn, heavy-duty LPG
engines without catalytic converters. The top engine, a converted
DAF-DKDL Diesel, is apparently the best-optimized of the group, with
extremely low emissions of all three gaseous pollutants. A group of
seven such engines are presently being demonstrated in buses in
Amsterdam, the Netherlands, and have shown good performance in
passenger service. Emissions levels for the other two engines ("A"
and "B") are quite good at full power, but the 13-mode values show the
effects of inadequate optimization at other operating modes. Under
normal conditions, NOx emissions are highest in full-power operation--
the fact that 13-mode emissions are higher than the full-power values
indicates that the part-load mixture control is inadequate.



Table 16

Emissions from Heavy-Duty Lean-Burn LPG Engines3?®
Optimized for Emissions Control

Emissions (g/BHP-hr)

Description THC co NOox PM Cycle
DAF-DKDL 1160 0.70 3.1 2.7 NR 13-Mode
Engine "A"
1.8 2.1 1.9 NR Full Power
2.9 3.4 4.4 NR 13-Mode
Engine "B"
1.5 2.7 2.5 NR Full Power
2.2 4.1 8.1 NR 13-Mode

Potential for Further Control - As with gasoline-type CNG engines, the
presently-demonstrated emissions levels for stoichiometric LPG engines
with three-way catalysts would be more than satisfactory if they could
be maintained throughout the vehicle’s useful life. HC and CO
emissions could be reduced still further, however, by the use of a
dual-bed catalytic converter, with additional air injection after the
reduction bed. The technology for this has been well established
since 1981.

The advances in high-temperature tolerant reduction catalysts and/or
catalyst protection schemes required to achieve continuing high NOx
conversions are likely to come about in the next few years, as a
result of development of similar systems for gasoline heavy-duty
vehicles. Their application to LPG engines when they are developed
should be straightforward.

The substantial base of design experience with very low emission CNG
engines is also largely applicable to LPG engines. Through use of
high-energy ignition and optimized combustion chamber, very
satisfactory NOx emission levels can be achieved, as indicated in
Table 16. With the addition of an oxidation catalyst, it should be
possible to reduce the HC and CO values shown in that table by around
70 to 80%, further improving the emissions picture.

Summary

Two conclusions can be readily drawn from the available data on
alternative fuels used in heavy-duty engines. First, methanol, CNG,
and LPG all exhibit substantially lower particulate emissions than
Diesel engines. Second, substantially lower emissions can be achieved
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with all three of these alternative fuels through the use of catalytic
emissions contrcl.

1n the case of methanol, catalytic control appears to be necessary to
prevent increased formaldshyde emlssion levels compared to
conventional Diesel engines. Formaldehyde emissioms are not expected
to be higher with CNG or LFG and catalytic control may not be required
to achieve equivalent comtrol of non-methane hydrocarbon. NOx
emissions can be minimized with the application of 3-way catalysts.

Figure 10 compares the lowest NOx and particulate emission levels
achieved with methanol, CNG, and LPG compared to conventional Diesel
engines.

Figure 10
Heavy-Duty Engine Emissions

on Different Fuels
(Transient Test Procedure)
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5. SCENARIOS FOR IMPLEMENTATION
OF ALTERNATIVE CONTROL PROGRAMS

Twelve different scenarios were Investigated by CMU in the work
reported in a recent SAE paper entitled, "Air Quality Implications of
Methanol Fuel Use". According to CMU, "The scenarios were chosen both
to provide upper and lower bounds on emissions scenarios, and to
approximate the possible utilization of methanol." Forecasts were
made for calendar year 2000. Although not reported, the SAE paper
also said that year 2010 forecasts would be developed.

The estimates of motor vehicle emissions for each scenario were
provided by the Mobile Source Division of the ARB.21 It was assumed
that the relatively few methanol vehicles produced prior to 1992 would
have the same "non-oxygenated" HC emissions as gasoline vehicles. For
later model year methanol emission factors, ARB worked backwards from
the assumption that methanol-fueled vehicles would emit the same
amount of OMHCE as the total HC emitted by gasoline vehicles.

Starting in 1995, when gasoline vehicles are projected to meet a 0.25
g/mi HC standard in customer service, methanol vehicles are assumed to
emit 0.25 g/mi OMHCE. In addition, ARB assumed that one-half of the
OMHCE for M85-fueled vehicles is NMHC and the other half is unburned
methanol. For M100 vehicles, all of the OMHCE was assumed to be
methanol and none was assumed to be NMHC. Separate estimates for
formaldehyde emissions were made for each model year range.

Based on the emission factors assumed by ARB, methanol vehicles being
produced today would have average emissions after 50,000 miles of
customer service of 0.295 g/mi NMHC, 0.682 g/mi methanol, and 0.023
g/mi formaldehyde. Starting in 1995, M85 vehicles are assumed to
achieve 20,000 mile emissions in customer service of 0.289 g/mi
methanol , 0.125 g/mi NMHC, and 0.015 g/mi formaldehyde. "Advanc?d
technology" M100 vehicles are assumed to emit 0.578 g/mi methanol
zero NMHC, and 0.003 formaldehyde (the same as catalyst-equipped
gasoline vehicles). Corresponding emission factors were assumed for
light-duty trucks, medium-duty trucks, and heavy-duty truck emissions.
Although not clearly stated in published material available to Sierra,
it ‘appears that ARB also assumed a 40% reduction in evaporative and
refueling emissions for M85 and a 100% reduction for M100. In

—_—

* note: 0.289 methanol is equivalent to 0.125 OMHCE.

t equivalent to 0.25 OMHCE
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addition, it was assumed that the use of methanol in off-road vehicles

would reduce HC and NOx emissions.

in addition to the motor vehicle emission factor assumptions, ARB also
directed (MU to assume that emissions associated with the refining of
petroleum products would be eliminated from the basin under the
methancl scenarios. Also, certa.n scenarios suggested by ARB included
assumed NOx emission reductions for the use of methanol in stationary
SCULCES.

Not one test in ARB’s data base indicates that light-duty vehicle
formaldehyde emissions as low as those assumed in the emission factors
provided to (MU are possible. It is also apparent that the assumption
of zero non-methane/non-oxygenatad hydrocarbon emissions from M100
vehicles is completely unsupported since Ford has measured significant
quantities of NMHC when its FFV vehicles are operated on either M85 or
M100. 1In addition, the demonstrated NOx emissions performance of
methanol-fueied vehlcles is mnot equivalent to the level of NOx control
that has thus far been demonstrated with gasoline technology. Also,
the lead time required to convert most on-road motor vehicle models to
methanol would make the assumed 1990 implementation date out of the
question.

The assunpclons regarding the benefits of methanol use with off-road
vehicles are nmot supported by any data indicating that methanol use
would be as effective, or as cost-effective, as the application of
conventional control approaches to this category. Finally, the
assumptions given to CMU regarding the use of methanol-related effects
on stationmary sources did not appear realistic. For example, it would
i sar o be economical to operate refineries to produce jet
gascline, fuel oils, lube oils, and petrochemicals, as
s and Diesel fusl for use olsewhere in California,
Oregon, Washingtom, and other states and countries.

well as gasol

Arizcena, N

Based on the above-described problems with the assumptions provided to
MU by ARB, Slerra constructed its own version of the scenarios run by
CMU using the following assumptions:

sarliest feasible date for the widespread introduction
hanol vehicles was assumed to be 1995 instead of

2.  Inst zero for M10C, both M100 and M85 methanol vehicle
WMHC emisslons wer? assumed to be 50% lower than gasoline
vehicle emissions.

* Howew

4 1995 is unrealistic for total replacement of all
-fuel vehicles.

125 g/mi during years when gasoline vehicles are subject to
a .25 g/wi HC standard.



3. Consistent with the available data base, methanol vehicle
NOx emission factors were set at twice the levels projected
for advanced technology gasoline vehicles (i.e., 0.4 g/mi
for passenger cars). Heavy-duty methanol vehicles,
replacing Diesel vehicles, were assumed to have NOx
emissions equivalent NOx to advanced technology
conventionally fueled vehicles (where gasoline engines can
be used).

4, Off-road vehicles were not assumed to achieve emission
reductions as a result of conversion to methanol for the
foreseeable future.

5. Refineries were projected to continue in operation
regardless of whether methanol fuel is introduced.

6. Other stationary sources were not assumed to achieve
emission reductions as a result of conversion to methanol.

7. Evaporative and refueling emissions were assumed to be
reduced by 40% with M85 and 100% with M100.

Each of the twelve scenarios is described below, including a
description of any changes Sierra thought should be made to the
emissions estimates based on the available test results from prototype
vehicles.

CMU Scenario 1A, Baseline - According to the SAE paper published by
CMU, CMU began with ARB’s projected year 2000 emissions database for
the South Coast Air Basin. Our personal communications with CARB
staff confirmed that the data base supplied was actually a
specially-constructed inventory covering the rectangular modeling area
considered by CMU. It included most of the South Coast Air Basin and
portions of Ventura and Santa Barbara Counties. The baseline scenario
included a forecast of motor vehicle emissions based on the emission
standards that had been adopted as of 1987; however, special
assumptions were used regarding vehicle travel and growth rates that
were prepared by the Southern California Association of Governments
(SCAG). Sierra was not able to obtain a copy of the inventory
provided to CMU from the ARB. The special run has apparently been
purged from ARB’'s files.

Sierra's attempt to duplicate Scenario 1A involved the use of the
standard vehicle travel data used by ARB in the "BURDEN" model. ARB’s
emission factor model "EMFAC7C" (the generation of the model we assume
was used by CMU) was used in conjunction with the latest version of
BURDEN to generate forecasts for calendar years 2000 and 2010. These
motor vehicle emission forecasts were used in conjunction with our
forecast of the 1985 baseline stationary source inventory for the
South Coast Air Basin. Since we believe CMU used the same baseline
emission factors, there were no adjustments required.
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CMU Scenaric 1. Projected Vehicle Standards - Under Scenario 1, mobile
cions were reduced to account for control measures
"expected te be adopted”. This included passenger car and light truck
standards of 0.25 g/mi HC in 1992 and 0.2 g/mi NOx in 1997.
Correspondingly more stringent standards were assumed for heavier
trucks. In addition, wvehicles were assumed to meet the emission
standards in customer service starting with the 1995 model year. This
is a very optimistic assumption. Compliance with the emission
standards in customer service will require substantial improvements to
the I/M program. In addition, there is some question as to whether
this level of performance can be achieved without regulations
providing assurance that the quality of conventional fuels and motor
0ils will mateh the quality of the fuels and lubricants used during
the curreat certification testing. Because this basic assumption of
compliance in customer service was made with all other scenarios,
Sierra did not believe 1t was necessary to modify the emission factors
that ARB provided for the purposes of this study. The only change
Sierra thought was needed was to incorporate the assumed adoption of
more stringent standards for heavy-duty gasoline vehicles in 1994. Ve
believe these standards were inadvertently omitted from the
instructions that ARB gave to CMU. Table A-1 in Appendix A shows the
differences betwesn the emission factors used by CMU and Sierra.

1

source emi:

T

o

CMU Scenarios 2. B. and 9, Eliminate All Yehicle-Related Emissions -
These scenarios were primarily of academic interest. All emissions
from petroleum refining, gasoline marketing, and on-road and off-road
motor vehicle emissions were assumed to be eliminated. Under scenario
72, both HC and NOx were eliminated. Under scenario 8, all HC was
eliminated, but NOx was not changed. Under scenario 9, all NOx was
eliminated, but HC was not modified.

(MU Scenario 4. 100% Advanced Conventionally-Fueled Vehicles - This
scenario assumes L00% penetration of vehicles meeting the most
stringent standards contained in Scenario 1 {e.g., 0.25 g/mi HC and
0.2 g/mi NOx for passenger cars and light trucks). The minor
differences between the emission factors used by Sierra and CMU are
listed in Table &4-2 of Appendix A.

CMU Scenarioc 5 and 7, 100% Advanced Methanol-Fueled Vehicles - Under
Scenario 5, complete penetration of advanced technology, M100-fueled
vehicles is assumed (on-road and off-road). Light-duty vehicle
methanol emissions are assumed to average 0.50 g/mi in customer
service. Formaldehyde emissions are assumed to be equal to those from
"pAdvanced Conventlonally-Fueled Vehicles"” (i.e., only 3 mg/mi). Non-
methane hydvocarbon emisslons are assumed to be zero. It is also
assumed that methanol vehicles will be able to achieve 50% lower NOx
emissions than current technology gasoline vehicles. (These basic
assumptions regarding HC and NOx control were used for heavy-duty
vehicles as well.) In addition, refinery shut-downs and the
elimination of gasoline marketing are assumed.

Scenaric 7 was just like Scenario 5 except that some stationary source

NOx reductions are also assumed to occur because of a switch to
methanol. NOx reductions of 20-50% from stationary source boilers and
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heaters and of 50% from stationary internal combustion engines are
assumed.

Sierra believes these scenarios are totally unrealistic. As discussed
in Section 3, there is no basis for assuming M100 vehicles have no
NMHC emissions. There is also no basis for assuming formaldehyde
emissions from light-duty vehicles can be reduced to 3 mg/mi with the
same level of emissions control technology that has been assumed for
advanced technology vehicles using conventional fuel. Because of the
problems of getting light-duty methanol vehicle NOx emissions below
0.4 g/mi, it also appears unlikely that methanol vehicles will have
NOx levels as low as advanced technology gasoline vehicles. To
reflect more realistic assumptions, Sierra used NMHC emissions of
0.125 g/mi and set NOx levels at twice the level for advanced
technology CFVs (i.e., 0.4 g/mi for cars). The 0.125 g/mi NMHC level
still reflects significant improvements over existing technology as it
is half of the level reported by Ford for its Crown Victoria FFVs.

For heavy-duty vehicles, Sierra also disagrees with the assumptions
given to CMU regarding reduced emissions for methanol-fueled vehicles.
In the case of gasoline-powered vehicles converted to methanol, Sierra
used’ emission factors that reflected 50% lower NMHC and higher NOx
than gasoline. For converted Diesel vehicles, Sierra used emission
factors that reflected 50% lower HC but equivalent NOx. (The reason
for this assumption is that the NOx reductions assumed by ARB could
just as easily be achieved with conventional fuels by a conversion to
gasoline engines.)

Sierra did not assume any emission reductions from off-road vehicles
because there is no evidence that conversion of off-road vehicles to
methanol is economically and technologically feasible within the
timeframe under consideration.

The assumed refinery shutdowns also appear to be unrealistic and were
therefore not assumed to occur. Regardless of whether methanol use
reduces the demand for refined motor vehicle fuels in the South Coast
Air Basin, it would still be economic to operate the refineries to
produce jet fuel, aviation gasoline, fuel oils, lube oils, and
petrochemicals, as well as gasoline and Diesel fuel for use elsewhere
in California, Arizona, Nevada, Oregon, Washington, and other states
and countries.

Finally, Sierra believes there is no basis for assigning 20-50% NOx ‘
reductions to various stationary sources. This level of NOx control i
can be achieved with the use of selective catalytic reduction (SCR)
systems or low-NOx burners on conventionally fueled sources.

Tables A-3 and A-5 of Appendix A compare the Sierra and CMU
assumptions for these scenarios.

CMU Scenarios 6 & 12, Rapid Phase-In of Advanced Methanol Technology -
All new vehicles are assumed to use "Advanced Methanol Technology" :
starting in 1990 under these scenarios. Under Scenario 6, 1995 and i
‘later model emission factors are the same as under Scenario 5. From
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1990 through 1994, slightly higher methanol and formaldehyde emission
rates are zssumed. Under Scenario 12, the formaldehyde emission rate
is assumed to be much higher at 55 mg/mi. However, non-methane
hydrocarbons are still assumed to be zero for all model years under
both scenarios. Also, refinery and gasoline marketing emissions are
apparently phased-out in proportion to the phase-in of the methanol
fleet. Conversion of off-road vehicles to methanol is also assumed to
occur.

Sierra’'s version of Scenario 6 reflects Ford’s findings regarding the
existence of significant NMHC in the exhaust of M100 vehicles. 1Im
addition, the NOx emissions of M100 vehicles were assumed to be double
the NOx emissions of gasoline vehicles. Under these assumptions,
Sierra's emission factors for 1997 and later models were the same as
used under Scenario 5. In addition, the beginning of the phase-in was
delayed until the 1995 model year (which is still optimistic). As
under Scenario 5, refinery and other stationary source emissions were
left unchanged. Because Sierra did not model formaldehyde, no attempt
was made to run a revised version of Scenario 12.

Table A-4 of Appendix A compares the Sierra and CMU assumptions for
this scenarioc.

CMU Scenario 10. Slower Phase-In of Advanced Methanol Technology - 50%
of all new vehicles are assumed to use "Advanced Methanol Technology™
starting in 1990. Sierra did not attempt to replicate this scenario
or to construct a modified version of it.

CMU Scenaric 11, Rapid Phase-In of "M85" Methanol Techmology - Under
this scenario, all new vehlcles are assumed to use 85% methanol/15%
gasoline fuel starting in 1990. Average organic emissions in customer
service are assumed to be 0.25 g/mi methanol and 0.125 g/mi NMHC.
Formaldehyde is assumed to be 15 mg/mi. NOx emissions are assumed to
be the same as conventlonally-fueled vehicles. As in the case of the
M100 scenarios, complete conversion of off-road vehicles to methanol
and refinery shutdowns are assumed to occur.

Sierra made four basic changes to this scenario. First, the phase-in
was delayed until 1995 (which is still optimistic). Second, higher
NOx emission levels were assumed, as in the case of the M100
scenarios. Third, off-rcad vehicle emissions were left unchanged.
Fourth, the refineries were assumed to continue operating.

Table A-6 of Appendix A compares the Sierra and CMU assumptions for
this scenarico.

HHH
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Percent of Year 2000 Baseline

6. FUTURE YEAR EMISSIONS FORECASTS
FOR ALTERNATIVE CONTROL PROGRAMS

Because CMU has published its forecasts of calendar year 2000
emissions for each of the scenarios it modeled, Sierra was able to
compare its own projections of the ARB assumptions with those made by
CMU. Figures 11 and 12 show the results. Considering the difference
in baseline inventories and mobile source travel forecasts, the
agreement is quite reasonable.

After confirming that the CMU forecasts must have been done in a very
similar manner, Sierra prepared year 2000 forecasts after modifying
ARB's emissions assumptions to reflect our own estimates of the
emission factors that should be used for the alternative assumptions.
In addition, year 2010 forecasts were run for both the ARB and Sierra
assumptions.

Figure 11
Comparison of Slerra and CMU
Hydrocarbon Emissions Forecasts
Using ARB Assumptions
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Percent of Year 2000 Baseline

Figure 12
Comparison of Sierra and CMU
NOx Emissions Forecasts
Using ARB Assumptions
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The detailed comparisons of the emission forecasts using the Sierra
and ARB assumptions are contained in Appendix B. As an example of how
the results are tabulated in the Appendix, Tables 17 and 18 show the
year 2010 emission projections for Scenario 6, involving "rapid phase-
in of M100". Table 17 shows the results of using ARB's assumptions
and Table 18 is based on Sierra’s assumptions.

Note in Table 17, based on ARB’s assumptions, there are no emissions
from the category of "Stationary Sources, Fuel Combustion, Petroleum

Refining”. All refineries are assumed to be closed down. Likewise
there are no emissions from the category "Stationary Sources,
Petroleum Process, Storage & Transfer, Petroleum Refining”. In

contrast, Table 18 shows that Sierra's assumptions produce a total of
19.71 tons/day of hydrocarbons and 35.78 tons/day of NOx. Note also
that Table 17 shows total "Other Mobile" emissions of 33.24 tons/day
HC and 123.41 tons/day NOx. Table 18 shows "Other Mobile" emissions
of 116.09 HC and 182.37 NOx. Significant differences are also
apparent in the "On Road Vehicle" category, where ARB assumed there
would be no HC emissions associated with M100 vehicles. Sierra's
forecast is based on M100 vehicles emitting half the HC of gasoline
vehicles and twice the NOx.
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Table 17

Year 2010 Forecast of Baseline Inventory
Scenario CMU 06 - Rapid Phase-In, M100

------ Tons/Day =-----~
SOURCE CATEGORY NMHC NOx
==~ STATIONARY SOURCES ==== === === m e e e
------ FUEL COMBUSTION === === oo e e oo e e
AGRICULTURAL 0.03 0.00
OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 0.00 0.00
OTHER MANUFACTURING/INDUSTRIAL 349 4172
ELECTRIC UTILITIES - 18.28 223.65
OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.78 26.59
OTHER 2.42 10.91
TOTAL FUEL COMBUSTION 29.70 344 .68
—————— WASTE BURNING === = mmm o oo e e e e el
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT ‘ 0.00 0.00
INCINERATION 0.00 0.00
OTHER 1.00 0.91
TOTAL WASTE BURNING 1.17 0.91
------ SOLVENT USE === o s e m o e e e e e e e e e cememmmaa
DRY CLEANING : 23.83 0.00
DEGREASING | 33.17 0.00
ARCHITECTURAL COATING i 50.71 0.00
OTHER SURFACE COATING ; 203.54 0.02
ASPHALT PAVING ; 4.67 0.00
PRINTING ' 4,60 0.06
DOMESTIC ¢ 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00
OTHER ' 3.21 0.00
TOTAL SOLVENT USE 464,07 0.08
------ PETROLEUM PROCESS, STORAGE & TRANSFER----~====mm==-cooomoooeoo_o
OIL AND GAS EXTRACTION ‘ 5.90 0.01
PETROLEUM REFINING 0.00 0.00
PETROLEUM MARKETING a.00 000
OTHER Z.30 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 8.20 . 0.01
------ INDUSTRIAL PROCESSES === === == oo o e o e e e
CHEMICAL 4.88 2.07
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05
METAL PROCESSES ‘ 0.74 0.07
WOOD AND PAPER 0.00 0.00
OTHER ‘ 22.39 0.00
TOTAL INDUSTRIAL PROCESSES 36.32 6.19
------ MISCELLANEOUS PROCESSES === === =mm e e aol
PESTICIDE APPLICATION _ 13.89 0.00
FARMING OPERATIONS 20,00 0.00
CONSTRUCTION AND DEMOLITION 1 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69
SOLID WASTE LANDFILL 6.52 0.00
OTHER 35.66 11.85
TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 623.25 365.40

777 MOBILE SOURCES === == s mm e o e oo e ..
------ ON ROAD VEHICLES === === == oo oo
LIGHT DUTY PASSENGER 5.20 79.67

LIGHT AND MEDIUM DUTY TRUCKS 21 38.16

HEAVY DUTY GAS TRUCKS 0.7 69.91

HEAVY DUTY DIESEL TRUCKS ;;%’ 7439
MOTORCYCLES . 2,53

TOTAL ON ROAD VEHICLES : 16,84 264,68

------ OTHER MOBILE =~ === == e e e e e e e eecmcceem
OFF ROAD VEHICLES 0,00 7.19

TRAINS T.00 13,83

SHIPS . 131 38,18

AIRCRAFT ~ GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 31.93 26.21

MOBILE EQUIPMENT 0.00 36.27

UTILITY EQUIPMENT 00 “1.69

OTHER 0.00 0.00

TOTAL OTHER MOBILE 33.24 123.41

TOTAL MOBILE SOURCES 50.08 388.07
TOTAL ALL SOURCES 673.33 753.47
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Table 18

2010 Foroecast of Baseline Invantory
s Sierra 06 - Rapid Phase-In, ¥100

------ Tous/lDay --~-—~

SQURCE CATEGQRY NMHC NOx
T A IATIONART SOURCES --=--=-=-==========-======="-omTTT T
------ FUEL COMBUSTION e
AGRICULTURAL 0.03 0.00

GIL AND GAS PRCDUCTICHN 0.67 2.88
PETROLEUM REFIWING 5.33 25.08

OTHER MANUFACTURING/ INDUSTRIAL 3.49 41,72

ELECTRIC UTILITIES 18.26 223.65

OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.78 26.59

0 R 2.42 10.91

TOTAL FUEL COMBUSTION 36.03 373.76

—————— WASTE BURNING I e b
AGRICULTURAL - DEBRIS ¢6.02 oc

0
RANGE MANAGEMENT a 0
FOREST MANAGEMENT 0. 0.
INCINERATION G.00 0.00
OTHER 1 0
1 Q

TOTAL WASTE BURNING 17 .91
—————— SOLVENT USE e mmmmmmmmmmmm o mm TS ST STSTTTITOTO
DRY CLEANING 23.83 9.00
DEGREASING 33.17 0.00
AXCHTTECTURAL COATING 50.71 6.00
OTHER SURFACE COATING 203.54 .02
ASPHALT PAVING 4.67 0.00
PRINTING .60 0.06
DOMESTIC 116.54 0.00
INDUSTRTAL SOLVENT USE 23.81 0.00
CTHER 3.21 0.00
TOTAL SOLVENT USE 464 .07 0.08
—————— PETROLEUM PROCESS, STCRAGE & [RANSFER------=--=-======-==-==-7"=C
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 0.00 0.01
OTHER 2.30 6.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 21.58 6.72
—————— INDUSTRI&L PROCESSES SR
CHEMICAL 429 2.07
FOOD AND AGR 7.85 0.00
MINERAL R 0.45 4.05
METAL PROCESSES .74 0.07
§OOD &ND PAPER 0.00 .60
OTEER 2.39 0.00
TOTAL INDUSTRIAL FROCESSES 36.32 6.19
------- MISCELLANEOUS PROCESSES e mmmmmm—mmmmmmmommm—msms—mSSSS=oeToT
PESTICIDE APPLICATION 13.89 0.00
FARMING OPERATIONS 20.00 0.00
CONSTRUCTTON AND DEMOLITION 0.00 9.00
ENTRAINED R0&D DUST - BAVED 9.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69
SOLID WASTE LAKDFILL 6.52 0.00
OTHER 35.58 11.85
TOTAL MISCELLANECUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 642.96 401.19
o MOBILE SOURCES ----mmmmmmmm=m===mms=m===mmmmmmmom Tt T T
—————— ON ROAD VEHICLES G Y
LIGHT DUTY PASSENGER 52.39 134.10
[IGHT AND MEDIUM DUTY TRUCKS Z0.03 77.98
HEAVY DUTY GAS TRUCKS 1182 69.20
HEAVY DUTY DIESEL TRUCKS 15 29 152.10
MOTORCYCLES 7. 34 2.53
TOTAL ON ROAD VEHICLES 109.87 425.92
——————— OTHER MOBILE
DFF RO&D V
TRAINS
SHIPS .
AIRCRAFT - GOVERNMENT 0.00 .
AIRCRAFT - CTHER 21.93 26.21
MOBILE EQUIPMENT 16.91 72.53
UTILITY EQUIPMENT 19.71 3.38
OTHER 0.00 0.00
TOTAL OTHER MOBILE 116.09 182.37
TOTAL MOBILE SOQUACES 225.96 608.29
TOTAL ALL SOURCES 856.92 100G.48



Tons/Day (HC + NOx)

Figure 13 shows the overall comparison between the ARB and Sierra
assumptions for three different cases: 1) projected standards with
conventional fuels; 2) rapid phase-in of M85 (Scenario 11); and

3) rapid phase-in of M100 (Scenario 6). As the figure shows, Sierra
projects that there would be no significant change in the ozone
precursors (HC plus NOx) assoclated with a shift to either M85 or M100
fuel. Total hydrocarbon emissions are projected to be slightly lower
with methanol fuel, but NOx emissions are projected to be higher. 1In
contrast, the assumptions used by CMU lead to the conclusion that NOx
plus HC emissions would be reduced by as much as 25%.

Figure 13

Year 2010 Emission Projections
CMU/ARB vs. Sierra Assumptions
for Alternative Strategies

: NOx

2,000 | 1903 1881 © 1898 - ST 4g78
1,500
1,000
500
0

CMU/ARB Sierra CMU/ARB Sierra CMU/ARB Sierra

Conventional Fuels M85 M100
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7. ESTIMATED AIR QUALITY EFFECTS
OF ALTERNATIVE CONTROL PROGRAMS

Table 19 presents a comparison of the emission reductions (percentage)
achieved under alternative scenarios developed by CMU and Sierra in
the year 2000. In comparing the results it is important to remember
that Sierra was unable to exactly replicate the CMU results because it
did not have access to the inventory that ARB provided to them.
Therefore, the baseline values presented in Table 19 are different.
Nevertheless, as discussed in Section 6, Sierra was able to produce
changes among the scenarios that closely tracked CMU’s results.

The results provided in Table 19, therefore, illustrate the impact of
changes in emission factor estimates that Sierra incorporated into the
CMU scenarios. A comparison of the results for scenarios 6 and 11,
the rapid methanol implementation scenarios, clearly indicates that
the reductions achieved under the CMU analysis are severely degraded
when more realistic assumptions and emission factor estimates are
incorporated in the scenarios. By comparing the reductions achieved
under the columns entitled "Sierra" with the reductions and associated
ozone estimates under the columns entitled "CMU", it is apparent that
neither scenario modeled by Sierra would be expected to cause a
significant reductlon in ozone levels, especially if more realistic
formaldehyde emissions estimates are used than were employed under the
CMU study.
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Table 19

CMU Projections of Emissions and Ozone Changes
vs. Sierra’s Projections of Emissions Changes

Scenario

Conventional Fuels:
1A. Baseline (tons/day)
1. Projected Auto Standards

4. 100% Advanced Technology

Methanol Fuel,

Including Refinery Shutdowns:

10. Slower Phase-In Advanced
Technology Vehicles

6. Rapid Phase-In Advanced
Technology Vehicles

5. 100% Advanced Technology
Vehicles

7. 100% Advanced Technology
Mobile and Stationary

12. Rapid Phase-In of M100
- w/55 mg/mi Formaldehyde

11. Rapid Phase-In of M85

Sensitivity Runs:

8. Eliminate Vehicle-
Related HC Emissions

9. Eliminate Vehicle-
Related NOx Emissions

2. Eliminate Vehicle-
Related HC and NOx

1130

-5.3%

-11.5%

-10.6%

-23.0%

-31.9%

-31.9%

22.1%

-18.6%

-31.9%

-31.9%
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740

-5.4%
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APPENDIX A

Emissions Scenarios

Legend:

LDA =
LDT =
MDT =
HDG =

HDD =

N/C =

light-duty automobiles (passenger cars)
light-duty trucks

medium-duty trucks

heavy-duty gasoline vehicles (spark ignition,
in the case of alternative fuel use)
heavy-duty Diesel vehicles (compression
ignition, in the case of alternative fuel use)
no change from the emission factors

contained in EMFAC7D




LbA
1DT
MDT
HDG
HDD

LDA
1DT
MDT
HDG
HDD

LDT
MDT
HDG
HDD

LDA
LDT
MDT
HDG
HDD

Other Changes:

Table A-1

Emission Factor Matrix
Scenarioc 1 (Projected Standards)

Model Years = Pre-1992
No Changes -------

Model Years = 1992-93

------------ CMU ------=-=-===--- ceeeeee---- Sierra ---------""-
HC CO NOx Evap HC CO NOx Evap
0.36 4 .06 N/C N/C
0.37 4 40 N/C N/C
N/C N/C N/C N/C  -------cc Same as CMU --------
N/C N/C N/C N/C
N/C N/C N/C N/C
Model Years = 1994
------------ CMU -=---====-===--~= ceeee-=-=-- Sjerra --------"-°"""°
HC CcO NOx Evap HC CcO NOx. Evap
0.36 4 .06 N/C N/C 0.36 4.06 N/C N/C
0.37 4 .40 N/C N/C 0.37 4 .40 N/C N/C
0.44 6.00 0.7 N/C 0.44 6£.00 0.7 N/C
N/C N/C N/C N/C 1.01 13.25 2.0 N/C
N/C N/C N/C N/C N/C N/C N/C N/C
Model Years = 1995-96
———————————— CMU -------------- ciweeew=--=-- Sierra -------""""-°-°
HC [056] NOx. Evap HC GO NOx Evap
0.25 3.5 0.4 N/C 0.25 3.5 0.4 N/C
0.26 3.5 0.42 N/C 0.26 3.5 0.4 N/C
0.32 5.8 0.7 N/C 0.32 5.8 0.7 N/C
N/C N/C N/C N/C 1.01 13.25 2.0 N/C
N/C N/C N/C N/C N/C N/C N/C N/C
Model Years = 1997+
------------ CMU ------===-=-=--~~ ceeee-e=-=-- Sierra ----------°-
HC CcO NOx Evap HC CO NOx. Evap
0.25 3.5 0.2 N/C 0.25 3.5 0.2 N/C
0.26 3.5 0.21 N/C 0.26 3.5 0.2 N/C
0.32 5.8 0.7 N/C 0.32 5.8 0.7 N/C
N/C N/C N/C N/C 1.01 13.25 2.0 N/C
N/C N/C 10.32 N/C N/C N/C 10.3 N/C
None Other Changes: None



Table A-2

Emission Factor Matrix
Scenario 4 (Full Advanced CFVs)

Model Years = All

Convertible off-road
sources = 0 HC, 50% NOx
Refinery emissions = 0

------------ CMU --mmme oo ----------- Sierra ---------._.
HC co NOx Evap HC co NOx Evap
LDA  0.25 3.5 0.2 N/C 0.25 3.5 0.2 N/C
LDT 0.27 3.5 0.25 N/C 0.27 3.5 0.25 N/C
MDT 0.34 5.8 0.78 N/GC 0.34 5.8 0.78 N/C
HDG 1.01 13.25 2.0 N/C 1.01 13.25 2.0 N/C
HDD 3.0 N/C 9.24 N/C 3.0 N/C 9.24 N/C
Other Changes: None Other Changes: None
Table A-3
Emission Factor Matrix
Scenario 5 (Full M100 Mobile)
Model Years = All
------------ CMU --emmmmea oot R IR 5 -5 o of - ST
HC co NOx Evap HC co NOx Evap
LDA 0.0 3.5 0.2 0.0 0.125 3.5 0.4 0.0
LDT 0.0 3.5 0.25 0.0 0.13 3.5 0.5 0.0
MDT 0.0 5.8 0.78 0.0 0.16 5.8 1.56 0.0
HDG 0.0 13.25 2.0 0.0 0.50 13.25 N/C 0.0
HDD 0.0 N/C 4.62 0.0 1.50 N/C 9.24 0.0
Other Changes: Other Changes:
Refueling emissions = 0 Refueling emissions = 0




Table A-4

Emission Factor Matrix
Scenario 6 (Rapid Phase-In of M100)

Model Years = Pre-1990
--------------- No Changes ---------=------

Model Years = 1990

———————————— CMU ---=---=-==-==--~- ce-ea==----- Sierra ----------"-
HC CO NOx Evap HC GO NOx Evap_
LDA 0.0 N/C N/C 0.0 N/C N/C N/C N/C
LDT 0.0 N/C N/C 0.0 N/C N/C N/C N/C
MDT 0.0 N/C N/C 0.0 N/C N/C N/C N/C
HDG 0.0 N/C N/C 0.0 N/C N/C N/C N/C
HDD 0.0 N/C 7.20 0.0 N/C N/C N/C N/C
Model Years = 1991
———————————— CMU ------==--=----- meeea--=-=--- Sierra -------=-"°~
HC Co NOx Evap HC GO NOx Evap
LDA 0.0 N/C N/C 0.0 N/C N/C N/C N/C
LDT 0.0 N/C N/C 0.0 N/C N/C N/C N/C
MDT 0.0 N/C N/C 0.0 N/C N/C N/C N/C
HDG 0.0 N/C N/C 0.0 N/C N/C N/C N/C
HDD 0.0 N/C 6.56 0.0 N/C N/C N/C N/C
Model Years = 1992-93
———————————— CMU --------=----~ eeee------ Sierra --------"--""-
HC CO NOX Evap HC CC NOx Evap
LDA 0.0 4 .06 N/C 0.0 0.36 4 .06 N/C N/C
LDT 0.0 4 .40 N/C 0.0 0.37 4.40 N/C N/C
MDT 0.C N/C N/C 0.0 N/C N/C N/C N/C
HDG 0.0 N/C N/C 0.0 N/C N/C N/C N/C
HDD 0.0 N/C 6.56 0.0 N/C N/C N/C N/C
Model Years = 1994
———————————— CMU --------=-=----~ ieeeem-=-=--- Sierra ----------"-°
HC CcO NOx Evap HC CO NOx Evap
LDA 0.0 4 .06 N/C 0.0 0.36 4.06 N/C N/C
LDT 0.0 4.40 N/C 0.0 0.37 4.40 N/C N/
MDT 0.0 6.00 0.7 0.0 0.44 6.00 0.7 N/C
HDG 0.0 N/C N/C 0.0 1.01 13.25 - 2.0 N/C
HDD 0.0 N/C 6.50 0.0 N/C N/C N/C N/C
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Table A-4 (continued)

Model Years = 1995-96

------------ CMU -------cmmmm-- ----------- Sierra ------------
HC co NOx Evap HC co NOx Evap
Lba 0.0 3.5 0.4 0.0 0.125 3.5 0.4 -40%
LDT 0.0 3.5 0.42 0.0 0.13 3.5 0.50 -40%
MDT 0.0 5.8 0.7 0.0 0.16 5.8 1.56 -40%
HDG 0.0 N/C N/C 0.0 0.50 13.25 N/C -40%
HPD 0.0 N/C 6.50 0.0 1.50 N/C N/C N/A
Model Years = 1997+
------------ CMU -------------- mes=------- Sierra ------------
HC co NOx Evap _ HC co NOx Evap

LDA 0.0 3.5 0.2 0.0 0.125 3.5 0.4 -40%
LDT 0.0 3.5 0.21 0.0 0.13 3.5 0.50 -40%
MDT 0.0 5.8 0.7 0.0 0.16 5.8 1.56 -40%
HDG 0.0 N/C N/C 0.0 0.50 13.25 N/C -40%
HDD 0.0 N/C 5.16 0.0 1.50 N/C 10.32 N/A
Other Changes: Other Changes:
Refueling emissions = phased-out Refueling emissions =
Convertible off-road sources = phased-out

HC phased-out, NOx phased down

by 50%

Refinery emissions = phased-out

A-4
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Table A-5

Emission Factor Matrix
Scenario 7 (Full M100 Mobile and Stationary)

Model Years = All

———————————— CMU ------=----~---- -e-==------ Sierra ------------
HC co NOx Evap HC €O NOx Evap

Lpa 0.0 3.5 0.2 0.0 0.125 3.5 0.4 0.0
T 0.0 3.5 0.25 0.0 0.13 3.5 0.5 0.0
MDT 0.0 5.8 0.78 0.0 0.16 5.8 1.56 0.0
HDG 0.0 13.25 2.0 6.0 0.50 13.25 N/C 0.0
HpD 0.0 N/C 4.62 0.0 1.50 N/C 9.24 0.0
Other Changes: Other Changes:
Refueling emissions = 0O Refueling emissions = O
Convertible

off-rcad sources = 0 HC, 50% NOx
Refinery emissions = 0
Non-refinery

boilers and heaters = -20% NOx
Utility boilers = -50% NOx
Stationary 1.C. engines = -50% NOx
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Table A-6

Emission Factor Matrix
Scenario 11 (M85 Rapid Phase-In)

Model Years = Pre-1990
---------- No Changes ----------

Model Year = 1990

------------ CMU --=vmmmmmmm- ~em~eeaww--- Sierra ------------

HC Cco NOx Evap HC (6]0) NOx Evap

LDA 0.295 N/C N/C -40% N/C N/C N/C N/C
LDT 0.305 N/C N/C -40% N/C N/C N/C N/C
MDT 0.34 N/C N/C -40% N/C N/C N/C N/C
HDG 0.79 N/C N/C -40% N/C N/C N/C N/C
HDD 1.5 N/C 7.20 N/A N/C N/C N/C N/C

Model Year = 1991

------------ CMU ----=--==-=--==-=~ ceem-wm---- Sierra ------------

HC CO NOx Evap HC CO NOx Evap

LDA 0.295 N/C N/C -40% N/C N/C N/C N/C
LDT 0.305 N/C N/C -40% N/C N/C N/C N/C
MDT 0.34 N/C N/C -40% N/C N/C N/C N/C
HDG 0.76 N/C N/C -40% N/C N/C N/C N/C
HDD 1.5 N/C 6.56 N/A N/C N/C N/C N/C

Model Years = 1992-93

------------ CMU ---------emem- ceeee------ Sierra ------------

HC co NOx Evap HC Cco NOx Evap

LDA 0.18 ~4.06 N/C -40% 0.36 4.06 N/C N/C
LDT 0.185 4,40 N/C -40% 0.37 4.40 N/C N/C
MDT 0.34 N/C N/C -40% N/C N/C N/C N/C
HDG 0.76 N/C N/C -40% N/C N/C N/C N/C
HDD 1.5 N/C 6.56 N/A N/C N/C N/C N/C

Model Year = 1994

------------ CMU ------evoeem- ~--e-==--=-- Sierra ------------

HC GO NOx Evap HC Cco NOx Evap

LDA 0.18 4 .06 N/C - -40% 0.36 4.06 N/C N/C
LDT 0.185 4.40 N/C -40% 0.37 4.40 N/C N/C
MDT 0.22 6.00 0.7 -40% 0.44 6.00 0.7 N/C
HDG 0.75 N/C N/C -40% 1.01 13.25 2.0 N/C
HDD 1.48 N/C 6.50 N/A N/C N/C N/C N/C

A-6
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Table A-6 (continued)

Model Years = 1995-96

———————————— CMU -------=-=-=----~ e-ee---=--- Sjerra ---~--------

HC co NOx Evap HC CO NOx Evap

LDA 0.125 3.5 0.4 -40% 0.125 3.5 0.4 -40%
1L.DT 0.13 3.5 0.42 -40% 0.13 3.5 0.50 -40%
MDT 0.16 5.8 0.7 -40% 0.16 5.8 1.56 -40%
HDG 0.75 N/C N/C -40% 0.50 13.25 N/C -40%
HDD 1.48 N/C 6.50 N/A 1.50 N/C N/C N/A

Model Years = 1997+

———————————— CMU -------===---- ceeme-=--=--- Sierra -----------"-

HC COo NOx Evap HC co NOx Evap

1LDA 0.125 3.5 0.2 -40% 0.125 3.5 0.4 -40%
LDT 0.13 3.5 0.21 -40% 0.13 3.5 0.50 -40%
MDT 0.16 5.8 0.7 -40% 0.16 5.8 1.56 -40%
HDG 0.74 N/C N/C -40% 0.50 13.25 N/C -40%
HDD 1.47 N/C 5.16 N/A 1.50 N/C 10.32 N/A

Other Changes:
Refueling emissions =
phased down by 40%
Convertible off-road sources =
phased down by -50% HC, -50% NOx
Refinery emissions = phased out

Other Changes:

Refueling emissions =

phased down by 40%
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Table B-1

Year 2000 Forecast of Baseline Inventory
Scenario 1A - Current Standards, CFVs

—————— Tons/Day --—--~
SOURCE CATEGCRY NMHC NOx
T T GTATIONARY SOURCES -—--==-==-==================--====-"=="""" 7777777~
------ FUEL COMBUSTION ittt bl
AGRICULTURAL 0.05 0.00
OIL AND GAS PRODUCTIOHN 0.67 2.68
PETROLEUM REFINING 5.72 28.79
OTHER MANUFACTURING/INDUSTRIAL 3.28 39.45
ELECTRIC UTILITIES 15.04 183.14
OTHER SERVICES AND COMMERCE 2.78 34.26
RESIDENTIAL 1.60 26.46
OTHER 2.14 9.54
TOTAL FUEL COMBUSTION 31.28 324 .32
------- WASTE BURNING e tnintaiei ek b
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 0.92 Q.84
TOTAL WASTE BURNING 1.10 0.84
—————— SOLVENT USE e e mmm—— e —mm o ——— oSS S ST mTEET T
DRY CLEANING 21.08 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATIKRG 183.20 0.02
ASPHALT PAVING 3.95 0.00
PRINTING 4.27 0.05
DOMESTIC 107 .33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00
OTHER 2.89 0.00
TOTAL SOLVENT USE 424 .56 0.07
------ PETROLEUM PROCESS, STORAGE & TRANSFER---=--=-=--=-=-=---=-==-==--="===77%
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 34.81 0.01
OTHER 2.15 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 56.24 6.72
------ INDUSTRIAL PROCESSES ettt bt
CHEMICAL 4. 44 1.85
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.40 4 .05
METAL PROCESSES 0.71 0.08
WOOD AND PAPER 0.00 0.00
OTHER 17.899 0.00
TOTAL INDUSTRIAL PROCESSES 31.40 5.99
~~~~~~ MISCELLANEOUS PROCESSES Tttt s b
PESTICIDE APPLICATIGCN 12.97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED RCAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.67 1.68
SCLID WASTE LANDFILL 5.686 0.00
OTHER 29.45 10.80
TOTAL MISCELLANEOUS PROCESSES 82.55 12.48
TOTAL STATIONARY SOURCES 627 .12 350.42
oo MOBILE SOURCES ~--=------=-====-=====-—=====-=-=-—=-- = 7 mmmmmmmm T
—————— ON ROAD VEHICLES e M mmmmmmmm e M — o mmmm S m oS- o oSS SSS ST mT T
LIGHT DUTY PASSENGER 136.45 177.70
LIGHT AND MEDIUM DUTY TRUCKS 48.66 67.03
HEAVY DUTY GAS TRUCKS 20.64 61.93
HEAVY DUTY DIESEL TRUCKS 27 .80 145,43
MOTORCYCLES 5.59 2.25
TOTAL ON ROAD VEHICLES 239.24 454 .34
------ OTHER MOBILE O athatae e
OFF ROAD VEHICLES 33.34 13.03
TRAINS 6.69 25.41
SHIPS 1.19 34.7¢6
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 25.10 20.5¢0
MOBILE EQUIPMENT 17 .64 67.15
UTILITY EQUIPMENT 17.11 2.91
OTHER 0.00 0.00
TOTAL OTHER MCBILE 101.07 163.81
TOTAL MOBILE SOURCES 340.31 618.15
TOTAL ALL SOURCES 967 .43 968.57



Table B-2

Year 2010 Forecast of Baseline Inventory
Scenario 1A - Current Standards, CFVs

------ Tons/Day -----

SOURCE CATEGORY NMHC NOx
--- STATIONARY SOURCES ------------~- s s oo m— oo ——o—=
------ FUEL COMBUSTION —--==s-=s s m oo e e e m o e s — o mmm— =
AGRICULTURAL 0.03 0.00

OIL AND GAS PRODUCTION 0.687 2.68

PETROLEUM REFINING 6.33 29.08

OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72

ELECTRIC UTILITIES 18.26 223.65

OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.79 26.59

OTHER 2.42 10.91

TOTAL FUEL COMBUSTION 36.03 373.76

------ WASTE BURNING --=-----m s o o e e e s m s m s mm—mmmmm— =
AGRICULTURAL - DEBRIS . 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 1.00 0.91

TOTAL WASTE BURNING 1.17 0.91

------ SOLVENT USE --=-=---c--mm oo e e e e s e m e e m e oo o m o
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 203.54 0.02

ASPHALT PAVING 4.67 0.00

PRINTING 4.60 0.06

DOMESTIC 116. 54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00

OTHER 3.21 0.00

TOTAL SOLVENT USE 464 .07 0.08

------ PETROLEUM PROCESS, STORAGE & TRANSFER------r---~--===n-—-—-ome————
OIL AND GAS EXTRACTION 5.90 0.01

PETROLEUM REFINING 13.38 6.70

PETROLEUM MARKETING 33.89 0.01

OTHER 2.30 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 55.47 6.72

--==-- INDUSTRIAL PROCESSES ---=--=-=---=== == oroemcoco oo
CHEMICAL 4.88 2.07

FOOD AND AGRICULTURAL 7.85 0.00

MINERAL PROCESSES 0.45 4,05

METAL PROCESSES 0.74 0,07

WOOD AND PAPER 0.00 0.00

OTHER 22.39 0.00

TOTAL INDUSTRIAL PROCESSES 36.32 6.19

------ MISCELLANEOUS PROCESSES -==-==-=- oo e e et m o s m e m e
PESTICIDE APPLICATION 13.89 0.00

FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00

ENTRAINED ROAD DUST - PAVED 0.00 0.00

ENTRAINED ROAD DUST -~ UNPAVED 0.00 0.00

UNPLANNED FIRES 7.71 1.68

SOLID WASTE LANDFILL 6.52 0.00

OTHER 35.66 11.85

TOTAL MISCELLANEQUS PROCESSES 83.78 13.54

TOTAL STATIONARY SOURCES 676.85 401.19

~-- MOBILE SOURCES == == wm s oo e o e e e e e e m e o e e e s e m - mmmm e
------ ON ROAD VEHICLES - === = m e e e e e o e e e e e e e e e e
LIGHT DUTY PASSENGER 155.07 199.55

LIGHT AND MEDIUM DUTY TRUCKS 56.65 77.56

HEAVY DUTY GAS TRUCKS 24.00 69.90

HEAVY DUTY DIESEL TRUCKS 37.23 171.79
MOTORCYCLES 7.34 2.53

TOTAL ON ROAD VEHICLES 280.29 521,33

------ OTHER MOBILE ~-m== = mm = o m s e e e e e e e e e e m v m e
OFF ROAD VEHICLES 36.96 14 .38

TRAINS 7.28 27 .65

SHIPS 1.31 38.18

AIRCRAFT - GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 31.93 26.21

MOBILE EQUIPMENT 18.91 72.53

UTILITY EQUIPMENT 19.71 3.38

OTHER 0.00 0.00

TOTAL OTHER MOBILE 116.09 182.37

TOTAL MOBILE SOURCES 396.38 703.70
TOTAL 1073.23 1104 .89




Table B-3

Year 2000 Forecast of Baseline Inventory
Scenario CMU 01 - Projected Standards, CFVs

------ Tons/Day -----
SOURCE CATEGORY NMHC NOx
~-— STATIONARY SOURCES ==--=-===------==-=-=-=—-=-===-—--=-=-=--=-------mmmmmmmm—~
------ FUEL COMBUSTION ---==-=-=---=----==-=-—==-—==-----=m--oooommmmsess
AGRICULTURAL 0.05 6.00
OIL AND GAS PRODUCTIORN 0.67 2.68
PETROLEUM REFINING 5.72 28.79
OTHER MANUFACTURING/INDUSTRIAL 3.28 39.45
ELECTRIC UTILITIES 15.04 183.14
OTHER SERVICES AND COMMERCE 2.78 34.26
RESIDENTIAL 1.60 26.46
OTHER 2.14 9.54
TOTAL FUEL COMBUSTION 31.28 324.32
—————— WASTE BURNING ---=----=-----=-—-==-=--==-—==--=---=---smooooomossmnms s
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 0.92 0.84
TOTAL WASTE BURNING 1.10 0.84
—————— SOLVENT USE =-----==-====-----=-==-=-=---=-——--—=----o-sooommseemmrme ™
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.00
ARCHBITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 183.20 0.02
ASPHALT PAVING 3.95 0.00
PRINTING 4,27 0.05
DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00
OTHER 2.89 0.00
TOTAL SOLVENT USE 424,58 0.07
----- PETROLEUM PROCESS, STORAGE & TRANSFER--------------==-=-=="=7°7"~
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 34.81 0.01
OTHER 2.15 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 56.24 6.72
------ INDUSTRIAL PROCESSES ~-=--=-------=-=—--——--—=--———ooosoomomsm=r
CHEMICAL 4. 44 1.85
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.40 4.05
METAL PROCESSES 0.71 0.08
WOOD AND PAPER 0.00 0.00
OTHER 17.99 0.00
TOTAL INDUSTRIAL PROCESSES 31.40 5.89
————— MISCELLANEOUS PROCESSES -------------=--=-~-----=-—--------===7="~
PESTICIDE APPLICATION 12.97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.67 1.68
SOLID WASTE LANDFILL 5.66 0.00
OTHER 29.45 10.80
TOTAL MISCELLANECUS PROCESSES 82.55 12.48
TOTAL STATIONARY SOURCES 627.12 350.42
—== MOBILE SOURCES =---=--=-m=-—--sss—-——— o= - —o—o———o=sooosmooosm s mre e
------ ON ROAD VEHICLES -=-=-==---=--=---==-==---—-—--—=-———moo—ooo=mooomemm =
LIGHT DUTY PASSENGER 111.45 140.55
LIGHT AND MEDIUM DUTY TRUCKS 40.88 55.27
HEAVY DUTY GAS TRUCKS 20.64 61.94
HEAVY DUTY DIESEL TRUCKS 27.90 134 .06
MOTORCYCLES 5.59 2.25
TOTAL ON ROAD VEHICLES 206.46 384.07
——————— OTHER MOBILE -=--m--====—=m— - m - = - - ——o—=~—o———-——oos oo s m
OFF ROAD VEHICLES 33.3% 13.03
TRAINS 6.69 25.41
SHIPS 1.18 34.76
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 25.10 20.50
MOBILE EQUIPMENT 17 .64 67.15
UTILITY EQUIPMENT 17.11 2.91
OTHER 0.00 0.00
TOTAL OTHER MOBILE 101.07 163.81
TOTAL MOBILE SOURCES 307.53 557.88
TOTAL ALL SQURCES 934 .65 3908.30



Table B-4

Yoar 2000 Forecast of Baseline Inventory
Scenario Sierra 01 - Projected Standards, CFVs

------ Tons/Day -----

SOURCE CATEGORY NMHC NOx
--- STATIONARY SOURCES —-=--- == - - - o s s mm s oo - —m ==
------ FUEL COMBUSTION ~-=----- - == r o m - e e m e cw oo e e m oo m=— -~
AGRICULTURAL 0.05 0.00

OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 5.72 28.79

OTHER MANUFACTURING/INDUSTRIAL 3.28 39.45

ELECTRIC UTILITIES 15.04 183.14

OTHER SERVICES AND COMMERCE 2.78 34.26
RESIDENTIAL 1.60 26.46

OTHER 2.14 9.54

TOTAL FUEL COMBUSTION 31.28 324,32

------ WASTE BURNING --=---- - - oo s oo e e e e e e s m e
AGRICULTURAL -~ DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 0.92 0.84

TOTAL WASTE BURNING 1.10 0.84

—————— SOLVENT USE ~=-==-=mmm e m s o o e e e e e e e - — i mmmm—m
DRY CLEANING 21.086 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 183.20 0.02

ASPHALT PAVING 3,95 0.00
PRINTING 4.27 0.05

DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00

OTHER 2.89 0.00

TOTAL SOLVENT USE 424,56 0.07

------- PETROLEUM PROCESS, STORAGE & TRANSFER-~~~===-s-----eoom i mmmmm—
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70

PETROLEUM MARKETING 34.81 0.01

OTHER 2.15 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 56.24 6.72

—————— INDUSTRIAL PROCESSES —-======= === =m oo m o oo o mm oo
‘ CHEMICAL
FOOD AND AGRICULTURAL

4 1
7 0
MINERAL PROCESSES 0.40 4.05
METAL PROCESSES 0.71 0.08
WOOD AND PAPER 0.00 0.00
OTHER 17.99 0.00
TOTAL INDUSTRIAL PROCESSES 31.40 5.99
''''' MISCELLANEOUS PROCESSES ---rm-=-=m—ms s e e o e e e m e
PESTICIDE APPLICATION 12,97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.67 1.68
SOLID WASTE LANDFILL 5.66 0.00
OTHER : 29.45 10.80
TOTAL MISCELLANEOUS PROCESSES 82.55 12.48
TOTAL STATIONARY SOURCES 627.12 350.42
=== MOBILE SOURCES ~-=-=----— - oo s e e e s e m e
------ ON ROAD VEHICLES === == ==o o e s e e e o m o e e e o e
LIGHT DUTY PASSENGER 111.45 140.55
LIGHT AND MEDIUM DUTY TRUCKS 40.88 55.27
HEAVY DUTY GAS TRUCKS : 18.43 © 40,07
HEAVY DUTY DIESEL TRUCKS 27.90 134.06
MOTORCYCLES 5.59 2.25
TOTAL ON ROAD VEHICLES 204.25 372.20
------ OTHER MOBILE -== == s e e e e e e e e e e e e e e e e m e m e
OFF ROAD VEHICLES 33.34 13.03
TRAINS 6.69 25.41
SHIPS 1.19 34.76
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 25.10 20.50
MOBILE EQUIPMENT 17.64 67.15
UTILITY EQUIPMENT 17.11 2.91
OTHER 0.00 0.00
TOTAL OTHER MOBILE 101.07 163.81
TOTAL MOBILE SOURCES 305.32 536.01
TOTAL ALL SOURCES 932. 44 886.43



Table B-5

Year 2010 Forecast of Baseline Inventory
Scenario CMU 01 - Projected Standards, CFVs

------ Tons/Day -----
SOURCE CATEGORY NMHC NOx
--- STATIONARY SQURCES ~----=----=-----r === =—=————— s oossom e o m e
—————— FUEL COMBUSTION -~-==-----—m oo - s oo ——m oo oo m oo mmmmm o
AGRICULTURAL 0.03 0.00
OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 6.33 29.08
OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72
ELECTRIC UTILITIES 18.26 223.65
OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.79 26.59
OTHER 2.42 10.91
TCTAL FUEL COMBUSTION 36.03 373.78
------ WASTE BURNING -=-~--=---—-r === m s oo e — e e oo r oo oo e mm
AGRICULTURAL - DEBRIS g.02 0.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 1.00 0.91
TOTAL WASTE BURNING 1.17 0.91
------ SOLVENT USE ------m-== = rm oo s s — oo o —m- oo o— oo s
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 203.54 0.02
ASPHALT PAVING 4.67 0.00
PRINTING 4.60 0.086
DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00
OTHER 3.21 0.00
TOTAL SOLVENT USE 464 .07 0.08
------ PETROLEUM PROCESS, STORAGE & TRANSFER------=---=--=-=--=-—-=------omm
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 33.89 0.01
OTHER 2.30 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 55.47 6.72
------- INDUSTRIAL PROCESSES =—=~--—---- = - r o ee oo osoo— s s mm oo mm
CHEMICAL 4.88 2.07
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05
METAL PROCESSES 0.74 0.07
WOOD AND PAPER 0.00 0.00
OTHER 22.39 0.00
TOTAL INDUSTRIAL PROCESSES 36.32 6.19
------ MISCELLANEQUS PROCESSES ~-----=~---=====~r---———s—oo—mo oo m— oo
PESTICIDE APPLICATION 13.89 0.00
FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.60
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69
SOLID WASTE LANDFILL 6.52 0.00
OTHER 35.66 11.85
TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 676.85 401.19
—-- MOBILE SOURCES --=-==m— == - o mm o m oo s - - o=
****** ON ROAD VEHICLES =-=-=-=- - - - s m o s oo s oo —mm mmm == m
LIGHT DUTY PASSENGER 91.32 79.67
LIGHT AND MEDIUM DUTY TRUCKS 34 .49 38.21
HEAVY DUTY GAS TRUCKS 24.00 69.90
HEAVY DUTY DIESEL TRUCKS 37.23 142.10
MOTORCYCLES 7.34 2.53
TOTAL ON ROAD VEHICLES 194 .37 332.41
------ OTHER MOBILE ~=-==-==-- - e — o o e ——w e —m o m— == -
OFF ROAD VEHICLES 36.96 14.38
TRAINS 7.28 27.65
SHIPS 1.31 3g.18
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 31.93 26.21
MOBILE EQUIPMENT 18.91 72.53
UTILITY EQUIPMENT 19.71 3.38
OTHER 0.00 0.00
TOTAL OTHER MOBILE 116.09 182.37
TOTAL MOBILE SOURCES 310 .46 514.78
TCTAL ALL SOURCES 987.31 915.97



Table B-6

Year 2010 Forecast of Baseline Inventory

Scenario Sierra 01 - Projected Standards, CFVs

------ Tons/Day =~-----
SOURCE CATEGORY NM. NOx
=== STATIONARY SOURCES ==~ ==~ == e e e e e e e e memm e e
—————— FUEL COMBUSTION ~===-- - mmmm oo s o o o oo o e e e e e e
AGRICULTURAL 0.03 0.00
OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 6.33 29.08
OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72
ELECTRIC UTILITIES 18.26 223.65
OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.79 26.58
OTHER 2.42 10.91
TOTAL FUEL COMBUSTION 36.03 373.76
------ WASTE BURNING -----m- - o e oo e e e e e oo
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT " 0.00 0.00
INCINERATION 0.00 0.00
OTHER 1.00 0.91
TOTAL WASTE BURNING 1.17 0.91
------ SOLVENT USE —-===mmm oo s oo e m o e e e e e e e e
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 203.54 0.02
ASPHALT PAVING 4.67 0.00
PRINTING 4.60 0.06
DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00
OTHER 3.21 0.00
TOTAL SOLVENT USE 464 .07 0.08
------ PETROLEUM PROCESS, STORAGE & TRANSFER-==--=--cmecmmmm e
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 33.89 0.01
OTHER 2.30 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 55.47 6.72
------ INDUSTRIAL PROCESSES === === === == e e e e e e e e
CHEMICAL 4.88 2.07
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05
METAL PROCESSES 0.74 0.07
WOOD AND PAPER 0.00 0.00
OTHER 22.39 0.00
TOTAL INDUSTRIAL PROCESSES 36.32 6.19
------ MISCELLANEQUS PROCESSES === === e e e e e e
PESTICIDE APPLICATION 13.89 0.00
FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69
SOLID WASTE LANDFILL 6.52 0.00
OTHER 35.66 11.85
TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 676.85 401.19
=== MOBILE SOURCES =~ ===~ == o e e e e e e e e e e e e
------ ON ROAD VEHICLES == === = o e e e e e e e
LIGHT DUTY PASSENGER 91.32 79.67
LIGHT AND MEDIUM DUTY TRUCKS 34.49 38.21
HEAVY DUTY GAS TRUCKS 18.87 33.85
HEAVY DUTY DIESEL TRUCKS 37.23 142.10
MOTORCYCLES 7.34 2.53
TOTAL ON ROAD VEHICLES 189.24 296.36
------ OTHER MOBILE === === oo o e e e e e e e e
OFF ROAD VEHICLES 36.96 14.38
TRAINS 7.28 27 .65
SHIPS 1.31 38.18
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 31.93 26.21
MOBILE EQUIPMENT 18.91 72.53
UTILITY EQUIPMENT 19.71 3.38
OTHER 0.00 0.00
TOTAL OTHER MOBILE 116.09 182.37
TOTAL MOBILE SOURCES 305.33 478.73
TOTAL ALL SOURCES 982.18 879.92

S —




Table B-7

Year 2000 Forecast of Baseline Inventory
Scenario 02 - No Vehicle Related HC or NOx

------ Tons/Day --~——~

SOURCE CATEGORY NMHC NOx
T TONARY SOURCES —-----=-----==-TT-oTTTToToTmTTm T TITIIITI
—————— FUEL COMBUSTION el N
AGRICULTURAL 0.05 0.00

OIL AND GAS PRODUCTION 0.67 2.68

PETROLEUM REFINING - -

OTHER MANUFACTURINGIINDUSTRIAL 3.28 39.45

ELECTRIC UTILITIES 15.04 183.14

OTHER SERVICES AND COMMERCE 2.78 34.286
RESIDENTIAL 1.60 26.48

OTHER 2.14 9.54

TOTAL FUEL COMBUSTION 25.56 295.53

------ WASTE BURNING ---—--—-—-———---—~---——-—------~---“-'—-‘———-""“
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.186 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

QOTHER 0.92 0.84

TOTAL WASTE BURNING 1.10 0.84

------ SOLVENT USE ---—‘——~--~-———------——---———-——'---———--‘——---—---—-
DRY CLEANING 21.086 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 183.20 0.02

ASPHALT PAVING 3.95 0.00

PRINTING 4. 27 0.05

DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00

OTHER 2.89 0.00

TOTAL SOLVENT USE 424 .56 0.07

—————— PETROLEUM PROCESS, STORAGE & TRANSFER---===-====_=—o==""777"7 "0
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING - -
PETROLEUM MARKETING - -

OTHER 2.15 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 8.05 0.01
----- INDUSTRIAL PROCESSES e mmmmmmmmmmm———m—m—S—ms——SmSmS oSS TETEEEC
CHEMICAL 4. 44 1.85
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.40 4.05
METAL PROCESSES 0.71 0.08
WOOD AND PAPER 0.00 0.00
OTHER 17.99 0.00
TOTAL INDUSTRIAL PROCESSES 31.38 5.98
------ MISCELLANEOUS PROCESSES I i
PESTICIDE APPLICATION 12.97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.87 1.68
SOLID WASTE LANDFILL 5.66 0.00
OTHER 29.45 10.80
TOTAL MISCELLANEOUS PROCESSES 82.54 12.48
TOTAL STATIONARY SOURCES 573.20 314.81
o MOBILE SOURCES -------===-====================-——= 777 T
------ ON ROAD VEHICLES e mmmmmm—mmme—mm——e——m————SSSS ST STSTETTTET
LIGHT DUTY PASSENGER - -
LIGHT AND MEDIUM DUTY TRUCKS - -
HEAVY DUTY GAS TRUCKS - -
HEAVY DUTY DIESEL TRUCKS - -
MOTORCYCLES 5.59 2.25
TOTAL ON ROAD VEHICLES 5.59 2.25
————— OTHER MOBILE e mmmmmmmmmmmmm———mS—— o Sms S o= ST S ST CTTETTTE
OFF ROAD VEHICLES - -
TRAINS - -
SHIPS 1.19 34.786
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 25.10 20.50
MOBILE EQUIPMENT - -
UTILITY EQUIPMENT - -
OTHER 0.00 0.00
TOTAL OTHER MOBILE 26.29 55.30
TOTAL MOBILE SOURCES 31.88 57.55
TOTAL ALL SOURCES 605.08 372.46



Table B-8

Year 2010 Forecast of Baseline Inventory
Scenario 02 - No Vehicle Related HC or NOx

------ Tons/Day -----

SOURCE CATEGORY NMHC NOx
=== STATIONARY SOURCES = === === o= oo oo
------ FUEL COMBUSTION ===~ == == oo oo o e e e e e
AGRICULTURAL 0.03 0.00

OIL AND GAS PRODUCTION 0.67 2.68

PETROLEUM REFINING - -

OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72

ELECTRIC UTILITIES 18.26 223.65

OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.79 26.59

OTHER 2.42 10.91

TOTAL FUEL COMBUSTION 29.70 344.69

------ WASTE BURNING === === oo e e e e e .
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 1.00 0.91

TOTAL WASTE BURNING 1.18 0.91

------ SOLVENT USE === === oo e e e e e e e e e e
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 203.54 0.02

ASPHALT PAVING 4.67 0.00

PRINTING 4.60 0.06

DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00

OTHER 3.21 0.00

TOTAL SOLVENT USE 464.08 0.08

—————— PETROLEUM PROCESS, STORAGE & TRANSFER========c==mooooomoam
‘ OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING - -
PETROLEUM MARKETING - -

OTHER 2.30 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 8.20 0.01
—————— INDUSTRIAL PROCESSES ======= oo oo e ____
CHEMICAL 4.88 2.07

FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05

METAL PROCESSES 0.74 0.07

WOOD AND PAPER 0.00 0.00

OTHER 22.39 0.00

TOTAL INDUSTRIAL PROCESSES 36.31 6.19
------ MISCELLANEQUS PROCESSES ========o-=o-—ee .
PESTICIDE APPLICATION 13.89 0.00
FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69

SOLID WASTE LANDFILL 6.52 0.00

OTHER 35.66 11.85

TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 623.25 365.42

HEAVY DUTY GAS TRUCKS

HEAVY DUTY DIESEL TRUCKS

MOTORCYCLES 7.34 2.53
TOTAL ON ROAD VEHICLES 7.34 2.53

LIGHT AND MEDIUM DUTY TRUCKS -

TRAINS - -

SHIPS 1.31 38.18
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 31.93 26.21

MOBILE EQUIPMENT -
UTILITY EQUIPMENT =

OTHER 0.00 0.00

TOTAL OTHER MOBILE 33.24 64.43

TOTAL MOBILE SOQURCES 40.58 66,96
TOTAL ALL SOURCES 663.83 432.38




Table B-9

Yaar 2000 Forecast of Baseline Inventory
Scenario 04 - Full Implementation, Advanced CFVs

—————— Tons/Day --——~
SOURCE CATEGORY NMHC NOx
TTTTSTATIONARY SOURCES -=-=-===-==========-===-===-—==-===""""77777""""_
—————— FUEL COMBUSTION e m M e e mm e — e mm eSS o oSS ST ST

AGRICULTURAL 0.05
OIL AND GAS PRODUCTION 0.87
PETROLEUM REFINING 5.72
OTHER MANUFACTURING/INDUSTRIAL 3.28 .
ELECTRIC UTILITIES 15.04 183.
OTHER SERVICES AND COMMERCE 2.78
RESIDENTIAL 1.60
OTHER 2.14
TOTAL FUEL COMBUSTION 31.28 324
—————— WASTE BURNING e mmmmmmmmmm—mm—— o e — S oo oSS SS S SmmS S TS TTETEETC
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.16 .00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 0.92 0.84
TOTAL WASTE BURNING 1.10 0.84
—————— SOLVENT USE e mmmmmmmmemm oo oSS S S —m—S oS SmSm ST TTEETEET
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 183.20 0.02
ASPHALT PAVING 3.95 0.00
PRINTING 4.27 0.05
DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00
OTHER 2.89 0.00
TOTAL SOLVENT USE 424 .56 0.07
"""" PETROLEUM PROCESS, STORAGE & TRANSFER----=-~---=--=----=---=-=--==~"=
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 34.81 0.01
OTHER 2.15 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 56.24 6.72

—————— INDUSTRIAL PROCESSES -=-=-=--=--===--======s=sos===-sooosmmmoome s
CHEMICAL
FOOD AND AGRICULTURAL

4 1
7 0
MINERAL PROCESSES 0.40 4.05
METAL PROCESSES 0.71 .08
WOOD AND PAPER 0.00 0.00
OTHER 17.99 0.00
TOTAL INDUSTRIAL PROCESSES 31.40 5.98
------ MISCELLANEOUS PROCESSES B ittt bl
PESTICIDE APPLICATION 12.97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.67 1.68
SOLID WASTE LANDFILL 5.66 0.00
OTHER 29.45 10.80
TOTAL MISCELLANEOUS PROCESSES 82.55 12.48
TOTAL STATIONARY SOURCES 627.12 350.42
o~ MOBILE SOURCES =---==-=========-=-=====-=====-==s-—==-=mm7 777777777
------ ON ROAD VEHICLES et et S
LIGHT DUTY PASSENGER 75.23 58.486
LIGHT AND MEDIUM DUTY TRUCKS 27.73 32.17
HEAVY DUTY GAS TRUCKS 13.31 5.89
HEAVY DUTY DIESEL TRUCKS 26.23 101.44
MOTORCYCLES 3.59 2.
TOTAL ON ROAD VEHICLES 148.08 220.21
----- OTHER MOBILE e emmmm e mmmmmm———e——— oo —— - SSSSSmo o EEEEETECT
OFF ROAD VEHICLES 33.34 13.03
TRAINS 6.69 25.41
SHIPS 1.19 34.76
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 25.10 20.50
MOBILE EQUIPMENT 17.64 67.15
UTILITY EQUIPMENT 17.11 2.91
OTHER 0.00 0.00
TOTAL OTHER MOBILE 101.07 163.81
TOTAL MOBILE SOURCES 249.15 384.02
TOTAL ALL SOURCES 876.27 734 .44



Table B-10

Year 2010 Forecast of Baseline Inventory
Scenario 04 - Full Implementation, Advanced CFVs

------ Tons/Day -----

SOURCE CATEGORY NMHC NOx
=== STATIONARY SOURCES === === === oo e e e mee
------ FUEL COMBUSTION - == ===~ o e e o o e e e o
AGRICULTURAL 0.03 0.00

OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 6.33 29.08

OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72

ELECTRIC UTILITIES 18.26 223.65

OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.79 26.59

OTHER 2.42 10.91

TOTAL FUEL COMBUSTION 36.03 373.76

------ WASTE BURNING === === mmmm e e e e o e
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 1.00 0.91

TOTAL WASTE BURNING 1.17 0.91

----- SOLVENT USE === oo s s o e e e e e e e e e e e e e e
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 203.54 0.02

ASPHALT PAVING 4.67 0.00

PRINTING 4.60 0.06

DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00

OTHER 3.21 0.00

TOTAL 'SOLVENT USE 464.07 0.08

------ PETROLEUM PROCESS, STORAGE & TRANSFER-----=-=-mmeosomoaomcmmcommn
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 33.889 0.01

OTHER 2.30 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 55.47 6.72

------ INDUSTRIAL PROCESSES === === == o oo e e e e
CHEMICAL 4.88 2.07

FOOD AND AGRICULTURAL 7.85 0.00

MINERAL PROCESSES 0.45 4.05

METAL PROCESSES 0.74 0.07

WOOD AND PAPER 0.00 0.00

OTHER 22.39 0.00
TOTAL INDUSTRIAL PROCESSES 36.32 6.18

------ MISCELLANEOUS PROCESSES =~ === === s o o e
PESTICIDE APPLICATION 13.89 0.00

FARMING OPERATIONS 120.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69

SOLID WASTE LANDFILL 6.52 0.00

OTHER 35.66 11.85

TOTAL MISCELLANEOUS PROCESSES 83.78 13.54

TOTAL STATIONARY SOURCES 676.85 401.19

==~ MOBILE SOURCES ~ === === o e o e e e e
------ ON ROAD VEHICLES === === o e e e e e
LIGHT DUTY PASSENGER 87.86 68.68
LIGHT AND MEDIUM DUTY TRUCKS 34 17 39,86

HEAVY DUTY GAS TRUCKS 17.82 29.57

HEAVY DUTY DIESEL TRUCKS 35,45 123.87
MOTORCYCLES 7.34 2.53
TOTAL ON ROAD VEHICLES 182.65 264 .52

------ OTHER MOBILE -~ === = o s e o e e e
OFF ROAD VEHICLES 36.96 14.38

TRAINS 7.28 27.65

SHIPS 1.31 38.18

AIRCRAFT - GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 31.93 26.21

MOBILE EQUIPMENT 18.91 72.53

UTILITY EQUIPMENT 19.71 3.38

OTHER 0.00 0.00

TOTAL OTHER MOBILE 116.09 182.37

TOTAL MOBILE SOURCES 298.74 446.89
TOTAL ALL SOURCES 975.59 848.08




Table B-11

Year 2000 Forecast of Baseline Inventory
Scenario CMU 05 - Full Implementation, Advanced M100,

Mobile Sources

------ Tons/Day —--—---

SCURCE CATEGORY NMHC NOx
T TTTSTATIONARY SOURCES ----=-==--=====-==-=====-=---—====="""77777 """
—————— FUEL COMBUSTION M mmmmmmmmmmmmmmm——— s S —— - —SoSSSTSTmTTETEE
AGRICULTURAL 0.0S 0.00
OIL AND GAS PRODUCTION 0.67 2.68

PETROLEUM REFINING - -
OTHER MANUFACTURING/INDUSIRIAL 3.28 39.45
ELECTRIC UTILITIES 15.04 183.14
OTHER SERVICES AND COMMERCE 2.78 34 .26
RESIDENTIAL 1.60 26.46
OTHER 2.14 9.54
TOTAL FUEL COMBUSTION 25.56 295.53
—————— WASTE BURNING e mmmmmmmmemmmmmm——mms oo —o—— oSS S SSSSTmTSmETS
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.18 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 0.92 0.84
TOTAL WASTE BURNING 1.10 0.84
—————— SOLVENT USE -=--=—--====—============—====o=o=——m s
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 183.20 0.02
ASPHALT PAVING 3.95 0.00
PRINTING 4.27 0.05
DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00
OTHER 2.89 0.00
TOTAL SOLVENT USE 424 .56 0.07
—————— PETROLEUM PROCESS, STORAGE & TRANSFER~----=---==--=-=""=77777 7 ¢
OIL AND GAS EXTRACTIGN 5.90 0.01

PETROLEUM REFINING - -

PETROLEUM MARKETING - -
OTHER 2.15 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 8.05 0.01
—————— INDUSTRIAL PROCESSES r=—=-==-===-=---==-=-om=c-o=mmsmooo nmmmnsss
CHEMICAL 4. 44 1.85
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.40 4.05
METAL PROCESSES 0.71 0.08
WOOD AND PAPER 0.00 0.00
OTHER 17.99 0.00
TOTAL INDUSTRIAL PROCESSES 31.39 5.98
—————— MISCELLANEOUS PROCESSES --------=-==-=------"--=7-=--="7777777 7
PESTICIDE APPLICATION 12.97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 06.00
UNPLANNED FIRES 7.67 1.68
SOLID WASTE LANDFILL 5.66 0.00
OTHER 29.45 10.80
TOTAL MISCELLANEOUS PROCESSES 82.54 12.48
TOTAL STATIONARY SOURCES 573.20 314.91
- MOBILE SOURGES ------====-========-===-=-====-=-==-—-=--===7 777777 7T
—————— ON ROAD VEHICLES --====-----====-==-==-===-s----==--ooommommmerse o
LIGHT DUTY PASSENGER - 58.46
LIGHT AND MEDIUM DUTY TRUCKS - 32,17
HEAVY DUTY GAS TRUCKS - 25.89
HEAVY DUTY DIESEL TRUCKS - 5072
MOTORCYCLES 5.59 2.25
TOTAL ON ROAD VEHICLES 5.59 169.49
—————— OTHER MOBILE -------=====-========-====o===-osoms-oo=smootmomnnnl
OFF ROAD VEHICLES - 6.52
TRAINS - 1271
SHIPS 1.18 34.76
AIRCRAFT - GOVERNMENT 0.00 0.04
ATIRCRAFT - OTHER 25.10 20.50
MOBILE EQUIPMENT - 33.58
UTILITY EQUIPMENT - 1.46
OTHER 0.00 0.00
TOTAL OTHER MOBILE 26.29 109.57
TOTAL MOBILE SOURCES 31.88 279.06
TOTAL ALL SOURCES 605.08 593.97



Table B-12

Year 2000 Forecast of Baseline Inventory
Scenario Sierra 05 - Full Implementation, Advanced M100, Mobile Sources

------ Tons/Day -----

SOURCE CATEGORY NMHC NOx
-== STATIONARY SOURCES === -—= === m oo o o e e e e e e m e e
------ FUEL COMBUSTION -------=-- - - e s e e e e e e m e
AGRICULTURAL 0.05 0.00

OIL AND GAS PRODUCTION 0.67 2.68

PETROLEUM REFINING 5.72 28.79

OTHER MANUFACTURING/INDUSTRIAL 3.28 39.45

ELECTRIC UTILITIES 15.04 183.14

OTHER SERVICES AND COMMERCE 2.78 34.26
RESIDENTIAL 1.60 26.46

OTHER 2.14 9.54

TOTAL FUEL COMBUSTION 31.28 324.32

------ WASTE BURNING ==---=---m oo oo m oo e e e e e e o
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 0.92 0.84

TOTAL WASTE BURNING 1.10 0.84

------ SOLVENT USE ----=--mm - oo oo o e e e e e
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 183.20 0.02

ASPHALT PAVING 3.95 0.00

PRINTING 4.27 0.05

DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00

OTHER 2.89 0.00

TOTAL SOLVENT USE 424 .56 0.07

------ PETROLEUM PROCESS, STORAGE & TRANSFER-----=--=-=-m-mmmme e oo
OIL AND GAS EXTRACTION 5.90 0.01

PETROLEUM REFINING 13.38 6.70

PETROLEUM MARKETING - -

OTHER 2.15 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 21.43 6.71

------ INDUSTRIAL PROCESSES === === === == e et e e
CHEMICAL 4 44 1.85

FOOD AND AGRICULTURAL 7.85 0.00

MINERAL PROCESSES 0.40 4.05

METAL PROCESSES 0.71 0.08

WOOD AND PAPER 0.00 0.00

OTHER 17.99 0.00

TOTAL INDUSTRIAL PROCESSES 31.389 5.98

------- MISCELLANEOUS PROCESSES === ===~ === s e e e e e e
PESTICIDE AFPLICATION 12.97 0.00

FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00

ENTRAINED ROAD DUST - PAVED 0.00 '0.00

ENTRAINED ROAD DUST - UNPAVED 0.00 0.00

UNPLANNED FIRES 7.67 1.68

SOLID WASTE LANDFILL 5.66 0.00

OTHER 29.45 10.80

TOTAL MISCELLANEOUS PROCESSES 82.54 12.438

TOTAL STATIONARY SOURCES 592.30 350.40

=== MOBILE SOURCES === ===~ o o e e e e e e e e e e e e e
------ ON ROAD VEHICLES === == e e e e e e e e e e e e e m e e
LIGHT DUTY PASSENGER 27.86 116.92

LIGHT AND MEDIUM DUTY TRUCKS 10.27 B64.34

HEAVY DUTY GAS TRUCKS 4 .67 61.49

HEAVY DUTY DIESEL TRUCKS 1312 101.44
MOTORCYCLES 5.59 2.25

TOTAL ON ROAD VEHICLES 61.51 346. 44

------ OTHER MOBILE == === === oo oo o e o e e e
OFF ROAD VEHICLES 33.34 13.03

TRAINS 6.69 25.41

SHIPS 1.19 34.76

AIRCRAFT - GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 25.10 20.50

MOBILE EQUIPMENT 17.64 67.15

UTILITY EQUIPMENT 17.11 2.91

OTHER 0.00 0.00

TOTAL OTHER MOBILE 101.07 163.80

TOTAL MOBILE SOURCES 162.58 510.24
TOTAL ALL SOURCES 754 .88 860.64




Table B-13

Year 2010 Forecast of Baseline Inventory
Scenario CMU 05 - Full Implementation, Advanced M100, Mobile Sources

------ Tons/Day —--~~

SOURCE CATEGORY NMHC NOx
TTTSTATIONARY SOURCES ----=-=-=-=-====-=--=-===-=----=-=""" 7777
------ FUEL COMBUSTION M mmmm e s —m— s ——o——=sSmS oSS TTSTTTOTTOTC
AGRICULTURAL 0.03 0.00

OIL AND GAS PRODUCTICHN 0.867 2.68

PETROLEUM REFINING - -

OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72

ELECTRIC UTILITIES 18.26 223.65

OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.78 26.59

OTHER 2.42 10.81

TOTAL FUEL COMBUSTION 29.70 344.69

------- WASTE BURNING ittt N
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 1.00 0.91

TOTAL WASTE BURNING 1.18 0.91

—————— SOLVENT USE B atataiatiet ittt Y
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 203.54 0.02

ASPHALT PAVING 4.67 0.00

PRINTING 4.60 0.06

DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00

OTHER 3.21 0.00

TOTAL SOLVENT USE 464 .08 0.08

—————— PETROLEUM PROCESS, STORAGE & TRANSFER-----=---=-7---=-""="""7 7
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING - -
PETROLEUM MARKETING - -

OTHER 2.30 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 8.20 0.01
'''''' INDUSTRIAL PROCESSES Tttt tetiiertes bbbl
CHEMICAL 4.88 2.07

FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05

METAL PROCESSES 0.74 0.07

WOOD AND PAPER 0.00 0.00

OTHER 22.39 0.00

TOTAL INDUSTRIAL PROCESSES 36.31 6.18
- MISCELLANEOUS PROCESSES -------==---=--==-<=---==7-=--= 777 7mom m
PESTICIDE APPLICATION 13.89 0.00
FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69

SOLID WASTE LANDFILL 6.52 0.00

OTHER 35.66 11.85

TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 623.25 365.42

o MOBILE SOURCES ---=-===-==========c====—=====-=-=--=-=="" """ 777777
—————— OF ROAD VEHICLES =---==--=-=-======-=-=-====---=--==ssoooom=2nm s

LIGHT DUTY PASSENGER - 68.68

LIGHT AND MEDIUM DUTY TRUCKS - 39.86

HEAVY DUTY GAS TRUCKS - 29.57

HEAVY DUTY DIESEL TRUCKS - 61.94
MOTORCYCLES 7.34 2.53

TOTAL ON ROAD VEHICLES 7.34 202.58

mee == OTHER MOBILE -=---=m=====—=====—— === e e
OFF ROAD VEHICLES - 7.19

TRAINS - 13.83

SHIPS 1.31 38.18

AIRCRAFT - GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 31.93 26.21

MOBILE EQUIPMENT - 36.27

UTILITY EQUIPMENT - 1.69

OTHER 0.00 0.00

TOTAL OTHER MOBILE 33.24 123.41

TOTAL MOBILE SOURCES 40.58 325.99
TOTAL ALL SOURCES 663.83 691.41



Table B-14

Yaar 2010 Forecast of Baseline Inventory
Scenario Sierra 05 - Full Implementation, Advanced M100, Mobile Sources

------ Tons/Day =----~

SOURCE CATEGORY NMHC NOx
=== STATIONARY SOURCES ---=-= == -- - o e o e m e e e mmmm oo o
------ FUEL COMBUSTION —-=-=---- - e e oo m e m e mmmmmmmmm e
AGRICULTURAL 0.03 0.00

OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 6.33 28.08

OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72

ELECTRIC UTILITIES 18.26 223.65

OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.79 26.59

OTHER 2.42 10.91

TOTAL FUEL COMBUSTION 36.03 373.77

------ WASTE BURNING -~-----m--omo o s oo s e e e e m e m s — e e mmmm =
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 1.00 0.91

TOTAL WASTE BURNING 1.18 0.81

------ SOLVENT USE —-~rm-mmmm s oo o s s e e e e e e s e
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0,00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 203.54 0.02

ASPHALT PAVING 4 .67 0.00

PRINTING 4.60 0.06

DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00

OTHER 3.21 0.00

TOTAL SOLVENT USE 464.08 0.08

------ PETROLEUM PROCESS, STORAGE & TRANSFER-------=-w---mommmmmmmmmm o m
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70

PETROLEUM MARKETING - -

OTHER 2.30 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 21.58 6.71

----- INDUSTRIAL PROCESSES === === o m s s s o m s e e e m e m e
CHEMICAL 4.88 2,07

FOOD AND AGRICULTURAL : 7.85 0.00

MINERAL PROCESSES 0.45 4,05

METAL PROCESSES 0.74 0.07

WOOD AND PAPER 0.00 0.00

OTHER 22.389 0.00

TOTAL INDUSTRIAL PROCESSES 36.31 6.19

------ MISCELLANEOUS PROCESSES ~--~-------mm s o e e e e
PESTICIDE APPLICATION 13.89 0.00

FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00

ENTRAINED ROAD DUST - UNPAVED 0.00 0.00

UNPLANNED FIRES 7.71 1.69

SOLID WASTE LANDFILL 6.52 0.00

OTHER 35.66 11.85

TOTAL MISCELLANEOUS PROCESSES 83.78 13.54

TOTAL STATIONARY SOURCES 642.96 401.20

=== MOBILE SOURCES —~-—~remmr e e e i e e e e m e m e =
—————— ON ROAD VEHICLES === === o o e e e e e e e e e e e e e e e e
LIGHT DUTY PASSENGER 34.77 137.36
LIGHT AND MEDIUM DUTY TRUCKS 13.61 79.72

HEAVY DUTY GAS TRUCKS 6.93 70.23

HEAVY DUTY DIESEL TRUCKS 17.73 123.87
MOTORCYCLES 7.34 2.53

TOTAL ON ROAD VEHICLES 80.38 413.71

------ OTHER MOBILE --=-= === o mm oo mm e e e e e e e e e e e e
OFF ROAD VEHICLES 36.96 14.38

TRAINS 7.28 27 .65

SHIPS 1.31 38.18

AIRCRAFT - GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 31.93 26.21

MOBILE EQUIPMENT 18.91 72.53

UTILITY EQUIPMENT 19.71 3.38

OTHER 0.00 0.00

TOTAL OTHER MOBILE 116.10 182.37

TOTAL MOBILE SOURCES 196.48 596.08
TOTAL ALL SOURCES 839.44 ) 997.28

e =TT,




Table B-15

Year 2000 Forecast of Baseline Inventory
Scenario CMU 06 - Rapid Phase-In, M1i00

------ Tons/Day —-----
SOURCE CATEGORY NMHC NOx
——- STATIONARY SOURCES =----=-==========-===-====---==--=-o=o =277 777 777"
------- FUEL COMBUSTION —===-=====-—=========-=====-==-o-ooo--oo=mooommms oo
AGRICULTURAL 0.05 0.00
OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 1.14 5.76
OTHER MANUFACTURING/INDUSTRIAL 3.28 39.45
ELECTRIC UTILITIES 15.04 183.14
OTHER SERVICES AND COMMERCE 2.78 34.26
RESIDENTIAL 1.60 26.46
OTHER 2.14 9.54
TOTAL FUEL COMBUSTION 26.70 301.29
—————— WASTE BURNING -----=====-m=======-=-=-===—===-o=---==mooooonoom e
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.18 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 0.92 0.84
TOTAL WASTE BURNING 1.10 0.84
—————— SOLVENT USE -=----===-====-==—==s--so-—-——s=-ssoooo=——s-msooomoomme s
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.900
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 183.20 0.02
ASPHALT PAVING 3.95 0.00
PRINTING 4.27 0.05
DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00
OTHER 2.89 0.00
TOTAL SOLVENT USE 424 .56 0.07
—————— PETROLEUM PROCESS, STORAGE & TRANSFER-------------—===----==="-""~
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 2.68 1.34
PETROLEUM MARKETING 6.96 0.01
OTHER 2.15 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 17.69 1.36
—————— INDUSTRIAL PROCESSES -----=---=-=-=-=-<=-=-—===-=s=--=——---o-oooo=mmsr
CHEMICAL 444 1.85
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.40 4.05
METAL PROCESSES 0.71 0.08
WOOD AND PAPER 0.00 0.00
OTHER 17.99 0.00
TOTAL INDUSTRIAL PROCESSES 31.40 5.99
—————— MISCELLANEOUS PROCESSES ---—--=------<-~--=-=----==-—-=---=----7=-
PESTICIDE APPLICATION 12.97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.67 1.68
SOLID WASTE LANDFILL 5.66 0.00
OTHER 29.45 10.80
TOTAL MISCELLANEOUS PROCESSES 82.55 12.48
TOTAL STATIONARY SOURCES 583.99 322.03
—w- MOBILE SOURCES --=--=m==-==-=-=—======--—=-———=-s-coomo==—=os-momsmTon
——————— ON ROAD VEHICLES =-==--==---=-=====-=-=-==---——==--=mo=s—-osooommmmos e
LIGHT DUTY PASSENGER 42.10 140.55
LIGHT AND MEDIUM DUTY TRUCKS 15.68 55.24
HEAVY DUTY GAS TRUCKS 6.90 61.94
HEAVY DUTY DIESEL TRUCKS 5.75 83.46
MOTORCYCLES 5.39 2.25
TOTAL ON ROAD VEHICLES 76.02 343.43
—————— OTHER MOBILE —----m==-m-==—-m==——===——==-———————=——-=———=-=—oosomooe
OFF ROAD VEHICLES 6.67 7.81
TRAINS 1.34 15.25
SRIPS 1.19 34.76
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 25.10 20.590
MOBILE EQUIPMENT 3.53 40.29
UTILITY EQUIPMENT 3.42 1.75
OTHER 6.00 0.00
TOTAL OTHER MOBILE 41.25 120.40
TOTAL MOBILE SOURCES 117.27 463 .83
TOTAL ALL SOURCES 701.26 785.86



Table B-16

Year 2000 Forecast of Baseline Inventory
Scenario Sierra 06 - Rapid Phase-In, M100

------ Tons/Day -----

SOURCE CATEGORY NMHC NOx
--- STATIONARY SOURCES --=---- - - - - mm o e s cmemm s o mm oo m ==
------ FUEL COMBUSTION -=-=-=- - - - oo m o oo oo o o — oo m o mmom— e
AGRICULTURAL 0.05 0.00

OIL AND GAS PRODUCTION 0.67 2.68

PETROLEUM REFINING 5.72 28.79

OTHER MANUFACTURING/INDUSTRIAL 3.28 39.45

ELECTRIC UTILITIES 15.04 183.14

OTHER SERVICES AND COMMERCE 2.78 34 .26
RESIDENTIAL 1.60 26.46

OTHER 2.14 9.54

TOTAL FUEL COMBUSTION 31.28 324.32

—————— WASTE BURNING ------= s oo o o e e e e e o m o s s e
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 0.92 0.84

TOTAL WASTE BURNING 1.10 0.84

------ SOLVENT USE =--=----- s e e e e s m o — - m
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 183.20 0.02

ASPHALT PAVING 3.95 0.00

PRINTING 4.27 0.05

DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00

OTHER 2.89 0.00

TOTAL SOLVENT USE 424 .56 0.07

------- PETROLEUM PROCESS, STORAGE & TRANSFER-—~-~-------m--—memowmcoean
OIL AND GAS EXTRACTION 5.90 0.01

PETROLEUM REFINING 13.38 6.70

PETROLEUM MARKETING 17.41 0.01

OTHER 2.15 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 38.83 6.72

------ INDUSTRIAL PROCESSES === == =---= - e oo mmmmm o m e
CHEMICAL 4,44 1.85

FOOD AND AGRICULTURAL 7.85 0.00

MINERAL PROCESSES 0.40 4.05

METAL PROCESSES 0.71 0.08

WOOD AND PAPER 0.00 0.00

OTHER 17.99 0.00

TOTAL INDUSTRIAL PROCESSES 31.40 5.99

------ MISCELLANEOQOUS PROCESSES === =m = oo s e e e e s m o m e
PESTICIDE APPLICATION 12.97 0.00

FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00

ENTRAINED ROAD DUST - PAVED 0.00 0.00

ENTRAINED ROAD DUST - UNPAVED 0.00 0.00

UNPLANNED FIRES 7.67 1.68

SOLID WASTE LANDFILL 5.66 0.00

OTHER 29.45 10.80

TOTAL MISCELLANEOUS PROCESSES 82.55 12.48

TOTAL STATIONARY SOURCES 609.71 350.42

=== MOBILE SOURCES -~ === === === o= oo oo oo oo e e oo
—————— ON ROAD VEHICLES

LIGHT DUTY PASSENGER 84.93 154.76
LIGHT AND MEDIUM DUTY TRUCKS 35.33 70,19
HEAVY DUTY GAS TRUCKS 15,3 59.78
HEAVY DUTY DIESEL TRUCKS 19. 134.0
MOTORCYCLES 5.59 2.25
TOTAL ON ROAD VEHICLES 170.26 421.03
------ OTHER MOBILE ~===- === == o o e o e e m oo mmm e
OFF ROAD VEHICLES 33.34 13.03
TRAINS 6.69 25.41
SHIPS 1.19 34.76
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 25.10 20.50
MOBILE EQUIPMENT 17.64 67.15
UTILITY EQUIPMENT 17.11 2.91
OTHER 0.00 0.00
TOTAL OTHER MOBILE 101.07 163.81
TOTAL MOBILE SOURCES 271.33 584 .84
TOTAL ALL SOURCES 881.04 935.26




Table B-17

Year 2010 Forecast of Bas
Scenario CMU 06 - Rapid

eline Inventory
Phase-In, M100

------ Tons/Day -----
SOURCE CATEGORY NMHC Ox
- STATIONARY SOURCES -----=---=-=-==-==c--=-————=—s—s-oo—o=o—=sosooomo=o
—————— FUEL COMBUSTION --r=-=-===--==-=========———=-==—=---==-=--===-o==o -
AGRICULTURAL 0.03 0.00
OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 0.00 0.00
OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72
ELECTRIC UTILITIES 18.26 223.65
OTHER SERVICES AND COMMERCE 3.04 39.1%
RESIDENTIAL 1.79 26.59
OTHER 2.42 10.91
TOTAL FUEL COMBUSTION 29.70 344.68
—————— WASTE BURNING --—--==m=-==--====—===—=——m————————————=oo=—omsoomoo s
AGRICULTURAL - DEBRIS 0.02 6.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 1.00 0.91
TOTAL WASTE BURNING 1.17 0.91
—————— SOLVENT USE --—--mmm=mm=—=mmmo—m o= o= oo —— - —msomosoosmsse
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 203 .54 0.02
ASPHALT PAVING 4.67 0.00
PRINTING 4.60 0.06
DOMESTIC 116. 54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00
OTHER 3.21 0.00
TOTAL SOLVENT USE 464 .07 0.08
—————— PETROLEUM PROCESS, STORAGE & TRANSFER----—--------=-==-=--=-==--="~
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 0.00 0.00
PETROLEUM MARKETING 0.00 0.00
OTHER 2.30 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 8.20 0.01
~wwmw=- INDUSTRIAL PROCESSES ----=------=-----------=-=---=---=o-=-o=nm=-=—"
CHEMICAL 4.88 2.07
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05
METAL PROCESSES 0.74 0.07
WOOD AND PAPER 0.00 0.00
OTHER 22.39 0.00
TOTAL INDUSTRIAL PROCESSES 36.32 6.19
------- MISCELLANEOUS PROCESSES -----=-—==-==-==---<--=-====—-c-=-—=--==-=-=
PESTICIDE APPLICATION 13.89 0.90
FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITICN 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69
SOLID WASTE LANDFILL 6.52 0.00
OTHER 35.66 11.85
TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 623.25 365.40
w—- MOBILE SOURCES =====mm-mmmm=mmmmm— o —— oo —=—=————o——so=====
—————— ON ROAD VEHICLES ~---=-m=======m—=—=====-=-- - ——o——==——ooo—=o ===
LIGHT DUTY PASSENGER 5.20 79.67
LIGHT AND MEDIUM DUTY TRUCKS 2.2 38.16
HEAVY DUTY GAS TRUCKS .71 69.91
HEAVY DUTY DIESEL TRUCKS 1.3 76 .39
MOTORCYCLES 7.34 Z.53
TOTAL ON ROAD VEHICLES 16.84 264 .66
e eee—= OTHER MOBILE ~—-==-=m=mmm == mmm oo ——omo - —————o——osos
OFF ROAD VEHICLES 0.00 7.19
TRAINS 0.00 13.83
SHIPS 1.31 38.18
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 31.93 26.21
MCBILE EQUIPMENT 0.00 36.27
UTILITY EQUIPMENT .00 1.69
OTHER 0.60 0.00
TOTAL OTHER MOBILE 33.24 123.41
TOTAL MOBILE SOURCES 50.08 388.07
TOTAL ALL SOURCES 6§73.33 753.47



Table B-18

Year 2010 Forecast of Baseline Inventory
Scenario Sierra 06 - Rapid Phase-In, M100

—————— Tons/Day ~--—--

SOURCE CATEGORY NMHC NOx
--- STATIORARY SOURCES ~--=--------o=sm--m s oo oo oo oo oo s oo
------ FUEL COMBUSTION -=-====-----r e - s o s s oo oo m oo oo oo m ==
AGRICULTURAL 0.03 0.00

OIL AND GAS PRODUCTION 0.67 2.68

PETROLEUM REFINING 6.33 29.08

OTHER MANUFACTURING/INDUSTRIAL 3.49 41.72

ELECTRIC UTILITIES 18.26 223.65

OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.79 26.59

OTHER 2.42 10.91

TOTAL FUEL COMBUSTION 36.03 373.76

------ WASTE BURNING ---==-==<rm= - —— oo oo oo oo oo somm oo o=
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 1.00 0.91

TOTAL WASTE BURNING 1.17 0.91

------ SOLVENT USE ~=--~—--=---- - -~ o= - o= — o --- oo s s oo oo mo e
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 203.54 0.02

ASPHALT PAVING 4.67 0.00

PRINTING 4.860 0.06

DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00

OTHER 3.21 0.00

TOTAL SOLVENT USE 464.07 0.08

------ PETROLEUM PROCESS, STORAGE & TRANSFER----------=--=-======-=-=-==--==
OIL AND GAS EXTRACTION 5.90 0.01

PETROLEUM REFINING 13.38 6.70

PETROLEUM MARKETING 0.00 0.01

OTHER 2.30 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 21.58 6.72

----- INDUSTRIAL PROCESSES -----=-==- - oo - e s essccoe o s o
CHEMICAL 4,88 2.07

FOOD AND AGRICULTURAL 7.85 0.00

MINERAL PROCESSES 0.45 4.05

METAL PROCESSES 0.74 0.07

WOOD AND PAPER 0.00 0.00

OTHER 22.39 0.00

TOTAL INDUSTRIAL PROCESSES 36.32 6.19

------- MISCELLANEOUS PROCESSES ~-==~-rm-mmos s oo oo s s s s s mmmm mm
PESTICIDE APPLICATION 13.89 0.00

FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00

ENTRAINED ROAD DUST - PAVED 0.00 0.00

ENTRAINED ROAD DUST - UNPAVED 0.00 0.00

UNPLANNED FIRES 7.71 1.69

SOLID WASTE LANDFILL 6.52 0.00

OTHER 35.66 11.85

TOTAL MISCELLANEOUS PROCESSES 83.78 13.54

TOTAL STATIONARY SOURCES 642.96 401.19

~-- MOBILE SOURCES ---=--m-mrmes oo e e e o e e mm e m s
------ ON ROAD VEHICLES ~=mmmm s m o s e e e e e e s m o s m i m = m
LIGHT DUTY PASSENGER 52.39 134.10

LIGHT AND MEDIUM DUTY TRUCKS 20.03 77.98

HEAVY DUTY GAS TRUCKS 1.82 69.20

HEAVY DUTY DIESEL TRUCKS 18. 1%2.10
MOTORCYCLES 7.3% 2.53

TOTAL ON ROAD VEHICLES 109.87 425.92

------ OTHER MOBILE =-==r=rm=m s o s m e e e e o s mmm = — oo mm
OFF ROAD VEHICLES 36.96 14 .38

TRAINS 7.28 27.65

SHIPS 1.31 38.18

AIRCRAFT -~ GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 31.93 26.21

MOBILE EQUIPMENT 18.91 72.53

UTILITY EQUIPMENT 19.71 3.38

OTHER 0.00 0.00

TOTAL OTHER MOBILE 116.09 182.37

TOTAL MOBILE SOURCES 225.96 608.29
TOTAL ALL SOURCES 868.92 1009.48

S




Table B-19

Year 2000 Forecast of Baseline Inventory
Scenario CMU 07 - Full Implementation, Advanced M100, Mobile and Stationary

------ Tons/Day —-~--=~

SOURCE CATEGORY NMHC NOx
T STATIONARY SOURCES ==----====-=--===-=-=====-=r=-o==-==mm7 7777777
------ FUEL COMBUSTION B el it bkttt
AGRICULTURAL 0.05 0.00

OIL AND GAS PRODUCTION 0.67 1.21

PETROLEUM REFINING - -

OTHER MANUFACTURING/INDUSTRIAL 3.28 31.60

ELECTRIC UTILITIES 15.04 91.57

OTHER SERVICES AND COMMERCE 2.78 29.24
RESIDENTIAL 1.60 22.26

OTHER - 2.14 7.05

TOTAL FUEL COMBUSTION 25.56 182.93

------ WASTE BURNING Sttt bl ittt
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 0.92 0.84

TOTAL WASTE BURNING 1.10 0.84

------- SOLVENT USE ~---mmm======---==-====--==s-soo-o—=smmom2moommnmnns m
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 183.20 .02

ASPHALT PAVING 3.95 6.00

PRINTING 4.27 0.05

DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00

OTHER 2.89 0.00

TOTAL SOLVENT USE 424.56 0.07

------- PETROLEUM PROCESS, STORAGE & TRANSFER-----=---=-==---==-=-""""7"""
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING - -
PETROLEUM MARKETING - -

OTHER 2.15 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 8.05 0.01
““““ INDUSTRIAL PROCESSES e e e e mm e —m— oo —os o - s oSS oSS S SoTTE TR
CHEMICAL 4. 44 1.85

FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.40 4.05

METAL PROCESSES 0.71 0.08

WOOD AND PAPER c.00 0.00

OTHER 17.99 0.00

TOTAL INDUSTRIAL PROCESSES 31.39 5.98
- MISCELLANEQUS PROCESSES -----=--------=--=------==---=="777777 7
PESTICIDE APPLICATION 12.97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.67 1.68

SOLID WASTE LANDFILL 5.66 0.060

OTHER 29.45 10.80

TOTAL MISCELLANEOUS PROCESSES 82.54 12.48
TOTAL STATIONARY SOURCES 573.20 202.31

- MOBILE SOURCES --—---m===m============—==—=—===-===o—=o=mmm 7= 7777
------- ON ROAD VEHICLES ——-==m====-=========-===—=<-==-soo-m=—===oo=smozo 7

LIGHT DUTY PASSENGER - 58.46

LIGHT AND MEDIUM DUTY TRUCKS - 32.17

HEAVY DUTY GAS TRUCKS - 25.89

BEAVY DUTY DIESEL TRUCKS - 5072
MOTORCYCLES 5.59 2.25

TOTAL ON ROAD VEHICLES 5.58 169.49

------ OTHER MOBILE s ettt sttt
OFF ROAD VEHICLES - 6.52

TRAINS - 1271

SHIPS 1.18 34.76

AIRCRAFT - GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 25.10 20.50

MOBILE EQUIPMENT - 33.58

UTILITY EQUIPMENT - 1.46

OTHER 0.00 0.00

TOTAL OTHER MOBILE 26.29 109.57

TOTAL MOBILE SOURCES 31.88 279.06
TOTAL ALL SGURCES 605.08 481.37



Table B~20

Year 2000 Forecast of Baseline Inventory
Scenario Sierra 07

------ Tons/Day ~-----
SOURCE CATEGORY NMHC NOx

SO0 T =

~--- see Sierra Scenario 5 ~----




Table B-21

Year 2010 Forecast of Baseline Inventory
Scenario CMU 07

------ Tons/Day —--—--
SOURCE CATEGORY NMHC NOx
L. STATIONARY SOURCES ----==--=-====---==-====--=-==--""==="777777"7"""_
—————— FUEL COMBUSTION -----==-=m-==--======—=====-===o—=momm=o2mmnnnn o
AGRICULTURAL 0.03 0.00
CIL AND GAS PRODUCTION 0.67 1.21
PETROLEUM REFINING - -
OTHER MANUFACTURING/INDUSTRIAL 3.49 33.37
ELECTRIC UTILITIES 18.26 111.83
OTHER SERVICES AND COMMERCE 3.04 33.65
RESIDENTIAL 1.79 22.48
OTHER 2.42 8.21
TOTAL FUEL COMBUSTION 28.70 210,75
—————— WASTE BURNING --=m-m=m========--=—=====--so=-==-mmoot2mnmmmss o
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 1.00 0.91
TOTAL WASTE BURNING 1.18 0.91
—————— SOLVENT USE =---m=-===--========-=---——sooo=oo-o-somotoommnmnno
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 203.54 0.02
ASPHALT PAVING 4.67 0.00
PRINTING 4.60 0.06
DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00
OTHER 3.21 0.00
TOTAL SOLVENT USE 464 .08 0.08
------ PETROLEUM PROCESS, STORAGE & TRANSFER--------==----"===777777 7 "
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING - -
PETROLEUM MARKETING - -
OTHER 2.30 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 8.20 0.01
-~ INDUSTRIAL PROCESSES ==----=-=--=----=---=----=-------==7"7777777
CHEMICAL 4.88 2.07
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05
METAL PROCCESSES 0.74 0.07
WOOD AND PAPER 0.00 0.00
OTHER 22.39 0.00
TOTAL INDUSTRIAL PROCESSES 36.31 6.19
e~ MISCELLANEOUS PROCESSES ----=----=------=------------==""=77777°7°
PESTICIDE APPLICATION 13.89 0.00
FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69
SOLID WASTE LANDFILL 6.52 0.00
OTHER 35.66 11.85
TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 623.25 231.48
-~ MOBILE SOURCES ------=-==-m==-====-o=—==-=sos==-==-=--mm=mmm T
—————— ON ROAD VEHICLES ---=-==------=-==-==--=====------==-=o=omm 22 =2s
LIGHT DUTY PASSENGER - 68.68
LIGHT AND MEDIUM DUTY TRUCKS - 39.86
HEAVY DUTY GAS TRUCKS - 29.57
HEAVY DUTY DIESEL TRUCKS - 61,96
MOTORCYCLES 7.34 2.53
TOTAL ON ROAD VEHICLES 7.34 202.58
ee e~ OTHER MOBILE =---=----==—=======—==-==—-==——sooooos—-—=moooooooTT
OFF ROAD VEHICLES - 7.19
TRAINS - 13.83
SHIPS 1.31 38.18
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 31.93 26.21
MOBILE EQUIPMENT - 36.27
UTILITY EQUIPMENT - 1.69
OTHER 0.00 0.00
TOTAL OTHER MOBILE 33.24 123.41
TOTAL MOBILE SOURCES 40.58 325.99
TOTAL ALL SOURCES 663.83 557 .47



Table B-22
Year 2010 Forecast cf Baselins Inventory
Scenario Sierra 07

SOURCE CATEGORY NMHC NOx

T 20 T e 2 2

-=-~ See Sierra Scenario § ----

T




Table B-23

Year 2000 Forecast of Basaline Inventory
Scenario CMU 11 - Rapid Phase-in of M85

------ Tons/Day -—-~——-

SOURCE CATEGORY NMHC Ox
-~ STATIONARY SOURCES -------=--====-==---===-==----=-=---=-="77 77777777
—————— FUEL COMBUSTION et tateeelh it
AGRICULTURAL 0.05 0.00

OIL AND GAS PRODUCTIGCN 0.67 2.68
PETROLEUM REFINING 1.14 5.76

OTHER MANUFACTURING/INDUSTRIAL 3.28 39.45

ELECTRIC UTILITIES 15.04 183.14

OTHER SERVICES AND COMMERCE 2.78 34 .26
RESIDENTIAL 1.60 26.46

OTHER 2.14 9.54

TOTAL FUEL COMBUSTION 26.70 301.29

------ WASTE BURNING e m e m e s —m— S eSS o s e — oS SS oSS S oS TETETTET
AGRICULTURAL - DEBRIS 0.02 0.00

RANGE MANAGEMENT 0.16 0.00

FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00

OTHER 0.92 0.84

TOTAL WASTE BURNING 1.10 0.84

------ SOLVENT USE ----—-=—=---—-=-==-===---—==-=—-—s--s==------o-ommmmmss o
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00

OTHER SURFACE COATING 183.20 0.02

ASPHALT PAVING 3.95 0.00

PRINTING 4.27 0.05

DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 0.00

OTHER 2.89 0.00

TOTAL SOLVENT USE 424 .56 0.07

------ PETROLEUM PROCESS, STORAGE & TRANSFER--~-------==—--=~--=-=--==-==~7=
OIL AND GAS EXTRACTION 5.80 0.01
PETROLEUM REFINING 2.68 1.34

PETROLEUM MARKETING 23.867 0.01

OTHER 2.15 0.00

TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 34.40 1.386

------ INDUSTRIAL PROCESSES --—----=--=--<--=-<-=--=----=--=--==-ooommmrmmos
CHEMICAL 4.44 1.85

FOOD' AND AGRICULTURAL 7.85 0.00

MINERAL PROCESSES 0.40 4.05

METAL PROCESSES 0.71 0.08

WOOD AND PAPER 0.00 0.00

OTHER 17.99 0.00

TOTAL INDUSTRIAL PROCESSES 31.39 5.98

- ee-e- MISCELLANEQUS PROCESSES ------=--------==----=----~----=-"777777 "~
PESTICIDE APPLICATION 12.97 0.00

FARMING OPERATICNS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.0C

ENTRAINED ROAD DUST - PAVED 0.00 0.00

ENTRAINED RCAD DUST - UNPAVED 0.00 0.00

UNPLANNED FIRES 7.67 1.68

SOLID WASTE LANDFILL 5.66 0.00

OTHER 29.45 10.80

TOTAL MISCELLANEQUS PROCESSES 82.54 12.48

TOTAL STATIONARY SOURCES 600.69 322.03

- MOBILE SOURCES ~------==--==-=-==-=--<-===-=-==--=—-—---------=o - mmnmmmmmmm
------ ON ROAD VEHICLES —=-----=-=----—--=-==== oo o s oo o
LIGHT DUTY PASSENGER 77.36 140.55

LIGHT AND MEDIUM DUTY TRUCKS 28.98 55.24

HEAVY DUTY GAS TRUCKS 14.34 61.94

HEAVY DUTY DIESEL TRUCKS 15.30 83.46
MOTORCYCLES 5.59 2.25

TOTAL ON ROAD VEHICLES 141.57 343.44

—————— OTHER MOBILE ---=---=---—=-=---—=-—===-=-------==-----=mmommosmnmmmr
OFF ROAD VEHICLES 20.04 7.81

TRAINS 4.01 15.25

SHIPS 1.19 34.76

AIRCRAFT - GOVERNMENT 0.00 0.04

AIRCRAFT - OTHER 25.10 20.50

MOBILE EQUIPMENT 10.58 40.29

UTILITY EQUIPMENT 10.27 1.75

OTHER 0.00 0.00

TOTAL OTHER MOBILE 63.69 108.57

TOTAL MOBILE SOURCES 212.76 463 .84
TOTAL ALL SOURCES 813.45 785.87



It Table B~24&

Year 2000 Forecast of Baseline Inventory
Scenario Sierra 11 -~ Rapid Phase-in of M85

------ Tons/Day -----
SOURCE CATEGORY NMHC NOx
“=~ STATIONARY SOURCES === == === e oo
““““ FUEL COMBUSTION === === oo s o e e e e e

AGRICULTURAL 0.05 0.00
OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 5.72 28.79
OTHER MANUFACTURING/INDUSTRIAL 3.28 38.45
ELECTRIC UTILITIES 15,04 183 .14
OTHER SERVICES AND COMMERCE 2.78 34.28
RESIDENTIAL 1.60 26.46
CTHER 2.14 9.54
TOTAL FUEL COMBUSTION 31.28 324.32
—————— WASTE BURNING ~= oo o e oo oo
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00 \
OTHER 0.92 0.84
TOTAL WASTE BURNING 1.19 0.84
------ SOLVENT USE === = o e e e e e e e
DRY CLEANING 21.06 0.00
DEGREASING 29.38 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 183.20 0.02
ASPHALT PAVING 3.95 0.00
PRINTING 4.27 0.05
DOMESTIC 107.33 0.00
INDUSTRIAL SOLVENT USE 21.77 D.0¢
OTHER 2.89 0.00
TOTAL SOLVENT USE 424 . 56 6.07
—————— PETROLEUM PROCESS, STORAGE & TRANSFER-=-=-==-=--m=--=ccommmmmmms
OIL AND GAS EXTRACTIOM 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 27.84 6.01
OTHER 2.15 6.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 49.28 6.72
------- INDUSTRIAL PROCESSES === ===~ oo e e
CHEMICAL Y 1.85
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.40 4.05
METAL PROCESSES 0.71 0.08
WOOD AND PAPER 0.00 0.00
OTHER . 17.99 0.00
TOTAL INDUSTRIAL PROCESSES 31.40 5.98
—————— MISCELLANEQUS PROCESSES === == == == = ot e e
PESTICIDE APPLICATION 12.97 0.00
FARMING OPERATIONS 26.79 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST -~ UNPAVED 0.00 0.00
UNPLANNED FIRES 7.67 1.68
SOLID WASTE LANDFILL 5.66 0.00
OTHER 29.45 10.80 i
TOTAL MISCELLANEOUS PROCESSES 82.55 12.48 I
TOTAL STATIONARY SOURCES 620.16 350.42 i
7=~ MOBILE SOURCES === === oo s ool !
------ ON ROAD VERICLES ---- i
LIGHT DUTY PASSENGER 94.93 154.76
LIGHT AND MEDIUM DUTY TRUCKS KEREE] 70.19 i
HEAVY DUTY GAS TRUCKS 15.31 59 78 |
HEAVY DUTY DIESEL TRUCKS 1g9.11 134 .06
MOTORCYCLES 5.59 2.25
TOTAL ON ROAD VEHICLES 170.26 421.03
—————— OTHER MOBILE === -~ o m o oo oo e
OFF ROAD VEHICLES 33.34 13.03
TRAINS 6.68 25.41
SHIPS 1.19 34,78
AIRCRAFT - GOVERNMENT 0.00 0.04 |
AIRCRAFT - OTHER 25.10 20.50 |
MOBILE EQUIPMENT 17 .64 67.15
UTILITY EQUIPMENT 17.11 2.91 |
OTHER 6.00 0.00 i
TOTAL OTHER MOBILE 101.07 163.81 y
TOTAL MOBILE SQURCES 271.33 584 .84
TOTAL ALL SOURCES 891.49 835.26
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Table B-25

Year 2010 Forscast of Baseline Inventory
Scenario CMU 11 - Rapid Phase-in of M85

—————— Tons/Day --—-—-—
SOURCE CATEGORY NMHC NOx
T TTSTATIONARY SOURCES —--=-=-==-===-===-===========---=="""""77777 777777
L 22T RUEL COMBUSTION —---m=========-o=== === oo
AGRICULTURAL 0.03 0.00
OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 0.00 0.00
OTHER MANUFACTURING/INDUSTRIAL 3.69 41.72
ELECTRIC UTILITIES 18.26 223.65
OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.79 26.59
OTHER 2.42 10.91
TOTAL FUEL COMBUSTION 29.70 344 .68
—————— WASTE BURNING -----m-===-=-=====--=--====-==o-—smoooomommioms o
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.16 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 1.00 0.91
TOTAL WASTE BURNING 1.18 0.91
—————— SOLVENT USE - ----===m=m===========-====—==-c-oos—--somooommnnn
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 203.54 0.02
ASPHALT PAVING 4.67 0.00
PRINTING 4 .60 0.06
DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00
OTHER 3.21 0.00
TOTAL SOLVENT USE 464 .08 0.08
——————— PETROLEUM PROCESS, STORAGE & TRANSFER------=----7=-==77777777 7
CIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 0.00 0.00
PETROLEUM MARKETING 20.33 0.01
OTHER 2.30 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 28.53 0.02
e~ INDUSTRIAL PROCESSES ----=--==-=---=-=-=-=--=---=----==--7=7770r
CHEMICAL 4.88 2.07
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05
METAL PROCESSES 0.74 0.07
WOOD AND PAPER 0.00 0.00
OTHER 22.39 0.00
TOTAL INDUSTRIAL PROCESSES 36.31 6.19
e MISCELLANEOUS PROCESSES ----------===-=----"--=------=--=77777 =
PESTICIDE APPLICATION 13.89 0.00
FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69
SOLID WASTE LANDFILL 6.52 0.00
OTHER 35.66 11.85
TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 643 .58 365.43
o~ MOBILE SOURCES -------===r===--=-========-==c====——==="="7 7 7T
—————— ON ROAD VEHICLES ---=--=-=--=---=-==--====-==-==---=r-=oo=mmmrr s
LIGHT DUTY PASSENGER 49.79 79.67
LIGHT AND MEDIUM DUTY TRUCKS 19.19 38.16
HEAVY DUTY GAS TRUCKS 13.04 69.91
HEAVY DUTY DIESEL TRUCKS 16.88 74 .39
MOTORCYCLES T7.3% T2.33
TOTAL ON ROAD VEHICLES 106.24 264 .66
- OTHER MOBILE ----=m=m=-==========-=-so===soooso—mssosoooomommnine
OFF ROAD VEHICLES 18.48 7.19
TRAINS 3.64 13.83
SHIPS 1.31 38.18
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 31.93 26.21
MOBILE EQUIPMENT 9.46 36.27
UTILITY EQUIPMENT 9.86 1.69
OTHER 0.00 0.00
TOTAL OTHER MOBILE 74.68 123.41
TOTAL MOBILE SOURCES 180.92 388.07
TOTAL ALL SOURCES 824 .50 753.50
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Table B-26

Year 2010 Forecast of Baseline Inventory
Scenario Sierra 11 - Rapid Phase-in of M85

------ Tons/Day =-=----
SOURCE CATEGORY NMHC NOx
--- STATIONARY SOURCES ---====m=r-e oo e e o oo o=~ ——o—=—
""" FUEL COMBUSTION =~-=----e--=---- s — oo oo oo ce————oooo- oo
AGRICULTURAL 0.03 0.00
OIL AND GAS PRODUCTION 0.67 2.68
PETROLEUM REFINING 6.33 29.08
OTHER MANUFACTURING/INDUSTRIAL 3.49 41,72
ELECTRIC UTILITIES 18.26 223.65
OTHER SERVICES AND COMMERCE 3.04 39.14
RESIDENTIAL 1.78 26.59
OTHER 2.42 10.91
TOTAL FUEL COMBUSTION 36.03 373.786
—————— WASTE BURNING -—-==---- - mem o m s e e e - mm - mmm o m o — - = -
AGRICULTURAL - DEBRIS 0.02 0.00
RANGE MANAGEMENT 0.18 0.00
FOREST MANAGEMENT 0.00 0.00
INCINERATION 0.00 0.00
OTHER 1.00 0.91
TOTAL WASTE BURNING 1.17 0.91
------ SOLVENT USE ~------m - - s m e rm e e e e o m o m o mmmm e
DRY CLEANING 23.83 0.00
DEGREASING 33.17 0.00
ARCHITECTURAL COATING 50.71 0.00
OTHER SURFACE COATING 203.54 0.02
ASPHALT PAVING 4.87 0.00
PRINTING 4.60 0.06
DOMESTIC 116.54 0.00
INDUSTRIAL SOLVENT USE 23.81 0.00
OTHER 3.21 0.00
TOTAL SOLVENT USE 464.07 0.08
------ PETROLEUM PROCESS, STORAGE & TRANSFER--------------c-----c-oosoa-
OIL AND GAS EXTRACTION 5.90 0.01
PETROLEUM REFINING 13.38 6.70
PETROLEUM MARKETING 20.33 0.01
OTHER 2.30 0.00
TOTAL PETROLEUM PROCESS, STORAGE & TRANSFER 41.91 6.72
“““““ INDUSTRIAL PROCESSES —r---m---mm oo mm oo o e e s m e m e e
' CHEMICAL ' 4,88 2.07
FOOD AND AGRICULTURAL 7.85 0.00
MINERAL PROCESSES 0.45 4.05
METAL PROCESSES 0.74 0.07
WOOD AND PAPER 0.00 0.00
OTHER 22.39 0.00
TOTAL INDUSTRIAL PROCESSES 36.32 6.19
----- MISCELLANEOUS PROCESSES ~--rsrmms oo e e o m e e e e e mm e e
PESTICIDE APPLICATION 13.89 0.00
FARMING OPERATIONS 20.00 0.00
CONSTRUCTION AND DEMOLITION 0.00 0.00
ENTRAINED ROAD DUST - PAVED 0.00 0.00
ENTRAINED ROAD DUST - UNPAVED 0.00 0.00
UNPLANNED FIRES 7.71 1.69
SOLID WASTE LANDFILL 6.52 0.00
OTHER 35.66 11.85
TOTAL MISCELLANEOUS PROCESSES 83.78 13.54
TOTAL STATIONARY SOURCES 663.29 401.19
=== MOBILE SOURCES ------mr-- - = s o e o e o e mmmmmm o m - m e o
------ ON ROAD VEHICLES ~-----=--- - = m oo e e o m e m e s m e mmm -
LIGHT DUTY PASSENGER 52.39 134.10
LIGHT AND MEDIUM DUTY TRUCKS 20.03 77.98
HEAVY DUTY GAS TRUCKS 11.82 69.20
HEAVY DUTY DIESEL TRUCKS 1829 142.10
MOTORCYCLES 7.34 2.53
TOTAL ON ROAD VEHICLES 109.87 425.92
------ OTHER MOBILE —-m---o s m o s e e e o o m e e e s e e mm e m o m
OFF ROAD VEHICLES 36.96 14.38
TRAINS 7.28 27.865
SHIPS 1.31 38.18
AIRCRAFT - GOVERNMENT 0.00 0.04
AIRCRAFT - OTHER 31.93 26.21
MOBILE EQUIPMENT 18.91 72.53
UTILITY EQUIPMENT 19.71 3.38
OTHER 0.00 0.00
TOTAL OTHER MOBILE 116.09 182.37
TOTAL MOBILE SOURCES 225.96 608.29
TOTAL ALL SOURCES 889.25 1009.48







